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the success of the Congress and is gratefully acknowledged. Likewise
their thanks are due to the United States Chamber of Commerce for the
splendid facilities provided for the meetings and the exhibits of the Congress, and to the Pan American Union and the National Gallery of Art
for the use of their buildings for social functions.
The papers of the several commissions of the First International Congress of Soil Science, that have been submitted for publication, are
printed in the original language of the author, with the exception of those
submitted in Russian, and the order of arrangement is that adopted in
the Abstracts of the Proceedings. Those papers that were presented at
the various sessions but were not sent in for publication are given by title
at the end of their respective Commission.
The thanks of the American Organizing Committee of the International
Congress of Soil Science and of the editor are due to' Dr. A. R. Merz
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appearing in long hand. They also wish to acknowledge their indebtedness to Dr. J. S. Joffe for translating all of the papers given in Russian
and to Mr. S. H. McCrory for the revision and editing of many of the
papers of Commission VI.
The abbreviations used throughout the Proceedings and the Papers are
those adopted by the American Chemical Society. In so far as possible
references are given in a list at the end of each paper and are referred to
by numbers in parentheses in the text. The volume number is given first
and then the first page reference of the periodical. Otherwise the reference is given as submitted by the author. The summaries of papers have
been omitted, since they are to be found in the abstracts distributed to
members during the meetings of the Congress at Washington.
R. B. DEEMER,
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PROFESSOR C. C. NEUSTRUEV
Since the First International Congress of Soil Science has taken place
in Washington, the organization of the Society has suffered the third loss
in death of Professor Neustruev. First Professor Glinka, President of
the Congress, then Professor Omeliansky, President of the Third Commission, and now Professor Neustruev, newly elected President of the
Fifth Commission. Soil science in general and soil science in Russia
particularly has suffered the greatest loss in the death of these three most
prominent men.
Professor Neustruev was born in Muron, in 1874, and spent his early
youth along the River Volga, a detailed map of which was published later
by Neustruev himself. He was educated first in Samara and graduated
from the Moscow University in 1898 from the Physical Mathematical
Faculty.
His first training in soil science was in the state of Samara and his first
paper dealing with the geological formations in Samara was published in
1902. He has carried out a detail geological investigation of the soil
regions of the state of Samara and published three large volumes of
material containing a number of soil maps. During the period from
1908 to 1914 he carried out investigations on the soils of Turkestan as
collaborator of the Soil Science-Botanical Expeditions of the Dokuchaiev Committee. In his report there was first established a new type
of soil "Sierozem" instead of the previous Aeolean-Loess.
Professor Neustruev was recognized as the outstanding expert of the
desert regions and of the Southern steppe regions in Russia. From 1915
to 1918 he had charge of the Orenburg scientific expedition for soil study.
Since 1912 he was an active member and secretary of the Dokuchaiev
Committee as well as the editor of the reports of that committee. He
also took an active part in the organization of the Geographical Institute
which is now the Geographical Faculty of the University of Leningrad.
During his last few years he was in charge of two large expeditions for the
Academy of Sciences to Siberia, and he also had charge of investigations
of soil improvement in northern Cacausia.
Professor Neustruev took an active part in the First International
Congress of Soil Science in Washington as well as in the subsequent tour.
He was elected editor of the International Soil Map of Asia at this
Congress. Since his return to Russia he succeeded in making considerable
preparations for his investigations on this project. In April 1928 he
was elected President of the Leningrad Organizing Committee, for the
XI
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preparation of the Second International Congress of Soil Science that
will take place in Russia in 1930, as well as Vice President of the General
Organizing Committee.
He has published about 100 papers in his selected field of soil science,
among which may be mentioned his latest papers dealing with the
"Genesis of Soils," presented in Washington and "An Attempt at a
Classification of Soil Forming Processes in Connection with the Genesis
of Soils," published in the Reports of the Geological Institute for 1906.
Professor Neustruev was a geologist and soil scientist in the true sense
of the word and may with right be considered as one of the most outstanding representatives of Dokuchaiev's school of soil science.
S. A. WAKSMAN.

COMMISSION V

A SCHEME FOR SOIL CLASSIFICATION
C. F. MARBUT

United States Department of Agriculture, U. S. A.
INTRODUCTION
Because of the large area, the wide range of climatic, vegetational,
geologic and topographic conditions in the United States and the necessity
from the beginning of distributing its projects in widely scattered areas,
the Soil Survey from a short time after the inauguration of its work has
had to devote a great deal of attention to correlation and classification.
The wide range of conditions in the geographic environment within the
United States is matched by an equally wide range in soil characteristics.
Because of this very wide range in soil characteristics that must be dealt
with, and because of the very large body of accumulated knowledge
regarding them, the results obtained from the effort and thought expended
in classification have a significance and suggestive value wider in its
application than the United States alone.
The fundamental point of view regarding classification to which the
work of the Soil Survey has led is that it is an arrangement of soil units
into groups on the basis of their characteristics and not on the basis of the
supposed or partly proved causes which have produced the characteristics.
Classification is an arrangement for convenience in handling a great
accumulation of data and also for showing similarities and differences of
the objects classified. A classification, if it be complete, will show relationships in various degrees of similarity by means of a series of categories
beginning with a lower category containing a great number of groups, the
soils in each of which being alike in the maximum number of characteristics for any of the categories. The succeeding categories will contain
successively a smaller and smaller number of groups and the soils included
in the groups of any given category will in the succeeding categories have
a smaller and smaller number of characteristics in common. The final
or highest category will contain the minimum possible number of groups
probably always two, each based on a minimum number of characteristics,
often if not always on a single characteristic.
Although the soil of all the earth's resources except those he uses
directly, plants and animals, has been utilized longest by man yet up to
the time the soil surveyor was sent into the field in the United States
about 25 years ago, no attempt had been made to establish soil units or
locate and mark on the ground, soil boundaries. Since this work had
1
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not been performed by some one else before the soil surveyor was sent into
the field, and since also no other individual or group was sent with him,
it is evident that he had to perform it himself. His work has consisted
therefore of: (1) The establishment of soil units through the accumulation
of soil data, its comparison and correlation and the location on the ground
of the boundaries between adjacent units. (2) The transfer of these
boundary lines to a map. The first of these two kinds of work is scientific
in character, the second, technical.
It is a relatively simple matter to go into a restricted area in any part
of any country, an area of not more than a few hundred square miles, and
differentiate the soils. It requires careful observation, but no broad
comprehensive knowledge. If the observer be careful and diligent in
seeking out his facts he will find it relatively easy to differentiate the soils
of the area into a number of units on the basis of simple readily obtainable
facts. He can go into some other area and effect differentiations on the
same basis and continue the process indefinitely so long as he is merely
concerned with the project he has in hand for the time being, without
reference to previously surveyed projects.
The full utilization of the results of such work is not possible however,
as long as the relationships of the several units established in the several
areas remain undetermined. This can be done only through a comprehensive and critical examination of all the data regarding soil characteristics which have been accumulated. The accomplishment of this task
demands work of a high order, involving the drawing of conclusions based
on the consideration of a great body of data. It can be performed only
by assembling, sorting, weighing and comparing accumulated data of a
very wide range of characteristics. Such work is fundamentally scientific
in character. The establishment of this relationship has been progressive,
consisting of a series of trials each marking an advance over the preceding.
T H E FIRST STAGE OF SOIL UNIT

DEFINITION

The earliest stage of this work is represented by that in which the
surveyor had not yet accumulated sufficient knowledge on which to stand
without help.
Even at this early date however, it was necessary to determine the
relationships of the units mapped, as well as to define them, and in order to
do this in the absence of any great body of accumulated information
regarding soil characteristics it became necessary to do it on the basis of
some other data than soil data as such. In doing it the surveyor adopted
the ideas that had previously existed regarding the matter. These were
not based on knowledge of soils as such, but rather on an assumed relationship of soils to geological formations.
Geologists, as the science developed during the 19th century, had
assumed that, since soils lie on the earth's surface and are made up mainly
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of mineral particles, therefore soil units are equivalent to geological units
and the relationships of soils in widely separated areas are the same as the
relationships of the geological formations in these areas.
In no single case had any geologist in the United States attempted to
establish this assumption as a fact through the study of the soil itself
further than to make some general texture comparisons. The geological
definition of soil units was never established by a study of soils but was
based on an assumed relationship of soils to the geological material from
which they were developed.
The soil surveyor accepted at first the geological definition of the soil
because he had no other basis. He had merely begun his work and had
accumulated no considerable amount of soil knowledge. He was encouraged to do this by his colleagues in soil laboratories. Laboratory
work on soil materials had been carried on for half a century before the soil
surveyor began to study soils, but such workers had never attempted to
define soils on the basis of their own work, other than to make rough
texture definitions. They accepted the definition given by the geologist.
This was the scientific inheritance transmitted by the scientific world
to the soil surveyor. He accepted it as fundamentally correct. He had
no reason for doing otherwise. Neither he nor any one else had examined
the evidence, for no evidence was yet in existence.
Had the soil surveyor continued indefinitely to accept this result
without question and had he confined himself to the engineering phase of
his work solely he would have been saved from much figurative sweating
of blood. His inquiries however, got him into trouble. Although he was
theoretically and practically, in a tacit way, supposed not to be concerned
with soil facts, and by some simple minded people is still supposed to let
them alone, he found it impossible to do so and has become, to an increasing degree, involved in the matter. He has done this because his
necessary contact with the soil caused him to accumulate soil knowledge
and to compare this with the assumed knowledge on which his determination of unit relationships was based. He gradually realized that he was
placed in contact with a series of bodies about whose features as bodies
nothing was known. He had been placed unwittingly in a virgin field.
He realized that he was the first real soil investigator, the first student of
the soil as soil.
A glance at the discoveries he made when he compared the relationships
established on the old basis with those based on the soil characteristics
being accumulated by him will suffice to show the difficulties he had to
deal with.
Through the results of his examination of soils it was gradually forced
on his recognition that although the geological formations of Piedmont
Maryland for example, and those of Georgia are closely similar in all
respects, the soils are widely different; that soils in Georgia overlying

4

FIRST INTERNATIONAL CONGRESS OF SOIL SCIENCE

granite rocks and undoubtedly developed from their disintegrated product
have no single element of similarity to soils on and derived from granite in
Los Angeles County, California; that soils on limestone glacial drift in
South Dakota and those on limestone glacial drift in Indiana have no
single important characteristic except texture in common; that soils
derived from loess in Saunders County, Nebraska, Grenada County,
Mississippi, or Clermont County, Ohio (often identified as loess) are
different in highly important respects while those in Grenada County,
Mississippi, are different in every important respect from soils derived
from loess in Spokane County, Washington. In short, he was in many
cases unwillingly convinced that any close relationship in essential features
between soils and geological formation is wholly accidental and that the
normal and usual relationship is that of partial or complete discordance.
This fact showed him that his old definition of the soil body as a more or
less weathered geological formation is wholly wrong since it made the
geological formation the dominant factor in the soil. He gradually saw
that it is not the dominant factor.
It was found to be wholly impossible to harmonize fundamental soil
characteristics with geological characteristics on any other basis than the
complete independence of the one from the other group of characteristics.
This was the situation which confronted the soil surveyor in this country after 1912. He had seen discrepancies before that time, but he had
not abandoned hope of harmonizing these with the basis on which he had
been working up to that time.
This difficulty concerned the fundamental basis of his work so far as
the correlation of widely surveyed areas are concerned, but it affected only
slightly the status of any given project considered alone.
During the first few years after 1912 the soil surveyors in the United
States were groping in confusion so to speak in an effort to find some
workable basis on which to establish soil relationships. Soil science
however, had not yet attained a stage in its development comparable
to that long before attained by the biological sciences. It was still
unable to stand alone on the basis of its own fundamental facts. I t still
sought for an opportunity to attach itself to some science that was better
developed and the forces of which presumably had something to do with
soils. This was partly due to the fact that most of the work done up to
that time in this country had been done in the eastern part of the United
States where soil differences are not extremely great. The work in the
Great Plains had however, been sufficient to show that the geological
basis was wholly inadequate, but it was done by men who had been
trained by work in other parts of the country so that the geological idea
was dominant in their minds. The conditions they found disturbed
them, but the work was not continued long enough to enable them
independently to work out a new basis.
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T H E SECOND STAGE OF SOIL UNIT D E F I N I T I O N
In 1914 the results of Russian soil investigations was made known to
workers of Western Europe and America through a summary published
in German. 1 This caused in Europe and to a less extent in this country
a stampede to the Russian point of view in which the soil type is defined
in terms of the climatic forces which are supposed to have brought about
the development of its general characteristics. Instead of the old geological basis of definition we adopted a climatic basis.
This however, did not last long. We had already accumulated a great
body of soil knowledge and while it was evident at a glance that the soils
within a given climatic region had certain important characteristics in
common, it was equally evident that differences in climate were wholly
inadequate to account for many soil differences that were highly important
even if not the most important of all.
T H E T H I R D STAGE OF SOIL U N I T D E F I N I T I O N
By the time we had fully realized this inadequacy of the climatic basis
for the determination of soil unit relationships it was becoming clear to
many of us that the fundamental inadequacy of the two bases already
tried lay not merely in geology as geology or climate as climate, but was
more basic. It was becoming evident that the logical basis of group or
unit definition and that for the determination of relationships in any
group of bodies lies in the bodies themselves and not wholly outside them,
even though it might be shown that outside forces had been effective
in the creation of the bodies. We began to raise the question as to why,
if zoological bodies and botanical bodies can be defined on the basis of
their characteristics, soil bodies should not be defined on the same basis.
The idea was so simple that it surprised us that it had not occurred to us
before. On second thought however, we saw that it would have been
impossible, even though we had tried to do it at a much earlier date,
simply because we had only recently come into the possession of the
requisite knowledge.
Further consideration showed that for several reasons such a basis for
definition of either units or groups of units is preferable to that of any of
the old bases. One of these is the practical difficulty of determining the
geological formation in every case or the exact nature of the climate. It
is very difficult to determine when the boundary in a transition region for
example, between two climatic regions has been passed. It had become
evident also that other factors were at work in soil making than climatic
factors and we could never determine in any particular case how much to
allow for the other factor or factors.
1

Die Typen der Bodenbildung by D. K. Glinka, Borntraeger Brothers, Berlin, 1914.
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There was one other consideration more important than either of those
given. In every developing science the definition and grouping of the
bodies should be done in such a way as to direct attention to the bodies
themselves, rather than to something outside the bodies. For example,
if soil units be based on the geology of the parent material the investigator
or observer of a new locality will be inclined to hunt for evidence of the
nature of the geological formation and look entirely below the soil rather
than at it, while if it be based on climate there will be no necessity of
actually studying the soil at all. What is needed is merely a knowledge
of the climate of a region, and when that has been determined we automatically have learned the nature of the soil.1 Soil specialists would
become closet scientists. On the other hand, if we base definition on soil
characteristics the attention of the investigator is directed to the soil
itself, and is not diverted from it by the necessity of studying the nature
of the geology or climate. Previous to this time the definition of the soil
body and the establishment of relationships were based on factors other
than soil characteristics.
D E F I N I T I O N OF T H E SOIL IN T E R M S OF SOIL
CHARACTERISTICS
When it became possible to define and establish relationships of soil
units in terms of characteristics it became possible also to define the soil
body in similar terms. It had not been possible to formulate generalizations regarding the soil body previously because, by the definition of the
soil itself, such generalizations would necessarily be primarily geological
or climatological. Under such conditions there could be no soil science
therefore, consisting of a body of principles consisting of statements of
relationships concerning soils as such. The establishment of a science of
the soil is dependent wholly on the establishment of a soil definition of the
soil. Otherwise the soil is merely an appendage to geology or climatology.
It became necessary therefore, to formulate a definition of the soil
itself on the basis of its own characteristics. In order to do this it was
necessary to look into the requirements of a definition of this nature.
After much thought and many trials it was finally concluded that any
definition of this kind must consist:
1. Of a statement of characteristics applicable to the series of bodies
wherever it may be found.
2. That it should not be based on a statement of an assumed cause or
assumed processes which have produced the characteristics.
3. The statement of characteristics may be absolute or in terms of a
contrast with those of the body with which the one being defined is nearest
in character and with which it is most likely to be confused.
On the basis of these general principles, after many trials the following
1

Lang. Prof. Dr. R.
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definition has been formulated: The soil consists of the outer layer of the
earth's crust usually unconsolidated, ranging in thickness from a mere film
to a maximum of somewhat more than ten feet which differs from the material
beneath it, also usually unconsolidated, in color, structure, texture, physical
constitution, chemical composition, biological characteristics, probably chemical processes, in reaction and in morphology.
The material beneath this, regardless of how it was accumulated,
whether by the processes of rock decay, or by the several processes of
natural transportation and redeposition is not soil, but is geological
material. It is the product of geological processes.
This has enabled us to avoid the confusion that had existed previously
regarding the two bodies. It is a definition that has no element of theory
in it and presupposes no process nor assumes any cause of the soil facts on
which it is based.
This definition expresses definitely what had been more or less clearly
recognized for some time previously, that the soil is one thing, the geological formation beneath it, and from a part of which it has been evolved
into a different body, is a different thing. The idea had been first expressed by the Russian scientists but had been expressed in terms of
the assumed forces which had produced it rather than in terms of soil
characteristics.
To the soil body has been given definitely the status of a well defined
concept by the application to it of a name consisting of a single term,
the Solum, by Frosterus.
This brief résumé shows the several stages in the development of the
basis for soil unit definition and the establishment of soil relationships
through which we have passed in the United States. In the earliest work
the differentiation was local in character and based partly on soil features
and partly on geological features, no effort having been made to determine
the relationship of the several units mapped. When the latter was first
attempted it was based wholly on geology. When it became known that
such relationships failed to harmonize with true soil relationships as was
shown by the rapidly accumulating knowledge an attempt was made to
determine soil characteristics on the basis of the climate in which the soils
have developed. The relationship thus established gave results that
harmonized much more closely with soil characteristics but when tried
out in detail they were found unsatisfactory for several reasons. By this
time however, knowledge of soil characteristics had accumulated in
sufficient quantity to warrant the determination of soil relationships and
the definition of soil units on a soil characteristics basis entirely. This
basis has been found not only workable, but has accelerated the rate of
soil knowledge accumulation.
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T H E SOIL PROFILE
One of the most important generalizations that the accumulating data
has within the last few years permitted the soil specialist to make first in
Russia but later confirmed in this country is that all soils, wherever they
may be and under whatever conditions they may have developed, with
unimportant exceptions which may be neglected for the moment, consist
of a series of superimposed layers constituting what may be called the
anatomy of the soil. The series of layers in any given soil is designated
as its profile, and its characteristics are made up of the sum total of the
characteristics of the layers in its profile.
The soil profile in modern soil science is an expression in current use
among soil specialists everywhere, and the features of the profile constitute
the features of the soil. The meaning of the expression is much more
significant in soil literature than is the word section in geological literature
since profile is used to designate the whole thickness of the soil at any
given spot, while in geology the term section may mean any part, large
or small, of the layers or beds in a formation.
The normal profile. Experience has shown that in every region having
what may be defined as normal relief there is a normal soil profile. By
normal relief is meant the relief that at the present time characterizes
the greater part of the earth's surface, and for the purpose of this discussion, may be described as smooth, undulating or rolling, with a relation to
drainage such that the permanent water-table lies entirely below the
bottom of the solum.
In every region of that kind, however much it may vary in details of
local relief, there is a normal soil profile. By that term is meant a profile
whose features are of the same kind as those in all the other soils of the
same region and in which all the features are present which are present in
any of the associated soils. On one side of the normal profile lies soils
which may be arranged in a series in the order of an increasing number
and an increasing perfection of development of the features found in the
normal soil. In the soil at the bottom of the series only one of the normal
features may be present and that may be so faintly developed as to render
identification difficult, or in extreme cases even this feature may not be
present. Thence upward to and including the normal soil the series may
be traced, with or without breaks, through a succession of soils in which
each succeeding soil has either a greater number of the features found in
the normal soil than in the soil preceding it in the succession, or the features are more normally or more fully developed than in the preceding soil.
On the other hand, or on the other side of the normal, there may be soils
in which all the features of the normal soil are present but in which one,
or possibly more, of the features has developed to what may be described
as an excessive degree.
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In one group of soils associated with the normal soil, a group not infrequently encountered, no feature is present which is identical with any
feature of the normal soil. Such soils represent extreme cases however,
of the series described above, in which the development of even a single
feature common to the profile of the normal soil has not yet taken place.
These may be traced through a series of stages not marked by features
of the normal, to the final appearance of normal soil features and thence
through a series essentially like that described in the preceding paragraph.
Such soils, before the appearance of normal features, may be described as
abnormal since their development such as takes place, does not follow the
normal course. After the normal course of development has been begun
however, it proceeds in the same direction and passes through the same
successive stages as in the other soils of the region.
Experience has shown that the soil with the normal profile is always
found in any region, in localities where the topography is smooth but not
flat, while the soils of the group in which the normal profile features are
gresent in gradually increasing number and perfection of development
from the most simple upward are always found on slopes in which the
steepness is in inverse proportion to the number and perfection of the
normal soil features present. The soils in which all the normal features
are present, but in which one or more have attained an abnormal stage in
development occur either on very flat topography or on smooth topography, but never on steep slopes, while the third group, those which
temporarily develop in a direction opposite to that of the normal are
found predominantly in basins or other poorly drained spots.
It is readily apparent from the foregoing that the normal profile in any
region is found in soils which occupy situations in which the material
from which the soil has developed, has lain for a relatively long period of
time without subjection to removal by erosion. These soils have reached
a relatively advanced stage of development in which the forces causing
development have had time to produce their normal effect on a given
material and where local conditions have either had no inhibiting effect
or else that effect has been overcome.
The soils in the series first described above however, those in which
the normal profile features may be found in increasing numbers and
increasing degree of development from the undeveloped up to the normal,
seemingly present various stages in degree of development from the earliest or wholly undeveloped stage up to the normal. They represent
stages and to that extent, where other factors are equal, relative age.
Those soils in which the profiles develop temporarily in a different
direction from that followed by what may be designated as the normal age
aeries represent soils in which the assumption of normal development is
delayed, but otherwise regular. During the delayed period an abnormal
development takes place but on the resumption of normal development
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the abnormal features, features not normal to the region in which they
appear, disappear. There are two groups of such soils, both due to the
presence of inhibiting conditions, in the one case excess moisture, in the
other excess lime carbonate or certain other salts. Alkali and salty soils
constitute members of this group of soils. When these salts have been
removed these soils seem to become normal by the gradual assumption
of normal character by the special feature temporarily over developed.
On the basis of the foregoing brief discussion the soil profiles of a given
region may be grouped as follows:
1. Normally developed.
2. Incompletely, but otherwise normally developed.
3. Temporarily abnormally developed.
This relationship of soil profiles has been found to exist throughout the
United States. It has been found by experience however, that normal
profiles vary widely in different parts of the country. A normal profile in
one region may be widely different from a normal profile in another region.
This variation is not however one of degree or stage of development but
it is fundamental, the features of the several normally developed profiles
differing in fundamental character. It has been found also that a given
kind of normal soil profile is present throughout regions in which a given
kind of active environment prevails, the active environment consisting
predominantly of climatological and biological factors, the passive environment consisting mainly of topography and drainage with the materials from which the soil is developing constituting a subordinate factor.
KINDS OF PROFILE VARIATIONS
The foregoing discussion of soil feature variations may be summarized
as follows:
1. Within any given environment the sou features of its soils vary in
the extent to which each soil, in number of features and in the definiteness
with which each feature is expressed, approaches that soil of the region
having the greatest number and the most definitely expressed features.
2. That soil, in any given environment, characterized by the maximum
number and best expressed features differs from a comparable soil in
another environment in the character of those features rather than in the
different number of features present or in the varying clearness of expression
of those features.
Those soils of the first group the number of whose features is still small
and not yet clearly defined are related to the soil in the same group with
full complement of features all definitely expressed in such a way as to
seem to warrant their designation of immature members of a series of which
the soil with full complement of well developed features is the mature
member.
Those features present in any given stage of development in any
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particular immature soil are identical with the features of the mature soil
or group into which they are developing.
It is apparent that the foregoing may be formulated, in terms of
development about as follows:
Soils pass through a series of stages in their development from an initial
stage in which the profile features are those of the parent rock itself and
therefore wholly geological in character, followed by a series of stages each
marked by an increasing number or more complete development of
characteristic soil features than the preceding up to a fully developed profile whose features are characteristic of the environment in which it occurs.
These features maintain this interrelationship, whatever the environment ,but the features of both the mature and immature soils are different
in character in different environments.
This characteristic places soils in closer association with biological
bodies than with geological bodies. They form a connecting link between
the two, but we seem justified in stating that they lie on the biological
"slope" of the dividing line.
SOIL CLASSIFICATION
The accumulated soil facts on the basis of which it has been possible
to define soil units, the soil body', establish the concept of the soil profile,
and group the latter into the two great groups of well developed and
incompletely developed soils has supplied a body of data, expressed in
terms of soil units, which can be made use of effectively only when grouped
or arranged in some systematic order. Such an arrangement constitutes
a classification.
In beginning the discussion of the classification of soils it should be
recognized that a classification of a group of things does not in itself
increase our knowledge of those things. It is fundamentally an arrangement to facilitate the use of knowledge. The discovery of the characteristics of the bodies classified and the determination of their relationships,
significance and relative importance constitute the contribution to human
knowledge, rather than the arrangement.
This paper is concerned with classification in this country. Since
classification consists of an arrangement of objects according to their
nature, and since their nature for purposes of classification is determined
by their definition it is evident that the early classification must have been
based on the geology of the soil material, later on climatic features,
and at present on soil characteristics without reference to source of
material or the forces producing the characteristics, since these were the
successive bases on which the definition of soil units and the determination
of soil relationships were built. The history of classification is contained
therefore in the history of soil definition as traced in the preceding pages,
and needs no further discussion here.
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SOME FUNDAMENTAL REQUIREMENTS OF CLASSIFICATION
Any complete scheme for the grouping of a series of bodies whether
those be soils or any others, should include a series of categories ranging
from the highest or one with the smallest possible number of groups
succeeded by others in order, each lower category including a larger number of groups than the next higher until the lowest is reached which
includes units only, rather than groups.
The groups in the highest category should be based necessarily on the
smallest possible number of characteristics since it would be impossible
to include or group all units of a series of complex bodies, such as all
soils, into a very few groups on more than a very few features. No
considerable number of features could possibly be common to half or a
third or any other large proportion of all soils for example. Each succeeding category will include groups with an increasing number of
characteristics common to all the units in the group until the lowest
category will include the maximum number of characteristics. The
several categories should range therefore, from the most inclusive, so far
as units included in its groups is concerned, to the most exclusive; from
one in whose groups are included half or at least a large proportion of all
the individuals or units, to one which will include one or at most a very
few.
It was shown on a preceding page that the soil profile is the most
convenient expression available for expressing soil characteristics, and
also that the soil profiles of the United States, and probably of the world
may be grouped into fully developed and incompletely or imperfectly developed. It was shown that the relations, one to the other of these could
beillustrated by comparing them with mature and young plants or animals.
T H E BASES FOR CATEGORY DEFINITIONS
In building or constructing a scheme for soil classification one of the
first questions that arose was that of the use of these two groups of soil
profiles defined above. Shall all the categories be based on one of these
groups, on both, or partly on one and partly on the other.
The profile features of immature soils in so far as they have developed
are true soil features and for that reason demand consideration. Since
soils, because of having developed in an environment that may be designated as biological rather than geological, pass through stages which,
though not in any sense equivalent to those of living bodies, may be
compared with the latter and the matter of their fundamental characteristics may be illustrated by such comparison, a suggestion for the
solution of this question is presented in the bases on which the categories in the classification scheme for classifying plants and animals are
established.
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In the classification of plants and animals immaturely developed or
young individuals are not considered in any way whatever. The principal reason for this is the short period of time which elapses between
birth and maturity of the individual. This is so short when compared
with the period of human life or still more of human history that it is
wholly negligible. In the case of soils however, the rate of development
is cosmic or, possibly better, geologic rather than biologic. The period
that must elapse between the accumulation of the material of a geological
formation, whether that be by deposition or residual decay in place, and
the stage of soil development designated as mature is so great when
compared with the span of human life that immaturely developed soils
seem to be permanent. Immaturely developed soils existing at the present time have been immature throughout human history. So far as
human life and probably also human history is concerned they present an
apparent permanence equal to that of the maturely developed soils.
Notwithstanding this fact their morphology and their relation to their
associated soils show conclusively that they are immature and the fact of
immaturity regardless of the rate of development should constitute the
controlling factor in selecting the features on which a permanent scheme
of grouping is based. A logical scheme should be based on features of the;
same degree of, or at least the same relative stability as those used in the
other natural history sciences. The soil is in its fundamental character
more nearly a biological than a geological body. It lies in a position
which exposes it to attack by the forces prevailing on the earth's surface—
those forces which constitute important factors in the development of
organic beings. It is even more a product of its immediate environment
than organic beings since its characteristics at maturity are due, probably
in no sense to the action of internal forces similar to the life processes of
organic beings.
These considerations have been the principal ones which have caused
soil surveyors to formulate the following principle: The categories of the
higher orders in a scheme for the classification of soils must be based wholly on
the features of soils with mature or fully developed profiles. The soils with
immaturely developed profiles must be grouped as sub-groups of the soils
toward whose mature profiles they in any particular case under consideration, are developing. The features of maturely developed soils should
constitute the basis for constructing the great independent groups.
Having established this as a fundamental principle for the construction
of the scheme the next matter that demands attention before the first step
in the actual construction of the scheme can be made is the selection of the
particular feature, characteristic or characteristics on the basis of which
the broadest category can be established. It is evident that the highest or
broadest category cannot consist of less than two groups. In accordance
with the principles stated briefly on a preceding page such category should
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include the smallest possible number of groups and this cannot be less than
two. What characteristic or characteristics of the maturely developed
soils of the United States can be used as a basis for separating them into
two great groups?
T H E ESTABLISHMENT OF T H E HIGHEST CATEGORY
It is evident to any one who has any knowledge of this subject that
there are a number of possible features that may be used. Our difficulties
do not arise because of poverty but because of abundance. It is necessary however, to select this feature or these features on the basis of certain
requirements. The following seem to be the most important:
1. The feature must be fundamental.
2. It must be a feature of the solum.
—~. 3. It should have a close relationship to the environment and the
groups established in accordance with it should coincide with the latter.
4. It must be permanent, and not subject to elimination through the
future operation of the normal processes of the existing environment.
5. It should have harmonious relation to other features of the profile.
A number of features have been used from time to time, the most
important of which are as follows:
1. Accumulation of soil material: residual decay and sedimentation
resulting in residual soils and transported soils.
2. Maturity and immaturity of profile development.
3. Good drainage and poor drainage.
4. Dark color and light color.
5. Light texture and heavy texture.
6. Some chemical characteristics.
The first basis may be disposed of very quickly notwithstanding the
fact that it is the basis of the only two-fold grouping that has ever been
in use in this country. When it is remembered that one of the fundamental principles established on a preceding page provides for soil
grouping on the basis of soil characteristics it becomes evident that this
basis can not be used. The term residual is not a soil characteristic in
any sense. It does not even apply to the soil. It refers wholly to the
geological processes by which soil material was accumulated in the place
where the soil developed later. The same statement applies to the word
transported.
I t was also established on a preceding page that the categories of at
least the first and second orders in a scheme should be based on the
features of soils with mature profiles. Neither of these terms describe
such features. This is evident since as just stated they refer to geological
processes rather than soil processes and the product of their operation
would necessarily constitute geological formations rather than soils.
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If they be not characteristics of soils they certainly cannot constitute
characteristics of mature soils.
The fundamental principle formulated on a preceding page disposes of
the second possible basis of a two-fold grouping. From the point of view
of strict logical sequence it cannot be proposed here because it has already
been disposed of. It has been listed merely because of the fact that it has
been used, in part at least, in classification schemes.1 That it is not a
logical basis on which to establish the broad categories in a scheme needs
no further argument than what has already been presented.
It has been proposed that the features indicating development under
optimum moisture conditions on the one hand and excessive moisture on
the other be used. We found on considering this matter two strong
objections:
1. Excessive moisture is not a permanent condition of soil development
on a given spot. The normal development of the geographic cycle in any
region finally, and in a relatively short time reduces the level of ground
water below the level of operation of ordinary soil making forces.
2. Fundamentally the features of soils developed under the influence of
a high water-table or of excessive moisture (which is equivalent to the lack
of aeration) is a phase of incomplete development of the soil profile. It is
a kind of soil youthfulness and therefore is eliminated by the fundamental
requirement formulated above.
A grouping of all soils into light colored soils and dark colored soils has
been proposed also. On the basis of conditions existing throughout the
world, it has become definitely and firmly established that dark colored
soils develop under the influence of three conditions.
1. They are found in regions where the soils are developing under the
influence of a grass vegetation and good drainage.
2. They develop under the influence of grass or shrub vegetation in
a medium of excessive moisture, where the water-table stands at the
surface throughout the year.
3. They develop, at least under a grass vegetation and possibly under
other kinds of vegetation, in places where the parent rock consists of unconsolidated material high in percentage of calcium carbonate.
The soils developed under the conditions described under No. 1 develop
a normal profile. It is however, very probable that in regions where the
rainfall is considerable, grass lands are not permanent, but on the other
hand are the product of accidental or other temporary conditions and
that when these cease to exist the grass cover disappears and this is followed by the disappearance of the dark color created and maintained by
it. Such accidental or temporary conditions are not permanent features
of the soil and there is nothing in them therefore to warrant the basing of
major categories on them.
1

Die Typen der Bodenbildung, D. K. Glinka, Berlin, Borntraeger Brothers, 1914.
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Dark colored soils developed under conditions described under No. 2
are permanent only so long as the high water-table exists." The conditions
in this case are essentially those of incomplete drainage and has been
discussed before.
Dark colored soils developed under conditions described under No. 3
exist only so long as the excess of lime carbonate is present. That disappears at a relatively rapid rate in regions of heavy or moderate rainfall.
This therefore is a temporary condition and not permanent.
It would be possible to group soils into fine textured soils and coarse
textured soils by establishing an arbitrary boundary between them.
There are three objections to this basis that will occur at once to any one
who has given the matter any mature consideration.
1. Texture is largely a feature of the parent material from which the
soil has developed, which has been inherited by the soil. It is therefore
not primarily a product of soil development.
2. There is no harmonious and consistent relationship between soil
texture and the other features of the solum, any kind of a soil profile
may have fine grained and coarse grained members.
3. There is no harmonious relationship between soil texture and the
environment in which the textures occur. They occur in a wholly hit or
miss way in any kind of geographic environment.
It is not at all certain that any feature may be found to which no objection can be raised. Those which have been mentioned above cannot
be used under the restrictions imposed by the principles formulated on a
I preceding page. The most fundamental soil fact that has been discovered
ï by the study of soils in the field is that they are not static unchangeable
\ bodies with no response whatever to forces. Along with this it has been
firmly established, not mainly by work in this country, but before it had
even been suggested by any American, except in a general way by Hilgard,
by Russian workers that soil characteristics have a definite relationship
to the forces of the environment, consisting mainly of climatic and vegetative forces. The recognition of this relationship is an entirely different
thing from the determination of the causes, or forces and processes which
have brought soil characteristics into existence. On the other hand, the
now well known identity of basic soil features associated with identical
environmental features throughout a large part of the world constitute a
sufficient reason for concluding that soil characteristics are produced in
some way by environmental forces.
Whatever the environmental forces may be and through whatever
processes they may operate it would seem that we should be justified in
concluding that changes brought about, or in other words, characteristic
features produced in the mineral constituent of the soil would be most
difficult to produce, require the operation of the strongest forces, the
longest time and when produced would tend to be the most permanent of

TABLE 1 .—Tabular Arrangement of Soil Groups into Categories
Category VII

1. Pedalfers

2. Pedocals

Category VI

1. Podsolic Soils
2. Latentie Soils

Category V

1.
2.
:i.
4.
5.
6.
7.
8.

3. Pedocals of Temperate Zone
4. Pedocals of Tropical Zone

Tundra
Podsols
Brown Forest Soils
Red Soils
Yellow Soils
Prairie Soils
Laterites
Ferruginous Laterites

Category IV

9.
10.
11.
12.

Northern Temperate Pedocals
Mid-Latitude Temperate Pedocals
Southern Temperate Pedocals
The various still unknown groups of
Tropical Pedocals

Sub-groups
of Group 10
in Category

V

Category III

Category II

Category I

1. Soils with perfectly
developed profiles
2. Soils with imperfectly
developed profiles
1. Soil Series Groups
(a very great number)
1. Soil units based on texture
of surface horizon

/ 1 . Tschernosem
J 2. Chestnut Colored
) 3. Brown

U . Gray

5, Sub-groups
and 12
none of
received

of groups 9, 11
of Category V,
which have yet
distinctive names

3. Soils with perfectly
developed profiles
4. Soils with imperfectly
developed profiles
2. Soil Series Groups
(a very great number)
2. Soil units based on texture
of surface horizon
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all the features present. Well defined features of the mineral constituent
of the soil would seemingly be found in soils with fully developed profiles
only, and because of their necessarily slow rate of development and presumed greater permanence after development they should constitute a
secure basis for grouping. Since our knowledge, not only in this country
but that accumulated by Russian scientists, shows that these features
have no harmonious relation whatever to the features of the parent geological material and cannot be inherited from it, they must be related to
the forces of the environment in which they have developed and must
change in harmony with changes in the latter.
GROUPS OF CATEGORY VII 1
With this suggestion, after it had been obtained, an examination of soil
profiles throughout the United States, developed under all the various
kinds of environment existing in it, was made. After careful comparison
it was found that a large group of soils was characterized by the presence,
on some horizon of the solum of a layer of lime carbonate with or without
the presence of other salts. It was found that this lime carbonate shown
by chemical analysis to be present in higher percentage than in the parent
material, is present regardless of the character of the parent rock.
It was further found that another very large group of soils do not have
such a horizon even in those cases where the soil has been developed from
parent materials rich in carbonate of lime. It was found also that in the
latter group the absence of the accumulated carbonate zone is accompanied by the presence of a zone in which sesquioxides have been shifted
from one position and accumulated in another in the soil profile during the
progress of soil profile development. There may be a slight shifting of
sesquioxide in the first group but it is slight. The profound difference lies
in the presence on the one hand and the absence on the other of the zone
of lime carbonate accumulation.
This feature and its absence seem at present to be open to the least
objections of any heretofore proposed. It is now being used in the United
States as the best so far proposed. Further work may show that it is
wholly untenable or it may have to be limited in its applicability. It has
already been strongly suggested by data in our possession that lime may
be accumulated in the soil profile temporarily or in the early stages of its
development under certain conditions, to disappear when the profile is
fully developed. Even if this should be finally established by more
abundant data it would not invalidate the basis given since the main
categories are defined, according to our basic principle, on features of
fully developed profiles only.
This is the basis now being used in the Soil Survey for grouping all the
1

See Table 1 and Fig. 2.
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soils of the United States into two great groups. A formal definition of
the two groups is as follows:
I. Includes all soils in whose maturely developed profiles no higher
percentage of lime carbonate is found than in the parent material beneath
them and in which either a shifting or an accumulation of sesquioxide and
in many cases both, has taken place.
II. Includes all soils with fully developed profiles in which lime carbonate is found on some horizon in the solum in higher percentage than
in the parent geological formation beneath.

FIGURE 2.—Groups of category VII

This grouping, it will be noted, is based wholly on soil characteristics
but notwithstanding this fact, it can be given a geographic expression.
These two groups of soils do not occur within the same region of the
United States except in those areas that are mountainous. In that part
of the United States east of the Rocky Mountain Region each occupies a
region of its own. West of this they occur in closer and more intimate
association. This is possible because of the fact that the features of the
geographic environment have a broad distribution over areas of smooth
country. The accompanying outline map (fig. 2) shows the general
geographic distribution of the two major groups in that part of the
United States lying east of the Rocky Mountains. East of the line that
separates the two groups there are no well developed soils in which lime
carbonate has accumulated in any part of the solum. There is no soil in
this region with a fully developed profile in which any lime carbonate of
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any kind is present on any horizon of the solum,1 regardless of the character or composition of the parent rock. There are large areas and a great
many soils within this region underlaid with soil material or parent rock
which is rich in lime carbonate but the general statement just made is as
true of these soils as of any other soils east of the group boundary. The
name Pedalfers is suggested as a designation for the soils of group I,
and Pedocals for those of group II.

FIGURE 3.—Groups of category VI

GROUPS OF CATEGORY V I 2
The soils of the first of the two major groups of group I may be subdivided into two sub-groups.
It is extremely probable that those of group II may be subdivided into
two comparable groups also, though the data on which to base such a
subgrouping has not yet been accumulated by field studies.
Group I, the Pedalfers may be subdivided into (1), podsolic soils, and
(2), lateritic soils. The soils of the podsolic group may be described as
those in which sesquioxides are removed in the form of colloidal sols from
the upper horizon of the solum and partially or wholly precipitated as gels
in a lower horizon. Alkalies and alkaline earth compounds may be removed and partially redeposited as well as organic matter also. Silica is
removed also, but to a less extent than the other constituents. The
1
In one possible case this statement would not be true. That would be the case in
which the soil has developed from absolutely pure quartz sand. Such a deposit probably
2
does not exist.
See Table 1 and Fig. 3.
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essential and fundamental characteristic is an upper horizon from which
sesquioxides have been removed and a lower horizon both in the solum, in
which sesquioxides have been accumulated while silica is relatively increased in the upper horizon and decreased in the lower. The process is a
solution process and takes place in an acid medium.
The lateritic soils are those in which sesquioxides accumulate on all the
upper horizons of the soil profile through the removal from the profile of
part or all of the other constituents and in some cases through actual
transfer of these constituents from a lower horizon to a higher. While the
removal from the soil profile of silica alkalies and alkaline earths takes
place in the development of the soils of the podsolic group, yet quantitatively it is relatively unimportant. In the soils of the lateritic group
however, these constituents may be completely removed. The essential
characteristic of the soils of the lateritic group is the absence or low percentage of silica, the alkalies and alkaline earths.
The soils of the podsolic group develop in cool moist regions, those of the
lateritic group in hot moist regions.
While the data have not yet been accumulated on which to base a subgrouping of the Pedocals on differences of characteristics yet by comparison with the subgrouping of the Pedalfers we may establish two tentative
geographic groups and designate them as, (1), Pedocals of the Temperate
Zone, and (2), Pedocals of the Tropical Zone. Such subgroups have no
existence as yet. The subgrouping expresses merely a possibility.
GROUPS OF CATEGORY V 1
A number of groups constituting sub-groups of groups 1 and 2 of category VI were established and defined by Russian investigators nearly half
a century ago. Some of them were regarded as subordinate to others by
the Russians but each has been given independent status in this paper and
certain others have been added partly based on European work and partly
on American work. By reference to the chart, Table 1, it will be seen that
the podsolic and lateritic soils of category VI have been subdivided into 8
sub-groups consisting of Tundra, Podsols, Brown Forest soils, Red soils,
Yellow soils, Prairie soils (dark colored humid soils), Laterites and Ferruginous Laterites. The first group includes the soils of the Arctic
regions. Their characteristics are not well known. The Podsols include
the soils with the characteristic gray surface and brown to coffee brown
upper subsoil characteristic of the soils of northern latitudes and other cool
moist forested regions. The Brown Forest soils are dominant in the midlatitude belt of eastern United States from Maryland and New Jersey
westward to the Prairies, and in central Europe. The Red soils are
dominant in southern latitudes of the United States and Europe. The
Yellow soils are not well defined and the final establishment of the group
»See Table 1 and Fig. 4.
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not certain. The Prairie soils are dark colored soils in which lime carbonate is not present in the solum at maturity.
Laterites and Ferruginous Laterites are two sub-groups of lateritic soils
in category VI. Their characteristics as laterites have already been
described in a general way. Laterites include those developed from
felspathic rocks with little or no iron-bearing minerals. Ferruginous
Laterites include those developed from rocks with an important constituent of ferro-magnesian minerals. There is still another kind of laterite
which probably deserves recognition as comparable with the two already

P'IGURE 4.—Groups of category V

mentioned. This includes those with an indurated usually slag-like layer
of iron concentration in the soil section usually at shallow depth. Such a
profile seems to have developed from iron-bearing rocks under subjection
to a ground water level at a depth approximately equal to that of the iron
layer.
The 8 groups just described, with the exception of the Prairie soils and
possibly the Yellow soils, range from the Artie zone across the Temperate
zone and into the Tropics. They are found in regions in which the rainfall is everywhere sufficient to maintain a predominant downward percolation of moisture, and maintain a connection bet.ween ground water,
whatever may be its depth, and the moisture in the surface. They are not
differentiated therefore, on the basis of differences in characteristics
produced by differences in moisture. Their differences correspond on the
other hand to difference's in temperature.
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The category'cannot be called complete until the pedocalic soils of both
the Temperate zone group and the Tropical zone group be subdivided on
the basis of differences of the same class.
It has already been stated that the grouping of the podsolic and lateritic
soils had been worked out mainly by Russian pedologists. They did not
establish corresponding temperature groups in the pedocalic soils. Up to
the present time this has not been done in this country, but enough is
known to indicate clearly that such grouping should be made. The
groups and their characteristics cannot yet be described or named. All
that can be done is to designate four possible groups and describe them as
1, North Temperate Pedocals, 2, Mid-Latitude Temperate Pedocals, '-Ï,
Southern Temperate Pedocals, and 4, the Various Unknown Groups of
Tropical Pedocals. (see Table 1.)
GROUPS OF CATEGORY IV 1
Categories IV, V, VI and VII cover mature soils whose variations from
place to place correspond to variations in climate. Those in category VII
correspond to very broad differences in rainfall, those in VI to broad differences in temperature, those in V to differences in temperature with little
or no variations of rainfall. Soils in category V are included in groups
each of which include or is based on a great number of characteristics due
directly or indirectly to differences of temperature in the localities in
which they occur. The category includes also one group, the Prairie
group, whose differentiation from the others is based entirely on features
varying with differences in natural vegetation. Some of the other groups
also have features, used in the definition of the group, which also correspond to differences of vegetation.
The well defined groups in category V consist exclusively of sub-groups
of the third order or degree of differentiation of the Pedalferic soils. The
corresponding groups, based on features corresponding to differences of
temperature of the localities in which they occur, of the Pedocals are not
definite soil groups, but mere geographic or climatic regions in which the
soils are supposed to occur. Soil groups, based on characteristics due to
these temperature differences have not yet been defined because of lack of
data. Most of the groups of Pedalferic soils in category V were defined
by Russian pedologists, but they made no attempt to differentiate the
Pedocalic soils on the same basis since the Eurasian conditions do not
present an opportunity for doing it.
Category IV includes sub-groups of the Pedocalic soils differentiated on
the basis of features corresponding in their distribution with the distribution of different amounts of rainfall. They also, so far as they have been
definitely defined on the basis of characteristics, were defined by Russian
pedologists. They include Tschernosems, Chestnut Colored soils, Brown
1

See Table 1 and Fig. 5.
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Grass-land soils, and Gray Desert soils. Characteristics'of each of these
groups are well known to every pedologist. They do not need description
here. They are differentiated mainly on the basis of variation in the
darkness of color of the surface horizon.
These groups however, cover soils occupying a region having a narrow
range of temperature variations, necessarily so since their occurrence in
Eurasia is confined to this narrow temperature range so that no opportunity was presented to Russian pedologists for further differentiation.
They are all sub-groups of sub-group 10 in category V. It is apparent that

FIOURE 5.—Groups of category IV

further study of the Pedocalic groups of category V will show corresponding differences in groups 9, 11 and 12 of category V. All that can bo
done at present is to state under sub-group 5 of the Pedocals in category
IV that such groups probably exist. (See Table 1 and also fig. 4.)
The Pedalferic soils have not been differentiated into sub-groups on
the basis of differences of rainfall. The subgrouping of these soils in
categories VI and V are both based on features corresponding to differences of temperature, one being more detailed than the other. It is by no
means certain that differences corresponding to differences in rainfall sufficiently wide to warrant or even to make possible a subgrouping on this
basis are present in these soils. It is apparent that within any given
temperature range, variations of rainfall between the lowest amount for
that zone which will maintain a permanent connection between the soil
moisture and the permanent groundwater, or a predominant downward
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movement of moisture, and also remove all readily soluble salts as well as
lime carbonate and sulfate from the solum and the highest amount
possible in the same zone do not produce differences sufficiently wide to
warrant subdivision. At least no subgrouping on such a basis has yet
been made. Category IV therefore has no sub-groups of the Pedalfers
corresponding to the sub-groups of the Pedocals.
The subgroups of the Pedalfers in category V and those of the Pedocals
in category IV include the so-called "climatic" soil groups whose characteristics through the work of Russian pedologists, are well known to soil
students throughout the world.
The subgrouping constituting the succeeding categories in the scheme
here presented are based on features having a limited range in geographic
distribution none of which are directly due to climatic influences. These
cover differentiations of detail based on work done in the United States
almost entirely. The sub-groups, such as have been definitely defined, in
categories IV and V are mainly the product of Russian investigations.
So far as is now known no well worked out effort to group soils on the basis
of features other than those due to climatic factors has not been attempted
by them. The differentiation of the soils in Europe in the construction of
the International Soil Map of Europe was based partly on features due to
some of the factors taken into consideration in the succeeding categories.
GROUPS OF CATEGORY III

l

There is still one more property which is characteristic of soils in general
applying to the solum only and to which, because of its universal applicability and fundamental importance, recognition must be given as a basis
for the establishment of a category in a complete scheme of classification
of soils.
This is not a recognition based merely on an abstract consideration of
the importance relatively or otherwise of this property or series of properties but it is one that is made compulsory so to speak by the very nature of
that property on the one hand and of classification on the other. Classification is a mere arrangement of things according to their properties, the
things having individual identity or existence only through properties.
The property under consideration is one that enters into the definition of
soil units and has applicability to all soils. It must necessarily therefore
constitute a basis of one of the general categories.
The property referred to is that of profile condition expressed in terms
of stage in development. The profile in any given case may be fully
developed, only partially developed, or not developed at all. This
category therefore is based on the features which express the various
stages in profile development in which soils that must be classified stand.
Tt has been shown on a preceding page that fully developed profiles are
1

See Table 1.
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of different kinds. I t was shown also that incompletely developed profiles developing in different environments are different in kind while those
developing in the same environment differ in degree or stage of development. Each group in category IV will be broken up into two groups each
representing a minor group of soils all of which are in a different stage of
profile development from those in the other groups. The two groups will
consist of (1), soils with fully developed profiles, those whose profiles have
adjusted themselves to the environment on the one hand, and (2) those
with incompletely developed profiles on the other.
It is not possible to give to the members of this category a geographic
expression on a small scale map. They occur in intimate geographic
association, both members developing in the same environment rather
than in entirely different environments as in the cases of the various
members of the categories previously described.
It is equally impossible to write generalized descriptions of the profiles
which will characterize the two groups. In the group of fully developed
profiles there are a number of different kinds under each of the groups of
the next higher category. In general, every well developed profile in any
group or category consists of two horizons with well defined and easily
recognizable characteristics. The upper horizon is one from which material has been removed during the progress of its development. This
material may have been removed chemically or mechanically or by both
processes operating simultaneously.
This horizon is usually designated as the A horizon. Beneath this surface horizon which may vary in thickness from a mere film to a maximum
of a very few feet lies a horizon to which material has been added during
the progress of soil evolution, either by mechanical or chemical means or
by both. This layer is designated as the B horizon and ranges from a few
inches to a few feet in thickness.
The features of the well developed horizon vary with the environment
in which they developed. In any given environment they are uniform in
their general characteristics. The fully developed profile is identified in
any environment by the presence of the two horizons just described in
well developed form. They have become clearly differentiated the one
from the other, this having been brought about by soil developing forces.
They were not differentiated in the original geological material and the
fact of well defined differentiation necessarily marks a stage of considerable advance in soil development. The further fact that in the examination of soils throughout the world it has not yet been shown that these
characteristics, when once developed, disappear or are absorbed into other
and later developed features shows the attainment, in such a form, of
permanent features and therefore a stage of maturity or full development.
These features may and do vary in any given environment and may be
accompanied by what seem to be additional developments but when, in
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the course of soil evolution, they have once appeared they seem never to
disappear as long as the environment remains constant.
The profile features characteristic of imperfectly developed soils are in
general of two different kinds. In one of these the B horizon is absent
entirely or has an incipient development only. In extreme cases the A
horizon may not be developed. The soils of alluvial plains subject to
periodic flooding and modification by the frequent deposition of new material are of the latter kind. Soils with incipiently developed B horizon or
those with a thin and still developing B may be found on slopes where the
material has not been allowed to lie long enough for profile development to
have taken place. They may be found on relatively old alluvial plains
and recently uplifted terraces.
In still one other group of soils the B horizon, and in extreme cases the
A are hot yet developed. These are soils which, from the time the materials of which they consist were accumulated, have been subjected to
water logging by a high water-table which stands at the surface or near it
throughout the year or at least for a large part of the year.
Another group of soils whose profiles are marked by features differentiating them definitely from soils with normal profiles are present in
many parts of the country. There are two groups in each of which the
profiles may be described as over developed rather than incompletely
developed. In one of these groups the profile has an A horizon normal to
the environment in which it has developed and a B horizon which is normal except in the lower part in which an indurated layer or horizon has
developed. It seems to constitute a special development of the extreme
lower part of the B horizon. The horizon or layer ranges in thickness
from a mere film to a foot or more and is immediately underlaid by the
C horizon.
In the other of the two groups the B horizon has developed into an
extremely heavy clay much heavier, harder (when dry) and tougher
than that of the B horizon of the normally developed soils in the same
environment. In some cases the heavy horizon replaces the normal B
horizon. In other cases it seems to replace the lower part of the normal B
only, leaving the upper part intact.
\\ ithin the latter group there are two sub-groups consisting of soils with
profiles that are merely incomplete and are in course of development in a
normal way. Such development as has taken place has taken place in the
normal direction. The other sub-group consists of soils in which a kind of
profile development has taken place but either not directly along the same
course as that taken by soils of the first sub-group or of the group of
maturely developed soils. The development may have gone, to a greater
or less extent, in the direction opposite to that of the normal or it may have
gone seemingly in the normal direction, but because of some factor either
inherited from the parent material or present in a local phase of the
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environment, usually topographic, may have developed to an extent far
beyond the normal condition. This usually manifests itself in an excessively developed B horizon, either extremely and therefore abnormally
heavy or unusually hard or indurated.
The first of these two sub-groups include soils developing under well
drained conditions and free from the influences of those features of the
parent rocks, which are now known to inhibit, temporarily, what is
defined in this paper as normal development. Aside from excessive
moisture the presence of certain chemical compounds either delay development or cause an abnormal or excessive development of some of the
features. The most effective of these are carbonate of calcium and
carbonate of sodium.
These various sub-groups should be designated either by a formula or
otherwise. Since the groups and sub-groups have become so large in the
course of the development of the scheme from broad general groups to
those of detail the further designation of the many groups will not be
attempted.
ALKALI SOILS
Alkali soils, it seems, may be best defined as those due to local conditions. Their profiles are not identical with those of the normal soils of
the region, or those developed without time limitation under the influence
of good drainage and free from the influence of inhibiting factors of any
kind. They have developed either in situations where they have been
subjected to the influence during part or all the year, of excess water
measured in terms of the natural water supply of the region, or under the
influence of parent materials containing excessive amounts of salts. The
latter condition is relatively very unimportant.
They belong necessarily therefore, in the category concerned with stage
of development of soils. They are, fundamentally, imperfectly developed
soils whose features are generally due to excess moisture. They are comparable in this respect to the poorly drained soils of the humid region.
Their profiles are not, in every case, undeveloped but rather not
normally developed. They have been subjected to certain changes and
therefore have gone through a certain development but it has not been in
the same direction as the development of normal soils. As the topographic cycle of the region in which they lie develops they may become
free from the excess of moisture and will then resume the normal course of
development. It seems therefore, that alkali and salty soils belong in
category III.
GROUPS OF CATEGORY II *
All the groups defined up to this point have been based on the features
of the solum. It was stated on the preceding page that several of the
1
See Table 1.
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sub-groups of the general group of soils with immaturely or abnormally
developed profiles owed that characteristic to certain characteristics of the
parent material. This however, is not the basis of the subgrouping. It,
is merely an explanation of the features on which the grouping is based,
those features on which the grouping is based, being features of the solum
rather than those of the parent geological material. It is self evident that
the features of the parent material will influence the character of the
solum, such part of the latter as may have been developed in the early
stages of its development, the amount of influence decreasing with time.
As the groups in the categories of descending order in the scheme become
progressively less inclusive so far as the number of ultimate soil units is
concerned, but more inclusive so far as the characteristics on which each
unit is based are concerned, a point is reached where characteristics of the
solum sufficiently broad to be used as a basis for the establishment of a
new category are no longer available. In case additional categories are
established it becomes necessary to seek them elsewhere and the parent
material beneath the solum constitutes the material most closely associated with and related to the soil.
The utilization of the character of the parent material for this purpose
because of the well known fact that even in maturely developed soils' its
influence is not entirely eliminated, is not merely justified but is demanded
by conditions. In the list of characteristics with progressively diminishing range of applicability and importance the features of the parent
material seem logically to follow those due to stage in development.
Each of the two groups in category IV must be broken up into, in this
case, a great number of minor groups based on the physical, chemical and
mechanical features of the parent material from which the soils have
developed. The number of these features is considerable so that it is
wholly impracticable to list them or attempt to designate them by
formula-like expressions.
The many minor sub-groups defined on this basis constitute what arc
designated on the soil maps published by the U. S. Bureau of Soils as Soil
Series. As already identified by that institution there are more than a
thousand in the United States. These groups constitute the equivalent
of the Generic groups in classifications of plants and animals. The
several series units are designated in the nomenclature of the Bureau of
Soils by a geographic or locality name.
GROUPS OF CATEGORY I >
A final category in the scheme as it is used by the Bureau of Soils consists of what for the present constitutes soil units rather than recognized
groups. Each series group is broken up into units on the basis of the
texture of the surface layer of soil usually ranging between 5 and 15 inches
1
See Table 1.
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in thickness. Each series group may consist of a single unit only, and is
not broken up therefore or it may consist of several units. The texture
units are designated as gravels, sands, silts, clays, gravelly loams, sandy
loams, silt loams, clay loams, loams and units intermediate between them.
Each soil unit as defined by the Bureau of Soils is denned in terms of
both series and texture characteristics and is designated by a two word
expression, consisting of a geographic or locality name to designate the
series characteristic and a texture description referring to the texture of
the surface layer. Thus the expression Norfolk sandy loam designates a
soil unit the texture of whose surface horizon is a sandy loam and whose
other characteristics, including those of the solum as well as those of the
parent material are identical with those of soils first identified and described in the vicinity of Norfolk, Virginia. The series designation
necessarily covers all the characteristics other than texture on which not
only the series or fifth category in the scheme is based but all the characteristics which are present in the several groups which connect it with
either group I or group II of the major category.
NOMENCLATURE OF T H E SEVERAL CATEGORY GROUPS
In the preceding discussion the various groups have in most cases been
designated by names, utilizing the well established names for the groups
whose features are well defined and descriptive names or phases for those
not yet well defined. This has been made necessary because of the lack of
a full and consistent scheme of nomenclature designed to fit the scheme of
grouping. The names here proposed for the two groups in category I are
presented for the first time. In the second category no name has been
suggested for either of the two groups in category VII, but they are
described in terms of the processes supposed to have operated in producing them. The terms podsolic and lateritic have been used for the
Pedalfers. It is apparent that two such groups exist but neither group
has yet been clearly enough defined to permit a confident assignment of
soils in every given case to one rather than to the other group. When the
fundamental features of the soils of the two groups have finally been fully
worked out it is possible that the terms given above as designations may
not fit them and that an entirely new and more appropriate nomenclature
created.
A number of the sub-groups into which sub-groups in categories IV and
V may be divided have been named by Russian and other European soil
specialists. These names have been given on a preceding page in connection with the description of the sub-groups themselves and need no
repetition here. It will be noted however, that the names are descriptive
and refer to color. The term podsol signifies ashy soil referring mainly to
color, but to a slight extent also to a rather powdery structure. The
group designated as prairie soils is so named merely for lack of a better
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name. It would be more consistent to designate it as the dark colored
group. These soils do not seem to occur in Europe and were not identified
and named by Russian soil scientists.
Category III including soils grouped on the basis of stage in the
development of the profile has not been given a name as a whole. The
.sub-group or that part of the principal group which includes soils subjected
I o the influence of excessive moisture are called moor soils and swamp soils,
or merely poorly drained soils. These cannot be considered as parts of a
systematic scheme of soil nomenclature. They are more popular, semidescriptive designations.
Soils developing under the influence of highly calcareous parent material and not yet advanced beyond a very early stage of development have
been designated in Poland for a long time as Rendzinas. Those developing under the influence of the presence of sodium carbonate have long been
designated in Russia as Solonetz soils, while those developing in a normal
way, not retarded in their development by the presence of retarding materials such as lime carbonate, sodium carbonate or water, whose profile is
imperfect wholly because of lack of time to complete their development
have never been given any designation covering them as a whole. They
have been designated as skeleton soils but this term is not applicable to the
group as a whole.

A UNIFORM INTERNATIONAL SYSTEM OF SOIL
NOMENCLATURE»
C. F. SHAW

University of California, U. S. A.
INTRODUCTION
The confusion in the use of technical terms in Edaphology both in the
general terminology and in the scientific nomenclature is, to a considerable degree, due to the rapid growth of this relatively young science, with
the necessity of inventing new designations or of using old words with a
broader or perhaps a more specific or special meaning. In the general
terminology it is probable that an international agreement on the meaning
of widely used terms can be reached if due effort is made to formulate
the definitions and place them before Edaphologists.throughout the world
for study, possible modification and ultimately official adoption. A start
toward accomplishing this is being made by the American Soil Survey
Association (7).
The establishment of an international system of soil nomenclature is a
much more difficult problem, and in the present stage of soil knowledge
and of soil classification, it may be wholly impossible. Nomenclature
is defined 2 as "The system of names used in a particular branch of
science. . . . The names used in classification as distinguished from
other technical terms." Until a basis for the classification of soils is
agreed upon, it is obviously impossible to decide upon a system of names
for the several divisions into which these soils may be grouped. A study
of the various schemes of soil classification that have been set forth from
time to time shows that no one has as yet worked out any system that has
been accepted by many others. In the several publications of the International Committee of Soil Science, Fourth Commission on Nomenclature
and Classification of Soil, and in the various other papers and reports on
the same subject published in different parts of the world, there is little
evidence of agreement on even the basis on which soil classifications
should be built.
Evidently there are two things to be done before classification and
nomenclature can be developed. First, a great number of individual soil
units must be identified, studied and accurately described, and second,
the relations between these units must be determined and the major
1
2

Presented at the request of the Chairman of the Fourth Commission.
Webster's New International Dictionary, 1914.
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causes for resemblances or differences worked out. Then it will be possible to align the soil units in groupings of different order and inclusiveness and to assign to each a basis for the alignment. A workable scheme
of nomenclature can then be established. In the meantime measures
can be taken to avoid multiplication or duplication of terms, and, so far
as possible, to definitely establish- the meaning of the terms that come
into use.
SOIL TERMS MOST WIDELY USED
At the present time the terms most widely used in soil classification
apply to the color characteristics of the surface soil or to the origin of the
soil material. The terms Podsol, Chernozem, Terra Rosa, Laterite,
Braunerde and many others are being incorporated directly in papers
written in other than the parent language. These terms, which if literally
translated are expressions only of soil color, may in the region where they
originated have a very definite application and refer to a characteristic
soil profile, but when used in other countries may be applied to soil conditions of markedly different character. Laterite has been applied to
nearly all the reddish colored soils of the tropics, as well as to soils of
yellow and even black color. It has come to have little meaning except
when supported with full and complete soil descriptions. The same is
true of Braunerde, Chernozem and nearly all the other soil color terms.
There are many soils of very diverse character that may be red, or black,
or gray or brown in color, and any scheme of soil classification in which
color is a major designation is almost sure to prove of use and value only
in a region where all other soil features are relatively uniform.
Terms relating to origin or mode of formation are open to the same
objection. Granite soils, Limestone soils, Loess soils, Alluvial soils, etc.,
are terms that are too broad in their application to be of use as specific
soil names, and while classifications based on such features may carry
much information regarding the soil composition they do not indicate the
characteristics of the individual soil unit.
The same objections can be entered against the use of chemical terms
such as calcareous soils, siliceous soils, manganese soils, alkali soils, etc.
They tell only part of the story. All of these features have their place in
soil classification schemes, but none is sufficiently dominant to be safely
used as a name for the soil, particularly the soil unit.
A soil classification of world-wide application will include in its several
subdivisions the soil character, composition, reaction, color, degree of
development, etc., each with suitable designations that will contribute to
the final expression of the character of the individual soil units. In all
probability, however, the name of the soil unit will not be descriptive,
and will not carry any obvious indication of the character of the soil.
The generic terms used in other sciences are rarely descriptive. The
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terms Aquila, Basalt or Avena may be wholly meaningless to others than
those versed in zoology, geology or botany.
BASIS OF VARIOUS SOIL CLASSIFICATION SCHEMES
In the excellent discussions by Glinka (1), Vilensky (8) and other
European writers, the classifications are usually based on general soil
characteristics developed from the study of a relatively small number of
areas, and in most cases the major divisions are based on external, causative factors, rather than on features of the soil itself. This appears to be
inevitable when the field studies are limited and the proposed classification extensive in application. The facts and theories that have been set
forth in these discussions have been of inestimable value in furthering soil
investigation. But a sound scheme of soil classification can be developed
only when there is available a wealth of detailed information on individual
soil units. Workers in the United States have such a fund of information
in the thousands of soil surveys that have been published, with detailed
descriptions of each individual soil type. True it is that many of these
descriptions are not couched in the terms now current, but in nearly every
one the important edaphic information is given provided the investigator will carefully work through the entire report. The classification
scheme formulated by the Bureau of Soils in 1913 has been growing and
developing, but has not been revised or republished. Edaphology needs
a Linnaeus who can assort this wealth of detailed soil information, rearrange the units, and formulate a logical system of classification into
which these hundreds of soils can be readily fitted.
In the soil survey of the United States the term Soil Type has been
applied to the unit of soil mapping, and is a soil which throughout the full
extent of its occurrence is relatively uniform in all respects. It corresponds more or less to the species in botanical classification. The next
more inclusive grouping, corresponding to the genus, is the Soil Series.
This is the unit of soil classification and is established on the basis that,
throughout the full extent of their occurrence all the soils (soil types)
included within a series are relatively uniform in all characters except
(hat of texture of the surface horizon.
The name or designation of the soil series is not descriptive but is
arbitrarily selected and adopted. It is merely a name. But once adopted
as the name of a Soil Series, it connotes all the features characteristic of
that series, the character of profile, succession of profile horizons, composition, origin, stage of development, color, in short, all the features that
evidence resemblances or differences in the soil profile. The term Hanford as applied to a soil series carries to the student of soils as complete
and as definite information as the term Avena carries to the Botanist,
and the soil type, the Hanford sandy loam, is as definite and specific
among soils as Avena Sativa is among species of oats. The Edaphologist
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must learn the soil series characteristics as the Botanist learns features of
the many genuses and species of plants with which he works. The laudable endeavor to give to a soil or a Soil Series a name that will be descriptive and that will automatically convey an expression of the soil character
is almost certainly doomed to failure.
Pendleton, writing of his soil survey in Gwalior and other states of
India (3) and his present studies in the Philippine Islands, states that he
finds it advisable and necessary to use the methods of the United States
Bureau of Soils, to map the soils on the basis of types and series, and to
adopt and establish names for the Series that he encountered. Rigg, of
the Cawthron Institute, Nelson, New Zealand, in a private communication, states that they also have found it advisable to adopt the same
system. A study of the recent soil survey of the Tchar-Dar Valley, in
Turkestan (2) indicates that series names could be easily applied to certain of the groups of soils as mapped and described, and by the use of a
brief series name avoid repeating the long, involved descriptions. Several
of the soil groups shown on the map apparently include members of more
than one series, and in these cases more inclusive terms are necessary. In
the soil surveys of Formosa published by the Japanese Government in
1913, the soils are designated in the legend on the maps by textural grades
only, as clay, clay loam, sandy loam, etc., but accompanying the text are
reproductions of soil profiles that indicate series relationships.
Should the soil students throughout the world adopt the soil series or
some similar soil entity as the unit of classification, it would become necessary to have a central commission to act as a clearing house; to list the
series names that are appropriated and to determine on priorities should
two workers happen to use the same name for different soils. In the
United States this service is now rendered by the Correlation Committee
of the Bureau of Soils. Through its work the names of the soil series are
kept uniform, duplications are avoided and the same kind of soil in different states or sections of the country is maintained under one series name.
A similar committee or commission would be needed to serve the workers
in all the countries that might follow the same system.
Since the series names are arbitrarily chosen, and not descriptive, they
could be used in the original language, or phonetically translated, as the
''Tchar-Dar series." Lists of series names, with full descriptions would
have to be published at intervals, just as is done in other natural sciences.
In classifying the series into more inclusive groups, it is recommended
that wherever possible Latin be used to designate these groups. In a
classification of the soils of California that is admittedly imperfect and
subject to future revision (5) the soils have been arranged under seven
subheads: Order, Class, Division, Family, Stage, Group and Series. For
three of these, Class, Family and Stage, Latin designations are offered, but
in the Division, particularly, it has thus far proven impossible to express
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the desired ideas with simple Latin terms. The outline of this classification, with the suggested Latin designations, is here presented:
SCHEME OF SOIL CLASSIFICATION USED I N CALIFORNIA
I.

(based on character of soil material)
A. Mineral Soils
1. Primary Soils (Residual Weathering)
2. Secondary Soils (from Transported Materials)
B. Organic Soils

ORDER

II. CLASS (based on trend of reaction)
A. Sinecalcis (without lime—neutral or acid)
B. Cumcalcis (with lime accumulations—basic)
III.

A.

B.
C.
D.
E.
IV.

(based on profile characteristics dependent on composition—chemical and mineralogical)
Soils composed of materials from disintegrated and decomposed igneous and metamorphosed igneous rocks high in
quartz, "acid" igneous rocks
Soils . . . from . . . " basic" igneous rocks
Soils . . . from . . . sandstones and shales
Soils . . . from . . . limestones
Soils . . . from . . . mixed or undetermined rock sources

DIVISION

(based on character of fully matured profile)
Argillocompactum (claypans)
Ferrosaxeum ("iron" hardpan)
Calciferrosaxeum ("lime-iron" hardpan)
Calcisaxeum (lime hardpan)

FAMILY

A.
B.
C.
D.

V. STAGE (based on degree of development)
A. Solum crudum (Recent, unweathered)
B. Solum semicrudum (Young, slightly weathered)
C. Solum immaturum (Immature, moderately weathered)
D. Solum semimaturum (Semimature, strongly weathered)
E. Solum rnaturum (Mature, fully weathered)
VI. GROUP (based on color of surface soil)
A. Gray Soils
B. Yellow Soils
C. Brown Soils
D. Red Soils
E. Dark Soils
VII.

(The unit of the classification. Soils uniform in all characters except texture of the surface soil)

SERIES
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In each of the larger groups the terms used are in themselves more or
less descriptive. Subdivisions of these groups, as Subclass, Subdivision,
or Subfamilies, could be designated by adding terms, as the Ferrosaxeum
San Joaquini for the San Joaquin Family (6) of hardpan soils in which
the San Joaquin series is the mature member.
Latin is probably the most precise, best established and extensively
known (among scientists) language. It is used as the basis for classification schemes in other natural sciences and has proven to be well adapted
to such use. It is therefore urgently recommended that Latin be adopted
as the basic language for soil classification and that wherever possible soil
' terms be given Latin equivalents to be used in all scientific papers and
discussions.
It is also recommended that an international commission or secretariat
be established to pass on suggested terms, determine priorities and to
publish lists of names or terms with their definitions and interpretations.
An international system of soil nomenclature may not be attainable
at the present time, but if the suggested recommendations can be put
into effect, much confusion can be avoided and the desired uniformity in
nomenclature be earlier accomplished.
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A DEFINITION OF TERMS USED IN SOIL
LITERATURE
C. F. SHAW

University of California, U. S. A.
INTRODUCTION
Many of the terms now used in soil literature are given different meanings by writers in different countries and even by different authors within
one country. This causes much confusion and it seems desirable to attempt to reach an agreement on definite interpretations of the terms in
general use.
As chairman of the committee on Nomenclature of the American Soil
Survey Association, the writer has compiled a glossary of terms used in
soil classification and the soil survey. These terms and their definitions
have been compiled from lists submitted by members of the Soil Survey
Association and from a study of published soil surveys and papers dealing
with soil classification. The definitions of the terms have been carefully
phrased in an endeavor to express the meaning that has been established
by general use and custom. Only a few terms that apply solely to the
laboratory phases of soil science have been included; most of them apply
to soil classification and the characteristics of the soil in the field.
It is not expected that all the definitions will be acceptable to all soil
scientists, but it is hoped that most of the terms will be approved as defined and that those with debatable meanings will be discussed and a
definite meaning for each term ultimately agreed upon. If this is not
done, it becomes incumbent upon each author to include in his paper a
glossary of terms and indicate the interpretation he is placing on each.
In this glossary the terms are listed by groups, as general terms, soil
genesis, soil profile, soil development, soil classification, physical characteristics (with sub-groups of texture, porosity, structure and consistence),
chemical characteristics and miscellaneous terms.
EDAPHOLOGY
Difficulty is encountered at the very outset. The name of this relatively
young science is in doubt. European writers have for some years used
Pedologie (or Pedology) to indicate soil science. This term has many
objections. It is apparently a hybrid made up of two words—ped or
pedis (a foot) from the Latin and logos from the Greek. Tn the United
"
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States the term Pedology has been appropriated by an organization devoted to the study of children, deriving the name from the two Greek
words—pais (child) and logos.
Edaphology, from the Greek word edaphos (ground) is a much more
desirable term to indicate "Soil Science." It has the further advantage of
rather general usage in Botany and other sciences, through the use of
•'edaphic" to indicate the soil influence, soil relations, etc. The scientist
who devotes his energies to soil investigations—the soil scientist or soil
specialist, would be termed an Edaphologist or an Edaphist. The suggestion of Edaphology and its derivatives for soil science is not new. In 1910,
Hall (1) and Piper suggested its use in this sense. In 1922, Lyon and
Buckman (3) designated their book as " A Textbook of Edaphology."
Other authors have also suggested its use and it is now recommended
that Edaphology be generally adopted as the terms applicable to that branch
of science dealing with the soil. It is further recommended that Edaphologist
be the term adopted to designate the "soil scientist." These terms arc
included in the glossary in place of Pedology or Pedologist, which should
be dropped from use, at least in English.
SOIL
The soil itself has been variously defined. In a study of some fifty or
more published definitions, there appears to be two general concepts of
the soil which I have designated the fragmental concept and the natural
concept. The former is the older and the commoner, and usually defines
the soil as " a mass of more or less decomposed and disintegrated rock
fragments . . . with some organic matter. . . . " In formulating these
definitions the authors evidently had in mind the sample of soil in the
laboratory, the soil material they were placing in pots in the greenhouses,
or the stirred and cultivated soil surface in the field. Their definitions
covered this disturbed and fragmental mass of soil with which they were
dealing, but gave no evidence of a conception of the soil as a natural body,
with a definite morphology, occupying a definite position in the earth's
crust.
The natural concept of the soil was apparently first formulated by
Dokutschaff (2) in 1884, although earlier writers had shown some evidence of appreciation of the soil in place. Gradually the conception of
the natural soil, with surface and subsoil conditions due to natural forces
and produced by orderly development, has been adopted, until it is now
almost universal among those dealing with soil classification and soil
mapping. As yet many workers in soil chemistry, soil biology, plant
nutrition and related fields are still thinking of the soil in its fragmental
state, forgetting that the plant roots must explore the various horizons
of the soil in its natural condition, and draw from those horizons the available plant foods. In this glossary the soil definition is based on the
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natural concept and has been formulated after study of many suggested
definitions that were submitted by coworkers in this field.
SOIL GENESIS

Under this head have been grouped a number of terms applying to soil
formation. Most of these are old and in general use, with their definitions
fairly well established. Primary soils and Secondary soils are terms now
in limited use, that are defined and presented as more desirable than
Sedentary and Transported, the corresponding terms in more general
use. Transported refers more directly to the soil material, while it is felt
that Secondary more obviously refers to the soil itself.
SOIL PROFILE

Under this head have been grouped definitions of profiles, horizons
and other terms indicating the character and relations of the various
layers that make up the soil mass.
Horizons A, B and C are defined, and in formulating these definitions
it was found that there was considerable difference in the usage of the
terms by different authors. Horizon A is defined as the horizon of eluviation, from which material has been removed by percolating waters.
Horizon B is defined as the horizon of illuviation to which materials have
been added by percolating waters. In these definitions it is assumed that
the removal of any material from an upper horizon and its deposition in
a deeper horizon would establish these as horizons A and B. The material might be lime, salts, clay (or mud in suspension), colloids (of clay,
etc.), sesquioxides or any other materials that could be so transported by
the percolating waters. This appears to be in accord with the ideas of
most of the writers who use these terms, though it does not agree with the
apparent usage of some authors (Stremme (5), for instance) who do not
recognize the B horizon unless the deposition of sesquioxides is evident.
These authors refer to certain soils as having A and C horizons only,
placing the chernozem of eastern Europe under this head. It is felt
that this restriction of the B horizon to those in which the sesquioxides are
obviously concentrating, is not good practice and that the broader interpretation of the B horizon will give the most satisfactory results.
The terms surface soil, subsurface soil, subsoil and substratum are
interpreted in relation to the A, B and C horizons, with definite and
limited applications. In much of the soil literature, it will probably be
desirable to use these common terms, and by defining and correlating
them with the horizonal designations, their usage can be made more
precise and much confusion avoided.
SOIL DEVELOPMENT AND CLASSIFICATION
Under the first of these headings there are six terms listed, indicating
the stage of maturity of the developing soil profile. These are given with
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suggested Latin equivalents as Solum Maturum for mature soil, it being
felt that Latin may become the scientific language in soil classification as
it has in the classification schemes in most other sciences.
Under Classification a number of generally used terms are defined,
together with several that have been used occasionally in classification
schemes, but not with the same interpretation. I have suggested Group
to cover color separations, Stage to cover separations on basis of degree
of maturity, Division to cover composition (usually dependent on the
geological origin), Class to cover reaction (presence or absence of lime
accumulations) and Order to cover the character, as mineral or organic.
These are discussed at length in another paper being presented to this
Congress (4). While it is not contended that the terms are interpreted in
the best way, it is hoped that the definitions will lead to more agreement
in usage among those who set up schemes of soil classification.
The Family is the most inclusive of the terms in more general use, and
is based on the character of profile of the mature, or fully weathered soil.
There are many families developed through the different results obtained
by the weathering forces working on widely different parent materials.
Within the family, the series will differ in age or stage of development.
Sub-families may indicate minor deviations in profile character from that
of the recognized family. The soil Series is the logical unit of soil classifications, and is based on a summation of all the features indicated in
Order, Division, Family, Stage and Group. It is, throughout the full
extent of its occurrence, quite uniform in all respects except texture of the
surface soil. The Series is the basis of soil classification in the United
States, where the term is so extensively used and so firmly established
that it would seem advisable to adopt it for world-wide usage.
The soil Type is a subdivision of the soil series based primarily and almost wholly on the texture of the surface soil, and implies all the uniformity of character indicated by the series designation, plus the uniformity in
surface texture. It would indicate a soil which, throughout the full extent
of its occurrence, is, within reasonable limits, uniform in all respects.
The term Soil Type has been used by some writers with a more inclusive
meaning, sometimes to indicate the general characteristics of the soils
of a region. There has been no agreement in this more inclusive interpretation or use of the term, however, and since it has been so definitely
established in its more limited meaning and so extensively used as the
unit of soil mapping in the LTnited States, it is recommended that the
restricted definition be adopted for international use.
PHYSICAL CHARACTERISTICS
Under this heading terms indicating Texture, Porosity, Structure,
Tilth and Consistence are listed and defined. Texture and Structure are
terms that have long been in common use in English works on soils and
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their meanings are rather definitely established. Porosity and Tilth have
long been used, but not heretofore formulated in definite and concise
terms, while Consistence is a relatively new term in Edaphology.
SOFT

MEDIUM

HARD

C0N515TENCET -4-5IZE
FIGURE 1.—Relation of structure and size range

Texture, as used in most publications in English, indicates the coarseness or fineness of the soil mass, but in some German publications it appears to be used to indicate the porosity of the soil. The two characters—
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size of soil grains and size of pores between the grains—-are closely related,
but they appear sufficiently distinct to warrant the separate designations
as given in the glossary.
Under Texture, I have listed the term "Textural Grade" to cover
classifications of soil based on texture only. This is the "soil class" of
most American texts and papers. This change in terms is submitted
after much discussion with colleagues, and after reaching the conviction
that many workers were already referring to the textural designation in
a soil type name as "grades." The term "Class" in most schemes of soil
classification set forth by Edaphologists outside of the United States, as
well as nearly all classification schemes in other sciences, is applied to an
inclusive grouping; a designation of high order.
Under Structure the terms crumb-structure, granular, lumpy, and
cloddy have been given certain limited ranges in size and in consistence.
These are shown graphically in Fig. 1, where the size of the aggregate
is plotted as the ordinate and the consistence as the abscissa. There will
be a certain degree of overlapping, on both ordinate and abscissa, but
there appears to be a quite definite relation between the consistence of
the aggregate and its usual size.
Attention is also directed to the definition of the term "Adobe," which
has been used very indefinitely by many writers. " Columnar" is another
term often loosely used.
Tilth is defined as a term indicating the condition of soil structure
brought about by manipulation; an artificial structure produced by tillage or cultivation. In restricting it to artificial structure, this definition
differs from the interpretation of some English writers who apply it also
to certain conditions of naturally developed structure. While there appears to be no fundamental objection to such usage, it might be better to
refer to such conditions as "natural tilth."
Consistence is a term expressing the degree of cohesion of the soil and
the resistance opposed to forces tending to deform or rupture the aggregates. Consistence and structure are closely related and often interdependent. A study of the term's used in soil descriptions shows that both
structure and consistence are nearly always recognized and described
and that the terms used for each are quite distinct.
CHEMICAL TERMS
A few chemical terms in general use are included in the glossary. It
is hoped that the term "Alkali Soil" can be eliminated and these soils
more correctly designated as Alkaline or Saline soils, depending on the
character of the compounds present. If it is felt necessary to have a
general term to express the opposite of "Acid" soil, the term "Basic"
soil might be better.
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MISCELLANEOUS TERMS
A definition of the terms used in designating miscellaneous and usually
non-agricultural materials or land surface conditions are included in the
glossary. These terms are taken from the published soil survey reports,
and while there is occasionally some evidence of confusion in their use,
the definitions given express the accepted meanings.
CONCLUSION
The glossary is submitted, not as a list complete or accurate, but as a
definite effort to formulate some of the terms used in soil classification,
soil surveying, and in the descriptions and discussions of the soils as they
occur in nature. It can be of value to all Edaphologists in clarifying and
fixing the meaning of the words and terms in use. It can be made more
useful by the correction of the definitions of any misinterpreted or poorly
defined terms, and by the addition of new terms.
This Soil Science Congress might well establish a committee on Nomenclature and Terminology, charged with the duties of defining and formulating terms used in Edaphology, to which this glossary may be a small
and imperfect contribution.
SOIL TERMINOLOGY
A glossary or list of technical terms used in soil descriptions and in soil
classification.
GENERAL TERMS

Edaphology
That branch or department of science which deals with the soil as a
natural body.
Edaphologist (or Edaphist)
One versed in Edaphology or engaged in the study of the soil.
Scientist.

A Soil

Edaphology deals particularly with the soil as a natural body and
its natural position, but includes also studies of soil chemistry, soil
physics, soil biology and other lines of investigation where the aim is
an elucidation of soil problems. The term Pedology (or Pedologie)
has already been appropriated by an organization dealing with children and can not properly be used in the English-speaking countries.
Soil
The soil is a natural body occupying the surface portion of the Earth,
composed of mineral and organic materials and having more or less definitely developed horizons of eluviation and illuviation.
This term soil, as defined, includes both the Solum and the upper
portion of the parent material, the A, B and C horizons.
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Solum

The weathered portion of the soil mass including the full depth to which
cluviation and illuviation are in evidence. The A and R horizons.
Parent Material
The slightly altered or wholly unweathered material beneath the
solum, similar to that from which the soil was formed. The C horizons.
Eluviation—Eluvial
A process of removal by percolating waters of material in solution or in
suspension. Horizons from which material has been removed by eluviation.
Illuviation—Illuvial
A process of accumulation by deposition from percolating waters of
material transported in solution or suspension. Horizons in which material has been deposited by illuviation.
Soil Fertility
The capacity of a soil for production under favorable conditions.
Soil Productiveness
The actual producing power of a soil under the normally existing conditions.
Soil Characteristics
Distinguishing qualities, properties or features that may serve to establish the character of a soil.
Organic Matter (of the Soil)
The more or less decomposed material of the soil derived from organic
sources, usually from plant remains.
The term organic matter covers such material in all stages of decay
and is recommended as a better term than "humus," which though in
general use, is indefinite and poorly defined.
Humus
A more or less stable stage in the decomposition of organic matter in
the soil. The organic matter that can be extracted from a soil by dilute
alkali after treatment with dilute hydrochloric acid.
This term is quite indefinite in application and also in an analytical
sense. It is better to use the more general term "Organic Matter"
when referring to the organic content of the soil.
Claypan
An horizon of accumulation or a stratum of stiff, compact and rela. tively impervious clay.
The claypan is not cemented, and if immersed in water can be
worked to a soft mass. Its presence may interfere with water move-
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ment or root development as does a true hardpan. It is more difficult
to overcome for whereas a hardpan can be shattered by explosives the
claypan, after breaking by any means, will run together and reform
as soon as thoroughly wetted. The distinction between the hardpan
and the claypan is an important one in the soil classification.
Hardpan
An horizon of accumulation that has been thoroughly cemented to an
indurated, rock-like layer that will not soften when wet.
The t e r m ' ' hardpan " is not properly applied to hard clay layers that
are not cemented, nor to those layers that may seem indurated when
dry but which soften and lose their rock-like character when soaked in
water. The true hardpan is cemented by materials that are not
readily soluble, and is a hard layer that definitely and permanently
(in nature) limits downward movement of roots and water.
SOIL GENESIS
Mineral Soils
Soils composed mainly of inorganic (mineral) material with relatively
low contents of organic material.
Organic Soils
Soils composed mainly of organic material; the organic content being
sufficient to dominate the soil characteristics.
Sedentary Soil
Soils formed in place without the addition of transported material.
Residual Soil
Sedentary soils formed by the weathering of mineral material.
Cumulose Soil
Sedentary soils formed by the accumulation of more or less decayed
organic remains. Organic soils.
Peat Soil
Soil composed predominantly of organic material, considerably decomposed but highly fibrous, with easily recognizable plant remains.
Muck Soil
Soil composed of thoroughly decomposed organic material, with a considerable amount of mineral soil material, finely divided and with few
fibrous remains.
Primary Soils
Soils developed through the disintegration and decomposition of rocks
in place and the weathering of the resulting debris to true soils with
definite horizons of eluviation and illuviation. Residual Soils.
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Secondary Soils
Roils developed through the weathering of materials, originating from
previously existing soils and from rock debris, that have been eroded from
their former locations and redeposited by the transporting agents. Transported Soils.
Transported Soils
Soils formed by the consequent or subsequent weathering of materials
transported and deposited by some agency such as water, air, ice, etc.
Secondary Soils.
The following subdivisions of Secondary and Transported soils
refer primarily to the agencies which transported and deposited the
soil material from which the soil is developed by weathering. They
do not necessarily enter into any scheme of soil classification but
may, in some instances, be very useful in indicating the cause of variations in the weathered soils as well as in the parent material.
Alluvial Soil
Soil formed from materials transported by Mowing waters and deposited
as alluvial fans and flood plains.
Lacustrine Soil
Soil formed from materials deposited by the waters of lakes and ponds.
Marine Soil
Soil formed from materials deposited by the waters of oceans and seas.
exposed by elevation of the land or the dessication of the sea.
The lacustrine and marine deposits may be the coarser sediments
of beaches and bars or the finer sediments of exposed areas of lake or
sea beds. They are usually characterized by the commingling of
sediments of different sizes that are not found in the deposits of any
other agency except glaciation.
Glacial Soil
Soil formed from materials transported and deposited by glacial action.
These include the till, moraine, drumlin, kame and kettle, esker
and other typical forms and a portion of the loessial deposits.
Loessial Soil
Soils formed from transported materials deposited as loess.
Aeolian Soil
Soil formed from materials transported and deposited by air.
This group includes not only the areas of wind-blown sand usually
associated with sand dunes, but also the large areas of fine textured
materials that have been wind deposited or wind modified since
deposition, such as the wind modified deposits of fine volcanic ash,
modified loessial deposits, etc.
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Old Valley Filling Soils—Old Transported Soils
Weathered secondary (transported) soils.
Recent Valley Filling Soils—Recent Transported Soils
Unweathered secondary (transported) soils.
SOIL PROFILE
Profile—Soil Profile
A Soil Profile is a vertical section of the soil from the surface to the under- .
lying unweathered material.
Regional Profile
A generalized description giving the profile characteristics common to
the soils of a broad geographical region.
Typical Profile
A profile definitely representative of a soil type or a soil series.
standard of the type or series.

The

In practice the typical profile of a new type or series is determined
as soil study proceeds and repeated borings and examinations develop
the prevailing characteristics of the particular type or series. Established series have their typical profile characteristics recorded,
and in mapping these characteristics must be kept in mind, together
with the degree of deviation permissible.
Normal Profile
A characteristic profile developed under relatively uniform conditions
of weathering.
Abnormal Profile
A profile departing from the Normal, Typical or Regional Profile
conditions in some important respects, by reason of some unusual change
in the factors governing weathering.
Abnormal profiles might be caused by excessive erosion following
the removal of vegetative cover by fires, by changes in drainage conditions due to natural or artificial causes, or by any action which
might change the natural conditions-governing weathering.
Color Profile
A profile divided into horizons on the basis of color.
Chemical Profile
A profile divided into horizons on the basis of chemical composition.
Structural Profile
A profile divided into horizons on the basis of structure.
Textural Profile
A profile divided into horizons on the basis of texture.
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Horizon—Soil Horizon
A layer or section of the soil profile, more or less well defined, and
occupying a position approximately parallel to the soil surface.
Strat um—Strata
A layer or layers of material whose character was established during
formation and is not due to subsequent alteration by weathering.
In transported soils there may be layers or strata of sand, clay,
gravel, or other textures, of varying conditions with respect to structure and consistence, that may have an important bearing on the
character of the soil, even influencing the effects of weathering agents.
Hence in these definitions reference is made both to horizons and
strata.
Horizon A
The upper horizon of the soil mass, from which material has been removed by percolating waters. The horizon of eluviation. The "surface"
soil.
This horizon is generally subdivided into two or more sub-horizons,
of which A0 is not a part of the mineral soil, but is the accumulation
of organic debris upon the soil surface. Other sub-horizons are designated as Ai, A2, etc.
Horizon B
The horizon of deposition, to which materials have been added by
percolating waters. The horizon of illuviation. The "subsoil."
This horizon may be divided into several sub-horizons, depending
on the color, structure, consistence or the character of the material
deposited. These sub-horizons are designated Bi, B2, B3, etc.
Horizon C
The horizon of relatively unweathered material underlying the B
horizon. The "substratum."
The C horizon, while often described as "unweathered," usually
shows some modification in the upper portions and may have one or
more sub-horizons. In most cases it represents the "parent material" similar to that from which the soil was formed. In some cases
it may be a stratum or geological formation of different material.
Surface Soil
The upper horizon or surface layer of the soil mass.
above horizon A2.

The horizons

In describing cultivated soils, it usually includes that portion that
is modified by plowing and other tillage operations. In other cases,
where the color of the upper portion of the soil mass is modified by
accumulations of organic matter, it is applied to the full depth of that
color horizon.
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Subsurface Soil
The horizon or layer of soil directly beneath the surface soil.
horizons below Horizon Aj.

The A

Tn cases where the term "Surface Soil" is applied to the tilled portion of soils that are deep and uniform, it is used to include the portion of the uniform material below the tilled depth.
Subsoil
The horizons or layers of soil beneath the surface soils. The B horizons.
When necessary, the subdivisional terms upper subsoil, lower subsoil, etc. are used.
Substratum
The horizons or layers of material below the solum or true soil mass.
The C horizons.
In most cases the substratum is the parent material. In some
soils, it may be materials quite distinct in character from that which
weathered to form the overlying soil mass. In Recent soils, where
distinct A and B horizons may not exist, it usually is applied to strata
distinctly different in color, texture, structure or consistence from the
upper or "soil" layers.
SOIL DEVELOPMENT
Recent Soil (Solum Crudum)
A soil having a profile without definite horizons of eluviation or illuviation; relatively unweathered recent or very immature soil.
Recent soils usually are secondary soils composed of recently deposited transported materials, there being no evidence of any downward migration of clay, lime or other material, no evidence of differences in the degree of weathering of the minerals at any varying
depths and no indication of any changes in structure of the soil.
Young Soil (Solum Semicrudum)
A soil having a profile with slightly compact subsoil horizons, but without distinct clay accumulations; slightly weathered immature soil.
Immature Soil (Solum Immaturum)
A soil having a profile with compact subsoil horizons with distinct clay
accumulations; moderately weathered immature soil.
Semi-mature Soil (Solum Semimaturum)
A soil having a profile with compact, semi-cemented horizons with
high clay accumulations; strongly weathered semi-mature soil.
Mature Soil (Solum Maturum)
A soil having a profile with a compact highly colloidal dense clay houizon
or with a cemented rock-like hardpan horizon; fully weathered mature
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soil. The end product of weathering under the existing conditions. A
climax soil.
Mature soil development presupposes the absence of severe
erosion, changes in drainage, changes in vegetative cover or other
modifications of conditions that would affect the characteristic
weathering under the prevailing climate of the region. They have
existed under the given conditions for a period of time long enough to
have reached full adjustment with the weathering forces.
Aged Soil (Solum Annosum)
A soil in which a fully matured soil profile is again being subjected to
modification, due to changes in the environmental conditions or weathering forces.
Aged or Degenerated soils are usually the result of changes in environmental condition such as vegetative cover, or of changes in
drainage due to diastrophism or of changes in climatic conditions,
particularly changes in precipitation. This term is inaccurate as
such soils are actually starting on a new cycle of development, under
changed or changing conditions of environment.
SOIL CLASSIFICATION
Soil Type
A soil which throughout the full extent of its occurrence has relatively
uniform texture of the surface soil and relatively uniform profile characteristics. The unit of soil mapping.
The name of the soil type is a combination of series name and the
textural grade designation, as for example—Orangeburg sandy loam.
Phase
A subdivision of the Soil Type covering departures from the typical
soil characteristics, insufficient to justify the establishment of a new type,
yet worthy of recognition.
The Phase subdivision is used when the deviation from the typical
may be insufficient to warrant the establishment of a new type, or
when the areal extent of a major variation is too small to warrant its
independent recognition, yet where it is desirable to show the location
and extent of the atypical material on the map and in the report.
Phase variations may cover color, texture, structure, topography,
drainage, or any other feature of deviation from the typical.
Soil Series
A group of soils having the same character of profile—{the same range
in color, structure, consistence, and the same sequence of horizons and
degree of horizonal development) the same general conditions of relief
and drainage and usually a common or similar origin and mode of formation. A group of soil types closely similar in all respects except the texture
of the surface soils.
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While the soil type is the unit of soil mapping, the series is the most
important in soil classification as it expresses in full the profile differences. It is the unit of most soil classifications.
Soil Group
A grouping of soil series based upon the color of the surface soil.
(A new term used only by the author)
Soil Stage
A grouping of soil series based upon the degree of development of the
several horizons of the profile or the stage of maturity the soils have
reached.
(A new term used only by the author)
Soil Family
A group of soil series that are progressing toward a common or closely
similar final mature profile condition.
The " F a m i l y " would include all soils regardless of their stage of
development, that were progressing toward the same mature profile
characteristics, and would indicate an existence, for different periods
of time, under uniform and similar conditions of climate, vegetative
cover and drainage. It might also indicate a common origin and
mode of formation.
Soil Division
A grouping of soil series based on profile characteristics dependent upon
the composition (both mineraological and chemical) of the soil mass.
(A new term used only by the author)
Soil Class
A grouping of soil series based upon the trend of chemical reaction of
the soil mass; whether it is losing lime and other bases, or accumulating
these in the subsoil horizons.
This is a new and as yet unaccepted use of this term which heretofore has been used to indicate the textural grades.
Soil Order
A grouping of soils on the basis of the character of the soil mass—as
mineral or organic.
(A new term used only by the author)
PHYSICAL CHARACTERISTICS OF SOILS
Soil Texture
Texture is a term indicating the coarseness or fineness of the soil mass;
the combined or mass effect of the different sizes and quantities of individual grains or particles making up the soil.
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As the soil is usually made up of particles of widely varying size,
the textural terms usually express the average effect or the combined
effect of all these grain sizes, but they may indicate the predominance
(in quantity or in textural effect) of a certain group of grains.
The textural composition is determined by mechanical analysis—
a laboratory process of separating the soil into groups of grain-sizes.
The system of mechanical analysis used by the Bureau of Soils of the
United States Department of Agriculture separates the soil into seven
grain-sizes or "separates" having the following size and name:
Fine gravel
Coarse sand
Sand
Fine sand
Very fine sand
Silt
Clay

mm.
2.
-1.
1.
-0.5
0.5 -0.25
0.25 -0.10
0.10 -0.05
0.05 -0.005
0.005- ?

The following table shows the proportions of certain of these grainsizes found in the major textural grades:
Sands contain less than 20 per cent of silt and clay.
Sandy Loams contain from 20 per cent to 50 per cent of silt and clay
but do not have over 20 per cent of clay.
Loams have more than 50 per cent of silt and clay combined but have
less than 50 per cent of silt and less than 20 per cent of clay.
Silt Loams have more than 50 per cent of silt and less than 20 per cent
of clay.
Clay Loams have more than 50 per cent of silt and clay combined but
less than 50 per cent of silt and between 20 per cent and 30 per cent
of clay.
Clays have more than 50 per cent of silt and clay combined and more
than 30 per cent of clay.
Textural Grade
A classification of soils based on texture alone.
This has been called the "class" in many soil publications.
In the field texture is determined by the feel of the soil mass when
rubbed between the fingers. The following statements give the obvious
physical characteristics of the basic textural grades:
Sand. Sand is loose and single-grained. The individual grains can
readily be seen or felt. Squeezed in the hand when dry it will fall
apart when the pressure is released. Squeezed when moist, it will
form a cast, but will crumble when touched.
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Sandy Loam. A sandy loam is a soil containing much sand but which
has enough silt and clay to make it somewhat coherent. The individual sand grains can readily be seen and felt. Squeezed when dry,
it will form a cast which will readily fall apart, but if squeezed
when moist a cast can be formed that will bear careful handling without breaking.
Loam. A loam is a soil having a relatively even mixture of the different
grades of sand and of silt and clay. It is mellow with a somewhat
gritty feel, yet fairly smooth and slightly plastic. Squeezed when
dry, it will form a cast that will bear careful handling, while the cast
formed by squeezing the moist soil can be handled quite freely without breaking.
Silt Loam. A silt loam is a soil having a moderate amount of the fine
grades of sand and only a small amount of clay, over half of the
particles being of the size called "silt." When dry it may appear
quite cloddy but the lumps can be readily broken, and when pulverized it feels soft and floury. When wet the soil readily runs together
and puddles. Either dry or moist it will form casts that can be
freely handled without breaking, but when moistened and squeezed
between thumb and finger it will not "ribbon" but will give a
broken appearance.
Clay Loam. A clay loam is a fine textured soil which usually breaks
into clods or lumps that are hard when dry. When the moist soil is
pinched between the thumb and finger it will form a thin "ribbon"
which will break readily, barely sustaining its own weight. The
moist soil is plastic and will form a cast that will bear much handling.
When kneaded in the hand it does not crumble readily but tends to
work into a heavy compact mass.
Clay. A clay is a fine textured soil that usually forms very hard lumps
or clods when dry and is quite plastic and usually sticky when wet.
When the moist soil is pinched out between the thumb and fingers
it will form a long, flexible "ribbon." Some fine clays very high in
colloids are friable and lack plasticity in all conditions of moisture.
Gravelly or Stony Soils. All of the above grades of soil, if mixed with
a considerable amount of sand, gravel or stone, are designated as
sandy clay loams, sandy clays, etc., as gravelly sandy loams, gravelly
clays, etc., or as stony sandy loams, stony loams, etc.
Soil Separate
One of the several grain-size groups into which the soil is separated
by mechanical analysis.
Colloid—Colloidal
Particles of colloidal size (below lju diameter) present in sufficient
amount to have an appreciable effect on the soil character.
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Heavy (Textured)
Applied to soils of fine texture in which clay predominates, with dense
structure and firm to compact consistence.
The term is also applied to soils containing a somewhat higher
proportion of the finer separates than is typical of that textural grade
(as a "heavy sandy loam").
Light (Textured)
Applied to soils of coarse to medium texture with very low silt and
clay content, incoherent, single-grained structure, and loose consistence.
The term is also applied to soils containing somewhat higher proportions of the coarser separates than is typical of that textural grade
(as a "light loam").
Sharp
Containing angular particles in sufficient amount to dominate the
"feel." Abrasive.
Gritty
. Containing a sufficient amount of angular grains of coarse sand or fine
gravel so that these dominate the "feel." Usually applied to medium
textured soils (loams) where the actual quantity of these coarse grains is
quite small.
Smooth
Containing well rounded coarser particles and a predominance of the
finer separates. Not abrasive.
Velvety
Very smooth textured, free from any coarse particles, usually free from
any except the smallest aggregates.
Floury
Fine-textured soil consisting predominantly of silt (or flocculated clay
with aggregates of silt size) which when dry is incoherent, smooth and
dust-like.
POROSITY
Soil Porosity
Porosity is a term indicating the mass effect of the pores or voids between the individual particles and aggregates that make up the soil.
Porous
A soil having a maximum of voids or pore spaces.
Spongy
A soil having a very large number of pore spaces of irregular shapes
and sizes interconnected throughout the entire soil mass.
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Cellular
A soil having pore spaces of more or less regular size and shape interconnected throughout the entire soil mass.
Vesicular
A soil containing many small rounded cavities or pores, smooth on
the inside as though formed by gas bubbles.
Tubular
A soil in which the pore spaces are more or less regular in size and are
connected to form tube-like voids.
Dense
A soil having a.minimum of pore space and an absence of any large
pores or cracks.
STRUCTURE
Soil Structure
Structure is a term expressing the arrangement of the individual
grains and aggregates that make up the soil mass.
The structure may refer to the natural arrangement of the soil
when in place and undisturbed or to the soil at any degree of disturbance. The terms used indicate the character of the arrangement,
the general shape and the size of the aggregates and in some cases
may indicate the consistence of these aggregates.
Crumb-Structure
Porous aggregates of irregular shape, rarely over 2 cm. in diameter
and of a medium to soft consistence.
Fine Crumb—Crumbs 5 mm. or less in diameter.
Coarse Crumb—Crumbs 2 cm. or more in diameter.
Mealy
A crumb-like structure where the aggregates are of soft to very soft
consistence and usually less than 5 mm. in diameter.
Granular
Aggregates varying in size to 2 cm. in diameter, of medium consistence,
and more or less subangular or rounded in shape.
Fine Granular—Aggregates under 5 mm. diameter.
Coarse Granular—Aggregates close to maximum size.
Buckshot
Aggregates of roughly spherical shape, usually 2 or 3 mm. in diameter,
and of a hard consistence.
Lump (Lumpy)
Aggregates of irregular shape, of medium to hard consistence and from
2 to 10 cm. in diameter.
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Fine Lumpy—Aggregates below 3 cm. in diameter.
Coarse Lumpy—Aggregates over 6 cm. in diameter. "
Nut-Structure
Compact aggregates, more or less rounded in shape, of hard to medium
consistence, and usually from 0.5 to 4 cm. in diameter.
Clod (or Cloddy)
Aggregates of irregular, angular shape, usually 8 cm. or more in
diameter and of a hard consistence.
Fine Cloddy—When most of the clods are close to the minimum size.
(8 to 12 cm.)
Coarse Cloddy—When most of the clods are 20 cm. or more in diameter.
Adobe
A soil which on drying cracks and breaks into irregular but roughly
cubical blocks. The cracks are usually wide and deep and the blocks
are from 20 to 50 or more centimeters across. (Adobe soils are usually
heavy-textured and high in content of colloidal clay.)
Amorphous
A soil of fine texture having a massive or uniform arrangement of
particles throughout the horizon. Structureless. Only found in soils of
the finest texture, where individual grains can not be recognized.
Single-Grained
An incoherent condition of the soil mass with no arrangement of the
individual particles into aggregates. Structureless. Usually found in
soils of coarse texture.
Massive
A soil mass showing no evidence of any distinct arrangement of the
soil particles. Structureless. May be found in soils of any texture.
Structureless
Without any discernible structure or arrangement of the soil particles
into aggregates.
This condition is better expressed by the terms: Single-grained,
massive, amorphous, etc.
Puddled
A condition of massive structure brought about when by artificial or
natural action the previously existing structures are broken down and
destroyed. Deflocculated.
Pulverulent
The soil reduced to a mass of soft crumbs and granules.
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Fluffy
A surface condition where the aggregates are loose, of light weight and
fine texture, with no cohesion or evidence of arrangement; floury.
Mulch (or Mulched)
An horizon with a loose, incoherent arrangement of aggregates of mealy,
crumb or granular structure.
Crust (or Crusted)
Where the upper or surface horizon coheres into plate or crust distinct
from the horizon immediately below it.
Crust-Mulch
An arrangement where a surface crust is underlain by an horizon of
loose, incoherent particles of mealy, crumb or granular structure.
Laminated
An arrangement of the soil mass in very thin plates or layers, less than
1 mm. in thickness, lying horizontally or parallel to the soil surface.
Usually medium to soft consistence.
Plate (or Platy)
An arrangement of the soil mass in plates or layers one to five millimeters or more in thickness, lying horizontally or parallel to the soil
surface. Usually of medium to hard consistence.
Columnar
A natural arrangement of the soil mass in more or less regular columns
separated by vertical cleavage planes, and usually broken by horizontal
cracks into sections with longer vertical than horizontal axes.
Prismatic Columnar—Columns broken into sections quite regular in
size, parallel faced, with the vertical axes much longer than the
horizontal axes. Usually pentagonal or hexagonal.
Jointed Columnar or Jointed—Columns broken into sections having the
vertical and horizontal axes nearly equal.
Honeycomb
A natural arrangement of the soil mass in more or less regular five or
six sided sections separated by narrow or hairline cracks. Usually found
as a surface structure or arrangement.
Reticulate
A natural arrangement of the soil mass in more or less regular sized
fragments separated by a network of narrow or hairline cracks.
This arrangement of cracks may develop the coarse nut or the clod
structure.
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TILTH
Soil Tilth
Tilth is a term indicating the condition of soil structure brought about
by manipulation; an artificial structure produced by tillage or cultivation.
Terms indicating the condition of tilth are the same as those indicating the soil structure under the broken or disturbed conditions,
as mealy, pulverulent, granular, crumb, buckshot, mulch, nutstructure, cloddy.
CONSISTENCE
Soil Consistence
Consistence is a term expressing the degree of cohesion of the soil and
the resistance opposed to forces tending to deform or ruptute the aggregates.
Consistence and structure are closely related and frequently interdependent. The terms expressing consistence and structure are distinct, however, and need not be confused or used with double meaning. A study of published reports shows a general use of terms
expressing both the consistence and the structure in nearly all soil
descriptions.
Loose
A soil with particles or small aggregates that are independent of each
other or are very weakly cohering, with a maximum of pore space and a
minimum resistance to forces tending to cause rupture.
Soft
A soil that yields readily to any force causing rupture or deformation.
Aggregates readily crushed between fingers.
Mellow
A soil with particles or aggregates that are weakly adhering in a rather
porous mass, readily yielding to forces causing rupture. A consistence
softer than friable. Without tendency to pack.
Friable
A soil with aggregates that can be readily ruptured and crushed with
application of moderate force.
Easily pulverized or reduced to crumb
or granular structure.
Firm
A soil resistant to forces tending to produce rupture or deformation.
Moderately hard. Aggregates can be broken between fingers.
Compact
A soil that is dense and firm, but without any cementation. Quite resistant to forces tending to cause rupture or deformation. Coherent.
Relative degree of compactness can be expressed, by terms as
slightly compact, very compact, etc.
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Hard
A soil resistant to forces tending to cause rupture or deformation.
Difficult or impossible to crush aggregates with fingers only.
Brittle
A soil which when dry will break with a sharp, clean fracture. If
struck a sharp blow, it will shatter into cleanly broken hard fragments.
Plastic—Plasticity
A soil readily deformed without rupture.
be readily moulded. Putty-like.

Pliable but cohesive.

Can

Cheesy
A soil having a more or less elastic character, deforming considerably
without rupture, yet broken without difficulty or the application of much
force.
Characteristic of certain highly colloidal soils when thoroughly wet.
Sticky
A soil that shows a decided tendency when wet to adhere to other
materials and foreign objects.
Tenaceous
A soil that shows a decided resistance to rupture. The soil mass coheres
firmly.
Sticky and Tenaceous are often used as synonyms, but in soil usage
the former is taken to refer to adhesion, the latter to cohesion. Both
may be present in a soil at the same time.

Stiff
A soil that is resistant to rupture or deformation. A soil stratum or
horizon that is firm and tenaceous, and tending toward impervious.
Usually applied to condition of the soil in place and when moderately wet.
Tight
A term applied to strata or horizons of the soil that are compact, impervious and tenaceous and usually plastic.
Tough .
A soil that is resistant to rupture. Tenaceous. A term applied to
strata or horizons of the soil that can be readily bored into with the auger
but which requires much force in breaking loose and pulling out the core
of soil.
Impervious
A soil very resistant to penetration by water and usually to air and to
plant roots. Impenetrable.
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In field practice the term is applied to strata or horizons that are
very slowly penetrated by water and that retard or restrict root
penetration. Relatively Impervious or Slowly Pervious are better
expressions.
Cemented—Cementation
A condition occurring when the soil grains or aggregates are caused
to adhere firmly and are bound together by some material that acts as a
cementing agent (as colloidal clay, iron, silica or aluminum hydrates,
lime carbonate, etc.).
The degree of cementation or the persistence of the cementation
when the soil is wetted should be stated. Some terms indicate the
degree of relative permanence, as—indurated, hardpan, etc.
Firmly Cemented—Cementing material of considerable strength, requiring considerable force to rupture the mass. Usually breaks,
with clean though irregular fractures, into hard fragments.
Weakly Cemented—Cementing material is not strong, and the aggregates can be readily broken into fragments with a more or less clean
fracture.
Softly Cemented—Cementing material is not strong nor evenly diffused
throughout the mass. Aggregates are readily crushed, but do not
break with a clean fracture.
Indurated
A soil cemented into a very hard mass that will not soften or lose its
firmness when wet, and which requires much force to cause breakage.
Rock-like.
CHEMICAL CHARACTERISTICS
Only a few terms that are in common use in soil classification and soil
mapping are here defined, chemical terms commonly used in the laboratory
not being included.
Calcareous Soil
A soil containing sufficiënt calcium carbonate to effervesce when
tested with weak 0.1 A hydrochloric acid.
In accordance with the amounts present, these soils may be designated as slightly calcareous, strongly calcareous, etc.
Acid Soil
A soil that is deficient in available bases, particularly calcium, and
which gives an acid reaction when tested by standard methods.
There is no full agreement on the most satisfactory test for "acidi t y " and field tests are made by the use of various convenient indicators. The intensity or degree of acidity can be expressed by the
qualifying words—strongly, moderately, etc.
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Alkali Soil—Alkali
A soil containing any soluble salts in sufficient amount to cause injury
to economic plants.
Alkaline Soil
A soil containing an excessive amount of the alkaline (in true chemical
sense) salts, usually sodium carbonate.
Saline Soil
A soil containing excessive amounts of the neutral or non-alkaline salts,
usually chlorides and sulfates.
MISCELLANEOUS TERMS
The following terms have been applied to conditions of the Earth's
surface where the materials composing it cannot be readily classified
and mapped as "soils." In most cases they represent areas of little or
no value from an agricultural standpoint, though in some cases they may
be of considerable importance to forestry. Surveys of forest soils would
separate the latter areas on the regular soil type and series basis.
Some terms, as swamp and marsh, indicate a condition under which
the soil is rather inaccessible. When by drainage and reclamation these
areas become accessible, the soils would be classified and mapped as usual.
They also include various types of surfaces that have insufficient soil
to permit classification, that occupy rough and irregular topography, or
that have been so altered and modified by man as to have lost the characteristics upon which soil classification is based.
Coastal Beach
Shelving and sloping beaches of sand, gravels, shingle or stone, swept
by waves in time of storms and high tide. Often includes areas of low
sand dunes.
Dunesand
Areas of wind drifted sand in dunes, hummocks and ridges, usually free
from vegetation and undergoing active erosion and redeposition by
winds.
Riverwash
Alluvial deposits in stream beds and flood channels, subject to erosion
and deposition during recurring flood periods. Textures range from silts
and sands to cobbles and boulders. Usually free from vegetation other
than occasional willows and some annual weeds.
Marsh
Flat, wet, treeless areas usually covered by standing water and supporting a native growth of coarse grasses, reeds or rushes.
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Swamp
Flat, wet, areas usually covered by standing water and supporting a
growth of trees, shrubs and grasses.
Tidal Marsh
Low flat marsh lands traversed by interlacing channels and tidal sloughs
and usually inundated by high tides. Supports a cover of salt-marsh
vegetation, usually low growing plants, with areas of rushes and reeds.
Madeland
Areas of artificial fills of soil material more or less mixed with waste,
refuse and debris.
Placer Diggings
Areas where placer mining has overturned or removed the soil and left
a rough, eroded and scarred surface of little or no agricultural value.
Hydraulic Diggings
Areas from which soil and substratum have been washed by hydraulic
mining operations—usually occurs as extensive erosion scars.
Tailings and Culm Banks
Debris of dredger, placer, hydraulic mining or stamp mills usually
consisting of extensive areas of cobble and stone in piles or ridges, or of
slopes or basins of slickens or other fine textured wastes, and of the piles
of waste at mine and tunnel mouths.
Rough Mountainous Land
This is an inclusive term used to cover a topography that is generally
non-agricultural; mountain sides and slopes and the larger and steeper
foothills and ridges. It includes bodies of arable soil, usually too small and
irregular in outline to warrant separation and classification, but which
may ultimately be cleared and put to agricultural production. The major
portion of this classification is steep slopes, canyon walls, ridges, etc., of
no agricultural value, but having sufficient soil to support a cover of
trees, brush or grasses. Where climatic conditions are favorable it is
well suited to forestry, while in the more arid regions, it may be utilized
as range pasture.
Rough Broken Land
A non-agricultural class covering badly eroded and dissected slopes,
steep sides, V-shaped ravines, gullies, arroyos and canyons, narrow intergorge ridges, and areas of bad-land, with some very small included areas
of arable lands on small mesas and other remnants of original surfaces.
Usually is bare of vegetation or has a cover of brush, weeds or grasses.
Rough Stony Land
A non-agricultural class of surface so covered with rock fragments, stone
or boulders as to be of no agricultural value. Includes rough, rugged,
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stony mountain slopes, steep, stony hill slopes and stony and rocky areas
of smoother topography. The presence of excessive amounts of surface
stone and rock fragments is the determinant factor.
Scabland
Essentially non-agricultural, occupying areas of lava flows, where the
surface consists of loose fragments of lava, outcroppings of the lava rock
mass, with small pockets and patches of shallow accumulations of soil.
These pockets support a growth of grass, brush or small stunted trees.
Occasionally a soil patch is cleared and cultivated, but the areas are usually too small and the soil too shallow to permit agricultural use. It usually includes small rocky hills, buttes, and ravine walls that are properly
rough stony land, but the typical topography is broadly level or undulating with a rough lava-stream surface.
Rock Outcrop
Areas of outcropping bedrock of sufficient size to show on the maps.
Smaller areas are usually included in the other rough-land classifications.
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THE BASIS OF CLASSIFICATION AND KEY TO
THE SOILS OF CALIFORNIA»
C. F. SHAW

University of California, U. S. A.
INTRODUCTION
The Key to the Soils of California is an arrangement of the several soil
series in a logical system of groups which expresses the major characteristics of the individual series and their mutual relationships. The Key or
Classification is developed from the information which has been gradually accumulated during the progress of the Soil Survey of California. It
is based on the soil characteristics, on data that is fundamentally edaphic
or inherent in the soil itself.
The unit of classification is the Soil Series, while the unit of mapping is
the Soil Type. The Soil Series consists of soils having the same character
of profile (the same range in color, structure, consistency and sequence of
horizons); the same degree of development; the same general conditions of
relief and drainage; and usually a common origin and mode of formation.
In short, a group of soils alike or closely similar in all respects except the
texture of the surface soil. The Soil Type is a separation of the soil series
based on the texture of the surface horizons; a soil which throughout the
full extent of its occurrence has a profile which is identical or closely similar
in all characteristics.
Soils do not ordinarily change abruptly in any important feature.
Changes are gradual and progressive, and the limits of types or series
necessarily include a degree of variation in either direction from the
established standards. The permissible variations within the series and
types have been reduced as the understanding of soil characteristics and
the skill of the soil investigators have increased. Some of the series
established in the early surveys have had to be redefined and in some cases
split into two or more new series. The work on most of the early surveys,
however, even when judged by the standards of today, is good and reflects
great credit on the ability and good judgment of the pioneers in the soil
survey. I trust that the work we are doing today will compare as well
with that of the future.
1

Grateful acknowledgment is made for the assistance and helpful criticism of Mr.
Macy H. Lapham, Inspector, Western Division, U. S. Bureau of Soils, both in the
preparation of this paper and in the development of the general system of classification.
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In California the soil series have, from the first, been established on
characteristics that are fundamentally edaphic. Although the earlier
classifications and the descriptions of the soil types and series stressed the
geologic origin and the mode of formation as major points, the descriptions
covered the fundamental soil features and in checking the work in the field
today, the sound edaphic basis for the establishment of the series and types
is obvious.
SOIL DEVELOPMENT
The soil is defined (1) as a natural body occupying the surface portion
of the Earth, composed of mineral and organic materials and having more
or less definitely developed horizons of eluviation and illuviation. Its
character is ascribed to four major factors or influences; time (or period of
weathering), climate, parent material and vegetative cover.
When we consider the mature soils, which have been subjected to
weathering for a sufficient period of time to reach a condition in which
the horizons of leaching or eluviation and of deposition or illuviation are
approximately in equilibrium with the forces of weathering, climate becomes the dominant causative factor in soil development. Under climatic
conditions of heavy precipitation and high temperatures, the leaching effect
of water may to a great degree obliterate the differences due to parent
material, tending to make the final or end product quite uniform in character regardless of origin. Under desert climates, with slight precipitation, there can be little actual removal of the products of weathering but
instead a concentration of certain of these products in the subsoil horizons.
While the surface soils might in time approach a common condition regardless of the character of the parent material, the subsoils would continue to reflect the differences in origin.
Vegetative cover is controlled by climate and is markedly influenced by
the character of the soil, vegetation and soil reacting mutually upon each
other. In the long process of soil formation the character of the vegetative cover becomes very important and may have a marked influence on
the resulting soil. Under a heavy forest cover soils will be developed that
differ profoundly from those developed under a grass cover, and there will
be decided differences in the profiles of soils developed under different
types of forests or different forms of grasses or herbaceous plants. Even
in the desert, where the vegetative cover is usually quite sparse, the effect
of the plants is considerable. During the dry season the vegetation is
usually in a more or less dormant condition, but as soon as the rains begin,
active growth is resumed and soon afterwards the cover is as complete as
the local conditions of rainfall, temperature and soil will permit. These
growing plants consume the soil moisture about as fast as the rains replenish it, thus reducing the depth of penetration much below that which
might be expected in view of the total amount that falls. When the total
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rainfall is not over 40 to 50 cm., the soils may never be wetted to depths
beyond 1 m. except in years when very large amounts of rain falls during
relatively brief periods.
The soluble material carried down into the soil by percolating waters is
deposited in the lower portion of the wetted zone along with fine clay and
other colloids carried in suspension. Not only does the subsoil become
denser and more compact due to the infiltrated clay, but this horizon becomes to a greater or less degree cemented by the materials precipitated
from'solution. The opportunist habits of the vegetation, which puts
forth leaf and flower promptly after the rains begin, has a decided influence in keeping the horizons of accumulation close to the surface of the
soil mass.
BASIS OF CLASSIFICATION
Throughout the world the characteristics of any particular soil are determined by the Time during which Climate and Vegetative Cover have
been exerting their combined influence upon the Parent Material. The
composition and character of the Parent Material determines the response
or the way in which it yields to the work of the active agents. Time determines the degree of maturity that has been attained, while Climate and
Vegetation together determine the trend or direction of the development
and the particular kind of profile that will result when the mature development is reached and the system nears equilibrium. In this classification
or Key to the Soils of California the effect of these major factors of soil
formation are recognized, together with other subsidiary features that
serve to distinguish certain groups of soil series from other soils.
In this Classification I have established six major headings—Order,
Class, Division, Family, Stage, Group and Series, each with two or more
subheadings, and within these I have arranged the 148 series of mineral
soils that have been recognized and described within the state.
ORDER

The Order, the most inclusive grouping, is based on the character of the
soil mass, whether Mineral or Organic. The Mineral soils include all
those which are composed mainly of inorganic material, with relatively
small amounts of organic remains. Organic soils include all those in which
the content of organic material is sufficient to be a dominant characteristic.
It is difficult and dangerous to establish a definite percentage composition;
the condition of the organic material may be as important as the percentage content; but generally if a soil contains more than twenty per cent
of organic materials it will be included in the order Organic. The Mineral
soils have been divided into two Suborders, Primary and Secondary, usually called in soil literature Residual and Transported soils. The terms
primary and secondary are used because they allude to the soil itself,
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while the terms residual and transported apply more directly to the soil
material.
Primary Soils
Primary soils are those which have developed in place through the disintegration and decomposition of rocks and the weathering of the resulting
debris to true soil with horizons of eluviation or A horizons and of illuviation or B horizons. In this process of soil development the weathering
action is always destructive, never constructive. The rocks are weathered
mainly by chemical processes which result in the solution and definite removal in percolating water of much of the original mass. They are protected by the cover of debris and of true soil from the active work of animals, plants, air, thermal changes, etc., but are continually worked upon
by the water charged with acids and other reagents. The surface of the
unaltered rock mass is continually being lowered and the thickness of the
rock debris and soil cover continually deepened. If no erosion occurred a
condition of equilibrium would ultimately be approached with a more or
less stable relation between the true soil, the disintegrated rock debris and
the parent rock.
But Primary soils throughout the whole period of their development
have been subjected to more or less erosion and the removal of the upper
portions of the surface or A horizons. Nearly all primary soils occupy a
topography which has been shaped by the forces of erosion. Even the
hillsides bearing the densest cover of forest or brush have obviously been
fashioned by the tools of erosion. This constant removal of the surface
soil results in a modification of the upper portion of the subsoil or B horizon, changing this from a zone of accumulation to one of removal, and
re-weathering it to form a new surface or A horizon. Under virgin conditions, with a native cover of trees, brush or grass, this action is undoubtedly slow. Occasionally, as for instance, when a fire would sweep the
range and destroy the protective surface cover of organic debris, the stripping away of the surface horizon might be severe and possibly so modify
conditions as to result in the growth of a new and different vegetative
cover. That the aggregate removal is enormous is attested by the shape
of the hills themselves, as well as by the great areas of alluvially borne
sediments that fill valleys, estuaries and bays, form coastal plains and
deltas, and build up the beds of lakes and seas.
Where man has intervened and altered conditions by cutting off the
forests and destroying the grass cover by severe grazing, the erosion and
removal of the surface soil is enormously increased, and today many a hill
farmer is tilling an exposed subsoil or B horizon, endeavoring to make it
fertile, and wondering why his land is not as productive as it once was!
Primary soil, either virgin or cultivated, is the result of a triple weathering.
First the weathering of the rock to form the soil material, second the
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weathering of that material to a true soil with definite A and B horizons,
and third the weathering of an exposed subsoil or B horizon to form a new
surface soil. Of course, all three are going on at the same time and the
solum, or weathered soil mass, is gradually being lowered in elevation as
the height and slope of the hills approach the peneplane stage. When this
mature, nearly level peneplane stage is reached, the erosion decreases and
a final stage of equilibrium between rock weathering, soil formation and
erosion may be approached, with a nearly flat, poorly drained land surface
and a mature and relatively stable characteristic soil profile.
In California the primary soils occupy relatively youthful topography
with erosion so active that in many regions, particularly where precipitation is slight and there is little vegetative cover, the soils are quite thin.
Even with these thin layers of soil, however, the horizons of removal and
accumulation are apparent. The downward movement of the solum,
with the B horizon the most persistent, results in an amount of clay in the
subsoils that may represent the accumulation from several feet of former
A and B horizons. Nearly all of the twenty-four series of primary soils
have semi-mature to nearly mature profile characteristics.
Secondary Soils
Secondary soils are those that have developed through the weathering of
materials originating from previously existing soils and from fresh rock
debris, eroded from their original locations and transported and redeposited by water, wind, ice (glaciers) or other agents. Secondary soils
may show fully developed mature profile conditions, or may be in any
stage of immaturity to that of the most recent alluvial or aeolian deposits
with profiles wholly unchanged by any weathering activities. Secondary
soils may show sufficient differences due to the conditions of transportation and deposition of the parent material to warrant further subdivision.
The unassorted mixture of materials composing the sheet of glacial till, the
absence of finest particles from the moraines, and drumlins; the uniformity of the loessial deposits, the stratified and assorted materials laid down
by water, may warrant subdivisions of this suborder based on the mode of
deposition of the parent material. I have not found it necessary in the
classification of the soils of California, and have arranged all of the 124
series of secondary soils under this undivided suborder.
The rate of accumulation of secondary soils materials and the period of
their exposure has a marked influence on the resulting soil characteristics.
Flood plains and alluvial fans in many cases are built up so steadily that
the periodic increment of sediment may be sufficient to obliterate any
slight weathering during the interflood period, and may persistently maintain very immature soil profiles. We have many examples of such recent,
unweathered secondary soils in California, occupying the surfaces of great
alluvial fans and flood plains. Under other conditions the rate of trans-
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portation and deposition of debris may be so slow that the soil material
may be weathered to a semi-mature stage all the time, the thin accumulation of fresh material on the surface being almost negligible during any
man-measured period. Such conditions are frequently encountered in
the arid regions, and one result may be seen in the "caliche" soils, where
the thickness of the cemented subsoil horizon often reaches many feet and
is out of all proportion to the thickness of the existing surface or A horizon.
This process may also explain the character of the subsoils in some regions
where the material is aeolian. The air-borne sediment may be deposited
at so slow a rate that the soil always maintains a nearly mature profile and
develops a very thick and deep B horizon.
In most of the arid regions movements of the Earth's crust have from
time to time altered the slope and changed the drainage conditions. The
tilted alluvial fans and flood plains with wholly immature soil profiles
thereafter may receive no further increments of sediment and would from
that time be exposed to continuous weathering. The soil profiles developed will show a degree of maturity that will depend on the period that
the weathering has been going on. In California we have successions of
terraces, sloping benches or mesas showing definite stages of development,
from quite recent to full maturity. Under such conditions, instead of
very thick B horizons, such as the thick "caliche" beds, relatively thin
horizons of dense clay or of indurated hardpans are formed at moderate
depths. These are usually underlain by unweathered parent material,
often pervious and potentially excellent soil for plant growth.
Some of the older secondary soils may be subject to erosion and to the
same phenomena of weathering of B horizons to A horizons as that which
occurs with the Primary soils. Usually, however, if erosion is very active,
these unconsolidated deposits of parent material are eroded much faster
than they weather and there is little development of either A or B horizons,
but a constant exposure of horizon C. When erosion has materially reduced the elevation and slope and they approach base level, erosion decreases, and the A and B horizons develop. Even during this stage the
unconsolidated and more or less pervious character of the parent material
serves to differentiate these soils from the primary soils.
The character of the substratum or parent material, usually derived
from previously existing soils; the conditions of soil weathering, frequently
with deposition of fresh material instead of erosion; and the decided differences in characteristics of the final mature profiles that are developed,
all serve to differentiate the Secondary from the Primary soils and to
justify the establishment of these two great suborders of Mineral Soils.
I have made no subdivisions of the Organic soils. Undoubtedly there
may be reasons for establishment of suborders, but the organic soils of
('alifornia, although of considerable extent, appear to be quite similar in
their major characteristics. They have not as yet been critically studied.

COMMISSION' V—SOIL CLASSIFICATION

71

CLASS

The Class is the second great subhead in the scheme of classification
and is based on the trend of reaction in the soil mass. Two classes are
usually recognized, sinecalcis, or soils that have no accumulations of lime
within the soil profile, and cumcalcis, or soils that have concentrations or accumulations of lime and other soluble materials in the subsoil or B horizon.
The Class is a grouping dependent primarily on climate and particularly
on the amount and seasonal distribution of the precipitation. In the
humid portions of the earth and in other regions where rainfall is heavy
and considerable leaching occurs, the lime-losing class is developed, while
in the arid regions, with smaller amounts of rain, little material is leached
from the soil mass and the lime concentrating class results.
In California we have two conditions in each of the two classes. They
do not appear to differ enough in character to permit of separation into
subclasses, although further studies may prove such separation to be possible and desirable. One condition of the lime-losing class is found in the
regions of heavy precipitation along the northern and central portions of
the coast and on the higher foothill and mountain elevations, where the
rainfall is sufficient to give actual leaching of the soil mass. The other
occupies alluvial fans and flood plains that receive relatively low amounts
of rain, but which are occasionally or regularly inundated by floods, and
leached sufficiently to prevent any accumulation of lime within the solum.
Many areas of the latter group are now being irrigated, and man, by applying excess water, is developing humid conditions within the soil and
carrying these soils definitely into the lime-losing class. I have placed 88
of the 148 series of mineral soils in this class.
The lime-concentrating class of soils is normal in those regions where
the annual rainfall is usually insufficient to wet the entire depth of the soil
mass and consequently unable to leach from it the soluble products of soil
weathering. The lime and other soluble compounds accumulate in the
subsoil horizons, and in mature soils may be present to such an extent as
to form definite lime cemented hardpans. The lime thus accumulated
was originally present in the parent material as lime or is the product of
weathering of the minerals of the soil mass. There is a second condition
of accumulation that is due to deposition of lime from solution in water
that has leached through other higher-lying soils. This acquired lime (as
distinguished from the developed lime) may be present in varying amounts,
and is very frequently associated with the presence of large amounts of
acquired salts, alkalis and other soluble compounds that make up the socalled "alkali" soils. Some of the "caliche" soils have acquired much of
their lime in this manner. We may in the future be able to separate these
two groups of lime concentrating soils into subclasses. In the present
classification, no attempt to make such separation was made, the soils all
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being grouped in the one class, there being sixty soil series so placed. In
many of these soils lime has accumulated and concentrated both by development and acquisition, in many by development only and on a few the
accumulation appears to be due only to acquisition. Much additional
work must be done in the laboratory and in the field before the source of
the lime and other bases can be determined and a wholly satisfactory separation into classes be formulated.
As an illustration of the difficulty of recognizing the Class as the second
great subhead, attention is directed to the secondary soils formed by the
weathering of material derived from basic igneous rock sources, mainly
andesitic lavas. In the non-calcareous class there are eleven series, six
with Recent or wholly unweathered profiles, and five with Immature or
moderately weathered profile characteristics. In the calcareous class, or
those with lime accumulations or concentrations, there are ten series, two
with Young or slightly weathered profile characteristics, two with Immature or moderately weathered profile characteristics and six with Mature fully developed profiles! Superficial studies of these series of soils
seems to indicate that the lime is being developed by weathering from the
minerals of the parent material and that the presence or absence of lime
from the profile is primarily dependent on age or stage of development
and not on climatic features. The question may properly be raised as to
whether any of these soils should be grouped in the non-lime-bearing class.
Similar illustrations could be cited of soils derived from other parent materials, and it is quite possible that a future classification of the Soils of
California may see the Class made subordinate to the Division.
DIVISION

The Division is the third great subhead in the scheme of classification
and is based on the profile characteristics dependent on the composition
of the soil material. Five divisions have been recognized as follows:
A. Soils composed of materials from
igneous and metamorphosed igneous
igneous rocks).
B. Soils composed of materials from
igneous and metamorphosed igneous
igneous rocks).
C. Soils composed of materials from
sandstone and shale rock sources.
D. Soils composed of materials from
limestone rock sources.
E. Soils composed of materials from
mixed or undetermined rock sources.

disintegrated and decomposed
rocks high in quartz ("acid"
disintegrated and decomposed
rocks low in quartz ("basic"
disintegrated and decomposed
disintegrated and decomposed
disintegrated and decomposed

The separation of the soil series into these Divisions is based on the
characteristics of the soil profiles, on features that distinguish one series
from another (such as color, texture, structure, consistence, succession of
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horizons, etc.), regardless of the origin of the parent material. Certain of
the distinguishing features are dependent on peculiarities of composition
and on tendencies in development that are inherited from the parent
material. The points of resemblance within a Division, and of differences
between the Divisions are numerous, and a long explanatory or descriptive
paragraph is avoided by using designations that indicate the character of
the parent material or the origin of the soil.
The composition of the parent material determines the response to the
active weathering forces, climatic and organic (vegetative cover). Under
our California conditions, where heavy leaching rarely occurs, the peculiarities of composition of the parent material persist in the fully mature
soil series. In other regions where very severe leaching might in time
obliterate differences in original composition, the Division might be of less
importance as a major subhead. And in regions where throughout entire
states the soils are weathered from deposits of glacial till of more or less
mixed composition, or from great areas of loessial drift, the Division would
lose its importance. In any nation-wide or world-wide classification,
however, the Division, based on the composition of the soil material, is of
major importance. In this classification thirty series are placed in Division A (from acid igneous rocks), twenty-seven in Division B (from basic
igneous rocks), forty in Division C (from sedimentary rocks), none in
Division D (from limestone) and fifty-one in Division E (from material of
mixed or undetermined origin).
FAMILY

The Family is the fourth great subhead in this scheme of classification
and is based on the character of the profile shown by the fully weathered
mature soil. Recognized as one of the most important groupings of the
soil series, it has proven to be by far the most difficult to work out. A
proper arrangement of the series into families presupposes a knowledge of
not only the character of the mature soil developed under a given set of
conditions and from a known original parent material, but also a knowledge of all the intermediate stages in progressive development. In only a
few cases in the investigations have reasonably complete families been
discovered and only one family has been extensively and intensively
studied (2). As a result, the family designation in the Key is skeletal
only. Certain subsoil features have been recognized, and although common to many families, are used as the family designations in the Key.
These are Claypans, Iron hardpans, Lime-iron hardpans and Lime hardpans, and are here defined.
A. Argillocompactum or Claypans. Soils with profiles in which
there is developing a very compact, highly colloidal clay subsoil horizon, not cemented but owing its hard and tough consistence mainly
to its density.
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B. Ferrosaxeum or Iron hardpans. Soils with profiles in which
there is developing a very hard, impervious rock-like hardpan subsoil
horizon, thoroughly cemented with iron and silica compounds. The
hardpan horizon is usually reddish in color and though the iron may
not be present in very large amounts, is usually referred to as an
"iron" hardpan.
C. Calciferrosaxeum or Lime-iron hardpans.
Soils with profiles
in which there is developing a very hard, impervious rock-like subsoil
horizon, thoroughly cemented with iron and silica compounds and
containing also large amounts of lime carbonate.
D. Calcisaxeum or Lame hardpans. Soils with profiles in which
there is developing a hard, relatively impervious rock-like hardpan
subsoil horizon cemented with lime carbonate and silica compounds.
It is recognized that there are many families of soils, depending on the
intensity of the weathering agents and on the Order, Class and Division in
which these soils belong. There will also be subfamilies, and possibly
varieties of these subfamilies. The San Joaquin and Redding are evidently subfamilies of the " Iron "-hardpan family, and the Fresno a subfamily of the Lime hardpan family. In these three the genetical relationships of the less mature series has been worked out more or less completely,
but in many other cases it is impossible at present to safely indicate the
family trend other than in relation to the subsoil features described.
No subfamilies are shown in the Key, and in some cases it proved necessary to indicate the family as "unknown." Much field investigation is
needed, backed by intensive physical and chemical laboratory studies, in
order to work out these fascinating and baffling problems of soil family
relationships.
STAGE

The Stage is the fifth major subhead in the scheme of classification and
is based on the degree of development of the profile or the maturity of the
soil. The stage can usually be determined in the field by the consistence
and structure of the subsoil horizons as compared to the surface soils and
to the underlying parent materials. Sometimes physical or chemical
analyses are necessary to determine whether a soil is placed in the proper
stage, but usually features easily recognizable in the field are sufficient to
determine the stage in profile development. Five stages have been recognized and defined as follows:
A. Recent Soils or Solum Crudum. Profiles without definite
horizons of eluviation or illuviation; relatively unweathered recent or
very immature soils.
B. Young Soil or Solum Semi-crudum. Profiles with slightly
compact subsoil horizons but without distinct clay accumulations;
slightly weathered immature soils.
C. Immature Soil or Solum Immaturum.
Profiles with compact
subsoil horizons with distinct clay accumulations; moderately
weathered immature soils.
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D. Semi-mature Soil or Solum Semi-maturum.
Profiles with compact, semi-cemented subsoil horizons with high clay accumulations;
strongly weathered.
E. Mature Soil or Solum Maturum.
Profiles with cemented, rocklike hardpan horizons or with compact highly colloidal dense clay
horizons; fully weathered mature soils.
As an indication of the wide variation in the degree of development or
relative age of the soils of California, forty-four series are found in the
Recent Stage, ten in the Young Stage, forty-two in the Immature Stage,
thirty-seven in the Semi-mature Stage and seventeen in the Mature
Stage. If the Primary soils were omitted, the Immature Stage would
have thirty-three series, and the Semi-mature Stage only seventeen series.
GROUP

The Group is the sixth great subhead and is based on the color of the
surface soil. Five groups have been recognized, namely Gray, Yellow,
Brown, Red and Dark colored soils. Within each of these color groups
are subgroups with soil colors lighter or darker, or showing a tendency
toward some other color as light gray, dark gray, brownish gray, yellowish
gray, etc. In the classification of California soils thirty-four series are in
the Gray Group, four series in the Yellow Group, seventy-six series in the
Brown Group, fourteen series in the Red Group and twenty series in the
Dark Group. The color is one of the most obvious of all soil characteristics and is readily recognized. The finer distinctions are more difficult to
determine, and to maintain consistency in the color designations throughout the state calls for much care in comparing the soils with established
and accepted color standards. It is possible that more careful study of
some of the older and relatively inextensive series may necessitate a
modification of the color description and a shift to a different color group.
It is hoped that we may soon be able to definitely measure and so designate
the soil colors that we can be sure of maintaining fully consistent separations on this basis. The color indicated in the Key is that of the soil
when in an air-dry condition. The changes due to variations in moisture
or other temporary or readily altered conditions are not given any place in
the classification. They are included in the full series descriptions, along
with a wealth of other detail that serves to identify and establish each
individual series.
SERIES

The Series is the unit of the classification scheme and is based on the assumption that throughout the full extent of their occurrence all the soils
included within a series are relatively uniform in all characters except that
of the texture of the surface soil. The series expresses a summation of all
the features indicated in Order, Class, Division, Family, Stage and Group;
the recognition of variations and refinements of these features such as
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shades of color, succession of horizons, structure, consistence, conditions
of drainage, etc., in short all features, except the texture of the surface
soil, that express resemblances or differences in the soil profile.
The name of the series is not descriptive, but is arbitrarily taken from
some geographic feature, such as the name of a city, creek, school, or farm
located on the soils in the area where the series was first found and described. The soil surveys have been criticized because of this fact, the
critics desiring a series name or designation that would be descriptive and
carry full information about the soil. This would be ideal, if possible,
but it has not been attained in other sciences and is likewise impracticable
in Edaphology. To the scientist the terms Aquila, Diabase, Lucerne,
or Helium carry a wealth of information, while they may be utterly
meaningless to those without knowledge of zoology, geology, botany or
chemistry, or even to all of those who are working in these sciences. The
Edaphologist must perforce learn the characteristics of the soil series with
which he would become familiar, either through personal work in the field
or careful study of published descriptions.
While the ideal soil series assumes uniformity in all characters except
texture of the surface soil, the series actually include a certain degree of
variation in each of these characters. It is not usual to find places in the
field where the soils change abruptly in any important feature. Changes
are usually gradual and progressive and in mapping soils the limits of a
series necessarily include a degree of variation in cither direction from the
established standard. The amount of variation recognized as permissible
differs considerably and is usually indicated in the published series descriptions. Some series are remarkably uniform in all respects while others
may have one or more characters that normally vary to a considerable
extent, yet do not sufficiently modify the characteristics of the soil to
justify the establishment of a new series. The degree to which the series
as delineated on the maps are maintained within the permissible or accepted limits of variation depends on the industry, skill and judgment of
the soil investigator. The correlation between the soils as mapped in different areas and by different men, is dependent on availability of accurate
and complete descriptions of the several established series, on careful inspection of the field work by experienced correlators who are familiar with
the soils of great regions, and on the maintenance at some central office
of typical sample profiles of the soils as standards, with which representative samples can be compared.
TYPE

The Soil Type is a subdivision of the soil series and is the unit of soil
mapping. The soil type designation is made up of the series name and the
textural grade, as the Norfolk sandy loam, and implies all the points of
resemblances indicated by the series, plus uniformity in the texture of the

COMMISSION V—SOIL CLASSIFICATION

77

surface soil. The soil type has not been used in this Key or classification
scheme, which is carried only to the Series.
SOIL SURVEYS
The Soil Surveys in California are carried on cooperatively by the
Bureau of Soils of the Federal Department of Agriculture and the College
of Agriculture of the University of California, the areas being inspected by
representatives of each institution working together, and the series must
be approved by the correlation committee of the Bureau of Soils and conform to the standard descriptions and representative samples on file in
their offices at Washington. In this way the surveys in California are
made to conform to the standards and methods used throughout the entire
nation; a part of the soil survey of the United States. The particular arrangement of the soil series in this Key, however, or the indicated interpretation of their relationships may not be concurred with in all
respects by representatives of the Bureau of Soils. It is materially different from the older classification arrangements published by the Bureau,
but in its general form and arrangement and most of its details it expresses the present interpretations of the soil characteristics and relationships as held by the investigators in both the cooperating institutions.
The Soil Series have all been subjected to study in the field and laboratory by the representatives of the Bureau of Soils and the University of
California, and the names and descriptions of the series are agreed upon by
both. The series names bearing a star (*) have not yet received the approval of the correlation committee of the Bureau of Soils, and are subject
to change. Through the work of this committee, the names of the soil
series throughout the United States are kept uniform, duplications are
avoided and the same kind of soil in different states or sections of the
country is maintained under one series name.
HORIZON DESIGNATIONS
In this Key, the terms soil, subsurface soil, subsoil and substratum have
been used instead of the designation by letters as horizon A, Ai, A2, Bi, B2,
B 3 , C, etc. The term soil, or surface soil, is applied to the full A horizon,
except where subsurface is also used. It is then restricted to the horizons
above A2, while subsurface soil is applied to the horizons below Ai. The
term subsoil covers the full B horizon, important subdivisions being designated as the "upper subsoil," "lower subsoil," etc. The substratum is
the C horizon, the more or less unaltered parent material. In the Recent
Transported Group, where weathering has not progressed to any extent,
and the whole mass is "soil material," or C horizon, the terms surface soil,
subsoil, etc., are applied to the upper and lower sections of the soil mass,
to cover any differences in color, texture or other feature that may be sufficient to help distinguish that layer or sub-horizon.
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PROGRESS IN CLASSIFICATION
The Key or classification is dependent on the soil survey for refinement
and extension, but the Soil Survey is not dependent on the classification
scheme. New series are established when soils are found that differ in
any important degree from all of the series already established. These
separations are based on differences that exist in the soils themselves, not
on any theoretical features of relationships. The classification is developing as the information regarding the several soil series is acquired and is an
endeavor to interpret the meaning of certain general resemblances and to
arrange the Series in logical groups of ascending order and increasing inclusiveness. The Soil Survey, by increasing our knowledge of the soils as
they exist in the field, makes possible the development of a scheme of soil
classification. Full knowledge of the characteristics of the soil units is required before any scheme of classification can safely be undertaken.
The Key to the Soils of California is not static, but is added to as the
detailed information regarding the soils is extended by the soil survey
work. When new soils are found and their characteristic profile defined,
their position in the Key is established. Occasionally an error in the position of a soil in the classification may be discovered and corrections made,
or the extension of detailed survey work may bring to light information
that leads to the separation of one Series into two with a redefinition of
the characteristics of each. Such changes are few, and the new Series
now being found and recognized are usually of relatively small geographical extent or agricultural importance. The most extensive and important
soil Series in the state have been well defined and their relations definitely
established.
SOILS OF CALIFORNIA
K E Y TO THE SOILS OF CALIFORNIA

A classification of the series of soils recognized and established in the
soil survey of California, arranged on the basis of the character, composition and stage of development of the profile of the solum.
I. Order—Mineral soils
Suborder—Primary soils
Soils formed by weathering without addition of material transported from other locations, but which have been subjected to
more or less erosion during the full period of formation
II. Class A—Sinecalcis
Soils without accumulations or concentrations of lime or other
soluble materials within the solum
III. Division A
Composed of material from disintegrated and decomposed "acid"
igneous and metamorphosed igneous rocks
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IV. Families—Claypans (Argillocompactum)
Developing compact colloidal clay subsoil horizons
V. Stage C—Immature Soils (Solum Immaturum)
Profiles with compact subsoil horizons with distinct clay accumulation; moderately weathered immature soils
VI. Group
A. Gray soils
Light gray to brownish gray soil
Gray to brownish gray subsoils
Substratum granitic rocks
Drainage good
C. Brown soils
Light brown to reddish brown soil
Brown to reddish brown subsoils
Substratum granitic rocks
Drainage good
D. Bed soils
Light red to red soil
B eddish brown to red subsoils
Substratum granitic rocks
Drainage good
E. Dark soils
Dark gray to black soil
Gray to brown or black subsoils
Substratum granitic rocks
Drainage fair to poor

Siskiyou

Holland

Sierra

Sheridan

III. Division B
Composed of material from disintegrated and decomposed "basic"
igneous and metamorphosed igneous rocks
IV. Families—Claypans (Argillocompactum)
V. Stage D—Semi-mature Soils (Solum Semi-maturum)
Profiles with compact, highly colloidal clay subsoil horizons;
strongly weathered semi-mature soils
VI. Group
A. Gray soils
Gray to brownish gray soil
(«ray to brownish gray subsoils
Substratum tuffaceous rocks
Drainage fair

Butte
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C. Brown soils
Brown to dark brown soil
Brown to yellowish brown subsoils
Substratum usually metamorphosed basic rocks
Drainage fair
Olympic
Brown to reddish brown soil
Brown to reddish brown subsoils
Substratum basic lavas
Drainage fair to good
Underwood
Dark brown to brown soil
Brown to reddish brown subsoils
Substratum indurated tuffs
Drainage fair
Lassen
D. Bed soils
Bed to brownish red soil
Bed to deep red subsoils
Substratum basic rocks
Drainage fair to good
Aiken
E. Dark soils
Dark gray to black soil
Brown to black subsoils
Substratum basic rocks
Drainage poor to fair
Climax
Division C •
Composed of material from disintegrated and decomposed sandstone and shale rocks
Families—Claypans (Argillocompactum)
Stage C—Immature Soils {Solum Immaturum)
Profiles with compact subsoil horizons with distinct clay accumulation; moderately weathered immature soils
Group
A. Gray soils
Gray soil
Yellowish subsoils
Substratum soft sandstones
Drainage fair to good
(ioldridge
C. Brown soils
Dull reddish brown soil
Light red to yellowish subsoils
Substratum variegated red, yellow and gray, semiconsolidated sandstones
Drainage good
Moro Cojo
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V. Stage D—Semi-mature Soils (Solum Semi-maturum)
Profiles with compact highly colloidal clay subsoil horizons;
strongly weathered semi-mature soils
VI. Group
A. (iray soils
Gray soil
(iray to light brown subsoils
Substratum sandstones
Drainage good
Arnold
C. Brown soils
Yellowish brown to brownish yellow soil
Yellow to brownish yellow subsoils
Substratum shales and sandstones
Drainage fair to good
Mariposa
Brown soil
Yellowish brown to yellow, mottled subsoils
Substratum basic rocks
Drainage fair
Melbourne
Light reddish brown to grayish brown soil
Light reddish brown to grayish brown subsoils
Substratum compact, softly cemented clays and sandstones
Whitney
Dark brown to dull brown soil
Brown to dark grayish brown subsoils
Substratum thick, cemented "hardpan" sandstones
Drainage restricted
Chamise
Dark brown to dark grayish brown soil
Brown to dull brown upper subsoils
Yellow to yellowish brown subsoils
Substratum dense gray clays
Drainage fair
Kneeland
Dark grayish brown subsoils
Substratum siliceous shales
Drainage fair
Santa Lucia
Dark grayish brown to dull brown soil
Dark gray to grayish brown mottled subsoils
Substratum massive soft clay rocks
Drainage restricted
Tierra
D. Red soils
Red to reddish brown soil
Deep red to reddish brown subsoils
Substratum shales and sandstones
Drainage fair
Sites
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I. Order Mineral soils
Suborder—Primary soils
II. Class B—Cumcalcis
Soils with accumulations or concentrations of lime and other soluble materials in some horizons of the solum
III. Division C
Composed of material from disintegrated and decomposed sandstone and shale rock sources
IV. Families—Claypans (Argillocompactum)
Developing compact colloidal clay subsoil horizons
V. Stage D—Semi-mature Soils (Solum Semi-maturum)
Profiles with compact highly colloidal clay subsoil horizons;
strongly weathered semi-mature soils
VI. Group
A. Gray soils
Gray to light gray soil
Gray to brownish gray subsoils
Entire profile calcareous
Substratum shales and sandstones
Drainage good

Kettleman

C. Brown soils
Brown to light brown soils
Brown to light brown subsoils
Subsoils more or less calcareous
Substratum sandstones and shales
Drainage good

Altamont

E. Dark soils
Dark gray to black soil
Brown to gray subsoils
Subsoils quite calcareous
Substratum calcareous sandstones and shales
Drainage good to fair
Diablo
1. Order—Organic soils
II. Class—Sinecalcis
Soils without accumulations or concentrations of lime or other
soluble materials within the solum
III. Division
Composed mainly of material from disintegrated and decomposed
plant remains
IV. Families—Unknown
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V. Stage—probably immature
Peats; soil and subsoil materials highly organic and fibrous with
recognizable plant remains
VI. Group
E. Dark soils
Dark grayish brown to black fibrous soil
Dark brown to yellowish brown tough fibrous upper subsoil
Dark brown to black less fibrous deeper subsoil
Drainage poor—(series not named)
"Peat"
V. Stage—probably semi-mature
Mucks; soil and subsoil quite organic but with a considerable
(50="=) amount of mineral material; thoroughly decomposed,
with few recognizable plant remains
VI. Group
E. Dark soils
Dark gray to black soil
Dark brown to black upper subsoil
Dark gray to gray deeper subsoil
Drainage poor—(series not named)
"Muck"
I. Order—Mineral soils
Suborder—Secondary soils
Composed of material from previously existing soils and from
original rock sources, eroded, transported and redeposited by
water, wind, ice or other agent and more or less weathered and
developed toward final mature profile conditions
II. Class A—Sinecalcis
Soils without accumulations or concentrations of lime or other
soluble compounds within the solum
III. Division A
Composed of material from disintegrated and decomposed igneous
and metamorphosed rocks high in quartz ("acid" rocks)
IV. Families—Iron Hardpans {Ferrosaxeum)
Developing a mature profile having an impervious indurated rocklike "iron silica" hardpan as one of the " B " horizons
V. Stage A—Recent Soils (Solum Crudum)
Profiles without definite horizons of removal or deposition; relatively unweathered recent or very immature
VI. Group
A. Gray soils
Gray to brownish gray soil
Gray to brownish gray subsoil
Good to poor drainage
Tujunga
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Brownish gray to dark gray soil
Dark gray to brown subsoils, mottled and banded with
yellow, gray, green and rusty colored layers
Normally poorly drained
Bishop
C. Brown soils
Light brown to grayish brown soil
Light brown to grayish brown subsoil
Normally well drained
Surface modified by wind
Delhi*
Brown to light brown soil
Brown to light brown subsoil
Normally well drained
Hanford
Dark brown soil
Brown to dark brown subsoil
Fair to poor drainage
Foster
V. Stage B—Young Soils (Solum Semi-maturum)
Profiles with slightly compact subsoil horizons, but without distinctclay accumulations; slightly weathered immature soils
VI. Group
C. Brown soils
Brown soil
Brown to light brown subsoils
Normally well drained
Greenfield
V. Stage C—Immature Soils (Solum Immaturum)
Profiles with compact subsoil horizons with distinct clay accumulations; moderately weathered immature soils
VI. Group
A. Gray soils
Gray to grayish brown soil
Yellowish gray to grayish yellow subsoils
Normally well drained
Barron
('. Brown soils
Brown soil
Brown to reddish brown subsoils
Normally well drained
Ramona
Brown to dark brown soil
Brown to light brown subsoils
Substratum stratified lake sediments
Fair to good drainage
Johnsonville
Dark brown to dark dull brown soil
Dark brown to dull reddish brown subsoils
Normally good to fair drainage
Chualar
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V. Stage D—Semi-mature Soils (Solum Semi-maturum)
Profiles with compact semi-cemented subsoil horizons with high
clay accumulations; strongly weathered semi-mature soils
VI. Group
D. Red soils
Red, brownish red to reddish brown soil
Red to reddish brown subsoils
Very hard when dry but becoming softer when wetted
Normally good drainage
Placentia
V. Stage F—Mature Soils (Solum Maturum)
Profiles with a cemented, rock-like hardpan subsoil horizon; fully
weathered mature soils
VI. Group
C. Brown soils
Brown soil
Brown to reddish brown heavy-textured upper subsoils
Brown to red "iron" hardpan with more or less lime
Brown, pervious, relatively unweathered soil material
below hardpan
Madera
D. Red soils
Red to reddish brown soil
Red to brownish red heavy-textured upper subsoils
Red'to brownish red " i r o n " hardpan
Brown, pervious, relatively unweathered soil material
below hardpan
San Joaquin
Brownish red to reddish brown soil
Dull red to reddish brown heavy-textured upper subsoil
Reddish brown to red, somewhat weathered hardpan
Thick massive, cemented "hardpan" substratum
III. Division B
Gloria
Composed of material from disintegrated and decomposed igneous
and metamorphosed igneous rocks low in quartz ("basic"
rocks)
IV. Families—Unknown
V. Stage A—Recent Soils (Solum Crudum)
Profiles without definite horizons of removal or deposition; relatively unweathered, recent or very immature soils
VI. Group
A. Gray soils
Light gray to light brownish gray soil
Light gray to brownish gray subsoil
Drainage good
Outwash (glacial) fans
Delaney
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Gray to brownish gray soil
Gray to brown subsoil
Drainage good
Sutter
C. Brown soils
Light brown to brown soil
Light brown to brown subsoils
Drainage good
Stacy
Brown to light chocolate brown soil
Brown to light reddish brown subsoil
Drainage good
Vina
E. Dark soils
Dark gray to black soil
Brown to dark grayish brown subsoils
Drainage good to fair
Conejo
Dark gray to drab subsoils
Drainage poor
Pit
V. Stage C—Immature Soils (Solum Immaturum)
Profiles with compact subsoil horizons with distinct clay accumulations; moderately weathered immature soils
VI. Group
A. Gray soils
Light gray to gray soil
Light gray to brownish gray subsoils
Drainage good
Moraine and Till (glacial) deposits
Shasta
C. Brown soils
Brown to dark brown soil
Brown to yellowish brown upper subsoil
Brown to chocolate brown deeper subsoils
Drainage good
Modoc
Brown to reddish brown soil
Brown to reddish brown subsoils
Stratified tuffaceous substratum
Drainage fair to poor
Gould
Dark brown to dark grayish brown soil
Brown to dull grayish brown subsoils
Stratified tuffaceous substratum
Drainage fair to poor
Bieber
D. Red soils
Brownish red to chocolate brown soil
Brownish red to red upper subsoil
Reddish brow deeper subsoil
Soil and subsoil cobbly and gravelly
Drainage good
Keefers*
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III. Division C (—D)
Composed of material from disintegrated and decomposed sandstone and shale (and limestone) rock sources
IV. Families—Claypans (probably some lime hardpans) (Argillocompactum and Calcisaxeum)
V. Stage A—Recent Soils (Solum Crudum)
Profiles without definite horizons of removal or deposition; relatively unweathered, recent or very immature soils
VI. Group
A. Gray soils
Gray to dark gray soil
Gray to brown subsoils
Drainage good
Laguna
C. Brown soils
Light brown to dull grayish brown soil
Dark brown to drab, mottled subsoils
Reaction normally very "acid"
Drainage poor
Wapato
Brown to dark brown soil
Light brown to brown subsoil
Drainage good
Yolo
E. Dark soils
Dark gray to black soil
Dark gray to grayish brown subsoils
Drainage fair
Dublin I
V. Stage B—Young Soils (Solum Semi-crudum)
Profiles with slightly compact subsoil horizons but without distinct
clay accumulations; slightly weathered immature soils
VI. Group
B. Brown soils
Brown to rich brown soil
Light reddish brown to yellowish brown subsoils
Drainage good
Arbuckle
V. Stage C—Immature Soils (Solum Immaturum)
Profiles with compact subsoil horizons with distinct clay accumulations; moderately weathered immature soils
VI. Group
A. Gray soils
Light gray to light brownish gray soil
Brownish to grayish yellow subsoils
Subsoils occasionally mottled
Drainage fair to poor
San Ysidro
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B. Yellow soils
Yellow to yellowish brown soil
Yellow to yellowish brown subsoils
Substratum porous gravels
Drainage excellent
Grayish yellow to yellowish brown soil
Yellow to yellowish brown subsoils
Substratum compact and heavy textured
Drainage fair to poor
Brown to yellowish brown subsoils
Yellow, friable substratum
Drainage fair

Ojai

Pinole

Solano

C. Brown soils
Dull brown to dull grayish brown soil
Dull brown to grayish or yellowish brown subsoils
Reaction normally quite "acid"
Drainage fair
McCluskey
Brbwn to yellowish brown soil
Gray to yellow mottled subsoils
Reaction quite "acid"
Drainage fair
Willits
Brown to dull brown soil
Brown to light brown subsoils
Drainage good
Rincon
Brown to reddish brown subsoils
Substratum compacted gravels
Drainage good
Pleasanton
Reddish brown soil
Yellow to yellowish brown somewhat mottled subsoils
Reaction normally very "acid"
Drainage fair
Empire
Reddish brown to yellowish brown subsoils
Reaction moderately "acid"
Drainage fair
Elkhorn
Dark rich brown to dark grayish brown soil
Yellowish brown, mottled subsoils
Reaction normally very "acid"
Drainage fair. . .
Rhonerville
V. Stage D—Semi-mature Soils (Solum Semi-maturum)
Profiles with compact semi-cemented subsoil horizons with high
clay accumulations; strongly weathered semi-mature soils
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VI. Croup
E. Dark soils
Dull brownish gray to dull grayish brown soil
Dull grayish brown to gray subsoils
Very compact subsoils with embedded siliceous gravels
Drainage fair
Lockwood
Dark brownish gray to grayish brown soil
Brown to grayish brown upper subsoil
Yellowish very compact deeper subsoil
Drainage fair to poor

Capay

III. Division E
Composed of materials from disintegrated and decomposed mixed
or undetermined rock sources
IV. Families—Claypans and Hardpans (Argillocompactum,
saxeum Calcisaxeum and Ferrosaxeum)

Argillo-

V. Stage A—Recent Soils (Solum Crudum)
Profiles without definite horizons of removal or deposition; relatively unweathered recent or very immature soils
VI. Group
A. Gray soils
Brownish gray to dark brownish gray mottled soil
Brownish gray mottled upper subsoil
Bluish gray mottled deeper subsoils
Reaction normally "acid"
Drainage poor
Coquille
B. Yellow soils
Reddish yellow to light brownish yellow soil
Reddish to grayish yellow subsoils
Substratum coarse gravels
Drainage fair

Anderson

C. Brown soils
Grayish brown to dull grayish brown soil
Grayish brown to light brown subsoils
Reaction normally "acid"
Drainage fair

Ferndale

Grayish brown to brown soil
Grayish brown upper subsoil
Bluish gray mottled deeper subsoil
Reaction normally quite "acid"
Drainage poor

Bayside
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Light brown to grayish brown soil
Light brown to yellowish brown subsoils
Drainage good
Beddish brown to brownish red soil
Brown to reddish brown subsoils
Drainage fair to good

Columbia

Honcut

V. Stage B—Young Soils (Solum Semi-crudum)
Profiles with slightly compact subsoil horizons, but without distinct
clay accumulations; slightly weathered immature soils
VI. Group
C. Brown soils
Light brown to brown soil
Light brown to rich brown subsoils
Surface wind-modified
Drainage good
Light brown gritty soil
Light brown to grayish brown gritty subsoils
Drainage good
Brown soil
Light brown to rich brown subsoils
Surface wind-modified
Drainage good
Dull brown to dull grayish brown soil
Dull brown upper subsoils
Grayish brown deeper subsoil
Deep subsoil slightly calcareous
Drainage good

Oakley

Oakdale

Marina

Afton*

V. Stage C—Immature Soils (Solum Immaturum)
Profiles with compact subsoil horizons with distinct clay accumulations; moderately weathered immature soils
VI. Group
A. Gray soils
Gray to dark gray soil
Gray to light gray upper subsoil
Brownish gray mottled deeper subsoils
Surface wind-modified
Reaction quite "acid"
Drainage poor
Brownish gray to gray soil
Brownish gray to gray subsoils
Drainage fair

Westport

Las Flores
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C. Brown soils
Yellowish brown to grayish yellow soil
Yellowish brown to light brown subsoils
Drainage fair to good
. Tehama
Brown to rich reddish brown soil
Brown to dull reddish brown subsoils
Dull brown permeable heavy substratum
Drainage fair to good
Robinson*
Light reddish brown soil
Light reddish brown subsoils with indurated seams of clay
and iron accumulation
Surface wind-modified
Drainage good
Garey
V. Stage D—Semi-mature Soils (Solum Semi-maturum)
Profiles with compact semi-cemented subsoil horizons with a highclay accumulation; strongly weathered semi-mature soils
VI. Group
C. Brown soils
Rich brown to reddish brown soil
Rich brown to reddish brown subsoils with embedded
gravels
Gravelly, less compact substratum
Drainage fair to good
Hames
Brown to dull brown, slightly reddish soil
Brown to dull brown upper subsoil
Dull brown to grayish brown deeper subsoils
Grayish brown mottled impervious substratum
Gridley
Drainage restricted
D. Red soils
Light red to brownish red soil
Light red to reddish brown subsoils
Substratum compacted gravels
Drainage good
Purplish red subsoils
Substratum compact heavy sediments
Drainage fair to poor

Kimball

E. Dark soils
Dark gray to black soil
Dark gray to yellowish gray subsoils
Substratum compact heavy sediments
Drainage poor

Kirk wood

Corning
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V. Stage E—Mature Soils (Solum Maturum)
Profiles with compact clay and cemented hardpan subsoil horizons;
fully weathered mature soils
VI. Croup
D. Red soils
Red to brownish red soils
Red to reddish brown soil
Reddish brown to red upper subsoil
Red heavy clay deeper subsoil
Red to gray "iron-silica" hardpan
Substratum heavy and consolidated
Drainage restricted
Rocklyn
Red to yellowish red upper subsoils
Hed to gray "iron-silica" hardpan
Substratum cemented gravels
Drainage restricted
Redding
E. Dark soils
Dark gray to black soil
Brownish gray to drab subsoils
Hed to gray "iron-silica" hardpan
Variable textured substratum
Drainage restricted
Alamo
II. Class B—Cumcalcis
Soils with accumulations or concentrations of lime and other
soluble materials in some horizon of the solum
III. Division A
Composed of material from disintegrated and decomposed igneous
and metamorphosed igneous rocks high in quartz ("acid" rocks)
IV. Families—Lime hardpans (Calcisaxeum)
V. Stage A—Recent Soils (Solum Crudum)
Profiles without definite horizons of removal or deposition; relatively unweathered recent or very immature soils
VI. Group
A. Gray soils
Light gray to brownish gray soil
Light gray to brownish gray subsoils
Entire profile quite calcareous
Normally good drainage
Indio
Gray to brownish gray soil
Gray to brownish gray subsoils
Entire profile quite calcareous
Normally good drainage
Surface modified by wind
Coachella
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C. Brown soils
Light brown to grayish brown soil
Light brown to grayish brown subsoils
Entire profile slightly calcareous
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Cajon

V. Stage B—Young Soils (Solum Semi-crudum)
Profiles with slightly compact subsoil horizons but without distinct
clay accumulations; slightly weathered immature soils
VI. Group
C. Brown soils
Light grayish brown to brown soil
Light grayish brown to brown subsoils
Subsoils slightly calcareous
Normally good drainage
E. Dark soils
Dark gray to black soil
Gray to dark gray subsoils
Subsoils quite calcareous
Normally poor drainage

Hcsperia

Chino

V. Stage C—Immature Soils (Solum Immalurum)
Profiles with compact subsoil horizons with distinct clay accumulations; moderately weathered immature soils
VI. Group
A. Gray soils
Gray to brownish gray soil
Gray to grayish brown subsoils
Entire profile more or less calcareous
Normally poor to fair drainage
C. Brown soils
Light brown to grayish brown soil
Light brown to grayish brown subsoils
Entire profile quite calcareous
Normally poor drainage
Brown soil
Brown to reddish brown subsoils
Subsoils moderately calcareous
Normally good drainage
Dark brown soil
Reddish brown to red subsoils
Subsoils quite calcareous
Normally good drainage

Pond

Rosamond

Delano

Ducor
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V. Stage D—Semi-mature Soils (Solum Semi-maturum)
Profiles with compact semi-cemented subsoil horizons with high
clay accumulations; strongly weathered semi-mature soils
VI. Group
C. Brown soils
Grayish brown to reddish brown soil
Light reddish brown to dull red subsoils
Subsoils highly calcareous
Normally good drainage

Adelanto

D. Red soils
Reddish brown to red soil
Red to reddish brown heavy-textured subsoils
Red to gray semi-cemented horizon with high lime
content, very hard when dry
Normally good drainage
'.
Mojave
V. Stage E—Mature Soils (Solum Maturum)
Profiles with cemented rock-like hard pan subsoils horizons; fully
weathered mature soils
VI. Group
A. Gray soils
Gray to brownish gray soil
Gray to grayish brown subsoils
Subsoils highly calcareous
Several layers of lime-silica hardpans
Normally poor to fair drainage
C. Brown soils
Grayish brown to reddish brown soil
Reddish brown to dull red subsoils
Entire profile calcareous
Thick gray lime-silica hardpan
Normally fair drainage

Fresno

Sunrise

III. Division B
Composed of material from disintegrated and decomposed igneous
and metamorphosed igneous rocks low in quartz ("basic" rocks)
IV. Families—Lime and Lime-iron Hardpans (Calcisaxeum and Ferrocalcisaxeum)
V. Stage B—Young Soils (Solum Semi-crudum)
Profiles with slightly compact subsoil horizons but without distinct
clay accumulations; slightly weathered immature soils
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VI. Group
C. Brown soils
Grayish brown soil
Grayish brown subsoils
Entire profile calcareous
Drainage fair to good
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Nord*

Brown to light chocolate brown soil
Brown to light chocolate brown upper subsoil
Light brown to yellowish brown lower subsoil
Subsoil horizons calcareous
Drainage good
Farwell*
V. Stage C—Immature Soils (Solum immaturum)
Profiles with compact subsoil horizons with distinct clay accumulations; moderately weathered immature soils
VI. Group
G. Brown soils
Dark brown to chocolate brown soil
Light chocolate brown to yellowish brown subsoils
(iray to yellow consolidated tuffaceous substratum
Subsoils calcareous
Drainage poor
Anita*
Reddish brown to chocolate brown soil
Brown to chocolate brown upper subsoil
Grayish brown deeper subsoil
Subsoil horizons calcareous
Drainage good
Porterville
V. Stage E—Mature Soils (Solum Maturum)
Profiles with compact clay and cemented hardpan subsoil horizons;
fully weathered mature soils
VI. Group
A. Gray soils
(iray to light gray soil
Gray to light gray subsoils
Entire profile calcareous
Gray calcareous hardpan
Indurated tuffaceous substratum
Light gray to light brownish gray soil
Light gray to light brownish gray subsoils
Entire profile calcareous
Gray calcareous (caliche) hardpan

Bellevista

Mono
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C. Brown soils
Brown to reddish brown soil
Reddish brown subsoils
Gray and reddish gray calcareous hardpan
Indurated tuffaceous substratum
D. Red soils
Red to reddish brown soil
Red to reddish brown subsoils
Red to brown calcareous hardpan
Indurated tuffaceous substratum
E. Dark soils
Dark brownish gray to black soil
Gray to yellowish brown calcareous subsoils
Gray to brown calcareous hardpan
Drainage poor
Dark gray to black soil
Gray to yellowish gray calcareous subsoils
Gray calcareous hardpan
Drainage fair
:

Agate

Tuscan

Gazelle

Hovey

III. Division C (—D)
Composed of material from disintegrated and decomposed sandstone shale (and limestone) rock sources
IV. Families—Lime Hardpans (Calcisaxeum)
V. Stage B—Young Soils (Solum Semi-crudum)
Profiles with slightly compact subsoil horizons but without distinct clay accumulation; slightly weathered immature soils
VI. Group
A. Gray soils
Gray to brownish gray soil
Gray to yellowish or brownish gray subsoils
Entire profile calcareous
Drainage good
C. Brown soils
Yellowish brown to chocolate brown soil
Yellowish to reddish brown subsoils
Subsoils mildly calcareous
Drainage good to fair
Dull brown to dark grayish brown soil
Dull brown to grayish brown subsoils
Subsoils mildly calcareous
Drainage good to fair

Panoche

Willows

Elder
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E. Dark soils
Dark gray to black soil
Dark gray to grayish brown subsoils
Subsoils moderately calcareous
Drainage fair to poor
Dublin II
Stage C—Immature Soils (Solum Immaturum)
Profiles with compact subsoil horizons with distinct clay accumulations; moderately weathered immature soils
Group
A. Gray soils
Gray to light brownish gray soil
Gray to light brownish gray subsoils
Entire profile calcareous
Drainage good
Docas
Stage D—Semi-mature Soils (Solum Semi-maturum)
Profiles with compact semi-cemented subsoil horizons with high
clay accumulations; strongly weathered semi-mature soils
Group
C. Brown soils
Brown to dull brown soil
Brown to grayish and yellowish brown subsoils
Subsoils calcareous
Drainage good
Antioch
D. Dark soils
Dark gray to black soil
Brown to grayish and yellowish brown subsoils
Subsoils calcareous
Drainage good
Montezuma
Division E
Composed of materials from disintegrated and decomposed mixed
or undetermined rock sources
Families—Lime Hardpan (probably some lime-iron hardpans)
(Calcisaxeum)
Stage A—Recent Soils (Solum Crudum)
Profiles without definite horizons of removal or deposition; relatively unweathered recent or very immature soils
Group
A. Gray soils
Light gray to brownish gray soil
Light gray to brownish gray subsoils
Entire profile calcareous
Drainage good
Carrizo
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Brownish gray to grayish brown soil
Gray to drab stratified subsoils
Entire profile calcareous
Drainage fair to poor
C. Brown soils
Light brown to light yellowish brown soil
light brown subsoil
Entire profile calcareous
Drainage good
Light grayish brown to purplish brown soil
Light grayish brown to purplish brown subsoils
Surface soils wind-modified
Entire profile calcareous
Subsoils light and pervious
Drainage good
\
Subsoils relatively impervious
Drainage restricted
Light brown to purplish brown soil
Light grayish to purplish brown subsoils
Entire profile calcareous
Drainage good

Woodrow

Metz

Rositas
Meloland

Gila

Light purplish brown to chocolate brown soil
Light purplish brown to chocolate brown subsoils
Entire profile calcareous
Subsoils light and pervious
Drainage good
Holtville
Subsoils relatively impervious
Drainage restricted
E. Dark soils
Dark gray to black soil
Gray to black subsoils
Subsoils calcareous
Drainage poor
Dark gray to black mottled soil
Drab to gray mottled subsoils
Subsoil horizons calcareous
Drainage poor

Imperial

Carson

Alviso

V. Stage B—Young Soils (Solum Semi-crudum)
Profiles with slightly compact subsoil horizons but without distinct
clay accumulations; slightly weathered immature soils
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VI. Group
A. Gray soils
Light gray to brownish gray soil
Light gray to brownish gray subsoils
Entire profile calcareous
Subsoils coarse and pervious
Drainage excellent
. Superstition
Light brownish gray to grayish brown soil
Light brownish gray subsoils (thin)
Gray, yellow, brown, stratified substratum, compact
and relatively impervious
Entire profile calcareous
Drainage restricted
Niland
V. Stage C—Immature Soils (Solum Immaturum)
Profiles with compact subsoil horizons with distinct clay accumulations; moderately weathered immature soils
VI. Group
A. Gray soils
Light gray to gray soil
Light gray to gray subsoils
Entire profile calcareous
Substratum very compact and stratified
Drainage poor
Gray to light gray soil
Gray to light gray subsoils
Entire profile calcareous
Drainage poor
Gray to brownish gray soil
Gray to brownish gray subsoils
Subsoils quite calcareous
Substratum coarse gravels
Drainage good
C. Brown soils
Brown to light brown soil
Light brown to yellowish gray subsoils
Entire profile calcareous
Substratum compact and stratified
Drainage fair
Brown to dull grayish brown soil
Brown to dull grayish brown subsoils
Subsoils slightly to moderately calcareous
Drainage good

Lahontan

Tulare

Cuyama

Standish

Salinas
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Dull dark brown soil
Yellowish brown subsoils
Subsoils highly calcareous
Substratum compact
Drainage fair to poor
E. Dark soils
Dark gray to black soil
Drab to brown, somewhat mottled subsoils
Subsoils irregularly calcareous
Drainage poor

Marcuse

Sacramento

V. Stage D—Semi-mature Soils (Solum Semi-'niaturum)
Profiles with compact semi-cemented subsoil horizons with high
clay accumulations; strongly weathered semi-mature soils
VI. (Iroup
C. Brown soils
Dull brown to dark grayish brown soil
Dark grayish brown upper subsoil
Dull grayish brown deeper subsoil
Grayish brown compact substratum
Deeper subsoil and upper substratum calcareous
Drainage restricted
Landlow*
D. Red soils
Red to reddish brown soil
Purplish gray to reddish gray subsoils
Entire profile calcareous

Tijeras

E. Dark soils
Dark gray to black soil
Dark gray to gray subsoils
Subsoils strongly calcareous
Drainage poor

Merced

Dark gray to black soil
Dark gray to brown compact upper subsoils with thin
intermittent calcareous hardpan
Gray to brown, semi-cemented substratum
Subsoils calcareous
Drainage restricted
Stockton
V. Stage E—Mature Soils (Solum Maturum)
Profiles with compact clay and cemented hardpan subsoil horizons;
fully weathered mature soils
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VI. Croup
A. Gray soils
Light gray to light brownish gray soil
Light gray to light brownish gray subsoils
Thin lime hardpan layers and lime nodules in subsoils
Very compact stratified substratum
Entire profile calcareous
Drainage restricted
Elna
Brownish gray to gray soil
Gray to brownish gray subsoils
Thick gray lime hardpan
Entire profile calcareous
Drainage restricted

Domino

Gray to yellowish and grayish brown soil
Gray to yellowish gray subsoils
Gray lime hardpan and calcareous tufa hotspring deposits in subsoils
Entire profile calcareous
Drainage fair
Churchill
E. Dark soils
Dark gray to black soil
Gray to brownish gray subsoils
Gray to yellowish lime hardpan
Gray tuffaceous substratum
Subsoils calcareous
Drainage restricted

Montague

MISCELLANEOUS CLASSIFICATIONS

Nearly all soil surveys include areas of materials that cannot be readily
classed as "soil." In most cases they represent areas of little or no value
from an agricultural standpoint. Some may have a potential agricultural
value that can be realized by reclamation. Others may be of value for
forestry or grazing but do not warrant at present the attention necessary
to work out possible soil details. They are herewith listed and defined:
Coastal Beach
Shelving and sloping beaches of sand, gravels, shingle or stone, swept by
waves in time of storms and high tide. Often includes areas of low sand
dunes.
Dunesand
Areas of wind drifted sand in dunes, hummocks and ridges, usually free
from vegetation and undergoing active erosion and redeposition by winds.
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Riverwash
Alluvial deposits in stream beds and flood channels, subject to erosion
and deposition during recurring flood periods. Textures range from silts
and sands to cobbles and boulders. Usually free from vegetation other
than occasional willows and some annual weeds.
Marsh
Flat, wet, treeless areas usually covered by standing water and supporting a native growth of coarse grasses, reeds or rushes.
Swamp
Flat, wet, areas usually covered by standing water and supporting a
growth of trees, shrubs and grasses.
Tidal Marsh
Low, flat marsh lands traversed by interlacing channels and tidal sloughs
and usually inundated by high tides. Supports a cover of salt-marsh
vegetation, usually low growing plants, with areas of rushes and reeds.
Madeland
Areas of artificial fills of soil material more or less mixed with waste,
refuse and debris.
Placer Diggings
Areas where placer mining has overturned or removed the soil and left a
rough, eroded and scarred surface of little or no agricultural value.
Hydraulic Diggings
Areas from which soil and substratum have been washed by hydraulic
mining operations—usually occurs as extensive erosion scars.
Tailings and Culm Banks
Debris of dredger, placer, hydraulic mining or stamp mills usually consisting of extensive areas of cobble and stone in piles or ridges, or of slopes
or basins of slickens or other fine textured wastes, and of the piles of waste
at mine and tunnel mouths.
Rough Mountainous Land
This is an inclusive term used to cover a topography that is generally
non-agricultural; mountain sides a'nd slopes and the larger and steeper
foothills and ridges. It includes bodies of arable soil, usually too small
and irregular in outline to warrant separation and classification, but which
may ultimately be cleared and put to agricultural production. The major
portion of this classification is steep slopes, canyon walls, ridges, etc., of no
agricultural value, but having sufficient soil to support a cover of trees,
brush or grasses. Where climatic conditions are favorable it is well
suited to forestry, while in the more arid regions, it may be utilized as
range pasture.
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Rough Broken Land
A non-agricultural class covering badly eroded and dissected slopes,
steep sides, V-shaped ravines, gullies, arroyos and canyons, narrow intergorge ridges, and areas of bad-land, with some very small included areas
of arable lands on small mesas and other remnants of original surfaces.
Usually is bare of vegetation or has a cover of brush, weeds or grasses.
Rough Stony Land
A non-agricultural class of surface so covered with rock fragments,
stone or boulders as to be of no agricultural value. Includes rough,
rugged, stony mountain slopes, steep, stony hill slopes and stony and
rocky areas of smoother topography. The presence of excessive amounts
of surface stone and rock fragments is the determinant factor.
Scabland
Essentially non-agricultural, occupying areas of lava flows, where the
surface consists of loose fragments of lava, outcroppings of the lava rock
mass, with small pockets and patches of shallow accumulations of soil.
These pockets support a growth of grass, brush or small stunted trees.
Occasionally a soil patch is cleared and cultivated, but the areas are usually too small and the soil too shallow to permit agricultural use. It
usually includes small rocky hills, buttes, and ravine walls that are properly rough stony land, but the typical topography is broadly level or undulating with a rough lava-stream surface.
Rock Outcrop
Areas of outcropping bedrock of sufficient size to show on the maps.
Smaller areas are usually included in the other rough-land classifications.
LITERATURE CITED
(1) Shaw, C. F. 1927. A definition of terms used in soil literature. Proceedings of the
First International Congress of Soil Science.
(2) ——•—. 1927. Profile development and relationship of soil in California. Ibid.

THE MINERAL COMPOSITION OF THE SOIL AS A
FACTOR IN SOIL CLASSIFICATION
J. HENDRICK AND G. NEWLANDS

Aberdeen, Scotland
INTRODUCTION
In the course of investigation of British soils it became evident that
great differences occurred in the mineral composition of soils derived from
different parts of the country. After a considerable amount of experiment
to find a suitable method of mineralogical examination one was devised
by adapting the methods used by petrologists in the study of detrital
rock-material. Details of the method have been published (1), but an
outline may be given here. Ten grams of the air-dried sample of the surface soil collected from cultivated land are first subjected to mechanical
analysis by the former British official method, and the fine sand fraction
(0.2-0.04 mm.) taken for mineralogical analysis. This fraction is found
most suitable for treatment being of a size of grain sufficiently readily
separable into the mineral groups desired, and at the same time being
sufficiently representative of the soil as a whole. (It was not found practicable to make good separations of the silt and fine silt but these were
examined microscopically and found to be very similar in mineral composition to the fine sand.) The latter after gentle ignition is treated with
a dilute solution of oxalic acid in order to clear the grains of iron staining,
etc., and theh washed and thoroughly dried.
HEAVY LIQUID SEPARATION
Separation is then made by means of the heavy liquid, bromoform,
(sp. gr. 2.9) into two portions, using a simple glass separating funnel,
fitted with a stop-cock. When the minerals of higher specific gravity
have settled to the bottom of the liquid in the funnel they are run off
through the stop-cock and collected on a filter paper. The portion remaining floating on the bromoform is collected separately. This portion is
further divided in a similar fashion, using this time as separating liquid a
mixture of bromoform and benzene adjusted to a specific gravity just
under 2.65 (a quartz grain just sinks, while one of orthoclase feldspar
floats). A division into three mineral groups is thus obtained:
Group 1.
Group 2.
Group 3.

Specific gravity less than 2.65, principally feldspar
Do
2.65—2.9,
Do
quartz
Do
greater than 2.0 principally ferro-magnesium silicates and iron oxides.
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As partially weathered grain sand and those of flaky habit tend to be
found in a group of lower density than they should, it is necessary to
supplement the separation by gravity with separation by means of an
electro-magnet. The original separates are worked over with the magnet,
taking small quantities at a time, until all the magnetic material is removed. In making a separation, purity of the separates is tested by examination under the petrological microscope, and operations are repeated
until the amount of impurity is negligible.
The percentage by weight of each of the three mineral groups is determined, and the principle mineral species of each group identified under
the microscope by the usual optical tests applicable to mineral fragments.
CHARACTERISTICS OF SCOTTISH SOILS
By the method outlined certain Scottish soils along with others from
southeast and central England have been examined, and it is found that
the Scottish soils, in general, are characterized by a relatively high content
of undecomposed silicates which contain large reserves of chemical bases,
the English soils being found to contain little such material. For example,
the fine sand of soil from the Rothamsted Experimental Station contained
only 5 per cent of minerals non-quartz while that from Craibstone Experimental Station, Aberdeen contained 30 per cent. The contrast is even
greater than these percentage figures indicate, for, in the Rothamsted
soil, Group 3 of the mineral separations contains a large proportion of iron
oxides and highly resistant minerals such as zircon, while in the Craibstone
soil this group consists mainly of the common rock-forming minerals,
biotite and horn blende. This is accounted for by the different nature of
the parent materials of the soils. That of the Rothamsted soil is of sedimentary origin and is the result of prolonged chemical action which took
place prior to present soil forming processes. On the other hand, Craibstone soil is of granitic and schistose origin, the parent material being
glacial deposits mechanically ground down by ice action, chemical action
being at a minimum.
Of the sedimentary rock formations found in Scotland, much in the
north is of Old Red Sandstone and Torridonian age, and these formations
were laid down under conditions of exceptionally rapid deposition. The
result is that soils on these formations also contain much unweathered
mineral matter when compared with English sedimentary soils, whose
parent material was deposited much more slowly, as the result of prolonged and profound chemical action.
Only in Scottish soils arising from rocks of Carboniferous age is there a
similarity to the English soils in low content of unweathered silicates.
Further investigation of Scottish soils showed that they could be
differentiated according to the relative proportions of the various minerals present. Igneous and metamorphic rocks give rise to soils high in
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minerals non-quartz, the range being from 23 to 68 per cent (in one
basic rock soil practically 100 per cent). Old Red Sandstones and related
formations gave soils with 7 to 27 per cent, while in Carboniferous soils
the range was from 2 to 6 per cent.
The soils from igneous rocks naturally vary in the assemblage of minerals present, according to the particular rock in question, but potash
and other feldspars, biotite, muscovite and hornblende were present in
most. Thus the minerals supplying such bases as potash, lime, soda and
magnesia are abundant. The Old Red Sandstone sedimentaries also
contained these minerals in smaller quantities, but the proportion of
feldspar was less, and in the minerals of Group 3 garnet was conspicuous at
the expense of the micas, while hornblende was well represented. The
Carboniferous soil contained much more weathered material, and augite
was the conspicuous mineral in Group 3. Thus classification on these lines
grouped together soils whose parent materials were of similar nature and
origin.
Of course, most of the soils of Scotland are derived through the intermediary of the glacial drift and not directly from the bedrock. A study of
the distribution of the soils, however, made it evident that the mineral
composition of the soil is frequently determined by the bedrock of the
immediate neighborhood. When this is true, the drift is sufficiently thin
to have its composition determined by the rocks which were last traversed
by the ice, so that where the rock-formation was of uniform character
over an area of any considerable extent, the drift, and hence the soil, is of
similar composition to the solid rock. On the other hand, where a great
thickness of drift has accumulated much of it has been carried far, mixing
of materials from sources of different nature has taken place, and the same
relationship is not found. Attention however is called to the fact that
geologists have noted the stones and boulders contained in the drift
rather than the matrix itself. It has been found by us that the matrix is
often of local origin while the larger stones are far travelled, and an examination of geological literature shows that where attention has been given
to the matrix this observation is confirmed. It is of course with the matrix
that the agronomist is chiefly concerned.
These facts as to the mineralogical composition of the soil would seem
to indicate that, in arable land at any rate, this factor becomes of importance in soil study. This applies more particularly in areas where the
parent material is of glacial origin and the climate temperate, with a
moderate rainfall. Under certain conditions (discussed in the paper on
Scottish Soil types with Special reference to northeast Scotland) the external factors in soil formation are of importance. In virgin land, for example, leaching of the surface soil takes place, but when cultivated soils are
examined it is found that the characteristics of the parent material largely
determine those of the resulting soil. Weathering has not gone on to such
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an extent as to efface the differences inherent in the parent material. For
instance, the texture and composition of the cultivated soil, where natural
weathering processes have been largely interfered with, are in great part
determined by those of the original material. The weathering processes
liberate gradually the bases bound up in the minerals present in the soil.
Different minerals supply different bases and at different rates. A knowledge of the minerals present is therefore of importance, and as soils can be
shown to contain these minerals in varying but determinable amounts
such information should be utilized in soil study and the mineralogical
composition of the soil deserves attention in drawing up a scheme of soil
classification.
LITERATURE CITED
(1) Hendrick and Newlands. The value of mineralogical examination in determining
soil types. Jour. Agr. Sci. [England] 13: 4.
(2) —,
•. Ibid. 15: 260.

SHOULD THE VARIOUS CATEGORIES IN A SCHEME
OF SOIL CLASSIFICATION BE BASED ON
SOIL CHARACTERISTICS OR ON THE
FORCES AND CONDITIONS
WHICH HAVE PRODUCED THEM ?
T. D. RICE

United States Department of Agriculture, U. S. A.
INTRODUCTION
Before entering upon the special theme of this paper, it will be assumed
that Soil Science or Pedology has the status of a true science; that the
study of soils per se is worthy of a place among the sciences; that soils are
objects in nature possessing properties and differences and as such they are
subject to scientific investigation and classification.
All the natural sciences make use of classifications by means of which
the enormous number of individuals or species are separated in a regular
definite way, first, into broad groups on the basis of their most important
features or characters, then, successively into any number of subgroups
on the basis of minor characters. This process of subdivision may be
continued as far as the necessities for differentiation may demand.
Though dependent upon and following research which accumulates facts,
classification can scarcely be considered inferior in importance. The
orderly arrangement of objects so that a great number can be handled
more conveniently and that the fundamental laws governing their differences can be deduced is an indispensable process of science.
Objects may be grouped upon any basis and by any criteria that will
serve the purposes mentioned. Many categories have been proposed for
the classification of plants and animals based on various characters, such
as morphology, color, size, habits, food and manner of reproduction and
also external factors of environment such as habitat, origin, geographic
distribution and economic use. At the present time, however, a single
system prevails in the principal classifications of all the natural history
sciences. In this scheme of classification, objects are grouped solely on
the basis of their important characters or properties and any proposal to
make use of other criteria would be given scant consideration.
It is only in the classification of soils that we are seriously asked to
consider as criteria, external forces and conditions rather than the characteristics of the soils.
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A brief examination of the schemes proposed for soil classifications will
show that, with the exception of those based on characteristics, they do
not follow the usual scientific methods of study and classification.
EARLY BASIS OF CLASSIFICATION
Since man began to observe the external forces and objects of nature,
he has observed soils. Primitive man was compelled by the desire for
food and shelter to acquire a knowledge of soils in relation to the production of useful plants. It was obvious to him that differences existed in
soils and that they responded in different ways to treatment. He began,
no doubt, at a very early stage of civilization to associate degrees of productiveness with the characteristics of the soil. He began to make comparisons of the soils in one locality and later to compare these soils with
those of other localities. The characteristics of soils were not directly
studied but were vaguely recognized as factors that influenced productiveness. This natural and primitive viewpoint governed all attempts to
study and classify soils within very recent times.
The differentiation of soils into classes or groups, so far as we have
historical evidence, made no farther advancement until geology began to
assume importance as a science. The rapid advance of geology brought
within its scope the entire mineral world, of which the soil was considered a
part. It is undeniable, however, that the geologist could not thoroughly
investigate soils without going beyond the strict bounds of his science.
This he did not do but attempted to classify soils on the basis of lithology.
He regarded all rocks, weathered and unweathered, as a whole and made
no attempt to investigate soils other than by the methods and criteria
employed in the investigation of other rocks. All attempts to classify
soils were based largely on the composition and lithological nature of the
parent material or on the processes by which the parent material was
accumulated or deposited and little consideration was given to the features of the profile developed by the soil forming processes. The geologic
age of the parent rock was determined but the life cycle of the soil since its
development from the parent material was not traced. It is needless to
state that the biologic processes of soil formation were given no adequate
recognition.
The unsatisfactory investigation of soils made by the geologists left
their classification to other branches of science and a number of categories
were proposed which had a considerable influence on the progress of soil
science.
PROGRESS IN SOIL CLASSIFICATION
The physical geographer grouped soils in relation to topographic or
physiographic features of the earth's surface which were supposed to
determine the character or the distribution of soil types, and he seemed to
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hold that if soils were differentiated into groups with reference to location,
position or elevation such as mountain soils, slope soils or floodplain soils,
a satisfactory classification had been made.
The close relationship between the climate of certain regions and the
soil types led to the recognition of the preponderating influence of climate
on the development and distribution of soils. This close coincidence of
climate and soil type has caused some investigators, perhaps unintentionally, to use climatic conditions as criteria in schemes of soil classification
instead of the soil characteristics, which are a result of the climatic forces.
Botanists have attempted to classify soils according to the character of
the native vegetation. Where a close relation existed between soils and
plant species, the latter were regarded as criteria for soil classification and
not solely as indicators of soil properties.
Some agronomists have insisted that no classification of soils should be
made that is not based on plant adaptation and crop production. Such a
system would necessitate the consideration of the kind and relative vigor
of plants as criteria in soil classification.
It is obvious that these proposed systems of classification use as bases
for their categories either the characteristics of the parent material and the
processes by which it was accumulated or the external factors of environment which have produced the existing soils. The characteristics present
and available for study in the soil profile were used as criteria only occasionally, and then inconsistently. The lack of data regarding the soil
characteristics in the past accounts in large part for these imperfect
classifications. The soil characteristics were not directly studied but only
incidentally in relation to external objects. At the present time, the soil
scientist is able to make use of a considerable store of information, to
distinguish causes from effects and to separate the great number of soils
that he has recognized into groups. It is imperative that a classification
should be adopted that will be adequate, consistent and universally
applicable. Soils, like other objects, may be classified on any basis whatsoever that will serve to promote convenience in handling. If the system
used in the classifications of the other natural sciences is to be followed,
soils may be grouped into categories on the basis of certain characteristics
chosen from a great number of characteristics as being most important or
significant. The soil scientist only insists that the scheme of classification
adopted shall be based on the most complete data available; that it shall
be convenient, universal in its application, and so comprehensive as to
stimulate investigation into every feature of the soil.
If soils are not to be investigated and classified by the same criteria and
by the same methods as other natural objects, it would seem that strong
reasons should be presented for such a course and that the burden of proof
should rest upon those who advocate such a radical departure from the
accepted scientific methods. The adoption of a system exclusively for
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soil science would be justified only if the older systems had proved inadequate or unworkable. Such a justification has not been found. On
the contrary, all soil classifications based on criteria other than the soil
characteristics have either been proved incapable of universal application,
or, when closely examined, have been found to be not classifications of
soils but of objects, forces or conditions outside of the soils.
PROPOSED BASIS OF SOIL CLASSIFICATION
In order to justify the substitution of a classification of soils by particular external factors in place of one based on characteristics, it must be
proved that the areas influenced by any given factor or set of factors an;
exactly coextensive with the areas of certain corresponding soil types.
It is very unlikely that any instance of such a coincidence can be found.
In all regions of normally developed soils, there is an overlapping of these
areas due to some unconsidered factor, which may or may not be local.
For instance, the soil climate in many places, on account of topographic
features or an impervious surface layer, may not correspond to the atmospheric climate and the soil profile thus locally developed may not be
typical of that climatic zone. If an attempt is made to use all of the
factors of environment in classification, the relative weight to be given to
each must be determined, which is an impossible task and the scheme
becomes unworkable. All classifications of soils which are not based on
characteristics inevitably break down just as similar systems would have
broken down if employed in the classifications of botany, biology or
geology.
The conflict between those who insist on classifications based on forces
and conditions which have influenced the soil and those who would consider only the effects produced by outside factors as presented in the soil
characteristics is not a purely academic quibble. The progress of soil
science has been greatly hindered by faulty points of view. Our investigations have been limited by imperfect objectives and we have often
stopped research when we were able to place a soil in a certain category.
As long as soils are considered as rock, climate or geographic regions, or as
related to and inseparable from these factors of environment, no close
examination of all the characteristics of the soil will be made. It can
safely be asserted that no science dealing with natural objects has made
any satisfactory advancement until the objects were considered worthy of
study without relation to economic use or to external forces or objects.
Soil science must be emancipated by a breaking away from all dependence
upon external bases in classification so that every feature and characteristic of the soil can be investigated without the limitation of preconceived
ideas.
Those who would have us group soils on any other basis are either
ignorant of the mass of data on soil characteristics now available for our
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use and of the adequate classifications built on these data or they arc
fearful that such classifications may not be suited to their practical needs.
For instance, a number of agronomists fear that if soils are not classified
with respect to their crop producing capacity and crop adaptations, the
classifications may be vague, impractical and useless for their purposes.
Such fears are groundless, provided classifications are based on important
characteristics. The grouping on the basis of characteristics at any given
time must necessarily be governed by the data accumulated. All classifications based on characteristics are necessarily provisional and subject to
revision. With advancing knowledge, old criteria may be abandoned
and others adopted but such a revision is merely a change from the employment of one characteristic to another, from the emphasis on criteria
of less to those of more importance. It is highly important that all
characteristics should be considered and those given weight which are
important and significant. All characteristics should be studied from a
purely scientific point of view but it has yet to be proved that any outstanding feature of the soil profile is wholly without agricultural significance or that its influence is not reflected in crop yields.
There is no disposition on the part of the soil scientist to minimize the
interest and importance of the study of those external and internal forces
and conditions which have governed the development and distribution of
soils, but he insists that these factors should not be used as criteria in any
comprehensive system of soil classification.
The progress of soil science has shown with increasing force that classifications based on external forces and conditions, no matter how much
such forces have contributed to soil development, will not be universally
applicable. On the other hand, a classification based on the characteristics of the soil as expressed in the soil profile is the only logical, scientific
and adequate system and is one applicable to all the soils of the world.
No necessity exists for any other system because all the important external and internal factors that have influenced the soil are impressed on
the soil profile. Such a system is adequate because the characteristics of
the soil, developed and present in the soil profile, are the resultant, not of
one force, but of all the forces and factors of environment that have acted
upon the soil material since its exposure to the soil forming processes.

WHAT IS THE RELATIVE WEIGHT THAT SHOULD
BE GIVEN FIELD AND LABORATORY DATA IN
THE DEFINITION OF THE SEVERAL CATEGORIES IN A COMPREHENSIVE SCHEME
OF SOIL CLASSIFICATION?
W. W. WEIR, United States Department of Agriculture, U. S. A.
INTRODUCTION
Before an attempt is made to answer the question as to what relative
weight should be given field and laboratory data in the definition of the
several categories in a comprehensive scheme of soil classification, at
least three things should be clearly understood. These are, what should
constitute a comprehensive scheme of soil classification, the true nature of
such a classification, and the tradition, may I say, that is back of any
scheme of classification of natural objects.
SCHEME OF SOIL CLASSIFICATION
Inasmuch as soils are now differentiated according to their natural
characteristics, the law of association leads one to think of soil classification as a natural classification. But it can not be a natural classification
in the sense that modern plant and animal classifications are, for they are
true natural classifications, in that biologists, since the acceptance of the
theory of evolution, assume the members of each phylum to have a common descent, and consider the groups within the classification as having
the same relation to one another as have the branches of a tree. In these
classifications the simpler or lower groups are named first to show the
origin of the subsequent and higher forms (4).
It is quite evident that any scheme of soil classification can not be a
natural classification in that sense. It is impossible to conceive of all the
mature soils represented in the most inclusive categories as having a
common origin, and of all the groups as having the same relation to each
other as have the branches of a tree. In other words, it is impossible to
conceive of any first groups representing "simple" soils from which all
subsequent or "complex" soils have developed.
Nevertheless, soil classification may be a natural classification under
four conditions: (1) If the classification is based on distinguishing characteristics which have developed as the result of natural forces; (2) if it is a
plan to show the interrelation of soils as natural objects; (3) if in the classing
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fication, cognizance is taken of all the distinguishing soil characteristics in
their various stages of development; and (4) if it is a classification in which
the soil characteristics on which the classification is based imply the
absence of other attributes, or their presence in varying degrees or stages
of development.
The trend in soil science seems to indicate that soil classification is
destined to become a natural and pyramidal scheme, in which soils as natural physical bodies are grouped into classes according to the principle of
similarity, and these classes, in turn, grouped as larger and larger categories according to the law of identity, until all might be gathered under
two major categories—for example, categories which include soils which
do not and those which do contain lime carbonate accumulations, and
finally under one all-inclusive class, termed soil. Whether, in such a
scheme of classification, an attempt should be made to have categories
correspond to those in common use in botany and zoology, i.e., species,
genus, family, order-, class, and phylum, does not concern us at this moment.
Nevertheless, we are concerned with any principle or generality that will
guide us in the definition of the categories which will serve our purpose in
a comprehensive scheme of soil classification.
TRUE NATURE OF SOIL CLASSIFICATION
It is important that the true nature of soil classification be clearly
understood. In the first place, we gain our ideas of soils and gather our
facts by contact with soils as natural objects; but we can not arrange them
into groups and categories to show their relationship as we can arrange
toy blocks, for example. In a scheme of classification the relationship of
soils can be shown only by means of thought forms indicated by terms
referred to as categories, or class names. The meanings behind these
terms are called concepts; and since these terms are class names, the
meanings behind them are called general or universal concepts.
Underlying these general concepts is the fundamental law of thought,
the law of identity, which is the governing law in any scheme of classific.ation, and which makes possible the definition of the categories in soil
classification. Inasmuch as soil classification is wholly within the realm
of thought and is governed by the fundamental law of thought, it follows
that we create the concepts indicated by the categories. Thus we create
"soil" as a universal concept, and "series"; and if we proceed carefully in
our logic, we must come to the conclusion that we also create a "soil
type,'' as used in the Bureau of Soils. In the world of things, however,
soils exist as real physical objects; but in classification, we deal with them
as thought unities called categories or classes, the content of each thought
unit being the distinguishing characteristics that are common to a group
of individuals. Recognizing the characteristics that are common to all
the members of a group of individuals is the process of creating a general
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concept in soil classification. Theoretically this seems a simple process.
In practice, however, things are not so simple, because of man's limitations
and his slowness in discovering soil facts. For example, to create the
Miami series it is necessary to discover all the outstanding characteristics
that are common to all the members of a certain group of individual soils.
The product of this act of creation is a general concept which we will
designate as "Miami series." A statement naming these common-to-all
characteristics is the definition of the name "Miami series."
Two conclusions bearing on the problem before us may be drawn from
the foregoing premises. The pyramidal scheme of soil classification
which I have briefly described, or any other scheme, can not be properly
interpreted in the following manner: The soil is divided, first, into two
large groups or categories, and these, in turn, are divided into other groups
of soils, until finally each series is divided into types, type being the name
of the so-called "unit in soil classification and mapping." Such an interpretation is untenable. It must be remembered that each category in the
classification is a unity of thought, and that it is just as impossible to
divide a unity of thought and get two or more thought unities as it is to
split a sunbeam with an ax and get two or many sunbeams.
If we have not a clear understanding of the nature of soil classification,
particularly of its categories, we may easily fall into error. Here we must
guard against the fallacy of the universal, which consists in mistaking a
category or class term for a soil as a physical object (2). For example,
judging from soil-survey reports, it would seem that many of our field men
wear out their augers and spades by digging holes into soil series. A
general concept, as designated by the name of a category, may be valid for
a soil without being a soil, or our categorical terms in their generalities
may represent actual soils, but they never adequately express them.
The other conclusion which may be drawn from the foregoing premises
may be stated in these words: A category in soil classification, representing a general concept, may be defined, whereas an individual soil as a
natural object may be described.
D E F I N I N G T H E CATEGORIES
Our problem concerns the definition of the categories in soil classification. Here again, we must be on our guard, so that the mind which
creates these categories may remain their master.
As science is concerned primarily with generalities or principles, soil
science is concerned, not so much with each individual soil, but principally with types and classes of soils in which an individual soil is treated
merely as an example or representative. We must assume the individual
soil as a natural object, because soil classification can not proceed on any
other assumption than that natural groups of like soils exist. And since
it is the aim of a natural scientist to trace order in nature, it is the aim of
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the soil scientist in classification to ascertain the common or distinguishing characteristics of types of soil, and to discover the principles or laws
pertaining to soils and their development (8). I am referring to type as
the name of a category which connotes the greatest number of characteristics common to the soils of a natural group. It is the lowest subordinate
division in soil classification. In this sense, soil type represents "common
resemblance in the midst of diversity" (1). This idea of type agrees with
"soil t y p e " as it is indicated on the soil-survey maps of the Bureau of
Soils. Furthermore, practically all descriptions or rather definitions, of
soil types in the soil survey reports issued by the bureau are in harmony
with this idea, because in each soil-type definition cognizance is taken of
soil variations as well as resemblances—as regards color, texture, and
thickness of layers. That the material composing horizon A-l of a
representative or typical soil can vary, for example, in color from gray to
yellowish brown, in texture from loam to silty loam, and in thickness from
(i to 12 inches, is untenable. It is only in the definition of a category that
variations can be mentioned. I am drawing attention to these facts and
principles, because I have said that we create soil types, as we do the other
categories in soil classification. Scientifically, the practices of the Bureau
of Soils seem correct; at any rate, they can be strongly defended by logic.
If the scheme of soil classification which I have suggested is viewed on
the sense plane, it seems to be logical that on one end should be "soil" as
the name of an all-inclusive category, and on the other end a great many
soil-type categories. In between these end categories there must, of
necessity, be created other classes. Beginning with the type end of the
classification, the end that is closest to the object world (to soils as natural
objects), we group types under larger categories, first, under series and
then under larger and larger categories until all are brought under the
class of soil. This process proceeds according to the law of identity, the
fundamental law of thought; and in the workings of the law, the mind
deals with all the characteristics which differentiate soils. But as we
build up larger and larger groups, the number of characteristics which are
selected to define the categories become less and less, or in other words, we
generalize more and more. Nevertheless, the mind must carry through
from one end of the classification to the other all the distinguishing characteristics, even though for the sake of classification, some are progressively and temporarily eliminated in the building of the thought structure.
In this manner only can soil classification serve its purpose, namely, to
show the relation of the groups of soils which are assumed to exist in nature. Moreover, in this building-up process we must assume the absence
or presence of other distinguishing attributes; as, for example, the absence
or presence of lime carbonate, thus making a possible grouping of two
major categories under the all-inclusive one of soil.
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PROPER FACTS TO BE CONSIDERED IN D E F I N I N G
CATEGORIES
I have said that, in soil classification, cognizance must be taken of all
the natural characteristics which differentiate soils; so that the answer to
the question as to what relative weight should be given field and laboratory data in defining the categories, lies in the definition of soil types.
This brings us in direct contact with the actual objects in nature. In the
world of things, I regard a type of soil as realized in an area or areas of soil
which, throughout their extent, exhibit in varying degrees, indicating
degree of development, the characteristics that are implied in the meaning of soil type as a general concept. But in creating a soil-type concept,
what are the soil facts that should be taken into consideration?
Is there not a tradition, if such I may call it, back of the natural sciences
or any classification of natural objects? At first man sought to discover
by his senses, unaided by any artificial means, the elements of order in the
world about him; and this constituted the first step in his noting the
similarity of things. This, man did for practical purposes; but later, he
paid more and more attention to their essential character that he might
better grasp the relation between them, and be able to trace order in
nature. In the natural sciences, facts which are gathered in field observation have become the data on which are based the definitions of the
classification categories. This problem has been met and solved by the
pioneers who blazed the way in establishing the principles or bases of the
other natural sciences. On the chemical-analysis basis, diamonds would
have been classed as coal; and again, on the basis of the chemical analyses
of flesh, a house cat would be a young tiger, and a man, a monkey.
Classification (based on field data) is the essential business in a natural
science, " t o which task chemistry and physics are only instrumental, and
the further account of properties only complementary" (7). In "field
d a t a " I am including facts which may be gathered by means of simple
chemical and physical tests which may be made in the field; for example,
as regards soil acidity, lime carbonate, and soil texture.
In view of the outstanding importance that scientists give to field data
in defining the categories in the classifications in other natural sciences,
we, as soil scientists, can profit much by following their example.
However, in pursuing his course, the soil scientist must be mindful of
the relation that should exist between soil classification and soil technology, and he must be mindful of the great number of people who live in a
very practical world. In working out a classification of soils, therefore,
he can hardly ignore its practical aspects. That the Soil Survey is taking
cognizance of these relations may be illustrated in the results of a study
of the dominant types of soil in north-central Indiana in their relation to
soil utilization and management. This study showed that, when the
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dominant soils are classified according to their natural characteristics, the
types of soil correspond to the soils which the farmers have recognized (1)
in local, descriptive names, (2) in their soil-management practices, (3) in
their estimates of average yields per acre, and (4) in their estimates of
relative land values, based on their farming experiences (6).
PRACTICAL APPLICATION OF T H E P R I N C I P L E OF
DEFINITION
I would venture to say that there is a high degree of correlation, in the
great majority of cases, between field data and any soil facts which may
be discovered in the laboratory. Are not the facts gained by laboratory
methods included in the facts which are observable in the field? Nevertheless, field observations and laboratory observations should supplement
one another for the most fruitful results.
Here a problem presents itself, in the practical application of the principle of definition in defining the categories. A laboratory study of the
soil on a well-established soil-type area—an area of Miami silt loam, for
example—will show that the soil is not exactly the same in all parts of the
area. A careful field study will show the same thing. The fact that the
actual soil is not identical in all parts of the area would suggest a division
or grouping of the soils of the area into subtypes in order to take care of
the variations. Here we must remember that, since Miami silt loam is
the name of a general concept, the definition of Miami silt loam must
necessarily include variations as well as resemblances.
Permit me to illustrate the problem by facts which I may call laboratory
data, regarding natural soil acidity expressed in terms of pH values. The
soil is Miami silt loam, occurring on 103 farms in as many localities in 6
counties in the northern half of Indiana.
On each of the 103 areas the soil was examined by layers to a depth of 5
feet, and the acidity was determined in 6-inch surface layers and at other
points in the soil horizons. The results show wide variations in the soils
examined.
In order to simplify the problem, 3 of the most significant points of
depth were selected in each area; namely, from the surface to 6 inches, and
at depths of 18 and 52 inches. The pH values at these points are shown
by the frequency curves shown in Fig. 1. How shall we deal with these
particular facts in defining Miami silt loam? Should the data be averaged
in some way? No! because we should deal with actual facts. Any concept of average does not represent a condition that actually exists. Shall
we take the range in pH values which is most frequently exhibited, and
include that range in our definition of Miami silt loam? To be consistently logical, we can not, because this range of acidity does not represent
a common-to-all characteristic.
The mind which created the general concept of Miami silt loam should
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be master here; and being master, it can allow two points in the definition,
(1) a common resemblance as regards acidity, and (2) the true range in
acidity. Thus, we may say that Miami silt loam, as based on the facts
before us, is an acid soil whose topsoil ranges in acidity from pH 6.6 to
pH 4.8, or from slightly to very strongly acid. We may express also an
implied or absent characteristic, namely, that the soil does not contain
any accumulation of lime carbonate.
60

1
1
1
1
M I A M I S I L T LOAM
1
1
1
1
. Reactions
,.. . Re.a otions
- , Rea ctiona

SO

at death
at depth
at death

£40
•a

/

\
30

/
i

of 0-6
inches
of IB inches
of 52 inches

•
/

20

y

..-•:-*'*'

"''"£.
'y

Sl-

SI

6.7
to

6.5

fl 6

6.2

to

*v

SOIL REACTION A N D pH R A N G E
M
M+
St
St*
Vst
N
6 I
S3
5.6
S3
4.9
6.8
to
to
to
to
i
to
S.9
57
52
5.0
down
7.0
FIGURE 1.—pH values as shown by frequency curves

*
Alk

Cal

7.0
I
up

That Miami silt loam is an acid soil and that its topsoil varies from
slightly to very strongly acid, may be observed just as well in the field;
and I am sure that this would apply to all the distinguishing characteristics, so far as the relation of laboratory data to field data is concerned.
Conceiving a type of soil, as Miami silt loam, is a subtle mental process
that is worthy of the keenest study. In nature, this general concept may
be realized in an area or areas of land whose soil, throughout their extent,
exhibits the greatest number of similar characteristics. In fact, this is
the way in which the mind takes care of the soil variations, and thus reveals one of the outstanding attributes that should stamp soil classification as a most natural classification.
The next higher group above the soil-type category is called series. In
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defining a series, only the distinguishing characteristics that are common
to all the soil types grouped under it should be mentioned. This eliminates any reference to different textures, as silt loam and clay loam, so
that the Miami series, for example, can not be defined by naming the
characteristics of Miami silt loam or of Miami fine sandy loam. Nevertheless, a complete definition of a given series may require that a statement be made to make clear whether the subsoil material is heavier in
texture than the topsoil material, or whether there is any difference at all
in the texture of the soil material from the surface downward.
It seems logical that the category, third in order, should include those
series whose soils have developed by a process of differentiation from the
same kind of material, and which represent well-defined stages of development. The general concept of a type of soil takes care of variations from
the typical by virtue of the classification principle of similarity. The
general concept of series takes care of variations in texture so completely
that such terms as "sandy," "silt loam," "clay loam" need not be mentioned in defining a given series. Logically, the third order of categories,
that above series, should take care of variations which may be regarded as
"family relations." An example of such a group would include the
Bethel, Crosby, Miami, Bellefontaine, and other series of soils which are
young or immature, representing recently deposited alluvium originating
from areas of the above-named soils, or representing parent materials as
recent products of rock weathering, all being subjected to the same climatic
and biotic forces which operate in the section of country in which the
Miami soils occur. Here is a group of soils which truly represent family
relations, and to regard such a group as a family is in harmony with the
generic concept of soils.
The secret in defining such a category lies in discovering and stating
what was in thought when the mind created the category. Probably a
family category may best be defined by naming the observable characteristics that are common to the more or less mature members of the group.
It is like grouping dogs, foxes, wolves, and jackals into the Canidae family;
though the grouping is of mature animals, it does not exclude the young.
Logically the next or fourth order of categories should represent soils
which have developed certain dominant characteristics as the result of
similar climatic and biotic forces acting on different materials regardless of
region or country. Podsol, chernozem, prairie, and Jerseyan groups are
examples. Under a category of this order, may be brought together concepts that represent soils which have developed in different parts of the
world. In other words, by means of these categories world soil relations
may be shown, giving the bases for drawing generalizations or for formulating principles or laws pertaining to the genesis of soils.
If we keep in mind the law of thought which should govern in a proper
scheme of soil classification, and proceed, is there any larger category that
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can be created to enable one to group categories of the fourth order ? But
it seems that, if we are to be consistent in our thought scheme, we have
exhausted the possibilities, and that the next logical step should consist in
bringing together two large groups which are separated because of the
implied absence or presence of attributes other than those that constitute
the basis of the classification. What are these attributes that effect this
separation, or how should these two categories be defined?
Gedroiz (3) has suggested the following definitions: Group 1, soils which
contain absorbed hydrogen ions in their absorbing complex; and, Group
2, soils which do not contain absorbed hydrogen ions in their absorbing
complex. Marbut (5) has suggested that one group should include soils
which do not have lime carbonate accumulations, and that the other
group should include soils which have such accumulations. In harmony
with what has been said about soil classification as a natural scheme, it
would seem that the latter definitions are to be preferred, because they
deal with facts observable in the field. For most fruitful results, however,
laboratory data particularly on lime carbonate and hydrogen ions should
constitute the complementary account of the soil properties.
SUMMARY AND CONCLUSIONS
I have tried to show (1) that a natural, comprehensive soil classification
should be based on characteristics which have developed as the result of
soil-forming forces, (2) that soil classification is entirely within the realm
of thought, (3) that the categories indicated by class names represent
general concepts as products of thought, and (4) that defining a category
consists in naming the characteristics that are implied in a general
concept.
In defining a category in soil classification, the soil scientist should be
mindful of the tradition that is back of any classification of natural objects, a tradition whose influence has been tremendous in determining
that facts gained in field observation should constitute the principal data
on which the definition of a category should be based. The practical
aspects of soil classification should not be ignored, because we live in a
very practical world. Nevertheless, laboratory data should constitute
the complementary account of the soil properties.
It seems logical that if the soils in different countries or different parts
of the world were classified according to the fundamental principles suggested, there should be no great difficulty in taking the groups or schemes
that would result and constructing out of them a scientific scheme of
classification of the soils of the world.
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THE CLASSIFICATION OF ORGANIC SOILS
J. 0 . VEATCH

Michigan State College, U. S. A.
Soil, in a broad sense, is any natural medium in which plants grow or
are sustained under natural conditions. Natural organic accumulations,
peat deposits for example, are therefore soils in themselves, or are the
parent material for certain kinds of soils, which are composed dominantly
of organic (plant) matter in contradistinction to the more common soils
which are composed dominantly of inorganic or mineral matter. In a
taxonomie scheme for all soils this class might be designated as Plantazems,
while the three other great classes might be designated as Communizems
(common mineral soils); Hydrozems (water soils); and Lithozems (indurated rock soils). The simple distinguishing peculiarities of the Plantazems, in comparison with the common mineral soils, are their low specific
gravity or volume weight and their capacity of holding a high amount of
water. The Hydrozems are soils unbalanced in the solid part; the Lithozems, unbalanced in the liquid and organic parts.
Organic accumulations occur throughout the humid regions of the world
in Arctic, Temperate and Tropical climates. We have no means of knowing at the present time what the aggregate in figures may be in comparison
with mineral soils, certainly it is much smaller, but assuredly the area
of organic soils is sufficiently great to deserve the consideration of pedologists. In the United States of America this class of soils may occupy as
much as 15 to 20 million acres. Locally in many countries the soils are
utilized for cultivated crops and in addition supports native vegetation of
economic value. But even aside from economic considerations this class
exists in nature, and therefore, cannot be ignored in the comprehensive
scientific study of soils.
In this paper I have no intention of attempting to make a purely genetic
classification, and wish to make my position clear from the outset. An
abstract scientific classification of peat deposits logically should have a
geologic-botanic basis and deal with origin and evolution, but a peat
deposit may or may not be the equivalent of an organic soil. Organic
soils may be recent or young or they may be old or mature. The pedologist may be concerned with the whole of a deposit if it is very thin or only
the surface part of it if it is very thick. Conceivably deposits, which are
identical in every respect in geological origin or those which are identical
in every respect in botanic composition or in the succession of plant growth
123
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which has appeared on a particular site might admit of correlation as soils.
But to proceed upon such a speculative basis for the actual differentiation,
correlation and mapping of small divisions which would have any practical significance, would require a staggering amount of labor and would
require most extraordinary expert knowledge and scientific ability. The
end in view may be achieved by proceeding upon the same principles that
are employed in the more modern differentiation and mapping of mineral
soils. The taxonomie scheme herein presented and the statement of
principles are designed from the point of view of the pedologist and as a
basis for differentiation of the soils into types or minor units which may
be rapidly mapped and correlated. The taxonomie scheme is briefly outlined in the accompanying table.
Taxonomie scheme, organic soils (PUintazems)
Order

Division

Regional «roups yet to I. Old—mature
be named. May ap- II. Young—recent
proximate the same
or geologic
geographic limits as
the mineral soil families, Podsols, I.aterites, etc.

Class
I. Low ash
II. High ash
III. Mediumash

Group
(Based upon density and arrangement of
separate horizons or layers)

Type-phase
(Criteria)
1. Texture and consistency
2. Density
3. Color
4. Reaction
5. Chemical Peculiarities (as high lime,
sulfur, phosphorus,
saline, etc.)
6. Thickness
7. Mineral substratum
(1) Marl
(2) Sand-gravel
(3) Hard rock
(4) Silt-clay

The principles and methods of classification should be essentially the
same as for mineral soils. The differentiation should be based upon intrinsic chemical and physical peculiarities. The employment of a single
peculiarity, or condition, as the criterion or basis of differentiation of
types is unscientific, and results in a classification which is unbalanced and
restricted in its application. A single difference may distinguish the
broader groups, but as we proceed to the smaller subdivisions, the number of characters and properties held in common increase. The selection
of a single characteristic, therefore, could have no more than some limited
purely utilitarian value. In selecting the attributes which are to be employed for distinguishing specific kinds of organic soils, we should follow
the principle of selecting those which are most important, by which we
mean those that are most peculiar to the object or thing classified, regardless of their utilitarian significance; also those characteristics or properties
which may be important, although not necessarily important in themselves, since they are expressions or effects of many properties some of
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which may not even be definitely known and, therefore, incapable of
being employed directly, but which nevertheless are of significance.
For example, we do not know all of the things that a black color
indicates.
The criteria which have significance and which it is practicable at
present to employ are: (1) Color, particularly black—dark brown; brown
—reddish brown; yellow; gray—greenish. (2) Texture as coarse or fine.
(3) Density and consistency as compact, doppleritic, pulpy, slimy, or
spongy, loosely matted, felty, etc. (4) Chemical properties; reaction as
acid, alkaline; salinity; sulfur content, phosphorus content. (5) Chemical or lithologic peculiarities of the mineral substratum where this is an
important part of the soil profile, and the textural peculiarity of the organic part whether sandy, silty, clayey, marly.
It is clear that the class distinction between organic soils and mineral
soils must have a quantitative basis, that is, the distinction at some point
will be based on amount of organic matter in combination with thickness
of the organic layer. Arbitrariness cannot be avoided, but within certain
limits there should be no disagreement and within small limits differences
of opinion become mere quibbling. Just what arbitrary limits are set
must vary somewhat for the climatic region or class of soil and remain to
be settled as experience is gained in mapping and observations are extended. The following limits are merely suggestive: low ash group—60
to 75 per cent or more in organic matter; high ash—15 to 40 per cent organic matter. A thickness of less than 40 to 48 inches may be considered
shallow and the description of the mineral substratum becomes important
as a part of the profile. In certain instances of very watery, raw undecomposed deposits, the shrinkage may be very high when the land is artificially drained, and even in the case of a thickness of as much as 10 feet
in the natural condition distinctions based upon the character of the substratum have some justification. Where there is only a small thickness
of a few inches to a foot of organic matter over mineral soil as in the case
of some moors and northern forests, perhaps the best criterion for determining the class whether organic or mineral is the depth of penetration of
plant roots. There are instances where the superficial layer is very thin
or evanescent and obviously for practical purposes such should be grouped
with the mineral soils.
A description of one of the broad types which has been recognized and
mapped in soil survey work in the State of Michigan by the United States
Bureau of Soils, Department of Agriculture and the Experiment Station
of the State of Michigan, is given to illustrate the application of the foregoing scheme and ideas. Types are given geographic names to designate
them as in the case of mineral soils, although as yet no satisfactory corresponding binary system of nomenclature has been devised.
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Carlisle Type (Organic Soils)
Taxonomy: Order or Family—Region of forested Podsolic soils
Division—Old
Class—Low Ash
Group—Loamy granular surface, over compact fine horizon, over coarse
or but slightly altered plant matter
Type characteristics—Blackish in surface aspect; compact or dense and fine
in texture; high in lime and neutral or alkaline in reaction; depth to water
or unaltered matter 18 to 24 inches or greater

SOIL CLASSIFICATION FOR FOUNDATION
PURPOSES
C.

TERZAGHI

Massachusetts Institute of Technology, U. S. A.
INTRODUCTION
The purpose of any classification consists in arranging objects or
materials of a certain type into groups, according to their properties.
Hence the classification should be based in so far as possible, on the properties themselves, and not on the causes (physical or otherwise) which
produce these properties. Furthermore, if the classification serves a
specific purpose, as for instance, soil classification for foundation purposes
in connection with the design and construction of engineering structures,
such as bridges, buildings, dams, pavements, etc., one has first of all to
determine what properties of the objects or materials have the most
direct bearing on the purpose to be served. These properties once established should define the basis of the classification in the order of their
importance. These were the leading ideas in our attempt to establish a
system of soil classification for foundation purposes.
The Term "Soil" Defined. With the sole exception of road surfaces,
engineering structures are founded on materials located below the lower
limit of seasonal variations of temperature and humidity. Hence the
term soil as used in this classification refers solely to the "raw material"
and excludes the top soil or humus, a more complex structure which results from atmospheric, chemical and biological changes of the "raw
material." Furthermore, the classification is restricted to those raw
materials or fractions of raw materials which consist of individual particles smaller than 0.1 mm. in diameter and which can be transformed into
suspensions by shaking them in water.
Essential Properties of Subsoils. The difference between a good and a
poor foundation resides in the amount of settlement produced by loading
the subsoil. Figure 1 represents such a subsoil. Suppose, prior to
constructing the foundation, two vertical lines a b were drawn through
the points a-a at the circumference of the proposed site. After the
foundation is constructed, the straight lines will pass into curves, as
shown in the sketch, which indicates that the subsoil located immediately beneath the load has yielded laterally. The "settlement," i.e.,
the vertical downward movement of the foundation, is the combined
result of two factors: The volume change, or the compression the soil
127
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has undergone as a result of the increased pressure; and the lateral yield
or "flow" in a horizontal direction.
The volume change depends on the compressibility of the material.
The more compressible the material, the greater is the volume change
produced by a definite change in pressure, under similar conditions. If
the voids of the material contain little or no water, the major part of the
volume change produced by a change of the pressure occurs almost
instantaneously, followed by a rather unimportant, gradual, supplementary compression. In contrast to this, if the voids are filled with
water, any change in volume is associated with a flow of water through
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FIGURE

1.—The two principal sources of settlement

the voids of the material. The smaller the permeability of the material,
the greater will be the resistance to flow of the water and the more the
compression will be retarded.
The compression within a given period of time produced by a change of
the pressure depends not only on the compressibility, but also on the
permeability of the materials. For compressible subsoils with a very
Low permeability (fat clays), the time required for the excess water to
drain out from beneath a large foundation may amount to several hundred years, during all of which time settlement of the superimposed
structures may be expected to continue at a gradually decreasing rate.
Other factors being equal, the settlement due to lateral yielding of the
subsoil depends on the degree of compactness of the material in the ground.
Thus the compression of a bed of medium sand under a load of 1 ton per
square foot acting over an area of 20 square feet, may amount to a small
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fraction of an inch or to more than 1 inch, depending on the compactness
of the sand. Or the compression of a bed of silt produced by the same
load acting on the same area may be very small or it may be excessive,
depending on the water content of the material, which in turn is a measure
of the extent to which the silt particles are packed together, i.e., a measure
of the density of the material. In the following discussion, the degree
of compactness of the material in its undisturbed state shall be called the
"consistency" of the material.
Thus we have found that the amount and the speed of subsidence
produced by the weight of a building depends on the magnitude of this
weight (the pressure acting on the subsoil), on the speed with which the
weight is applied, and finally, on the consistency of the subsoil. Hence
from an engineering point of view, the three most vital properties of the
subsoil are its volume-elasticity, its permeability, and its consistency.
The first two properties are characteristic of the material itself; hence
they furnish a logical basis for comparison of different materials. The
third property defines the state in which the material occurs in the
ground. For the same subsoil, this state may vary within wide limits,
depending on the geological history of the soil deposit.
OLDER METHODS OF SOIL CLASSIFICATION FOR
FOUNDATION PURPOSES
The oldest, and for the time being still the most common, method consists of classifying soils according to the appearance and the apparent
consistency of samples furnished by test boring operations. This
classifying is usually done by the foreman of the drilling outfit. Thus,
for instance, light colored materials consisting of very small particles are
called quicksand, provided a sausage with a diameter of about 1 inch,
made by hand from this material breaks off due to the weight of the part
projecting beyond the hand. If the sausage, instead of breaking, bends
and pulls out, and if in addition, the material is dark, the substance is
called "silt." Blue or yellow plastic materials are named "clay."
Hardpan is the name for a very dense packed sand and gravel, with or
without a silty binder. All of these terms are used in almost unlimited
combinations by the drillmen, who speak of "silty sands," "fine sand with
a little clay," etc. In a report on the underground conditions of Boston,
Mr. Worcester distinguishes not less than 820 principal and intermediate
types (13). Furthermore, since even the principal types of subsoils are
named merely according to their appearance, the classification depends to
such an extent on personal judgement, that serious errors are inevitable.
Thus, in connection with a recent test boring for a bridge pier in New
England, a typical quicksand was mistaken for clay, and in passing upon
the materials proposed for the construction of a dam, a material was
rejected because it was thought to contain an excessive quantity of clay.
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Mechanical analysis by elutriation showed that it did not contain even
a trace of clay. For these and similar reasons, the aforementioned
method of soil classification does not serve its purpose except in the most
primitive and unsatisfactory manner.
The first step toward a more reliable soil classification was made by
proposing to base the classification on data which can be determined
without the result being influenced by the personal equation of different
observers. The Foundation Committee of the American Society of
Civil Engineers suggested as a basis the following properties: (a) Mineral
composition, (b) volume of voids, (c) result of a mechanical analysis
(grain-size curve), and (d) water content, and data concerning texture
and structure (3). In order to judge the value of these data from the
point of view of the foundation-engineer, we must analyze the bearing
of each one of them on the three essential properties of the subsoil of a
foundation mentioned above, namely, the volume-elasticity, permeability
and consistency.
The mineral composition gives us very little information. For sands
with grains of fairly uniform shape, the essential properties are practically independent of the mineral composition, a crushed limestone or a
feldspar-sand being fully equivalent to a quartz sand for foundation
purposes. Concerning the microscopic and ultramicrosGopic constituents
of the clays, chemical analysis merely informs us of the relative quantities
of the various elements contained in the soil; and the relation between the
mechanical properties and the chemical composition of the subsoils is
very likely to remain obscure for a long time to come.
The volume of voids undoubtedly has a very important influence on
the quality of the subsoil of a foundation. For example a sand deposit
which in its original state would be an unsatisfactory foundation may be
transformed into an excellent, almost incompressible, bearing material
simply by reducing its volume of voids a few per cent.
As far as soil classification is concerned, however, a knowledge of the
volume of voids of a soil in its natural state may afford considerable information or no information at all, depending upon the character of the
soil. The chief reason for this apparent discrepancy is that the maximum and minimum values of the volume of voids consistent with stability
vary within wide limits for the different types of soils.
Thus, in an attempt to discover a relation between the uniformity and
the extreme values of the volume of voids of sands from a single deposit
of modified drift in New England, we obtained the diagram Fig. 2,
which plainly shows that no relation of general validity exists. The
same is true of the water content. By reducing the water content of any
particular clay, the consistency of the clay may change from semiliquid into stiff plastic. But the consistency of two different clays having
the same water content may be widely different; so that the water
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content of itself cannot be considered a criterion for determining those
physical properties which govern the behavior of the soil as a foundation
material.
Mechanical Analysis. Most of the soil classification systems heretofore
in use have placed considerable emphasis upon the results furnished by

mechanical analysis. Due to the fact that soils with almost identical grainsize curves were found to exhibit fundamentally different properties, we
were led to investigate the extent to which the mechanical properties of
aggregates with identical grain-size curves might be affected by factors

COMMISSION V—SOIL CLASSIFICATION

133

other than grain-size. Since almost every natural soil deposit contains a
certain percentage of scale-like particles, mica-flakes and the like, we
decided to test the volume elasticity not only of sands, but also of artificial sand-mica mixtures with a varying percentage of mica, all of identical
grain-size. The investigations were carried out by Mr. G. Gilboy of the
Massachusetts Institute of Technology (5). They led to the surprising
result that the artificial sand-mica mixtures exhibit all the mechanical
properties of typical clays. Concerning their volume-elasticity, the
most conspicuous difference between sands and clays is that the clays
are far more compressible, and, upon removal of an external pressure,
expand far more than the sands. The most compressible of all the clays
which have thus far been investigated, is no more compressible than a
mixture of 60 per cent sand and 40 per cent mica (by weight) and the
expansion caused by the removal of external pressure corresponds to the
expansion of a sand-mica mixture with about 20 per cent of mica. Figure
3 represents the results of compression and expansion tests performed on
laterally confined specimens of sand-mica mixtures with a uniform grainsize of 0.5 mm. (dotted curves) and of different clays (plain curves). In
these diagrams, the abscissae represent the external pressure acting on the
horizontal top surface of the specimen, in kg. per sq. cm., and the ordinates represent the voids-ratio (ratio of volume occupied by the voids
and volume occupied by solid constituents). At the outset of the tests,
the water content of the clay specimen corresponded approximately to
the lower liquid limit (according to Atterberg's definition). Above each
clay curve is shown the curve for a sand-mica mixture whose compressibility is most similar to that of the clay.
In connection with the striking resemblance between the clay and the
sand-mica curves, it may be appropriate to mention the results of some
recent investigations concerning the nature of the clay minerals contained
in Bentonites and related clays. Table 1 contains the description of five
minerals which, according to Ross and Shannon, represent the five clay
minerals of Bentonite. Of these five minerals, three are micaceous, one
is platy crystalline, and only one is amorphous or submicroscopically
crystalline. It would be very interesting to know more about the physical
form of the clay minerals contained in other types of clays. Still more
significant are the results recently obtained by O. Rove in Oslo, Norway.
0 . Rove determined by combined optical and chemical methods the mineralogical constituents of a great number of Norwegian clays (4). The
figures thus obtained are assembled in Table 2. By comparing the figures
in Table 2 with the data shown in Fig. 11 (lower edge, approximate Mica
Equivalent) it becomes at once evident, that the percentage of scaly
particles contained in the Norwegian clays is of the same order of magnitude as the percentage required to produce the elastic properties of typical
clays. According to Table 2 this percentage ranged for the Norwegian
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clays between 12.00 and 27.68 per cent. According to Fig. 11, the percentage of scaly particles required to produce the elastic properties of clays
ranges between 8 and about 30 per cent.
TABLE 1.—Clay minerals of the bentoniles *
Name

Chemical
composition

Physical form

Crystal system

(Mg Ca). 0.2 A1203. Micaceous
Ortho-rhombic (?)
5 Si02. n H 2 0
A1203. 3 Si02. n H 2 0
Do
Beidellite
Do
Do
Do
Micaceous halloysite A1203. 2 Si02. n H„0
Al.0,. 2 Si02. n H 2 0 Amorphous or submicro- Unknown
Halloysite
scopically crystalhne
Al2Oa. 2 Si02. 2 H 2 0 Platy crystalline
Raolimite
Monoclinic
Montmorillonite

* Ross, Clarence S., and Shannon, Earl V., The minerals of bentonite and related
clays and their physical properties. Journal American Ceramic Society, 9: 77-96 (1926).
Attention however, should be called to the fact that certain organic
constituents are apt to contribute as much to the compressibility and to
the elasticity of soils as do the scale like mineral particles. This conclusion was reached by observing that gelatine has practically the same
compression curve as an accumulation of mica flakes, but in contrast to
the mica powder, the gelatine is perfectly elastic (figure 4 results of compression tests made with gelatine, mica powder, mica sand mixtures and
pure sand).
TABLE %.—Composition of Norwegian clays according to O. Rove »
Ostland clays
Fraction

cbe

5
oS
E

pa
Flaky minerals
Elongated shapes
Bulky constituents
Flaky minerals
Elongated shapes
Bulky grains

17.20
6.59
67.36

-a

ac

03
+3

0

• .3
9O

X
25.02
8.77
64.36

Trondelags
clays

Vestland clays

O
27.68
6.42
63.35

12.00
13.83
72.67

o!

a
a

t

t

a

25.93
4.53
67.66

23.52
11.20
60.74

25.89
9.01
66.39

a

Chlorite, Talcum, Muscovite, Biotite
Hornblende, Epidot
Feldspai1, Quartz, Apatite, Ilmenite, Rutil, Limonite

* From V. M. Goldschmidt, Unders0kelser over lersedimenter. Beretning om Nordiske Jordbrugsforskeres Kongres i Oslo 1926. Nordisk Jordbrugsforskning 4.-7. Hefte.
Page 438.
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From the preceeding discussion it appears that the result of mechanical
analysis has no bearing whatsoever on the volume elasticity of the subsoil, the elasticity of the soil depending on the percentage of flexible
grains or on the flexibility of certain constituents rather than on the grainsize. We have now only to consider the influence of grain-size on the
permeability.
Some 20 years ago, Mr. Allen Hazen derived an empirical formula for
computing the coefficient of permeability of sands from what he called
the "effective size " of the material. Since that time it has been generally
assumed that a definite relation existed between the grainsize and the
coefficient of permeability. Hazen's formula, however, was derived from
tests on fairly uniform filter sands with bulky grains and was intended to
be applied to such materials exclusively. Permeability tests performed by
the writer with clays and sands have disclosed the fact that the permeability of granular aggregates in cm. per second, at a voids ratio 1.00 and a
temperature of 10° C. may range anywhere between 2 and 200 times the
square of the effective size of the particles (in centimeters), depending on
the shape of the bulky grains and on the mica content of the mixture (12).
In other words, the coefficient of permeability of a soil with a certain
grainsize curve may be as much as a hundred times greater than that of
another soil with precisely the same grainsize curve. This fact, combined
with the compressibility effects, shown in Fig. 3, seems to upset the value
of the results of a mechanical analysis as a source of information on the
character of a subsoil. It is true that a mechanical analysis determines
the uniformity of the material; but the foundation engineer is not especially interested in the uniformity except in connection with certain quicksands. Concerning the clays, experience has shown thus far that no
"uniform" clays exist.
Soil Colloids. In studying soils and soil properties, the Foundation
Committee of the American Society of Civil Engineers felt more and more
compelled to concentrate its attention on the properties of the soil colloids (2). As a result of the activities of the committee a knowledge of the
existence and of the most important properties of the soil colloids became
common among engineers. We must now discuss the relative importance
of the colloids as part of a system of soil classification for foundation purposes.
If the soil colloids represented a single, well defined substance with
definite properties, the answer to the question would be simple. In practice, however, the colloidal constituents of the soil represent a mixture of
colloids whose mechanical properties may be as widely different as the
mechanical properties of sand and those of powdered mica. They may
range anywhere between the mechanical properties of silica gel, which
represents an ultramicroscopic sand, and those of gelatine, which is as
compressible as pure ground mica (see fig. 4). Due to this fact the mere
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knowledge of the quantity of colloids present in a soil tells us no more
about the mechanical properties of the soil than does the effective size and
the uniformity of the coarser constituents. With equal colloid contents,
the compressibility and the elasticity of soils may be as widely different
as the compressibility and the elasticity of sand-mica mixtures with equal
grain-size, but with different mica content (fig. 3).
Soil Classification based on Elastic Properties and Permeability of Subsoils. We have seen that no indirect criteria are at present known which
furnish reliable information about those properties which distinguish good
subsoils from poor ones. Hence an attempt was made to use as criteria
these properties themselves. The procedure resembles the method used
in the classification of hydraulic cements for practical purposes. Many
more or less successful attempts have been made during recent decades to
throw light on the colloidal chemistry of these materials and to analyze the
physico-chemical processes which cause hardening. But the classification
of cements for construction purposes is based exclusively on certain
properties of practical importance, such as the compressive strength,
the modulus of elasticity, the time of setting, etc., and the basis of this
classification will continue to be valid irrespective of the ultimate outcome
of the physico-chemical investigations concerning the causes of these
properties.
At the time when the plan for attempting a soil classification based on
elastic properties and permeability was conceived, the preliminary work
was already accomplished. We knew the laws which govern the relation
between pressure and water content, we knew the elastic and non-elastic
after-effects due to gradual compensation of unbalanced frictional resistances, and the laws of gradual consolidation of feebly permeable materials under external pressure (hydro-dynamic stress phenomena) (6).
The results of related investigations demonstrated in addition that the
difference between the elastic properties of soils and those of granular,
solid bodies lay merely in the relative importance of the various properties,
inasmuch as the non-elastic deformations and the elastic after effects in
soils and other accumulations of individual grains are relatively far more
important than those in granular solid bodies. The properties of the two
groups are sufficiently similar, however, to allow the use of analogous
formulae and of Mohr's graphical method for expressing the conditions
of internal stress and of ultimate failure! The remaining work consisted
chiefly of developing appropriate experimental methods for investigating
the elastic properties and the permeability of soils, and of devising a
method for condensing the test results into a few characteristic figures.
Methods of Testing. Soil tests for soil classification purposes may be
divided into two principal groups: (a) the preliminary soil tests, and (b)
the final soil tests.
The preliminary soil tests serve for a rapid preliminary investigation
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of the character of soil samples. They include, among others, the determination of the limits of consistency (liquid, plastic and shrinkage limit)
according to Atterberg (1). Experience has shown that materials from the
same locality with almost identical limits of consistency are in all other
respects almost identical. On the basis of the results of the determination

i

FIGURE 5.—Cross-section through clay container for compression test

of the limits, one can select from a large number of samples a few typical
specimens for more elaborate investigation.
According to Atterberg the liquid and plastic limit determinations are
made in a rather primitive manner, by hand, and as a consequence, results obtained by different experimenters do not always agree to within
allowable limits. Efforts are, therefore, being made to determine the limits by purely mechanical devices, thus excluding the personal equation.
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The final soil tests consist principally of a compression test performed
on a confined specimen, serving for the purpose of determining the constants of the material as such, and a consistency test for determining the
state in which the material occurs in the ground.
Figure 5 shows a cross-section through the clay container used for making the compression test on the confined specimen. The sample is enclosed between the top of a porous stone T and the porous bottom of a
piston P, which fits the interior of the cylinder C with practically no side-

FIGURE 6.—Device for loading specimen into compression container

friction. Prior to the test, the piston is fixed into its position by means of
a set screw. After turning the cylinder upside down, the bottom of the
space reserved for the sample is covered with a sheet of filter paper, the
upturned edge of the filter paper preventing the clay from being squeezed
into the clearance space between the cylinder and the piston. The sample
is prepared in an evaporating dish with a water content practically equal
to the liquid limit. The sample is introduced into the container with a
spatula, care being taken that no air bubbles remain within the material.
Finally the sample is given a smooth plane surface by means of a steel
straight-edge. In the meantime the porous stone has been saturated with
water, the water penetrating the stone from the stand pipes H through a
system of grooves in an upward direction, in order to drive the air out
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of the stone. Before assembling the device for the test, the surface of
•the porous stone is covered with a layer of filter paper, the water standing
about 2 mm. above the surface of the stone. The cylinder C is lowered
onto the base in an inclined position, to expel the air, while the surface
of the soil specimen approaches the surface of the porous stone.
Figure 6 shows the device for loading the specimen. It consists of a
simple lever, resting on knife edges, counter balanced and provided with
a hanger for applying the lead weights. The pressure acts on a steel
sphere resting on the central point of the piston P, Fig. 5. The load is
applied by increments, thus raising the pressure from zero to 0.4, 0.8, 3.2
kg. per sq. cm. and then reducing it to 1.5, 0.8 and 0.04 kg. per sq. cm.
(approximately). The time interval between the application of two successive increments amounts to 24 hours, except for the last one (0.04 kg.
per sq. cm. equal to the pressure exerted by the weight of the piston),
which is allowed to act for 48 hours. The complete test lasts one week.
When raising the pressure from 0.4 to 0.8, and from 0.8 to 3.2 kg. per sq.
cm., time observations are made, covering a period of 1 hour, for the
purpose of observing the increase of compression with time. The compression produced by the pressure is measured by means of two Ames
dials (figs. 5 and 6). The smaller the permeability, the longer the time
required for the excess water to be forced out. For very permeable samples or for dry powders, from 80 to 90 per cent of the compression due to
adding an increment to the load occurs almost instantaneously. Figure
7 shows the effect of the permeability on the speed of "consolidation"
under pressure, for three different materials. Since the relation between
the permeability and the shape of the consolidation curves is known, the
results of the time-observations serve for computing the coefficient of
permeability of relatively impermeable materials (10). For friable soils,
consolidation occurs so rapidly that the coefficient of permeability must
be determined by a permeability test performed under an external head
of water, independent of the compression test.
Figure 8 shows the results of the standard compression test performed on
a typical fat clay. The compression curves were plotted in the same
manner as the compression curves of Fig. 3. The slope of the consolidation
curves indicates a feebly permeable material. The coefficients of permeability which correspond to the consolidation curves are indicated on the
diagrams. In contrast to the procedure followed in the standard test,
the sample represented on Fig. 8 was tested under a maximum pressure
of 5.5 kg. persq. cm. Since every consolidation curve corresponds to one
specific state of consolidation, depending on the pressure under which
consolidation took place, the coefficients of permeability obtained from
the different curves are by no means identical.
Concerning the tests for evaluating the consistency of the materials,
distinction must be made between the consistency of clays and the con-
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sistency of friable materials with little or no cohesion. As used in this
paper, the term consistency refers to the ultimate resistance of the materials against flow under external pressure. As far as the physical nature of
the consistency is concerned, there is no principal difference between the
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consistency of plastic and of friable soils. In both cases, the consistency
depends on the coefficient of internal friction, which, to a certain extent,
depends on the degree of compactness of the structure, and also on the
pressure under which the material stands in the ground. In dealing with
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clays we are in a position to extract samples from the ground in such a
manner, that both the arrangement of the grains and the pressure under
which they stand remain practically unchanged. Hence the consistency
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FIGURE 9.—Typical consistency test of glacial clay

test on clay can be performed in the laboratory. A discussion of the various methods for evaluating the consistency of clays has been presented
elsewhere (8). All the methods which have thus far been used for measuring
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the consistency of soils are based on measuring the resistance against
penetration of a rigid body, which according to the theory of plastic flow,
depends on the cube strength of the material, which in turn is determined
by the compressive strength of an unconfined, cylindrical sample. For
the time being the most satisfactory method consists of measuring the
cube strength itself rather than the resistance against penetration. The
test is performed by means of a lever device of the type of Fig. 6. During
the test the specimen is completely surrounded by a humidifier, thus
keeping the water content of the specimen constant. The load is applied
by means of a weight travelling on rollers on the plane top surface of the
lever. Figure 9 shows the results of a typical consistency test performed
on a non-confined specimen of a glacial clay from Cambridge, Mass.
This figure shows, in addition, the importance of testing the materials in
an undisturbed state, because by merely remolding the material, without
changing its water-content, its consistency (cube strength) drops down to
a fraction of the cube strength of the undisturbed sample (dotted curve).
Since the cube strength of the undisturbed and of the disturbed sample
are very different, even for apparently identical materials, the results of
a consistency test on a disturbed sample furnish little or no information.
Thus, for the blue glacial clay represented by Fig. 9, the ratio of strengths
was found to vary between the limits 0.25 and 0.55.
When attempting to determine the consistency of friable soils, one is
handicapped by the difficulty of securing undisturbed samples. In order
to overcome this difficulty, efforts are being made to construct a device
for determining the relative consistency of such materials in the ground
within the drillholes.
Soil Constants. The results of a complete soil investigation are represented by graphs similar to Figs. 8 and 9. It is obvious that graphs
cannot serve as a basis for soil classification. We must condense the
salient features of the graphs into figures, characteristic of the different
soils, the figures representing the essential properties of the soil, viz.,
compressibility, permeability and consistency. In order to achieve this
purpose we take advantage of the fact that the curves which appear in
the graphs can be expressed by comparatively simple formulae, which
differ from one another merely by the value of certain constants. Hence
it is logical to use these constants for representing the properties of the
materials.
The formulae have been published elsewhere (10). Both the compression and the expansion curve have approximately the shape of simple
logarithmic curves with the equation
e=fr
and

In ( p + P i ) + C i (expansion curve) (1)

e = —p- In (p+ps)+C2 (compression curve) (2)
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wherein e the voids ratio
p the pressure
Pi and p2 are constants whose value ranges as a rule between 0.0 and 0.2 kg.
per sq. cm. and
Ci and C2 are constants whose value depends essentially on test conditions.
T h e values pi, p 2 , Ci a n d C 2 merely influence t h e position of t h e curves
in t h e coordinate system a n d are, therefore, of minor i m p o r t a n c e . T h e

bj MaTERiai. COMPACTED

BY RODPMG

v
\
\
1
^ =*—
^

N

L

^

0

2

4

6

PRESSURE in

8

kg p*r

10

cm2

CoriPRCssion CURVES
FOR TROP SAND , COrtFMED ,
GRAItl
SPECIFIC

o

2

4
PRESSURE

6

a
in

kg ptr

S/ZC

0.83 -117 mm

GRAVITY

2.64

10
en'

FIGURE 10.—Compression curves, for trap sand, confined
shape of t h e curves depend exclusively on t h e values Ci a n d C 2 . Hence
it is these figures which determine t h e elasticity a n d t h e compressibility
of t h e soils. Ci is called t h e expansion index, a n d C 2 t h e compression
index. Again, of these t w o indices, Ci is t h e more characteristic for t h e
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following reason. Suppose we have a sample of pure sand or of a mixture
of sand and mica. If we perform a standard compression test on one of
these materials, the material prior to the test being loosely filled into the
container (fig. 10a) we obtain a compression curve very much steeper
than if we perform the same test on the same material previously compacted by slightly jarring the container (fig. 10b). In contrast to this,
the shape of the expansion curve is practically independent of the initial
state of the material.
Since each of the equations (1) and (2) contains three constants, the
shape and the position of the theoretical curve is determined by three
points of the empirical curve. In order to standardize the procedure,
it was decided to select from the empirical curves three points with the
following abscissas:
Expansion curve p = 0.04, 0.4 and 1.5 kg. per cm.2.
Compression curve p = 0 . 4 , 1.5 and 3.0 kg. per cm.2.
In Fig. 7 these points are marked by the letters ai, Bv, a3 (expansion
curve) and bi, b2, b 3 (compression curve). Within the range of pressure
shown on this diagram the theoretical and the empirical (plain) curves
coincide very satisfactorily. However, it should be noticed that if the
empirical curve be extended far beyond the pressure of 5 kg. per sq. cm.,
it becomes considerably flatter than the theoretical curve, with e = 0 a s
an asymptote (for p = °°), while the theoretical curve passes, according
to equation 2, f or p = <*> through a point with the ordinate e = — °o. The
same is true for the expansion curve. For these reasons it is necessary
to standardize the compression test and to use the values Ci and C2 for
the purpose of comparison only.
The values Ci and C2 represent in a condensed form the information
expressed by the compression and the swelling curves. It remains to
condense to a single figure what is expressed by the consolidation (time
compression) curve. The time compression curves too, can be represented by equations, which differ from each other by the value of a single
coefficient, which in turn depends on the coefficient of permeability.
Hence, the content of every consolidation diagram can be expressed by
a single figure, the coefficient of permeability. However, for every soil
one may obtain very different consolidation diagrams, depending on the
voids-ratio. Thus, the three consolidation diagrams Fig. 7, furnished for
the coefficient of permeability the values 17.8 X10 - 7 , 6.16 X10~ 7 and
3.54 X10~ 7 cm. per min., corresponding to voids-ratio of e = 0.957, 0.836
and 0.734, respectively. In brief, the coefficient of permeability of every
soil decreases rapidly with decreasing voids-ratio. In order to further
condense the information concerning the permeability of the soil from a
set of different values to a single one, it is necessary to refer the permeability to a definite state. It was decided to refer it to the voids-ratio
which corresponds in the soil diagram, Fig. 8, to a pressure of 1.5 kg.
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per cm.2 and to a water temperature of 10° C. The procedure of deriving
the values from the results of the observations is described in another
paper (11).
As the consistency of the soil is expressed by a single figure no further
condensation of the consistency data is required. Thus we have succeeded in expressing the information obtained from the soil tests by means
of four indices: The expansion-index, the permeability index, the consistency index and the ratio =p (expansion index divided by compression
index).
The Soil Chart. At the outset of this paper, the term "soil" was
restricted to those raw materials or fractions of raw materials which consist of individual particles smaller than 0.1 mm. The coefficient of permeability of such materials, referred to standard conditions varies
anywhere from approximately 1 cm. per min. for clean, uniform sands
with a grainsize of 0.1 mm. and less than 10~7 cm. per min. for very fat
clays. According to the value of the coefficient of permeability we divide
the soils into eight permeability classes I to VIII, the members of every
class being, on an average, ten times less permeable than those of the
preceding class. The value of the coefficient Ci of expansion varies
between about 260 for clean, uniform quartz sands with round grains
(least elastic soils) and about 6 for very fat clays, whose elasticity corresponds to the elasticity of a uniform sand-mica mixture with a mica
content of about 30 per cent. According to the value of Ci the members
of each permeability class are divided into six elasticity classes, the
members of each elasticity class being on an average twice as elastic as
those of the preceding. Thus, according to different degrees of essential
physical properties of the material itself, the soils are divided into
6 X 8 = 48 different classes. Figure 11 shows the system graphically; the
difference between the physical properties of the members of the different
classes is shown by the curves above the upper edge and along the right
edge of the graph. The curves above the upper edge present the shapes
of the expansion curves for soils with coefficients of expansion Ci = 130,
32, 16 and 8, respectively, and the compression curves for the same soils,
on the assumption that the coefficient of compressibility C2 is equal to
one-third of the value Ci of the coefficient of expansion. In practice the
ratio ~ ranges between the limits 2 and 15 approximately, depending on
the character of the soil and on its organic content.
The points which are shown in the graph represent some of the soils
whose physical properties have been completely investigated. Some of
the investigations were carried out in the experimental station of the
Bureau of Public Roads in Arlington, Va., and some of them in the soils
laboratory of the Massachusetts Institute of Technology. By correlating the position of the points in the graph with the current classification
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based on the appearance of the materials, we notice the following facts:
The typical clays are located in or near the immediate vicinity of the
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FIGURE 11.—Graphic representation of soil classification based on physical properties

squares which represent the expansion classes 4 to 6, permeability classes
VII and VIII, indicating they are very elastic and have a very low permeability. The silts mixed with organic matter belong, as far as our
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experience goes, in the same expansion classes as do the clays, but at the
same time they fall into permeability class VI, meaning they are as elastic
as the clays, but much more permeable. Lean clays and loams, such
as the soils derived from the decomposition of the carboriferous shales
and sandstones of Pennsylvania, belong in expansion classes 1 and 2,
permeability classes VI to VIII. The typical quicksands were found to
classify in expansion class 1, permeability classes I to IV.
It was interesting to determine the class of the soil chart into which a
typical perfectly elastic gel would belong. The results of non-confined
compression tests performed with iso-electric gelatine furnished the
following data:
Cj = 0.97 = C2., TT = 1 and the coefficient of permeability under standard
conditions k = 3.8 X 10~10 cm. per min. Hence, in order to place the gelatine on the soil chart, one would have to extend the chart both upward
and towards the right. In this extended soil chart, the gelatine would
occupy a place in class 9 —x., i.e., it is 16 times more elastic and 1000
times less permeable than a very fat clay.
RELATION BETWEEN ELASTICITY AND PLASTICITY
OF SOILS
The great elasticity of silts and clays seems to indicate a relatively
high content of scale like particles. The figures at the lower edge of the
diagram indicate the percentage of mica which must be added to a uniform, round grained quartz sand, in order to increase its elasticity to the
degree of elasticity of the members of the expansion classes to which the
figures refer.
The two factors "elasticity" and "permeability" seem to be intimately associated with the plasticity of the materials. The figures in
round parentheses represent the plasticity indices according to Atterberg,
expressed in terms of water content per unit of volume occupied by the
solid and not in terms of water content per unit of weight of the dry
material. (The second values can be obtained by dividing the first by
the specific gravity of the dry material.) In the expansion classes, shown
on the soil chart, the plasticity index or the "plastic range" rapidly
decreases, in general, from right to left, and in the permeability classes
the plasticity index decreases from the top downward. These facts
agree with Atterberg's conception that the plasticity of soils is due essentially to the presence of very small, scale-like particles (2). They also
agree with V. M. Goldschmidt's conception, that the plasticity of the
clays represents the result of the interaction between minerals with layer
lattice structure (Schichtgitter Struktur) and a liquid with polarized
molecules. The smaller the percentage of minerals with layer lattice
structure (micaceous minerals) the less conspicuous should the plasticity
be. Atterberg also knew that when fine sand is mixed with a plastic
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soil, the plasticity index of the mixture decreases with increasing percentage of sand, until at a certain percentage of sand the mixture becomes
non-plastic. Addition of sand results in reducing the percentage of
scale-like particles contained in the soil. In the soil chart, the process
of adulteration would be expressed by a shifting of the point which
represents the soil from the right towards the left. Due to mixing the
clay with an increasing percentage of sand, the plasticity of the mixture
decreases, while the permeability remains practically unchanged. Since
the plasticity index in the soil chart decreases from right to left, the
general trend agrees with the modifications produced in the individual
soil by adulteration with sand.
An intimate relation seems also to exist between the expansion index
Ci and the coefficient of internal friction. For sands (expansion class 1)
the coefficient of internal friction is equal to or greater than 0.66. For
clays of the soil chart class 3-VI I, the same coefficient is equal to 0.4 to
0.47 and for a clay of the same permeability class, with an expansion
index C = 16 (expansion class 5), the coefficient was found to be between
0.25 and 0.30. In general, a low expansion index and low permeability
index seem to be associated with a high plasticity index and with a low
coefficient of internal friction. It will be of interest to investigate those
important relations in greater detail.
Soil Families. In addition to elasticity and permeability, however,
soils possess many other properties such as uniformity, percentage of
organic matter, etc., which may, under certain circumstances, be of
interest to the engineer. Such of these other properties as bear directly
upon a specific case may be indicated as supplementary information
directly on the soil chart. Our present experience, however, seems to
indicate that the materials from the same geological formation and the
same location which occupy the same position on the chart are also very
nearly identical in all their other properties; and that when two such
materials occupy different positions on the soil chart they differ correspondingly in all their properties. We are, therefore, obliged to accord
additional consideration not only to the properties indicated on the
chart but also to the natural condition and geological history of the deposit in which the material occurs. In accordance with these considerations, we shall call materials of one particular stratum, well defined
geologically, a "soil family," and when comparing members of different
soil families we are obliged to compare not only the positions of the various materials on the soil chart but also those other properties mentioned
above which are not defined by this position.
An interesting example of a comparison of this type may be noted in
connection with the two soils shown on the soil chart in the quadrangle
V2. The ratio p - is approximately 7 for both.

One of them was called

COMMISSION V—SOIL CLASSIFICATION

151

" s i l t " by the drillmen whereas the other was called "clay." Upon
drying the material the first one was found to shrink, while the volume
change of the other was insignificant. The difference between the two
materials was found to reside in the presence and absence, respectively,
of a considerable amount of organic matter; the first comes from a drainage area covered with vegetation while the second is of post-glacial origin.
From this and similar experiences we draw the following conclusion:
The properties expressed by the position of a soil on the soil chart determine the behavior of a soil under static load, concerning both the
amount and the speed of compression. Yet, in order to identify soils
from different parts of the world on a broader basis, the data furnished
by the soil chart must be supplemented by additional data such as to
bring the family characteristics into evidence.
SELECTING SAMPLES AND SOIL TESTS R E Q U I R E D FOR
CLASSIFICATION PURPOSES
Since the classification is primarily for practical purposes, it is important to obtain a maximum amount of information with a minimum
amount of time and expense. On account of the time required for making
complete soil tests of the type of Fig. 8, these tests must of necessity be
confined to a very restricted number of soil samples. On the other hand,
in consideration of the important variations in physical properties of
materials from the same soil deposit, we are interested in complete tests of
as many samples as possible, in order to obtain average values which will
be representative of the entire deposit.
As a matter of fact, experience seems to show that nothing like a homogeneous soil deposit exists. This is true for both residual and transported
soils. Table 3 will serve as an example of the variations in the physical
characteristics of residual soils resulting from the decomposition of carboniferous sandstones and shales in Pennsylvania. All the samples were
collected on the same valley slope, only a few hundred feet apart.
Figure 12 shows the variations in physical properties of the material
within a single cylindrical sample 14 inches long, extracted from a drill
hole at a depth of 53 feet below the surface of the ground. In this the
difference between the liquid and plastic limit represents the plasticity
index. According to the diagram, the plasticity index varies between 15
and 25 per cent, in per cent of the dry weight of the material, corresponding to a variation between 0.4 and 0.67 in terms of voids ratio. The
variation of the plasticity is clearly reflected by the variations in the cube
strength and in the elasticity of undisturbed samples, tested in a nonconfined state. Considering the seasonal variations in the discharge of
the river, which carried the sediments before they were deposited, marked
variations in the physical character of the successive layers seems to be
a characteristic feature of sedimentary deposits. Equally important
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TABLE S,—Some physical properties of samples of residval sail, collected in
lest pits scattered over an area of 20 acres. Native rock: Carboniferous
shales, sandstones and fireclay

Test pit
No.

Depth in
feet

Liquid
limit

Plastic
limit

Plasticity
index

1

2
4.5
GO
4.0
2.0

0.99

0.79

0.20

1.00
1.14
0.90
1.16
1.51
0.86
1.12
1.11
0.99
0.84

0.69
0.77
0.75
0.66
0.87
0.54
0.60
0.57
0.69
0.58
0.69
0.65
0.64
0.64
0.68
0.62
0.65
0.66
0.58
0.62

0.31
0.37
0.15
0.50
0.64
0.32
0.52
0.54
0.30
0.26
0.50
0.47
0.31
0.31
0.41
0.29
0.23
0.28
0.26
0.27

2
3

6
4
5
6
7

8

9

1
4
7
10
1
4
7
10
1
4
7
10

1 Li)
1.12

0.95
0.95
1.09
0.91
0.88
0.95
0.84
0.89

Effective
size

Uniformity

0.0018
0.00061
0.0027
0.00095
0.00196

6.1
10.7
10.4
11.5
6.1

ADDITIONAL DATA

Non-confined compression tests, performed on two samples of the series furnished
the following results:
Expansion
index Ci
104
110

Compr.
index C2

C,

c2

Permeab.
index

Liquid
limit

Plastic
limit

Plastic
index

Soil
class

9.3
12

11
9

38.10-'
89.10-'

1.14
0.85

0.77
0.63

0.37
0.22

2-VI
2-VI

All tests were performed on that fraction of the samples whose grains were smaller
than 0.1 mm. The data were selected from a great number of test results, obtained by
Metcalf and Eddy, Consulting Engineers, Boston, Mass., in cooperation with the writer.

variations were found to exist in mud deposits formed within the protected
parts of harbors.
To establish a compromise between the necessity of making complete
and elaborate soil tests, which require a considerable amount of time, and
the necessity of testing a great number of samples for the purpose of obtaining fair average values, we take advantage of the fact aforementioned
that soils coming from similar deposits in the same locality represent

COMMISSION V—SOIL CLASSIFICATION

183

members of a soil family, with some features in common and other features more or less interdependent. First of all we submit a considerable
number of samples to what we have called "simplified soil tests," including determination of Atterberg's limits and of the plasticity index. The

Clay from Hartford, Conn. Drillhole No. 1. Depth, 53 feet
FIGURE 12.—Variations in physical properties of single 14 inch sample

results of these tests furnish an indication of the variations in the properties of the soil within the locality which we are investigating. Since the
results of these tests, however, have no known bearing on those soil
properties in which we are interested in our capacity as engineers, we
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select a few samples which, according to the results of the simplified soil
tests, exhibit extreme properties (for instance, very high and very low
plasticity indices), and submit them to the final soil tests, of the type
shown by Fig. 8. The results of these final soil tests serve as a basis for
the interpretation of the simplified test results for samples with intermediate properties, and, in addition to this, they make it possible to correlate the material with soils encountered in any other part of the world.
Thus it was possible to identify the Mississippi (lumbo with a clay deposit
encountered near Washington, D. C , or the Iredell clays of North Carolina with clay deposits from Cuba, the identification being confined to
those features which affect the qualities of the soil for engineering purposes.
In dealing with the subsoils of a limited area, the final soil tests can be
completely eliminated as soon as the essential characteristics of the
leading strata are known. At present, efforts are being made to determine
which and how many simplified soil tests are required for roughly estimating the value of the coefficients on which the soil chart is based, irrespective of the locality from which the samples were derived. These
efforts are intended to lead to a "calibration" of the simplified soil tests,
disclosing the relation which exists between the results furnished by the
different tests, final soil tests and mechanical analysis included. It cannot yet be predicted to what extent these efforts will be successful.
However, the problem as such is one of outstanding importance and even
a modest success would vastly increase the amount of information to be
derived from individual test results.
Accuracy of the Proposed System of Soil Classification. The position
C1
of a point on the soil chart in connection with the value of the ratio ™
determines merely the character of the subsoil as such irrespective of
the condition in which it existed in its original state. According to the
history of the deposit, every soil may be found in a loose, medium or
compact state, the state being expressed by the consistency index.
According to the soil chart Fig. 11, there are 48 different subdivisions of
the materials, irrespective of their state. Out of these 48 theoretical
soil types, one is apt to meet about 30 in actual foundation practice, the
eighteen others being very rare. If we distinguish between only four
states in each soil type according to the density of the structure in the
ground, the number of well defined underground conditions included in
the system amounts to 4X30 = 120, disregarding distinctions which can
be made according to other soil properties, such as uniformity, etc.
In contrast to this, the customary tables now used by engineers for
"allowable soil pressures" distinguish between not more than eight or
ten types of subsoils. Furthermore, the lines of demarcation between
these types depend so much on personal judgment and individual experience that it is often difficult to decide the class in which a soil
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belongs. It is therefore immediately apparent that the degree of accuracy of the soil chart method far exceeds that of any of the preceding
systems.
Soil Tests for Road Construction Purposes. The foundations of buildings, bridges, etc., are, without exception, established at a depth below
the lower limit of seasonal variations in temperature and humidity. In
contrast to this, road surfaces rest on a soil whose temperature, moisture
content and consistency varies from season to season. In this case the
consistency of the soil, which represents a property of outstanding importance in foundation work, ceases to be a constant. On the other hand,
the volume change due to drying and wetting, which usually has no
bearing on the behavior of the soil beneath an ordinary foundation, has
an important effect on the subsoil of roads (7). Therefore, instead of
introducing the consistency index into the soil chart, we have to introduce
numerical information concerning the volume change. In general the
volume change due to the drying of a soil sample with a standard consistency (for instance, lower liquid limit), decreases with increasing permeability and with increasing compression index C2. Yet here again
there are certain variations according to a difference in properties not
included in the information contained in the soil chart. One of these
properties concerns the speed with which the dry soil crumbles when
brought into contact with water. This property is expressed by what is
known as the "slaking value" of the soil.
As far as the essential properties are concerned, however, the problems
of soil classification for foundation and for road construction purposes
are identical. Hence, the general procedure is the same. Rapid, simplified soil tests are made for investigating the variations of the soil
character within limited districts, and the final soil tests serve for investigating similarities and differences between the various soil families.
Soil Tests for Agricultural Purposes. The foundation engineer has to
deal with soils which are aggregates of individual grains forming more or
less separate particles in a very simple state of permanent equilibrium.
Hence he is essentially interested in the raw material of which the soil
consists, the state being clearly defined by a single figure. In contrast
to this, the agricultural soil expert deals with an organism consisting of
soil, the character of the raw material representing only one of the many
aspects of his study. Nevertheless, there are certain tests included in
agricultural routine work whose outcome depends solely on the nature
of the raw material irrespective of its actual state. Prominent among
these tests is the mechanical analysis.
There are but few soil tests which have received during the last decades
as much attention as mechanical analysis by elutriation. Nevertheless,
the problem of obtaining perfectly reliable information on the finest soil
constituents is still in a state of controversy. The chemical, mechanical
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or other treatment to which one has to submit the soil prior to the mechanical analysis is apt to modify the character and the degree of dispersion of the finest soil constituents to an appreciable extent. A still more
serious objection is the fact that the grainsize has but very little bearing
on some of the most important physical properties of the soils, such as the
compressibility and the volume change due to wetting and drying. In
addition to the remarks on this subject at the beginning of this paper
under the heading "mechanical analysis," the following fact should be
mentioned: With a given grain-size curve, the position of a soil on the soil
chart Fig. 11, may differ by the width of five or six squares, which involves a vast difference in elasticity, permeability, content in scale-like
particles, and volume change associated with drying and wetting. Duo
to these facts, all the relations which are at present believed to exist
between the data furnished by mechanical analysis and other physical
properties of the soils such as permeability are not of a physical but of a
statistical nature, merely expressing the probability that a certain
fineness may be associated with a certain .percentage of scaly particles and
other factors entirely independent of fineness. Many such statistical
relations are already known (9), but in every case, as one should expect,
the maximum deviations from the average are excessive. Hence, considering the time required to make the mechanical analysis and the
uncertainty of the conclusions to be derived from the results, the efforts
towards calibration of the simplified soil tests (see page 137) may also
furnish results of practical importance in connection with soil testing
for agricultural purposes.
CONCLUSIONS
The proposed system of soil classification for foundation purposes is
based on the elasticity, the permeability and the consistency of soils,
because these three properties have a more direct bearing on the quality
of the subsoils of foundations than any others. The methods of sampling
and of testing are largely governed by two facts: (a) the physical properties of apparently homogeneous soil deposits vary from point to point,
both in a horizontal and in a vertical direction, and (b) the mechanical
properties of disturbed (re-molded) samples may be considerably
different from the corresponding properties of undisturbed samples. Due
to the first fact, it is not possible to express the properties of a soil deposit
except by average and by limiting (extreme) values, which in turn requires a considerable number of tests. Due to the second consideration
it is necessary to secure samples from the ground without appreciably
disturbing their original structure, and to prevent the evaporation of the
contained water after their removal.
In order to keep the labor required for actual soil investigation within
reasonable limits, simple and rapid tests have been scheduled for inves-

COMMISSION V—SOIL CLASSIFICATION

157

tigating existing variations, while the more elaborate soil tests arc only
used for establishing class characteristics. For eliminating the necessity
to perform the more elaborate soil tests, efforts are made to find the
relations which exist between the results furnished by the different
testing methods, mechanical analysis and Atterberg tests included. The
minimum return these efforts are expected to yield consists in increasing
the amount of information to be derived from the results of individual
tests and in furnishing a scale for evaluating the relative merits of the
different routine tests. The need for such a scale still exists in practically
every field of applied soil science.
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TO WHAT EXTENT SHOULD LOCATION, TOPOGRAPHY OR PHYSIOGRAPHY CONSTITUTE A
BASIS FOR DIFFERENTIATING SOIL
INTO UNITS OR GROUPS?
T. M .

BUSHNELL

Purdue University, U. S. A.
Soil classifications take many forms to serve various purposes. Three
forms are briefly outlined below.
I. A universal scientific classification based on self-contained soil characters revealed chiefly in profiles. This system should be limited only by
facts and should classify all soils. It has not yet been created.
II. National or state classifications—perhaps scientific and based on
profiles, but arranged according to local viewpoints, needs and nomenclature, and limited in complexity by policies which demand simplicity
and economy. These systems are now actually in use in various countries and states.
III. Local schemes, followed in actual mapping, which define the
" t y p e s " and the range of variations centered around the "typical profiles" which are mental conceptions rather than concrete entities. Besides their transitional variations, the mapping units also contain inclusions of other profiles "too small or indefinite to map out on the scale
used."
Location, topography and physiography are not profile characters, and
location and physiography per se are not soil characteristics at all. However, an area of any soil type is a body of three dimensions and as such
can not be completely defined on the basis of a two dimensional vertical
profile. This vertical profile does reveal most soil characters because, by
definition of a type, the layers are uniform in horizontal directions, but it
fails to show the surface form, or topography which may well be regarded
as a true soil character, in even the most scientific classifications.
The chief factors of topography are degree and relative changes of
slope. Elevation is hardly a characteristic of soil topography although
it influences climate, overflow, etc., which help to modify soils.
In the infinite variations of nature the importance of soil topography
doubtless has a wide range. Some soil profiles may be characteristically
developed in areas with considerable range in surface form, while other
profiles are correlated with very definite, and limited topography.
158
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The significance of soil topography in theoretical classifications is small
compared with value in practical field work of mapping and studying
relations between soils. If a man could take one sample per minute, 10
hours a day for 100 days, he would actually examine less than 1 per cent
of one square mile of land. When he maps one square mile of land in a
half day he can not actually examine with an auger one part in ten million
of the soil mass. Apparently the odds are greatly against the soil surveyor in his efforts to know the facts. Soil mapping is possible only because men can examine a profile at one point and successfully predict its
occurrence at another point where surface indications are similar. One of
the best of these surface indications is topography although, of course,
there are others such as surface color of the soil, and natural vegetation.
Soil surveyors seldom can map soil profiles, but really separate mapping
units, such as the following: slight depressions, deep depressions, low flats,
high flats, convex rises, slopes of certain degrees, light or dark colored
surfaces, timbered, prairie or marshy areas, etc. These areas are classified under the names of soil profiles which the surveyor has reason to
believe predominate in the respective areas.
Physiographic conceptions are a great aid to the soil surveyor in seeing
significant relations between the topographic forms he observes. For
instance, a flat in a first bottom has a different soil from a similar surface
form on terrace or upland. Each physiographic division of any surface
form is likely to have its own characteristic soil profile, and conversely, a
careful mapping of complete profiles will show up physiography on the
maps. There are, of course, exceptions to such generalizations. For
instance, profiles are found on old glacial lake beds which are identical to
those of till uplands.
Location is a vague word which may be used with many meanings, such
as geographic location, or location in relation to climatic zones, elevations,
topography, physiography, etc. While it is not a scientific soil character,
it has its use in practical mapping schemes. The location of soils in
reference to each other, or, in other words, the usual associations of soil
types carry meanings of more or less importance. The relative agricultural value of two similar types may be different because one usually
contains inclusions of better types and the other of poorer types. Type
areas can sometimes be identified by their inclusions or impurities in the
same manner that some drugs are known by the shape of the starch grains
which are present in samples. Location tells what type is likely to be
found next in any line of traverse.
Another aspect of location is that in relation to political boundaries,
whereby state lines become frontiers of different schools of thought.
Even where language is no item, the local soil classifications may be so
firmly established among the people that a general uniform classification
will not be adopted. As in botany, so in soils we may expect research
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men to finally create scientific names and a general uniform classification,
but popular local names and viewpoints are likely to persist indefinitely.
Topography not only has a place as a true soil character, and as indicator of the profile which probably lies below the surface, but deserves
recognition, in some regions at least, as one controlling factor in processes
of soil formation. The slopes of the surface help determine what equilibrium is maintained between forces weathering and accumulating soil
material and those tending to remove and renew the soil.
The surface forms help fix water table relationships which affect soil
development. If the water table was above the surface of any parent
material, that soil had an entirely different environment from another soil
formed from the same material lying above water. Under water, the
material is in a medium containing little oxygen or nitrogen, but more
carbon dioxide and soluble salts. Range in temperatures is moderate and
the rate of change slow. There is accumulation on the surface. Above
water there is relatively little moisture, more oxygen and nitrogen and
rapid and wide changes in temperature, and the surface materials tend to
move down or away laterally. Where the water table fluctuates, the development becomes complex. Contrasts may also be drawn between the
soil environment under different cover which may be directly or indirectly
affected by topography. The soil climate under heavy timber cover or
under water is obviously a different thing from the climate of the region as
shown by weather data. The cycles of soil formation in aerated and in
saturated soils are two separate things.
Wet soils are sometimes regarded as young compared with the well
drained mature soils of a region. This appears fallacious and inconsistent
with modern ideas of basing soil classes only on soil characters. A wet
soil may be on topography which is youthful in the topographic cycle, but
the soil is the mature product of the environment in which it actually
exists—just as mature as the well drained soil a few feet away may be for
its environment.
Elevation in relation to streams affects overflow, deposition, erosion and
drainage in the bottoms. Here the usual effects of surface form are to a
large extent over-balanced by surface deposition, so that the soils do not
reach maturity.
Until the time comes when true soil nomenclature is devised, we will
doubtless continue to borrow words from other sciences and say terrace,
upland and bottom soils, as well as such terms as morainic, lacustrine,
timbered, prairie, arid and humid soils.

THE RELATIVE IMPORTANCE OF LABORATORY
AND FIELD DATA IN THE CLASSIFICATION OF SOILS
G. W. ROBINSON

University College of North Wales, Bangor, Wales
The most important data for the primary classification of soils are those
which can be collected in the field. Laboratory analysis can never replace
accurate field observation. The primary classification of soils being
based on the natural mature profile, it is imperative that this should be
studied in place. These studies will relate principally to color, texture,
and structure. Color as an indication of the organic matter profile and
also of the sesquioxide-silica profile can only be observed satisfactorily in
the field. In many cases one finds that after soils have been dried down in
the laboratory it is impossible to restore again the original field color.
In addition one's judgment of color under laboratory conditions may be
different from one's judgment in the field. It is highly desirable that some
international agreement should be obtained with regard to the important
question of color description. There is one respect in which the resources
of the laboratory may aid the investigator in his consideration of the
color profile. It is possible by heating the soil with 6 to 10 per cent
hydrogen peroxide to eliminate humus. The organic matter effect on the
color profile can thus be cut out, leaving only the color due to the mineral
constituents. We have found boiling with 6 to 10 per cent hydrogen
peroxide particularly valuable in the case of our Welsh soils which are
generally rich in organic matter. A bleached horizon is often entirely
masked by the presence of organic matter. This is particularly the case
where the degree of podsolization is only slight. Many soils which in the
natural state show no trace of a bleached horizon, show such an horizon
plainly after treatment with hydrogen peroxide.
The investigation of calcium carbonate horizons requires the use of
laboratory methods, since it is not always possible to detect such horizons
simply by observation. Fortunately the test for carbonates can be
readily carried out in the field.
The texture profile is in the first instance largely a matter of judgment in
the field, but it is necessary to give precise physical meaning to field
descriptions by obtaining laboratory analysis of typical samples. It is
perhaps too much to assume that such an expression as heavy silt loam
shall have the same significance in every part of the world, but if the term
161
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as used by an individual worker is supported by mechanical analyses
made on samples sent to the laboratory, correlation between different
localities becomes possible. It is, of course, possible that satisfactory
methods may be devised for executing rough mechanical analyses in the
field, but generally speaking, the trained judgment of experienced surveyors is remarkably accurate in forming a comparative estimate of soil
texture under field conditions.
Soil structure is essentially a matter for study in the field. Whether
qualitative judgment is sufficient for this purpose may be doubted and
convenient reliable methods are required for determining in the field such
fundamental characters as pore space and permeability.
Apart from the help given by peroxide bleaching to remove organic
matter and the use of hydrochloric acid to detect carbonates, laboratory
examination is chiefly of value for the purpose of confirming and giving
quantitative expression to the observations made in the field. The
admirable profile descriptions which abound in the literature of the subject of soil classification would have a greatly enhanced value if they were
always supported by data as to mechanical and chemical composition of
the several horizons of the profile. The laboratory gives a precise meaning to the observations made in the field, and becomes the final court of
appeal in the primary classification of soils.
There remains the further subdivision of soil types in particular areas
and this is the kind of classification which will most vitally affect individual workers. In another paper, the writer has suggested that the
final subdivision of the primary types must be influenced by local circumstances and carried out in such a way as to epitomize in the best possible
manner the differences encountered. In some cases these differences will
be such as can be readily discovered by field observation. In other cases,
they will not be so readily detected and it is in this stage that the assistance of the laboratory will be most needed. It is, indeed, possible that in
some cases the laboratory data may form the actual basis of classification.
An instance of this is furnished by the work of Dr. A. F. Joseph in the
Cezira district of the Sudan, where laboratory data are of principal importance in distinguishing and classifying soils. In the mapping of
alluvial areas, the significant differences will generally concern mechanical
and chemical composition and cannot be precisely ascertained by simple
field observations.
Laboratory data become more important as the classification of soils
become more minute. In obtaining the primary classification of the soil
of a great country or continent such as the United States of America
laboratory data are chiefly of value for confirmatory purposes and for
defining quantitatively the types encountered. In the detailed examination of small areas which fall entirely within single primary types, laboratory data become of much greater importance. The part which labora-
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tory work plays in the soil survey will therefore vary according to the task
undertaken. By frequent comparisons of laboratory data with field
observations, it will often be possible to reduce laboratory work very
considerably. Among the most pressing needs in the development of soil
survey technique are reliable methods whereby the most significant properties of the soil can be rapidly determined in the field.

SOIL COLORS, THEIR NOMENCLATURE AND
DESCRIPTION
J. G. HUTTON

Smith Dakota Agricultural College, U. S. A.
INTRODUCTION
The color of soils and the designation of these colors in soil types by
a consistent nomenclature are matters that have long occupied the
attention of those concerned with soil classification.
The terminology of color was developed before a systematic examination of soils was generally undertaken, and for this reason investigators
have been obliged to struggle with the problem of adapting existing color
terminology to the little noticed field of soil color. Even when a passable
adaptation had been made there was no way of expressing color values
quantitatively, although this is certainly necessary in a field where the
intensity of color is often an important factor in classification.
Robert Ridge way in his Color Standards and Color Nomenclature,
1912, illustrated and named 1115 colors. These colors were carefully
graded and were first produced by the rotation of Maxwell discs of certain
standard colors which he selected. The color gradations were produced
by varying the percentage of each color disc exposed, certain fundamental
color discs having been standardized by the United States Bureau of
Standards, by reference to the solar spectrum and the exact position of
the wave length of the several colors determined. Ridgeway then had
reproduced by A. Hoen and Company, Baltimore, Maryland, sheets of
the same color values as those produced by the rotating discs.
It has been found possible to use in soil descriptions a considerable
number of the colors illustrated and described by Ridgeway, but there
are many color gradations not found in Ridgeway's list and it has been
found impracticable to have reproduced the large number of colors that
are necessary for complete soil description. It has likewise been found
impracticable to collect and prepare for comparison a sufficient number of
soils illustrating satisfactorily the whole soil color range.
S I M P L I F I E D M E T H O D FOR REPRODUCING
COLOR STANDARDS
After much experimentation, it has been found that practically all
soil colors may be reproduced by the use of four color discs. These were
164
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secured from the Munsell Color Company, of Baltimore, Maryland, and
are designated by the Munsell Color Company, as
(white)
(black)
(red)
(yellow)

Neutral 9
Neutral 1
Bed 4/9
Yellow 8/8

The United States Bureau of Standards has measured spectral reflectance value of these color discs so that they may be reproduced at any

1

Wave-Length» in Millimicrons.
500
550
600

450

360 400

1

'

I

90 -

I

'

1

'

1

650

'

700 720

1

1

'
-

80

Neutral 9/- (White)

70

~

Yellow 8/8

60

f

^

Red 4/9

-

„ -

50

/ ^ *

/
40 - /

/

/

30

/

/

20
10
0

—S
-'/
"I

.

1

.

1

I
. S

.

Neutral l/- (Black)

1 , 1 . 1 , 1 , 1 1 "

KHIURE 1.—Graph showing the reflectance values of the four color disks used in measuring the colors of soils

time and so provide a permanent standard. The report of the Bureau of
Standards is herewith presented in order that soil scientists may become
familiar with the method of measurement. A graph plotted from these
measurements shows at a glance the reflectance values of the several
discs, (see fig. 1.)
With these accurately calibrated discs and the disc having the circumference divided into one hundred parts, it is possible to make any combination of the four standard colors. The combination is then rotated
rapidly hy a small electric motor. A sample of soil is compared therewith
and the discs adjusted until, on rotation, they have the same color as the
soil sample. The percentages of black, white, yellow, and red, are then
read and recorded. By using this method the common color name may
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always be accompanied by the percentage of each color disc necessary to
produce the color. This method of color designation is termed " T h e
Factoral System of Color Description." This system is applicable to
other fields of investigation as well as to soils.
It is admitted that some difficulties may arise in the operation of this
proposed system but it is believed that many of the difficulties will rapidly
disappear as more experience is acquired. It is necessary, of course,
that the illumination of the color discs and soil samples should be uniform
and standard, and that the character of the illumination should always
be stated. Diffused sunlight which is not modified by passing through
glass is probably the most satisfactory source, unless it is possible to
duplicate this by artificial lighting devices.
The color of the soil under several conditions may be determined, such
as (1) dry soil may be pulverized and passed through a 20-mesh sieve
and have the surface smoothed with a spatula. The surface of soil in
this condition most closely approximates the matte surface of the color
discs; (2) the color bf dry clods of unbroken granules may be measured;
(3) the color of freshly broken clods or granules may be measured; (4)
the color of soils with definite percentages of moisture may be measured;
(5) the color of the weathered surface of soils in plowed fields, and the
color of the surface of freshly plowed fields may also be measured.
Where the soil consists of particles or granules of more than one color
no color reproduction can exactly match the apparent color of the soil,
but the color of each soil granule may be determined. It would, of course,
be possible to whirl the soil sample with the disc and secure an exact
match, but the apparent color of the whirling soil will not be the same as
that of the soil when not in motion.
With this method of color description it will be possible to establish
correlations between other soil characteristics and color on a quantitative basis.
In cooperation with T. D. Rice, of the Bureau of Soils, 59 soil colors
representative of the soil color range, were selected and their color
values have been measured with a set of the calibrated discs. In order
that the operation of the system may be appreciated, a copy of the data
secured is hereto appended, under the head A Selected List of Soil Colors
to be Used as Standards in Describing Soils.
The writer wishes to acknowledge the collaboration of the several
members of the Soil Color Standards Committee of the American Soil
Survey Association. This committee consists of Thomas D. Rice,
A. M. O'Neal, T. M. Bushnell, J. L. Elwell, J. G. Hutton, chairman.
Through the courtesy of Dr. Milton Whitney, formerly Chief of the
Bureau of Soils, United States Department of Agriculture, Dr. C. F.
Marbut, Chief of the Division of Soil Survey, and Mr. Thomas D. Rice,
Inspector for the Northern Division, both of the Bureau of Soils, it was
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possible for the committee to examine the Bureau's extensive collection
of soil samples from all parts of the world. Mr. Kice spent more than a
week during the summer of 1926 with the writer and the report which is
here submitted is largely due to his untiring efforts. Our thanks are
also due to the United States Bureau of Standards for the calibration of
the color discs. The use of other than the standard color discs can result
only in chaos in color descriptions.
It is the belief of the writer that the universal use of this simple and
inexpensive method of soil color description will go far towards solving a
problem which has long troubled soil scientists.

REPORT BY GEORGE K. BURGESS, BUREAU OF
STANDARDS
On the Spectral Reflection of Four Maxwell Disks (Munsell Papers)
to be used as Standards in Determining the Color Values of Soils.
1. Samples.—Four Maxwell paper disks, 43^ inches in diameter, were
submitted (received April 4, 1927). They had the following designations
in the Munsell Color System:
Red 4/9, Yellow 8/8, Neutral 9 / - , Neutral 1/-. They were kept
wrapped up as received, unexposed to light except when occasionally
inspected, until the measurements were made (September, 1927). Small
samples, 29 x 39 mm. were cut from the disks to fit the apparatus, and
were backed by black paper during the measurements.
2. Purpose of the Report.—The purpose is to put on record data which
are suitable and adequate to specify these colors, so that the reproduction
of these present standards at some future time may be verified without
depending upon the permanence of the color of these particular specimens.
The adequacy of the present data is limited, however, by the fact that
the colors of samples such as those under consideration may vary markedly
with different conditions of illumination and observation; and the duplication of the present data with other samples at some future time would be
a guarantee of the reproduction of the colors of the present standards
only for the case in which the samples are viewed normally under completely diffused illumination, that is, under the conditions obtaining in
the making of the present measurements (see below). To insure that
future samples complying with the present specifications would match
the present samples under all conditions of illumination would require
more extensive measurement.
3. Quantity Reported.—The quantity herein reported (B x /B 0 ) is the
ratio
Brightness of the sample
Brightness of magnesium oxide
as a function of wave-length under the following conditions:
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(1) The sample and standard (MgO) are under equal illuminations.
(2) The illumination is completely diffused.
(3) The line of sight with regard to which brightness is measured is
perpendicular to the plane of the surfaces of the sample and standard.
A. Magnesium oxide standard.—The magnesium oxide standard is
prepared by allowing the oxide from burning metallic magnesium to deposit
upon a plane matte porcelain plate to such a thickness that further increment in thickness produces no change in reflective properties. A magnesium oxide surface so prepared is a good diffusor, and has a reflectance
almost unity with very little, if any, selectivity.
B. Working standard.—For reasons of convenience, the brightness
ratio B x /B„ is not measured directly, but is computed as
BX/B0=BX/B0'B0'./B0
where
B„' is the brightness of a matte porcelain plate known as the working
standard.
B x /B 0 ' is the quantity measured, using the present test samples, and
B 0 '/B 0 has been obtained from previous extensive calibration.
C. Manner of experimentally realizing the conditions specified as (1),
(2), and (3) above.—(1) The sample and standard are placed one on each
side of and close to the center of the base (equatorial plane) of a hollow
hemisphere having a diameter of 40 cm. the inside hemispherical surface
being coated white with MgO and studded with 156 small incandescent
lamps (gas-filled spherical automobile head lamps, each about 18 watts,
bulb diam.—35 mm.), while the base plane consists for the most part of a
nickel mirror.
(2) Condition (1) is closely approximated by the construction of the
hemisphere just described. The effect of any possible inequality of total
illumination in the positions occupied by sample and standard is completely eliminated by using the method of interchanging the sample and
standard in making the measurements (standard method of using KoenigMartens spectrophotometer. See below).
(3) Condition (2) would be realized if all elements of the hemispherical
surface were of equal brightness. This condition is not rigorously satisfied; but tests have shown that it is approximated so closely that further approximation to the ideal condition would not alter the results of the present test.
(4) Condition (3) is satisfied by using, to illuminate the spectrophotometer field, the light which is reflected from the sample and standard
through apertures very near the pole of the hemisphere.
4. Measurement of the Brightness Ratios.—Spectrophotometer.
(1) The brightness ratios, as a function of wavelength, are directly
measured by means of the Koenig-Martens spectrophotometer.' Ann.
der Physik, 4th series.
'Vol. 12, year 1903, pp. 984-1003.
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TABLE 1.—Standardization of Maxwell disks
Wave-length
in
millimicrons

Red
4/9

Bx/B0
Yellow
8/8

Neutral
9/-

Neutral
1/-

380
90

0.060'
070»

0.080»
147»

0.10»
.50»

0.026»
026»

400
10
20
30
40

070
069
068
067
065

152
152
150
148
146

640
685
715
735
746

020
026
026
026
026

450
60
70
80
90

063
061
059
057
055

145
146
149
155
173

752
754
755
754
753

026
026
025
025
025

500
10
20
30
40

054
054
054
055
056

202
283
464
558
605

752
751
750
749
748

024
024
024
024
024

550
60
70
80
90

057
059
066
083
121

635
653
661
665
668

746
745
745
745
745

024
025
025
025
025

600
10
20
30
40

230
385
466
504
527

668
667
666
665
666

745
745
746
748
750

025
025
025
025
025

650
60
70
80
90

542
552
560
566
572

667
670
675
683
692

752
754
756
758
759

025
025
025
025
026

700
10
720

578
585
593

703
712
719

760
760
760

026
026
026

" Estimated values, based on previous extensive measurements of similar samples.

TABLE 2.—A selected list of soil colors to be used as standards in describing soils
The factorial values of these colors are given in terms of the MunseU color discs. White—-Neutral 9. Black—Neutral
Red—4/9
Color No.

Bureau of soils
sample No.

Series and type

Stratum

Locality

in.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

261918
16492
322911
332310
28387
22319
360835
239021
243267
234622
234022
415322
18048
425042
28575?
181918
421926
416204
24021
171020
170435
281915
13642
30606
30604
31357
4704133
4704150
361046
360428

Myatt, fine s. loam
Orman clay (Upland)

0-8

0-40

Coffee, Ala.
Vivian, S. D.

Alamance, st. loam

2-8

Lexington, S. C

Alamance, st. loam
Norfolk, fine s. loam
Ochlockonee, st. loam

Rustin, loamy sand
Greenville, s. loam
Colt's Neck, Do
Colt's Neck, Do
Miami, gr.
Do
Chester, f. s. loam
Uruca, loam
Do
Do
Residual from basalt
Scobey, loam level ph.
Williams
Barnes, st. loam
Do
Do

8-30
24-48
30-50

6-36
0-6

10-36
0-6

0-10
0-10
28-38
0-12
0-6
0-6
0-6

0-10
0-7

Davidson, N. C.
Thomas, Ga.
Rankin Co., Miss.

Geneva, Ala.
Pike, Ala.
Trenton, N. J.
Do
Do
Elkhart, Ind.
Montgomery, Pa.
Laguna, Costa Rica
Do
Do
Jolo, Sulu, Id.
Mont. (Recon)
Do
Do
Walworth Co., S. D.
Beadle Co., S. D.

W.

B.

Y.

1.

R.

per cent per cent per cent per cent
9.0
60.0
17.0
14.0
38.0
37.0
15.0
10.0
30.0
43.0
16.0
11.0
7.0
22 0
60.0
11.0
8.0
16 0
67.0
9.0
4.0
15.0
76.0
5.0
21.0
70.0
7.0
2.0
40.0
16 0
32.5
11.5
28.0
27.0
32.0
13.0
21.0
39.0
28.0
12.0
15.0
29.0
41.0
15 0
11 5
19.0
45.5
24.0
6.0
39.0
32.0
23.0
12.0
40.0
30.0
18.0
14 0
50.0
14.0
22.0
9.0
57.0
20 0
14 0
8.0
37.0
25.0
30 0
7.0
44.0
18 5
30.5
3 0
72.5
10 5
14.0
50.0
19.0
30.0
1.0
0.0
68.5
11.5
20.0
10.0
59.0
18.0
13.0
7.0
65 0
16.0
12.0
4.0
11 0
73.0
12.0
4.0
9.0
78.0
9 0
8.0
2.0
82.0
8.0
9.0
73.0
7 0
11.0
8.0
76.0
10.0
6 0
5 0
83.0
5.0
7.0
4.0
4 0
88.0
4 0

Yellow—Yellow

8/8.

Color name

White
Grayish white
Light gray
Gray
Dark gray
Very dark gray
Mouse gray
Light grayish yellow
Do

Grayish yellow
Light yellow
Yellow
Brownish yellow
Yellow brown .
Grayish brown
Yellowish brown
Light reddish brown
Reddish brown
Dark reddish brown
Yellowish brown
Very dark yellowish brown
Light brown
Brown
Dark brown
Very dark brown
Do

Dark grayish brown
Do
Very dark grayish brown
Do

•J-.

-:
>
H
Z
A
i>

-

0
Z

z

-

x
V-

c
-

z
-J— I

-A

-

TABLE

2. (Continued).—A

selected list of soil colors to be used as standards in describing soils

The factorial values of these colors are given in terms of the MunseU color discs.

White—Neutral

9.

Black—Neutral

1.

Yellow—Yellow

8/8.

Red—4/9
Color N o .

31
32
33
:i4
35
:i(i
37
:s8
39
40
41
42
43
44
45
46
47
48
4<J
50
51
52
53
.54
55
56
57
68
69

B u r e a u of soils
sample No.

334007
13685
36607
402111
28821
12894
445003
30565
31684
31321
31275
31276
25537
447096
31381
31265
33820
253090
447046
447024
446751
431062
31382
446712
181206
22195
201713
351635
170546

Series a n d t y p e

W e b s t e r , s t . c. loam
Chester, loam
Uruea, l o a m
H a g e r s t o w n , s t . loam
(South Africa)
Miller, s t . l o a m
Amarillo, h e a v y p h .
L a g u n a , Aragon clay
(Aruam River)
Loam
Q u i b d o , gr. clay
Do
Orangeburg, st. loam
K i r v i n , f. s. loam
E l P a l m a r , clay
S a n . B a r b a r a , gr. fsl.
T a l l a d e g a , c. l o a m
Greenville, f. s. loam
K i r v i n , c. l o a m
W i c h i t a , f. s. loam
Greenville, c. loam
Surface soil
Vernon, v. f. s. loam
Upshur, st. loam
Superior, clay
U p s h u r , gr. l o a m
B a r n e s , f. s. l o a m
Collington, f. s. loam

Stratum
in.
0-18
0-10
38-92
0-8
0-12
14-36
6-10
18-20
0-4
0-8
72-120
120-156
12^0
24-40
10 ft.
14-17
24-42
8-36
12-36
0-3
24-36
8-36
8-15
7-30
0-6
0-5
16-36
10-36

Locality

Dickinson, la.
Chester, P a .
Costa Rica
Bedford, T e n n .
Vereeniging, S. A.
Waco, Tex.
Texas
Costa Rica
Brazil
P h i l . Islands'.'
Colombia
Do
Mobile, Ala.
Mocodoches, T e x .
P a r a n a , Brazil
Columbia
Isle of P i n e s
Gordon, Ga.
Nocodoches, T e x .
Texas
Wichita, Tex.
Webster, La.
B a l d a m o , Brazil
Texas
B r a d f o r d Co., P a .
Bayfield, W i s .
Md.
Sargent Co., N . D .
Camden, N. J.

W.

B.

Y.

It.

per cent
2.0
6.0
4.5
3.0
3.0
8.0
3.0
0.0
0.5
15
18.0
10.0
1.5
0.0
0.0
9.5
10.0
30 .0
0.0
0.0
1.5
0.0
0 0
3 5
10.0
13.0
9.5
15 0
5 0

per cent
96.5
64 5
68.5
68.0
81 0
68.5
81.0
89 0
87 0
89.5
24.0
25.0
34.0
46.0
58.0
14 0
22.0
35.0
50.0
75.5
67.5
70.0
82.0
76.5
52.0
50.0
61.5
52 0
68.0

p e r cent
0.5
15. 5
14.0
13.0
8.0
10 5
6 0
4.7
5 0
4.5
18.0
21.0
16.0
12 0
9 0
35.5
26.0
20.0
14.0
7.5
' 8.5
7.0
4 0
6 5
14.0
11.0
7.0
22.5
25.5

p e r cent
10
14.0
13.0
16 0
8.0
13.0
10.0
7.O..
7 5
4.5
40.0
44 0
48.5
42 0
33.0
41.0
42.0
42.0
36.0
17.0
22.5
23.0
14 0
13.5
24.0
26 0
22.0
9.5
15

Color n a m e
-Ulark
Yellowish b r o w n
D a r k Yellow b r o w n
Do
Do
Very d a r k reddish b r o w n
Do
Do

"**

Very d a r k reddish b r o w n
Do
Pink
Pinkish orange
Red
Do
Do
Yellow red
R e d d i s h yellowRed
Do
Do
D a r k red
Do
Do
D a r k brownish red
Purplish gray
Light purplish red
P u r p l i s h red
Olive g r a y
Olive d r a b
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Light reflected from the sample illuminates one-half of the spectrophotometer field while light reflected from the standard illuminates the other
half. Measurements are made by the method of interchanging the sample
and standard in the illumination of the two halves of the spectrophotometer field, the brightness ratio being computed by the standard formula:
cot 9i X tan 9 2
where 9i is the position of the analysing Nicol for equality of brightness
when the sample and standard are so placed that the light from the sample
is extinguished for 6 = 0 ° and 9 2 is the corresponding angle when the sample and standard are interchanged. Ten readings of each of 9i and 9 2
comprise a single determination at any wavelength.
(2) The usual working range of the apparatus as described above is
from 420 to 720 millimicrons m/u. Colorimetric computations require,
however, data from 380 to 720 m/^. To assist in the extension of the values
of B x / B 0 to 380 m/u, measurements have been made with a Martens
photometer and mercury arc with filters for isolating light of wave-lengths
405 and 436 mp, respectively. The illumination of the sample and standard is at 45° approximately, but the conditions of measurement are otherwise similar to those described above with the Koenig-Martens spectrophotometer and diffused illumination. While values of B x / B 0 will not,
in general, agree as obtained with the two types of illumination, the ratio
of Bj/B,, at 405 mm to that of 436 mju will be closely alike in the two
cases. A value of B x /B„ for diffused illumination was thus computed
for 405 m^, enabling an extension of experimental data practically to
400 mp with estimated values necessary only at 390 and 380 m/i.
5. Data.—Values of B x /B 0 are given in the accompanying Table 1.
They are, in general, somewhat uncertain in the last figure given.
6. Remarks.—The white, black and yellow samples showed no certain
change in color as a result of exposure to the intense light in the apparatus;
but the red sample became perceptibly darker, the brightness ratios
decreasing in the orange and red parts of the spectrum. The measurements are made in such manner, however, that these changes may be
detected and corrections made to the data as observed to make them represent the sample before undergoing any change; and values of B x /B 0 are
herein so reported.
STANDARDS IN D E T E R M I N I N G T H E COLOR VALUES
OF SOILS
Maxwell Disks (Munsell papers)
Brightness of Sample
Brightness of MgO
*' °
for completely diffused illumination and line of sight perpendicular to
surfaces of sample and standard.

PROFILES OF LIMESTONE SOILS FROM THE
TROPICS
J. VAN B A R E N

Agricultural University, Wageningen, Holland
INTRODUCTION
In the year 1916 I made a scientific journey to the East Indian Archipelago in order to study the weathering of rocks and the formation of soils.
I visited Java and Sumatra and brought together a collection of about
1000 numbers (rocks, profiles and photographs), which is to be seen in
the geological Museum of the Agricultural University at Wageningen.
Preliminary communications on the results of my researches were
published between 1917 and 1924:
J. van Baren, Report on my geological and agro-geological researches
in the East Indian Archipelago (Dutch), Wageningen, 1917.
J. van Baren, Agrogeology as a Science (Dutch), Wageningen, 1919.
J. T. White, Description of a volcanic soil-profile near Buitenzorg
(Dutch), Wageningen, 1919.
J. van Baren, Agrogeology as a Science (English), printed in: A.
Wulff, Bibliographia agrogeologica, Wageningen, 1921.
J. van Baren, The signification of Agrogeology for Geography (Dutch),
Groningen, 1924.
What follows here, are the data of my researches both in field and
laboratory concerning three profiles of soils of limestone-origin. My investigations on a large number of such profiles will be published later on
in the "Communications from the Agricultural University" (No. X of
the Publications of my Institute).
METHODS
Color Determination.—The air-dried soils were compared with the colors of the little book, Code des Couleurs, by P. Klinksieck and Th. Valette.
The number of the color which seemed in nearest conformity with the
color of the soil was noted. Also a more refined determination was made
by means of the tintometer of Lovibond (The Tintometer Ltd. The
Friary, Salisbury, England). The tintometrical determinations were
made by Dr. H. Bos, horticultural botanist at the State Experiment
Station for Researches of Seeds.
Mechanical Analysis.—The sedimentation method was used with aid of
Kühn's siltcylinder, as modified by Kopecky, a kind of siphon cylinder
(15).
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Hygroscopic Coefficient.—In an evacuated desiccator 30 g. of air-dried
soil (fine earth) is exposed to an atmosphere above 10 per cent sulfuric
acid for 4 days at the ordinary temperature and weighed.
Again the soil is exposed to the same atmosphere during 4 days and so
on, till constant weight is obtained (I).
In another evacuated desiccator the air-dried soil is dried above concentrated sulfuric, in order to determine the weight of the dried soil (II).
II — I = hygroscopic water.
—p— = hygroscopic coefficient, stated as percentages of the dried soil.1, 2
Maximum Water Capacity.—In order to determine the water capacity
E. Wolff's Method (18, 19) is used.
Volume Expansion.—The rise of the soil as observed during the determination of the water capacity, stated as percentage of the height of
the soil column at the beginning of the determination is called volume
expansion.
pH Value.—As the determination of the hydrogen ion concentration
of soils is still attended with many difficulties and moreover the merits
of the methods in use are not sufficiently known, I found it necessary not
only to use the standard hydrogen electrode, but to try other methods as
well. In this way it is possible to get some idea of the merits of the
different methods for each type of soil.
The methods used are:
(1) Electrometric measurement of the suspensions with the hydrogen
electrode.
(2) Electrometric measurement of the suspensions with the quinhydrone electrode.
(3) Colorimetric measurement of the filtrates.
(4) Colorimetric measurement of the centrifugates.
(5) Colorimetric measurement of the exarisates.
(6) Comber method as modified by Hissink (4, 5, 6).
The suspensions were prepared by electrical stirring during 20 minutes
of one part of soil (fine earth) and two parts of distilled water. Then the
suspensions were allowed to settle for 24 hours, after which they were
stirred again during 20 minutes. One part of the suspensions was
used for the hydrogen electrode, another part for the preparation of the
filtrate, the remainder being centrifuged. Streaming hydrogen was used,
and special care was taken that the rate of flow was always sufficient.
During the determination with the quinhydrone electrode the suspension
was stirred. The filtrates were obtained by filtering the suspensions
through Swedish paper (13).
1

Gecodificeerde voorschriften voor Grondonderzoek. Buitenzorg, 1913, p. 14.
A Codex for soil analysis, published by the Agr. Expt. Stations of the NetherlandsIndies.
2
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The dialysis was made according to the method of I. M. Kolthoff (8),
20 g. of soil are mixed with 50 cc. of distilled water, in a pleated filter of
parchment paper. This is placed in a cup shaped glass, containing 7 cc.
of distilled water. After leaving this alone for 24 hours the pH value is
determined colorimetrically. Two drops of indicators of Clark and
Lubs were used, and the standard buffer solutions were prepared according to Clark and Lubs (2).
Chemical Analysis.—The methods are taken from Hillebrandt, The
Analysis of Silicate and Carbonate Rocks. The chemical analyses were
made by the well-known Dutch Experiment Station Koning and Bienfait
method, which has had a long practice in chemical examination of rocks.
The calcium carbonate determination was carried out in my own
laboratories by means of the Scheibier method (9). If A1»03 and Fe 2 0 3
are not separately determined, the mean value is taken. The signification of the factors a, b and c are explained by H. Harrassowitz (3).
Mineralogical Analysis.—The minerals were determined by means of
the refractive index (1, 7, 10, 12, 14, 17).
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SAMPLE NO. 91
GENERAL REMARKS

Locality.—Railway station Tagog-Apu at the railway Bandung, Tjiandjur (West-Java).
Height Above the Sea Level.—700 M.
Climate.—1. Temperature. Station: Bandung (nearest); years of observations: 19121918. Height above the sea lea vel: 730 M. Monthly (in degrees Celsius):
Jan.
22.0

Febr.

March

April

May

June

July

Aug.

Sept.

Oct.

Nov.

Dec.

21.9

22.0

22.3

25.8

24.8

24.6

24.7

25.2

25.7

26 1

26 5

Yearly, 25.8
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2. Rainfall. Station: Tjiboeroej, Res. Preanger. (No. 146 in J. Boerema Rainfall in
the Netherlands Indies, Weltevreden 1925). Years of observations: 17. Height: 740 M.
Monthly

Jan.

Febr.

Mar.

Apr.

May

June

July

Aug.

Sept.

Oct.

Nov.

(Absolutely)
(Relatively)

202
12.8

188
11.9

188
11.9

164
10.5

88
5.6

53
3.4

40
2.5

48
3.0

67
4 3

146
9.3

185 206mm.
11.7 13.1%

Dec.

Yearly, 1575 mm.
yearly rainfall
3. Rain factor (according to Lang)
^1575:25.8=61.
yearly temperature
(Cf. R. Lang, Verwitterung und Bodenbildung, Stuttgart, 1920 p. 108-18.) "Die
Werte, die aus dem Verhaltnis zwischen Feuchtigkeit und Temperatur errechnet sind,
habe ich als Regenfaktoren bezeichnet, da auf jel Grad Temperatur die betreffende
Zahl, der Regenfaktor, an Mehrfeuchtigkeit kommt. . . . Die Regenfaktoren bilden
demnach Naheningswerte, die um einige Einheiten nach oben und unten schwaken
diirfen. Sie sind aber für die rache Erfassung des bodenkundlichen Gesamtbildes von
der höchsten Bedeutung."
"Unter diesen Voraussetzungen konnten für die klimatischen Bodengrenzen folgende
angeniiherten Grenzwerte, Regenfaktoren, festgestellt werden:
Für die Grenze
Rohhumuserde—Schwarzerde Regenfaktor
160
Schwarzerde—Braunerde
Do
100
Braunerde—Gelberde bezw.
Roterde bezw. Laterit
Do
60
Gelberde bezw. Roterde bezw.
Laterit—Salzerde
Do
40
Optimale Bodenbildungsverhaltnisse vorausgesetzt liegt somit der Bildungsbereich
der
Rohhumuserden (perhumides Gebiet) bei Regenfaktoren von
> 100
Schwarzerden (humides Gebiet) bei Regenfaktoren von
160-100
Braunerden (humides Gebiet) bei Regenfaktoren von
100- 60
Gelberden, Roterden und des Laterits (humides Gebiet) bei Regenfaktoren
von
60- 40
Salzerden (arides Gebiet) bei Regenfaktoren von
< 40.
Vegetation.—Grasses and bushes.
DESCRIPTION OF THE LIMESTONE

(leological Age.—Tertiary.
Macroscopical Description.—Massive rock with veins of secondary oalcite. On the
fracture of the rock many iron-spots.
Microscopical Analysis.—After treatment with cold distilled water and later on with
dilute HC1 the following minerals are found:
Calcite
Plagioclasc
Foraminifera
Chemical A nalysis

SiO,
Al 2 0 3 +Fe 2 0 3
MgO
CaO

co
2
P*0

5

so3

•

per cent
0.23
0.37
0.78
54.85
43.15
0.02
0.89
100.29
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FIUURE 2.—Mechanical, colorimetric and chemical analyses of sample No. 91, soil
DESCRIPTION OF THE SOIL

Macroscopical Description.—Dark brown soil with little fragments of limestone filling
up irregular cavities in the limestone.
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F I R S T I N T E R N A T I O N A L CONGRESS O F SOIL S C I E N C E
PHYSICAL PROPERTIES

Color Determination.—Dark
Valette, No. 110.
Tintomelrical Analysis.—Red

brown.

Code des Couleurs by P. Klinksieck and Th.

7.4+Yellow 10.4 + Blue 4.8.
Mechanical

Analysis

Diameter of particles
per cent
mm.
48.5
<0.01
17.5
0.01-0.05
7.4
0.05-0.1
26.6
0.1 -2
Hygroscopic coefficient, 15.1 per cent; maximum water capacity, 41.8 per cent; volume
expansion, 16.67 per cent.
pH Value.—Electrometrical
determinations:
Hydrogen electrode
8.5
Quinhydrone electrode
7.8
Colorimetric determinations:
Filtrate
7.3
Centrifuged liquid
6.9
Exarisate
7.4
Comber test
> 6.5
Comber-Hissink test.
Red liquid becomes rosa, after 2 days
Chemical

Analysis
per cent
44.42
33.49
3.55
0.72
0.13
15.24
2.45

>Si02
Al203+Fe203
CaO
Ti0 2
P205
Loss on ignition
Rest (MgO, K 2 0, N a A S0 3 , etc.)

100.00
per cent
2.66
4.59
2.1

Carbon
Ilumic matter (calculated with factor 1.724)
C a C 0 3 (with acetic acid)
Mol.

Si(>,
= 2.74.
Fe203+Al203

(a)

MlNERALOGICAL PROPERTIES

Microscopical Analysis.—-The following minerals are found:
Magnetite
much
Amphibole
much
Plagioclase
much
Augite
much
Quartz
much
('alcitc
very much
Zircon
few
Epidote
very much
Plant-remains
Hypersthene
much
Ilmenite
much
Foraminifera, silicified and non-silicified
Limonite
little
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FIGURE 3.—Percentage composition of Sample No. 535, limestone
SAMPLE NO. 535
GENERAL REMARKS

Locality.—Along the way from Pioengan to Wonosari, s.e. of Djokja (East-Java).
Height Above the Sea Level.—250 and 500 M.
Climate.—1. Temperature. Station: Wedi (nearest); years of observations 19051915; 1917-1918. Height above the sea level: 150 M. Monthly: (in degrees Celsius).
Jan.

Febr.

March

Apr.

May

June

July

Aug.

Sept.

Oct.

Nov.

Dee.

24.«

24.8

25.1

2S.fi

25.4

25.0

24.fi

24.6

25.2

25.7

25.3

25 1

Yearly, 25.1
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2. Rainfall. Station: Gawok, Res. Soerakarta (No. 74 in J. Boerema, Rainfall in t h e
Netherlands Indies, Weltevreden 1925). Years of observations: (i. Height: 100 M.
Monthly
(Absolute)
(Relative)

Jan.

Febr.

Mar.

Apr.

May

June

July

Aug.

Sept.

Oct.

Nov.

295
12

364
14.8

279
11.4

225
9.2

143
5.8

121
4.9

68
2.8

79
3 2

104
4 2

139
5.7

268 371mm
10.9 15.1%

Dec.

Yearly, 2456 mm.
3. Rainfactor [According to Lang (11)]: 98.
Vegetation.—Djati-forest.
DESCRIPTION OF THE LIMESTONE

Geological Age.—Tertiary.
Macroscopical Description.—A soft, grey colored limestone, on the surface with
yellow and brown spots.
Microscopical Analysis.—After treatment with cold distilled water and later on with
dilute HC1 following minerals are found:
Amphibole
Augite
Hypersthene
Ilmenite
Limonite

Plagioclase (oligoclase-andesine)
Rutile
Foraminifera, silicified and filled with glauconite
Needles of sponges
Chemical

Analysis
per c •ut
5 22

Water (110° C.)
Analysis (dry matter)
SiO,
A1203
Ke203
MgO
CaO
Alkalies
CO,
TÏO,

25 60

9 7:i
5 99
1 tl
30.63
0 !M)
21 71)
0 IX
0.00
0 15
0.02
0 2(1

p2o6

so,
s

MnO
Loss on ignition

:; :!()
100 11

Total carbon
Carbon from carbonates
Organic carbon
Ilumic matter (calculated with factor 1.742)
Mol.

SiO,
= 3 . 2 . (a)
l'e 2 0 3 +Al 2 0 3
SiO,
Mo1
- TAlo0
T 7 T3 = 4 - 4 5 - <b>

5 (15
5 92
0.00
0 IK)
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DESCRIPTION OF THE SOIL, F I R S T STADIUM

Macroscopical Description.—Fragments
of limestone; yellow and yellow-brown concretions; some soil particles formed by weathering.
PHYSICAL PROPERTIES

Color.—Yellow-brown.
Determination.—Code des Couleurs by P. Klinksieck and Th. Valette, No. 116.
Tintometrical Analysis.—Red 4.7+Yellow 8.2+Blue 2.2.
mm.
<0.01
0.01-0.05
0.05-0.1
0.1-2

Mechanical Analysis
Diameter of particles

per cent
28.24
26.80
17.36
27.60

Hygroscopic coefficient, 24.62 per cent; maximum- water capacity, 82.3 per cent; volume
expansion, 38.89 per cent.
pH Value.—Electrometrical
determinations:
Hydrogene electrode
7.4
Quinhydrone electrode
7.2
Colorimetric determinations
Filtrate
Centrifuged liquid
Exarisate
Comber test
Comber-Hissink test.

7.1
7.:;

7.3
;> 6.5
After 2 days red liquid becomes rosa
After 4 days, white
Chemical

Analysis

per cent

13.54

Water (110° C.)
Analysis (dry matter)
Si0 2
Al2Os
Fe 2 0 3
MgO
CaO
Alkalies
C02
Ti02
P206

so3
s
MnO
Loss on ignition

11 r,l
18.56
'14 95
1 49
2 16
0 .22
0.00

0 .96
0.06

0 15
0.02

0 II
17.07
100.56

Analysis according to van Bemmelen (16).
per cent
Si0 2 of the weathered silicates
Unweathered silicates
Organic carbon
Humic matter (calculated with the factor 1.742)
C a C 0 3 (with acetic acid)

30 .75
20 71
(1 33
0 57
0.92
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Mol. „ *' ' = 2 . 6 8 .
Fe 2 0, + Al 2 0,
MoL

A^,=406-

b(ofthe r ock) =
b (of the soil)

o 9 l

(a)
(b)

1S1
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MlNERALOGICAL PROPERTIES

Microscopical Analysis.- -The following minerals are found:
Amphibole
Limonite
Rutile
Augite
Magnetite
Tourmaline
Calcite
Muscovite
Zircon
Garnet
Oligoclase-andesine
Foraminifera, silicified
Hypersthene
Plagioclase
Needles of sponges
Ilmenite
Quartz
Chlorite-schist
Kyanite
CHEMICAL ANALYSIS OF A CONCRETION FROM THE F I R S T STADIUM

per cent
2.75
41.22
26.21
9.65
1.64
2.09
0.41
0.04
0.74
trace
0.17
0.04
0.10
IS.21

Water (110° C.)
SiO,
A1203
Fe 2 0 3
MgO
CaO
Alkalies
CO,
TiO,
P20,
SO,
S
MnO
Loss on ignition

Analysis (dry matter)

100.52
• 0.96
0.01
0.95
1.65

Total carbon
Carbon from carbonates
Organic carbon
Humic matter (calculated with factor 1.742)
Mol.

Si0 2
= 2.16.
Fe 2 0 3 +Al 2 0 3
Mol.

= 2.66.
A120,
b (of the rock)
=0.6.
b (of the concretion)

(a)
(b)
(c)

DESCRIPTION OF THE SOIL, SECOND STADIUM

Macroscopical Description.—-The soil has a very crumbly structure.
PHYSICAL P R O P E R T I E S

Color.—Yellow-brown.
Determination.—Code des Couleurs by P. Klinksieck and Th. Valette, No. 105.
Tintometrical Analysis.—Red 6.25 + Yellow 10.4+Blue 3.8.
Mechanical Analysis.—Diameter
of particles:
mm.
per cent
<0.01
47.56
0.01-0.05
24.24
0.05-0.1
14.8
0.1-2
13.4
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Hygroscopic coefficient, 25.03 per cent; maximum water capacity, 65.4 per cent; volume
expansion, 22.22 per cent.
pH Value.—Electrometrical
determinations:
5.8
Hydrogen electrode
5.8
Quinhydrone electrode
Colorimetric determinations
Filtrate
Centrifuged liquid
Exarisate
Comber test
>
Comber-Hissink test. Red liquid becomes rosa, after 2-days.
Chemical

5 1
5 8
5.5
6.5-6

Analysis
per cent
7.19

Water (110° C.)
Si0 2
A1203
Fe 2 0 3
MgO
CaO
Alkalies
C02
Ti0 2
P 2 0*
SO,

Analysis (dry matter)

41.67
27.39
9.38
1.40
1.60
0.69
0.00
0.55
trace
0.10
0.02
0.21
17.02

sMnO
Loss on ignition

UK) 03
0.00

C a C 0 3 (with acetic acid)
Mol.

'Sl°2
=2.12.
Fe,0,+Al,0,
MoL

7r?r =2 - 58 -

A1 0
b ( o f t h e r o c2 k3) _ o 5 8

(a)

^
(c)

b (of the soil)
MlNERALOGICAL PROPERTIES

Microscopical Analysis.—The
Amphibole
Augite
Epidote
Garnet
Hypersthene

following minerals are found:
Ilmenite
Zirzon
Limonite
Iron-manganese concretions
Magnetite
Needles of sponges
Plagioclase
Foraminifera, silicified
Quartz

DESCRIPTION OF THE SOIL, T H I R D STADIUM

Macroscopical Description.—The uppermost layer of the soil-profile existing of soil
with quantity of humic matter; organic remains are present, definite structure absent.
Color Determinations.—Brown-black.
Code des Couleurs by P . Klinksieck and T.
Valette, No. 114.
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FIGURE 7.—Mechanical, colorimetric and chemical analyses of Sample No. 535, soil,
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Tintomelrical Analysis.—Red 6.45+Yellow 10.2+Blue 4.7.
Mechanical Analysis.—Diameter
of particles:
mm.
<0.01
0.01-0.05
0.05-0.1
0.1-2

per cent
53.2
16.8
11.04
18.96

Hygroscopic coefficient, 20.24 per cent; maximum water capacity, 54.9 per cent; volume,
expansion, 27.78 per cent.
pH Value.—Electromedical
determinations:
Hydrogen electrode
6.7
Quinhydrone electrode
6.6
Colorimetrical Determinations
Filtrate
Centrifuged liquid
Exarisate
Comber test
>
Comber-Hissink test. After 2 days: red liquid red, white after
Chemical
Water (110° C.)
Si0 2
AhOs
Fe 2 0,
MgO
CaO
Alkalies
C02
Ti02
P206
SO3
S
MnO
Loss on ignition

6.7
6.8
6.3
6.5
7 days.

Analysis
per cent
6.37
40.39
22.53
12.59 .
1.35
1.82
0.22
0.05
0.60
0.14
0.13
0.00
0.33
19.92
100.07

Analysis (drv matter)

Analysis according to van Bemmelen (16)
Si0 2 of the weathered silicates
Unweathered silicates
Total carbon
Carbon from carbonates
Organic carbon
Humic matter (calculated with factor 1.742)
C a C 0 3 (with acetic acid)
Mol.

•

—
= 2.17.
Fe 2 0 3 +Al 2 O s

(a)

Mol. 7 7 % =2.91.
ALO3
b (of the rock)
=0.65.
b (of the soil)

(b)
(c)

per cent
15.33
14.16
2.18
0.02
2.16
3.72
0.00
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MlNERALOGICAL PROPERTIES

Microscopical Analysis.—The following minerals are found:
Amphibole
Augite
Epidote
Garnet
Ilmenite

Kyanite
Limonite
Magnetite
Plagioclase-andesine
Quartz

Zircon
Foraminifera, silicified
Plant-remains
Iron-manganese concretions
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SAMPLE NO. 707
GENERAL REMARKS

Locality.—Coral-limestone. Coral-island Pulu Pandjang, W. of Djapara, Res. Semarang.
Height Above the Sea Level.—1 M.
Climate.—1. Temperature. Station: Pekalongan (nearest); years of observations:
1912-1918. Height above the sea level: 9 M. Monthly: (in degrees Celsius)
Jan.

Febr.

Mar.

Apr.

May

June

July

Aug.

Sept.

Oct.

Nov.

Dec.

25.2

25.5

26.1

26.6

26.8

26.4

26.2

26.3

26.8

27.2

26.5

26.0

Yearly, 26.3 mm.

I'M)

F I R S T I N T E R N A T I O N A L CONGRESS O F SOIL S C I E N C E

2. Rainfall. Station: Djapara, Res. Semarang (No. 143 in J. Boerema, Rainfall in
the Netherlands Indies, Weltevreden 1925). Years of observations: 27. Height: 3 M .
Monthly

Jan.

Febr.

Mar.

Apr.

May

June

July

Aug.

Sept.

Oct.

Nov.

Dec.

(Absolute)
(Relative)

705
23.9

571
19.7

383
13.2

179
6.2

90
3 1

42
1.5

20
0.7

16
0.6

55
1.9

98
3.4

241
8.3

508 mm.
17.5%

Yearly, 29.08 mm.
3. Rain factor [according to Lang (11)]: 110.
Vegetation.—Cocos.
DESCRIPTION OF THE LlMESTONE

Geological Age.
Macrosco/ncal Description.—White limestone with corallogene structure and caritics
filled with soil.
Microscopical Analysis.—After
treatment with cold distilled water and later on with
dilute HCL, the following minerals are found:
Magentite, very little
Quartz, very little

Zircon, very little
Foraminifera, some
Chemical

Analysis
per cent
0.45

Water (110° C.)
Analysis (dry matter)

0.32
0.29
0.12
0.42
54.02
0.77
0.00
0.01
0.56
0.04
0.02
0.00
43.88
100.45

SiO,
A1203
Fe 2 0 3
MgO
CaO
Alkalies
Ti02
P205
S0 3
CI

s

MnO
Loss on ignit on

,co2

hydratic water)

SiO,
Mol. Fe 2 0 3 +Al 2 0 3
MoL

(a)

T T T H 1 - 9 0 - (b)

DESCRIPTION OF THE Son.

Macroscopical Description.—Grey-black
soil with many fragments of the coral-limestone; rests of herbaceous plants; non-marine molluscs.
PHYSICAL PROPERTIES

Color Determination.—Brown-black.
Code des Couleurs by P. Klinksieck and T .
Valette, No. 143.
Tintometrical Analysis.—Red 7.2+Yellow 9.0 + Blue 7.1.
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Mechanical Analysis.—Diameter of particles:
Mmm.
<0.01
0.01-0.05
0.05-0.1
0.1-2

per cent
8.5
5.0
5.5
81.0

Hygroscopic coefficient, 4.5 per cent; maximum water capacity, 44 per cent; volume, ex/xinsion, none.
pH Value.—Electrometricaldeterminations:
Hydrogen electrode
8.5
Quinhydrone electrode
8.0
Colorimetrical determinations
Filtrate
7.2
Centrifuged liquid
7.5
Exarisate
7.3
Comber test
6.5
Comber-Hissink test . Red liquid becomes rosa after 2 days. White after 4 da;
Chemical

Analysis
per cent
3.04

Water (110° C.)
Analysis (dry matter)
SiO,
A1,0,
Fe,0,
MgO
CaO
Alkalies
CO,
Ti0 2
P,06
SO,

5.40
3.50
1.52
0.78
45.13
0.54
32.46
0.24
0.23
0.41
0.03
0.32
9.60

sMnO
Los on ignition

100.16
per cent
3.16
28.99
12.06
8.85
3.21
5.59
68.40

Analysis according to van Bemmelen (16)
Si02 of the weathered silicates
Unweathered silicates
Total carbon
Carbon from carbonates
Organic carbon
Humic matter (calculated with factor 1.742)
CaCOs (with acetic acid)
MoL

v rf'°lin

=205

-

W

Mol. ü § — 2 . 6 2 .
AL03
b (of the rock)
b (of the soil)

(b)
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MlNERALOGICAL PROPERTIES

Microscopical Analysis.—The following minerals are found
Amphibole
Augite
Biotite
Garnet (grossularite >
Hypersthene

Ilmenite
Magnetite
Plagioclase
Quartz

Zircon
Foraminifera
Corals
Molluscs
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SCOTTISH SOIL TYPES WITH SPECIAL REFERENCE TO NORTHEAST SCOTLAND
G. NEWLANDS

Aberdeen, Scotland
INTRODUCTION
In making a study of soils in the field, the recommendation of the
Fourth Committee of the International Society of Soil Science is being
followed, namely, to examine soil profiles and accumulate as many data
as possible on the subject to the end that a scheme of soil classification
based on the profile features may be devised. It seems desirable that a
scheme of soil classification should be based on the soil characters themselves, rather than on a series of causes assumed to have produced them,
but the difficulty lies in assessing, for purposes of classification, the value
of the several soil characters, or in determining the relative significance of
the features presented in the profile. The characters noted in the field,
following on the lines of the American Subcommittee of the International
Committee on the Classification and Nomenclature of Soils, are as follows:
The number and thickness of the layers or horizons into which the profile
can be divided, these horizons being differentiated by such things as
composition (organic and mineral), color, texture, structure, consistency,
compactness, cementation and chemical reaction.
A common development of horizons in a virgin soil in a well drained
area of comparatively level ground in the northeast of Scotland is as
follows:
No.
1
2
3
4

5
6

Average
depth in
cm.
10 A layer of raw, brown, organic matter, with or without black, decomposed,
humus at the bottom.
.5 A layer of black humus mixed with bleached mineral matter.
6.5 A grey or brownish grey layer, usually of relatively light texture.
7.5 A layer with deposition of coffee-brown organic matter sometimes lightly
cemented but not compact. A thin, hard layer of iron pan may be
developed at the bottom.
18 Oxidized layer of variable color, heavier in texture than above, may or
may not be cemented, sometimes iroD pan occurs at the bottom.
Parent material, top layer frequently compact and cemented but showing
little color change.
194
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The several features of such a profile are subject to modifications according to the conditions under which soil-formation has proceeded, and
in studying these modifications with a view to classification of the soils
accordingly, certain considerations have to be taken into account,
namely, the complex nature of the topography of the country, the complexity of the geology, the severe glaciation which has taken place, the
nature of the climate, the nature of the vegetation and the fact that such
land as is arable has been under cultivation for a very long time.
TOPOGRAPHY OF SCOTTISH SOILS
From the point of view of soil development the topography of Scotland
is of importance because of the contrasts in configuration which exist
within a comparatively small area. The country may be regarded as
consisting of four main regions: (1) the Highlands of the north, (2) the
Southern Uplands, (3) the Central Plain lying between these two, and (4)
the Lowland Costal Belts of the east.
Northern Highlands.—These constitute an elevated plateau of bold
relief much cut up by an intricate system of deep valleys. To the west,
the edge of the plateau reaches the sea; on the east, there is a sill of lowland and two triangular areas of comparatively low-lying country. This
disposition is of importance because of its relation to rainfall," vegetation
and agriculture. With regard to profile development, the strong relief of
the Highlands plays a part in the types which arise. On the steep gradients which are prevalent, types characteristic of the undisturbed level
areas have little opportunity to develop, on account of the scree-formation
surface-slip and surface-creep which takes place. At one point raw material is being continually exposed to weathering, while at another the
surface is being buried under mixed accumulations of organic and mineral
debris. Immature profiles, where leaching has had little effect, are
therefore abundant.
Southern Uplands.—These lie at a lower elevation than the Northern
Highlands and do not show the same bold relief, the hills being rounded
in outline and the valleys open. It is characteristically a region of hill
pastures. Here erosion is less in evidence but surface movement still
takes place on the hill slopes, resulting in the formation of soils with
immature profiles.
Central Plains.—These lie at a level 3000 feet below that of the Northern Highlands, except for considerable hill masses. This region contains much of the best arable land of the country.
Lowland Coastal Belts.—In considering the effect of topography on
soil development in lowland areas the minor variations in surface level
become important. • The surface of the country is greatly diversified by
accumulations of glacial deposits, the thickness of which varies greatly,
ranging from a matter of inches to several hundred feet. Level areas of
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any considerable extent are exceptional, apart from the river flats. The
effects of these variations in level are well exemplified in northeast
Scotland where they are seen to determine the drainage relations and the
depth of the water-table, thereby affecting profoundly the course of soilformation. In the hollows, the soil is badly aerated, and tends to become
acid. The deeper layers of the subsoil frequently consist of deoxidized
clayey material of a grey or bluish color. Deposition of sesquioxides
does not take place and the cementation and iron-pan formation characteristic of the normal profile do not occur. The organic layer of the top
soil becomes thicker and more peaty, and the texture throughout the
whole profile is often finer than that of the surrounding land. A further
variation sometimes occurs when the original peaty surface is buried under
an accumulation of surface-wash from the higher ground around.
GEOLOGY OF T H E SOILS OF SCOTLAND
The characteristics of the soils of Scotland are also dependent to a large
extent on the geological nature of the parent material from which they
have arisen, and as the country shows considerable complexity geologically this point becomes of importance in the determination of soil types.
A great variety of petrographic and lithological types of igneous, metamorphic, and sedimentary rocks is displayed within the confines of a small
portion of the earth's surface. In the Northern Highlands are ancient
crystalline schists and gneisses with associated granite. The Southern
Uplands are composed of Ordovician and Silurian formations comprising
sandstones, grits, conglomorates, shales and limestones with some basic
and andesitic lavas. The Central Plain and Coastal Lowlands are largely
occupied by Old Red Sandstones, shales and conglomerates and carboniferous sandstones, shales and limestones with associated volcanic rocks.
Before instances of the part played by the nature of the parent material
in soil development are considered, it must be recalled that much of the
soil has not been derived from the bedrock direct, but through the intermediary of the glacial drift. W here this is deep, a mingling of the
detritus of several rock types may have taken place, but where the covering is thin, and especially where it overlies a homogeneous rock-formation
of some extent it is mainly derived from that one formation, and is closely
related to it in mineralogical composition. As a result of this agreement,
a map of the petrography of the drift follows to a large extent that of the
solid rocks, so that the diversity of the solid is largely repeated in the
covering of drift, and hence in the soils arising from the drift.
Glacial action has also determined the texture of the parent material of
the soils in so far as a sorting out of rock-material has resulted in separation into clayey, sandy and gravelly types of glacial deposits.
Numerous instances of the influence of the parent material and of the
importance of this factor in determining the characteristics of the soil are
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to be found in the northeast of Scotland. Where glaciation has laid
bare the bedrock, or where the drift is very thin, if the rock is of a resistant
nature (as much of the schist and gneiss is) then a poorly developed profile
results. On virgin ground it usually shows the following features—a
shallow organic layer, a slightly bleached layer, and a brownish oxidized
layer passing gradually to unweathered rock. There is little eluviation
in the upper layers and consequently little deposition below, and the
horizons are thin and ill-defined. An example of such a resistant type of
rock is to be seen in a slaty formation which has been indurated by contact
with an intruded mass of a basic igneous rock, olivine norite. The soildevelopment on this forms a striking contrast to that on the slate. In
cultivated land on the slate, the top soil is poor, thin and stony, and light
in color, while that on the igneous rock is a deep fertile loam of a rich
brown color. The first foot of subsoil is friable and yellow brown in
color, while the rock itself has weathered down to 10 or 12 feet.
On glacial material, generally, profile-development has gone on more
readily and more fully than on the solid bedrock and a study of the profile
features can more easily be made. The color, texture, chemistry, and
mineral composition, for example, are largely determined by the nature of
the parent drift under normal conditions. Similar color profiles develop
on similar materials on virgin soil. On the schist, gneiss and granitic drift
of the northeast, the succession is as follows in the mineral part of the
profile: a leached layer of grey to brownish grey color, a reddish brown
layer, a yellow-brown layer and finally the pale yellowish grey raw material.
On a glacial clay which occurs north of Aberdeen the top layer is pale
red, the second dark red, and the raw clay purple red, while still further
north the clay is of different rock origin and the succession as follows,
yellowish grey, yellow, blue grey.
To the south of Aberdeen strongly self-colored drift of a red color
arising from Old Red Sandstone occurs. Color changes developed during soil-formation on such material are often masked by the original color
which itself becomes a distinguishing feature of the cultivated soil.
With regard to texture, differences inherent in the parent material are
of great importance in determining the ultimate texture of the soil. Textural differences may be developed during soil-formation, the surface
layers becoming lighter through leaching, while those below become
heavier through infilling, but these operations modify, only within restricted limits, the contrasts in texture between one soil and another which
are due to the original differences in the materials from which the soils
arise. This is well exemplified in the north east of Scotland, the gravelly,
sandy and clayey types of glacial detritus giving rise respectively to
gravelly, sandy and clayey soils.
From the chemical point of view the influence of the raw material on the
composition of the soil must be considered. Under the climatic condi-
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tions prevailing, the nature and quantity of the mineral colloids present
in the soil, and the kind and quantity of bases held by the colloidal material will be dependent partly on the supplies originally present in the
parent material, and partly on their mode of combination and physical
conditions, that is, on the kinds of minerals present and their degree of
comminution, for these things control the rate at which bases will be
liberated by the processes of weathering. Soils which are different in
these respects cannot be classed together unless weathering processes are
so intense or so prolonged as to reduce the differences to insignificance.
Mineralogical examination of Scottish soils from cultivated areas has
shown that they are characterized by relatively large supplies of fresh, but
weatherable minerals, containing reserves of chemical bases yet to be
liberated. The kinds of minerals present and their amounts differ from
soil to soil, and classification of the soils can be made accordingly. While
profiles have been developed with changes of color, texture, etc., it must
be borne in mind that soil-forming processes have been in operation only
since the close of glacial times—a comparatively short time reckoned
geologically. The glacial drift itself was formed mainly by mechanical
processes of weathering, chemical decomposition playing only a minor part.
Thus drift derived from granite is practically crushed granite. During the
post-glacial period chemical weathering has seriously affected the mineral
composition of the soil only in cases of readily decomposable material.
CLIMATE OF SCOTLAND
Although the weather of Scotland is very changeable, yet the average
results are not the same for all parts, there being a marked contrast between the west and the east. The prevailing winds are from the southwest and the mountainous regions of the Highlands on the west coast are
in consequence the most rainy portion of Scotland. There is a marked
correlation between the amount of rainfall and the elevation of the land.
The leeward side of a mountain is drier than the windward side—the
phenomenon of "rain shadow," and, although in Scotland where much of
the rainfall is due to cyclonic influences even the leeward slopes receive
abundant moisture, yet "rain shadows" to eastward and northeastward
are distinctly indicated by the average rainfall distribution, being conspicuous in the relatively low rainfall of the east coast and in some of the
larger valleys. In the west the rainfall is generally 80 inches per annum—
rising in the highest regions to over 100 inches while in the east it falls to
25 inches per annum.
With regard to temperature, in July the mean figure is about 60° F.,
while in January it is about 40° F. The winds from a relatively warm
ocean cause the west coast to be milder than the east, so that the climate of
Scotland may be regarded as temperate, equable and humid, the northeast
being relatively drier and cooler, while the west is very equable and moist.
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Under such climatic conditions, a common profile of northeast Scotland
has the general characteristics given in the introduction, and apparently
belongs to the podsolic type. Variations of this profile, which are due to
climate variations, are (1) a greater accumulation of peat in the wetter
regions of the west with an accompanying greater development of horizons
both in depth and distinctness, (2) less accumulation of peat in the lowlands, especially to the east where rainfall is less.
AREA UNDER CULTIVATION
While the importance of the study of the profile of virgin soil is recognized in considering a system of classification, the value of the data collected will depend on the relative proportion of land remaining virgin
within the arable area. (In Scotland, it is true the greater part of the
country has never been cultivated, but this is to be found in the mountain
and hill regions whose conditions do not apply to the lowland arable
areas.) In the lowland arable districts the proportion remaining uncultivated is small, and the application of information acquired about such
remaining portions to the cultivated land is limited on account of complexity of the geology and mode of origin of the parent material of the soil,
and the diversity of the topography. From a knowledge of the profile
features of the virgin soil, the general type pertaining to the climatic conditions of the region may be ascertained, but the extension of that type to
the cultivated area cannot safely be assumed where the type of soil
developed is largely dependent on topography and geology. The arable
land can only be classed with the virgin land when sufficient of the profile
has been left undisturbed by cultivation for the type to be recognizable.
Again, it is to be borne in mind that much of the arable areas of Scotland have been long and intensely cultivated. This has brought about
modifications of a profound nature in the soil and restricted the analogy
with the virgin soil which remains in any particular district. The breaking up of the top soil, for instance, entirely alters the degree of aeration,
thus arresting the tendency to peat-formation. New conditions are
introduced, acidity is lowered and consequently leaching is not so active.
The changed conditions due to manurial treatment need not be emphasized.
SUMMARY
An examination of the profiles of Scottish soils shows that their general
characteristics place them in the podsolic group. For agricultural purposes, this group must be sub-divided, and particular features of the profile which then become important are local variations in organic content
and moisture content which are largely determined by topography, and
texture and chemical composition which largely depend on the physical
and mineral composition of the parent material.

PREDOMINANT SASKATCHEWAN SOIL PROFILES
CORRELATED WITH SOIL DEVELOPMENT
FACTORS IN NORTHERN LATITUDES
A. H. J O E L

University of Saskatchewan, Saskatoon, Canada
INTRODUCTION
The primary purposes of the studies dealt with in this paper were to
determine and to outline the major or zonal soil belts and the more
important minor or intrazonal soil belts in the Province of Saskatchewan;
and to correlate such belts with soil development factors and with agricultural adaptations. The paper is possibly of undue length. If so I
hope that you will charge the fault to the fact that the study of soils in
the Canadian West is still a pioneer proposition and that a paper such
as I have prepared will require the presentation of a great deal of explanatory and descriptive matter.
The material is presented according to the following general plan:
(1) A brief statement of the climate, natural vegetation and surface
geology of the province.
(2) A map and an accompanying general classification of zonal soil
belts and of included modified belts of appreciable extent.
(3) Descriptions of the morphological characteristics of zonal soil
profiles and a discussion of their physical and chemical nature.
(4) Correlations of profiles and of profile characteristics with the
principal soil development factors—climate and natural vegetation—
and considerations of the influence on soil development of geological
origin.
(5) Comparisons of Saskatchewan profiles with similar Eurasion profiles described by Glinka.
(6) Correlation of Saskatchewan profiles and of associated natural
environment with agricultural adaptations and agricultural development.
CLIMATE, NATURAL VEGETATION AND SURFACE
GEOGRAPHY OF T H E PROVINCE
Climate.—Although there are quite wide variations in a number of
essential climatic features (5) the general prevailing climate is that of the
northern mid-latitude continental type. It is characterized chiefly by
limited precipitation; long, cold winters and rather short, hot summers;
200
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and by a high total of sunshine hours during the growing season, resulting
from long days and generally clear skies.
The temperature range is wide, 54° F. and 102° F. having been
recorded. The average growing season varies by location from about
80 to 140 days. Nights are seldom warm. The mean annual precipitation varies from about 13 to 19 inches, about 50 per cent falling in the
growing months of April, May, June and July.
The prevailing winds (3) are west or southwest with a northwest tendency in the east part of the province. Winds vary considerably in
prevalence, velocity and temperature.
Isotherms (5) run generally from southeast to northwest. In the
portion of the province under consideration 1 the altitude (15) varies
from about 1500 feet above sea level to about 3500 and the latitude from
49° N to about 55° N, representing a range of about 400 miles.
Natural Vegetation.—The predominant natural vegetation (13) associations are short grass plains, mixed short and medium grass prairies,
" p a r k " 2 lands and deciduous and coniferous forests.
Grama grass (Bouteloua gracilis) with much mountain sage (Artemisia
frigida) and frequently sage brush (Artemisia tridentata) and small sage
(Artemisia cana) are the most characteristic plants of the plains. Stipa
comata and Koeleria gracilis become noticeable in wet seasons. Cacti
appear in the drier portions. The grasses form only a thin short stand
with quite shallow root penetration.
Park lands are characterized by mixed medium and tall grasses (the
latter usually predominant), a great variety of herbs and numerous
isolated clumps of trees, principally aspen (Populus tremuloides) and
willows. Needle grass (Stipa spartea) and slender wheat grass (Agropyron
tenerum) seem to predominate over much of the park belt, forming quite
a luxuriant growth and much deeper penetration of the root mass than is
found on the plains.
Intermediate between the two, forming an extensive belt of prairie, are
mixed short and medium grasses with an average root penetration.
Western needle grass (Stipa comata) and grama grass apparently predominate. Herbs and low shrubs—principally wolf willow (Eleagnus argentea) and snow berry (Symphoricarpus occidentalis)—are quite numerous.
The principal trees of the deciduous forest are aspen, balsam poplar
(Populus balsamifera) and canoe birch (Betula papyrifera).
Wild cranberries, hazel nut bush, blueberries (on sandy lands) and other shrubs
common to eastern forested lands are also common.
1

Few soil observations have yet been made in northern Saskatchewan. Much of this
portion is probably quite rough and stony with coniferous forests as the predominant
natural vegetation.
2
Mixed prairie and timber, with the trees growing in clumps, usually in places with the
greatest moisture content.

202

F I R S T I N T E R N A T I O N A L C O N G R E S S O F SOIL S C I E N C E

Geological Origin.—Most Saskatchewan lands are of glacial origin. The
till deposits are predominantly till plains and moraines with comparatively
few eskers and kames and comparatively little sandy outwash, indicating
far less water action than along the southern reaches of the glacial advance. Lacustrine deposits (mostly glacial), preglacial exposures and
aeolian deposits are the geological sources of most of the remainder of soil
material.
Soil Groups.—Four distinct major or zonal soil belts comprise most of
Saskatchewan lands thus far studied. The probabilities are that other
distinct belts exist in the far north (the tundra and possibly the true gray
forest soils). These four major soil groups with their most important
subclasses are given in Table 1.
TABLE

1.—Predominant
Major belts

Saskatchewan soil belts given as major groups and subclasses
Minor belts

1. Black " P a r k " or Cher- A. Shallow Black
nozem-like
B. Deep Black

2. Gray " Bush "—Podsol
Podsol-like
3. Dark Brown Prairie

or A. Advanced Podsols
B. Incipient Podsols
A. Prairie Steppe
B. Cypress Hills

4. Brown Prairies and Plains A. Brown Prairie Plains
B. Grayish Brown Plains

Local belts—Frequent,
but quite inextensive
I.
II.
III.
IV.
V.

Swamp Podsols
Alkali Soils
Peats
Jack Pine Sands
Lands of Eroded
duced Profiles a

Re-

I. Muskegs
II. Jack Pine Sands
I. Alkali Lands (most
poorly drained soils)
II. " B u r n t - o u t s "
III. Drift Sands
IV. Pierre Clays
V. Lands of Eroded Reduced Profiles a
I. Alkali Lands (most,
poorly drained soils)
II. " B u r n t - o u t s "
III. Drift Sands .
IV. Pierre Clays
V. Lands of Eroded Reduced Profiles "•

" Top profile layer or layers removed, exposing subsoil horizons as surface.

GENERAL CLASSIFICATION OF ZONAL SOIL BELTS
The profiles of only the major groups and extensive subclasses will be
given detailed consideration.
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The Black or "Park" Land Profile.—A black or almost black A horizon
of mixed loose and fine granular structure; a B\ horizon of some shade of
brown, heavier and more compact than the surface, frequently somewhat
columnar in structure and usually fine to medium granular when crumbled;
a B2 zone of gray to light-gray color, frequently with a yellowish or brownish tinge and floury to fine granular structure (the zone of lime carbonate
accumulation); and a C\ horizon of gray to dark-gray color, mottled with
flecks or stains of reddish-brown ferric oxide and frequently with concretions or splotches of calcium carbonate or calcium sulfate or both. The

FIGURE 1.—A view over the brown prairie-plains lands

C2 horizon is usually a more uniform dark-gray or somewhat bluish darkgray.
The black profile is of two general types; the shallow black and the
deep black. Depths of horizons, as well as other profile features, are
different in each, although the differences are usually of degree rather
than of kind.
The deeper black profiles usually occupy lower elevations well within
the black zonal belt. The black layer varies from about 8 to 18
inches in depth with 12 inches about average. The second zone is usually
dark-brown or very dark-brown in color, but otherwise not markedly
different than the surface. The lime zone is usually at depths of from 20
to 30 inches, with the lime well distributed rather than in concretions.
Stains of iron and large mottlings of gray and blue in the subsoils indicate
poor drainage conditions.
The surface zone of the shallow black profile varied from about 3 to 8
inches where observed. The second zone is of a lighter brown color than

204

FIRST INTERNATIONAL CONGRESS OF SOIL SCIENCE

in the deeper black and usually decidedly heavier and more compact than
the surface, with the columnar structure frequently fairly well developed.
The lime zone is usually found at from 12 to 16 inches from the surface
and frequently contains small lime concretions. The subsoils usually
evidence quite good drainage. These shallow black profiles usually
occupy well drained uplands, lighter textured lands and the areas bordering the drier prairie lands to the west and south. They approach the darkbrown profiles in character.
The Melfort silty clay loam (6) is a good example of the deep black
type; the Oxbow loam (8) of the type of average depth of black surface
and the Rosthern very fine sandy loam of the shallow black type.

FIGURE 2.—A view of "park" belt lands showing the tree clumps scattered over tall
grass prairie

Two modifications of the general profile of the black park lands have
been frequently observed; viz., first the absence of the second zone, of
brown color, usually in poorly drained light textured soils; and secondly,
the presence of an additional zone, a yellowish to light yellowish-brown
layer between the usual brown and light gray zones. This latter usually
has been found most frequently in well drained light textured soils with
deep and thorough aeration.
Gray "Bush" Profile.—A thin A0 (1 to 2i n.) of very dark-brown to
black muck-like organic matter with an appreciable quantity of coarser
sands; a gray, light-gray or fawn colored Ax with very little organic matter
and usually of somewhat platy structure which easily crushes to a loose,
powdery structure and fine sandy loam texture; a brown to grayishbrown B\, coarse granular heavier layer; a brown or coffee-brown B2,
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coarse granular zone similar to the one overlying it but usually with well
marked rust colored stains; a gray or brownish-gray B3 of definite lime
concentration with numerous small lime concretions; and a gray Cx with
small ferric oxide concretions, grading into the more uniform darker
gray C2.
As the forests have been severely thinned out and burned, the natural,
original layer of surface organic matter has probably been considerably
altered in depth and composition. However, in no case was
any great depth found. The
trees are mostly aspen {Populus
tremuloides), balsam poplar {Populus balsamifera) and canoe birch
{Be'via papyrifera).
The gray top mineral layer
varied in thickness from about
an inch to 10 inches at points
observed. Frequently only one
brown layer is present. The
lime zone usually begins from
26 to 32 inches from the surface.
Soils of such profile have all
been developed on glacial till
lands of fairly rough topography
where thus far observed. The
Waitville Series (7) is most
typical.
Soils with quite similar gray
surface layers are also found in
poorly drained shallow depressions in the black " p a r k " areas,
under an accumulation of several
inches of peaty organic matter
~FlGUBE 3._Popu,us t r e m u I o j d e s and Pop.
mostly derived from sedges
ulus balsamifera, typical of growth on podsol{Carex spp.). The subsoils, howlike northern "bush" lands,
ever, are strongly mottled with
brown and bluish-gray, resembling similar zones of other marsh lands and
the lower subsoils of many of the deeper black profiles.
Dark-Brown Prairie.—-A very thin, very dark-brown, loose surface
* covering, usually about one-quarter to one-half inch thick and apparently
of aeolian origin; a dark-brown to very dark-brown, somewhat columnar
Ai, 3 to 5 inches in thickness, which readily crumbles to fine granules and
separate grains; an A2 of brown to grayish-brown color and of more
decided columnar structure, heavier and more compact than the over-
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lying layers, a n d a b o u t 5 to 7 inches thick; a n A3, (lime concentration)
of light-gray t o g r a y color, beginning a b o u t 10 t o 14 inches from t h e sur-

FIGUBE 4.—Profile of dark brown prairie plains, clay loam, Weyburn series
face, t h e u p p e r portion columnar a n d t h e lower p a r t loose a n d fine granular; a darker gray, calcareous, Ci, grading into quite similar C2 below.
T h e W e y b u r n Series of soils are quite typical (8).

FIGURE 5.—"Burnt-out" or "slick spot" soils. Probably a Solonetz type. Such
lands have tough columnar subsurfaces. Natural A horizons have been removed (apparently blown away) in numerous places leaving patches of the exposed hard B! horizon.
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An additional zone usually occurs in the heavy loams and heavier profiles, and that is a layer, 1 to 3 inches thick of rusty brown soil, of small
TABLE

2.—Chemical analyses of horizons of profiles of Saskatchewan major soil
showing maxima and minima of constituents by horizons

groups,

Horizon depths in inches and percentage composition

Soil .sample

Brown soil
(Fox Valley)

0-5

5-10

10-16

16-33

Per cent composition, oven-dry soils

Constituents
Organic matter
Nitrogen
H2O at 105° C.
CO2
SiOs
Aboj
Fe20i
CaO
MgO

Horizon Horizon
with
with
minimaximum
perpercentage centage

Horizon depths in inches

2.74
0.137
1.94
0.07
77.41
11.04
3.13
1.87
1.30

2.20
0.110
2.4
0.22
73.69
12.14
3.64
1 99
1.81

1.67
6.51
65.49
9.35
2.88
9.84
2.70

Depth in inches
0-5
0-5
5-10
10-16
0-5
5-10
5-10
10-16
10-16

1.50
2.41
75.18
9.79
2.52
5.75
2.47

13

Burntout pit

2.3
0.115
2 44

2.40

3.9
0.195
4.62

0.08

4 24

0.03

Burnt-out phase of Brown
soil (Beaufield)

0-6

6-13

Organic matter
Nitrogen
H2O at 105° C.

6.56
0.328
2.52

COi

0.055

Si02
AI2O3
FejOs

75.18
9.49
2.94

75.32
11.86
4.30

70.34
10.03
3.63

70.33
13 78
4.85

CaO
MgO

1.59
0.91

0.90
1.31

5.47
1.78

1.01
1.89

Black Park of fairly shallow
depth (Lestock)

0-7

7-15

15-30

Organic matter
Nitrogen
H2O at 105° C.
CO.
SiO*
AI2O3
Fe 2 03
CaO
MgO
P sol. in 0.2 N HNOs

11.2
0.551
3 31
0.08
70.03
10.25
3.44
3.12
1.76
0.009

2.3
0.128
2.00
0.08
76.40
14.84
4.05
4.28
2 11
0.003

1.54
10.48
58.99
8.73
3.50
11.32
4.16

30-48

1.40
10.10
59.75
8.69
3.37
9.89
4.04

48+

0.87
10 30
62.13
8.84
2.70
11 60
4.48

0-6
0-6
Burnt
out pit
136-13
6-13
Burnt
out pit
13 +
Burnt
out pit

16-33
0 5
10-16
10-16
16-33
0-5
0-5

6-13
6-13
13 +
Burnt
out pit
Do
0-6
0-6
6-13
0-6

10 ft.

1.67
8.23
63.83
9.75
3.28
9.19
3.59

0-7
0-7
0-7
15-30
7-15
7-15
7-15
15-30
48 +
0 7

48+
0-15
15-30
30-48
48+
0-7
0-7
7 15

columnar structure, which breaks readily into coarse, tough granules.
Grass roots pass around rather than through these columns in many cases.
This zone is similar to the zone forming the surface of depressions formed
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2 (continued).—Chemical analyses of horizons of profiles of Saskatchewan
soil groups, showing maxima and minima of constituents by horizons

major

Horizon depths in inches and percentage composition

Soil sample

Black park of moderate
depth (Oxbow)

0-4

Black park of moderate
depth (Indian Head) '
Organic matter
Nitrogen
HiO at 105° C. (Hygr.)
CO»
Insoluble
AliOi
FeiOa
MmO.
PiOs
K»0
NatO
CaO
MK<>
SOI

Gray " B u s h "
Organic matter
Nitrogen
HiO at 105° C.
COi
SiOi
AliOi
FesOi
CaO
MgO

(Waitville)

4-10

10-26

26+

Per cent composition, oven-dry basis

Constituents
Organic matter
Nitrogen
H J O at 105° C.
COi
SiOi
P
K
AUO»
FeiOi
CaO
MgO

Horizon Horizon
with
with
maximinimum
perperrcntinic
centage

Horizon depths in inches

Depth in inches

10.9
0.546
4 39
0.05
69 93
0.075
1.64
9 93
2 58
1.57
0 80

4.32
0.216
3.73
0.34
70.78
0.062
1.87
12.52
3.26
1.64
1 25

1.98
0.099
2.89
6.18
64.6
0.050
1.47
10.54
3.23
7.97
2.32

63 14
0.047
1.49
11.08
3 43
6.82
2.92

0-12

12-24

24-36

36-48

48-60

60-72

0.23
10.7
0.46
74.2
6.71
3.94
0.07
0.17
0.37
0.34
1.35
1.45
0 06

0.10
6.5
9.51
53.4
4.30
2.98
0.07
0.14
0.37
0.31
10 12
3.14
0.03

0.04
6 3
9.93
65.46
4.35
2.80
0.09
0 14
0.41
0.37
9.67
3.33
0.07

0 04
4.3
8.0
70.19
3.39
2.79
0.06
0,17
0.60
0.27
7.60
2.97
0 08

0 04
3 9
7.57
70.03
4.02
3.06
0 11
0 16
0.40
0.36
7.02
3.32
0 43

0.4
5 0
7.13
69.99
3 54
3.40
0.12
0.18
0.42
0.28
7.08
3.27
0.09

8-14

14-26

26-

0-1H

1'A-S
1.18
0 059
1.01
0.06
82.06
10.10
2.62
1.37
1.00

1 46
0 073
2 90
0.02
76.28
13.32
4.14
1.23
1.38

0.9
0.045
2 45

2,02
0 39
74.99
12 53
4.92
2.07
1.93

1,26
6 04
67.20
10.35
3.62
6.84
3 38

0-4
0-4
0-4
10-26
4-10
0-4
4-10
4-10
26+
10-26
26 +

26+
26+
26+
0-4
26+
26+
10-26
0-4
0-4
0-4
0-4

0-12
0-12
0-12
24-36
0-12
0-12
0-12
60-72
60-72
36-48
24-36
12-24
24-36
48-60

24-72
24-72
48-60
0-12
12-24
36-48
24-36
36-48
12-36
0-24
36-48
0-12
0-12
12-24

8-14
8-14
8-14
26+
1'A-S
8-14
14-26
26+
26 +

1^-8
8-14
26+
1H-8
1^-8
8-14
1H-8

1

Analyses made in laboratory of University of Minnesota for Investigations of Saskatchewan Lands made by Dr. F . J. Alway.

by the removal of the natural surface in the " burnt-out" (9, 10) (probably
Solenetz) type of land described below.
The horizons are best marked in light to fairly heavy, smooth, well
drained soils. Demarcations are far less sharp in heavy lands, and the
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TABLE 3.—Analyses by profiles described by Glinka "

0-30

30-55

55-80

80-110

110 +

Layer
with
maximum
percentage

Humus
Nitrogen
H 2 0 at 100° C.
CO,
Si0 2
A1203
Fe 2 0 3
CaO
MgO
K20
Na20
P,O s
Mn,O s
SO,
NaCl

14.85
0.607
13.47
0.05
44.35
15.79
4.52
1.94
1.55
2.27
0.71
0.22
0.07
0.006
0.007

11.37
0.417
13.10
0.06
55.83
14.84
5.16
2.05
1.48
2.37
0.58
0.18
0.08
0.004
0.004

8.69
0.272
12.03
0.07
57.87
15.75
5.19
1.54
1.92
2.33
0.84
0.16
0.09
0.001
0.003

6.16
0.180
14.02
3.57
54.32
14.61
4.83
5.82
1.76
2.27
0.88
0.16
0.10
0.002
0.003

3.54
0.076
10.88
7.54
48.20
14.65
4.64
10.00
1.47
2.03
0.86
0.15
0.09
0.005
0 006

0-30
0-30
80-110
110 +
55-80
0-30
55-80
110 +
55-80
30-55
80-110
0-30
80-110
0-30
0-30

110 +
110 +
110 +
0-30
0-30
80-110
0-30
55-80
110 +
110 +
30-55
110 +
0-30
55-80
55-110

Chestnut soil b

0.5-4

0.5-12

11-17

57-63

Loss in ignition
Water a t 100° C.
C02
Si0 2
A120,
Fe 2 0,
CaO
MgO

8.25
2.89

6.14
2.49

62.78
15.01
5.09
2.45
2.14

64.07
15.41
6.15
2.72
1.40

4.26
1.80
1.13
65.20
15.46
5.60
2.97
1.98

3.42
1.77
0.63
65.69
15.63
6.42
3.42
1.22

0.5-4
0.5-4
57-63
57-69
57-63
57-63
57-63
0.5-4

57-63
57-63
0-12
0.5-4
0.5-4
0.5-4
0.5-4
57-63

B
B
B
C
B
B
A,
B

C
C

Chernozen from
Village of Krutoje
Saratov a

Depths of layers in centimeters and
per cent composition

Layer
with
minimum
centage

Podsol. Basin of Ai hori- B hori- C horizon
zon
zon
Tungir River,
Joblonowoi mts. c whitish brownish granitic
yellow
parent
material
Ignition
H 2 0 a t 100° C.
Humus
SiO,
A1203
Fe,O s
CaO
MgO

5.02
1.69
1.25
74.01
13.78
1.95
0.92
0.13

6.00
4.10
2.29
63.60
17.10
4.50
0.69
0.45

1.21
0.98
74.87
13.82
1.92
0.63
0.40

c
li
A;
At

C
Ai

"Glinka, K. D. The Great Soil Groups of the World and Their Development
(Translated by C. F. Marbut).
>> Ibid. p. 145.
• Ibid. p. 77.
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natural profile is usually very variable in rolling to rough lands, due to
erosion and deposition, resulting in very variable production in many
fields-due to the great differences of productivity of exposed horizons.
Brown Prairie Plains (11).—Usually a thin layer .of brown to darkbrown aeolian surface cover similar to that in the dark-brown soils; a
brown, faintly reddish-brown, grayish-brown or chocolate-brown, A loose
to fine granular (columnar in heavier types); a gray B of lime concentration, usually with numerous lime carbonate concretions; a darker gray,
calcareous C\ zone grading into a quite similar C2. The lime zone, B
usually begins at about 8 to 10 inches from the surface.
Most features of the dark-brown profiles appear in the brown soil belt,
but usually the brown soils are lighter in color, the subsurface zones less
markedly columnar and tough granular, the lime zone shallower and the
presence of lime concretions more marked.
The subclass listed in the table as grayish-brown plains (12) land is of a
still drier type than the brown soil profile, with less organic matter and
nitrogen and a shallower zone of lime concentration.
Chemical Composition.1—Below are given the results of chemical
analyses of samples representing the black "park," gray "bush," brown
prairie plains and "burnt-out" profiles. Similar data are given for
Chernozem (11), Chestnut soils and Podsols for the purpose of investigating the supposed similarity of Eurasian and Western Canadian types.
Data for the dark-brown profile is not presented, as results of the analyses
were considered as typical. The data presented is admittedly meagre and
insufficient for definite, final conclusions, but should at least be useful in
pointing out the more prevalent and decided characteristics and differences in profiles.
Mechanical analyses of typical black and dark-brown soil profiles are
given in Table 4. Other analyses of samples of the same type give
similar results.
Studies of the above data reveal both striking similarities and contrasts.
The gray " b u s h " or Waitville profile is the most individual in its character, but even this has much in common with the others. All profiles
have the following common characteristics:
(1) An accumulation of calcium and magnesium carbonates at lower
depths. This is usually the fifth horizon in the gray " b u s h " and the third
in the black, dark-brown and brown prairie and plains soils. It is usually
very well marked by its light-gray color.
(2) An accumulation of alumina in the second horizon and of iron either
in the second or third (third in the gray " bush " ) .
(3) A minimum of magnesia in the first depth and a gradual increase
with depth to either the third or lower horizons.
The black park, dark-brown prairie and brown prairie-plains profiles
1

Analyses made by Mr. J. Mitchell, Dept. of Soils, University of Saskatchewan.

TABLE

Sample
No.

Soil type

4.—Mechanical analyses of profiles of black and dark-brown loams,

Sample
depth

Loss on
ignition

Loss on
solution

C02

Fine
gravel
2 to 1
mm.

Coarse
sand
1 to 0.5
mm.

c
z

Saskatchewan

Medium
Fine
Very fine
sand
sand
sand
0.5 to
0.25 to 0.1 0.1 to 0.05
0.25
mm.
mm.
mm.

Silt
0.05 to
0.005
mm.

Clay
below
0.005
mm.

-J.
-J.

—

z
<

357

360

Oxbow loam
Black Park
Moderate depth
Weyburn loam
Dark-Brown
Prairie

in.
0-4
4-10
10-26
0-4
4-16
16-28
28-30

!

DC

17.45
8.95
11.65
10.4
7.15
8.59
6.80

6.42
8.08
18.46
4.28
5.85
16.12
13.65

0.05
0.34
6.18
0.32
0.07
5.87
4.03

2.51
3.93
2.21
1.31
1.39
2.21
1.70

3.15
4.60
4.18
2.69
3.19
3.53
2.98

6.34
7.15
7.86
6.94
6.84
7.05
7.62

16.3
19.0
20.5
19.41
19.71
23.13
21.62

18.0
17.13
15.3
18.43
13.60
15.32
14.02

36.7
21.0
18.8
29.00
25.83
20.12
23.01

17.00
27.19
31.12
22.22
29.44
28.64
29.05

-z
>
v.

V-

—
—
>
-.
—
Z
X
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have many additional features in common as indicated below. In fact
the differences seem to be far more of degree than of kind.
(1) The surface horizon is the darkest colored and contains the highest
nitrogen and organic matter. (The thin surface aeolian deposit, together
with the underlying zone, are considered as surface in the prairie and
plains profiles.)
(2) The second layer is almost always some shade of brown in color,
heavier than the surface, harder,
tougher and more compact, highest in iron and alumina and
usually most pronounced in columnar structure.
(3) Small concretions or stains
of ferric oxide and frequently of
calcium carbonate and gypsum
in the lower depths and parent
materials.
(4) Usually the greatest quantity of silica in the surface layer,
expressed as percentage of mineral soil.
(5) A definite increase of clay
content with depth, at least to
3 feet, and a corresponding decrease in silt and very fine sand.
Usually, also, there is a definite
increase with depth of fine sand
and a slight increase of coarser
sands.
(6) Highest phosphorus content in the surface.
(7) Lowest potassium content
in the zone of lime carbonate
FIGURE 6.—Showing podsolized layer of
concentration.
podsol-like soils in northern "bush" lands.
The principal differences are
The presence of a definite zone of lime conin
the quantities of organic matcentration would seem to indicate that these
soils are degraded "park" soils.
ter in the surface horizons, the
depth of the zone of lime carbonate concentration, the nature of distribution of lime in this horizon and the depth of transfer of magnesium and other leached
materials.
The black soils, as compared to the prairie and plains dark-brown and
brown lands, have higher organic matter and nitrogen, deeper zones of
lime concentration, deeper chemical and mechanical transfer of material
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and less frequent presence of lime concretions in the zone of lime concentration.
Like differences of degree occur between the dark-brown, brown and
grayish-brown soils.
The two most exceptional profiles—of extensive areas—are the gray
" b u s h " and the "burnt-out" types.
The former differs from the black, dark-brown and brown profiles principally in having a thin layer of forest organic matter and an upper
mineral horizon entirely different than in any of the former. The color
of this latter horizon is usually light-gray; and it is low in nitrogen and
organic matter, acid in reaction and powdery to soft lumpy in structure.

FIGURE 7.—Profile of the light brown plains soil, Bestville silt loam type. Large columns
and cylindrical masses and shallow lime zones are usually present

The "burnt-out" lands are characterized by an uneven, pitted surface
resulting from the removal of the first horizon, thus exposing the tough,
coarse granular, pan-like second horizon as the surface of the shallow
depressions. The popular theory is that prairie fires caused the condition
by burning out the natural sod. The probabilities are that this is a similar soil to the Russian Solonetz and that the pitted condition is the
result of deflocculation of the natural surface layer by sodium carbonate
with consequent blowing away. These soils are found both in the brown
and dark-brown belts.
Oddly enough gray " b u s h " soil and the "burnt-out" prairie soil both
have tough, coffee-brown, coarse, granular-columnar, second horizons
which are highest in iron, lowest in calcium, have adverse calcium-magnesium ratios and are acid in reaction.
Geological origin of materials, through differences in texture and
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topography apparently is the greatest factor in producing close similarities
in soils of the different major belts and also differences in soils within the
same major belts. This is likely the result of modifying the influence of
climate, especially by influencing the quantity and movement of effective
soil moisture. For example, coarse textured soils in a given major or
zonal belt frequently are similar in character and vegetation to finer
textured soils in a drier belt and vice versa. Roughness of topography
also tends to produce a profile of a drier type than that of adjacent smooth
lands, due probably to excessive drainage, with consequent less effective
moisture.
COMPARISONS W I T H CHERNOZEM, BROWN AND CHESTNUT
BROWN, SOLONETZ AND GRAY FOREST
SOILS DESCRIBED BY GLINKA (4)
Judging by comparative analyses already presented there is little reason
for considering Saskatchewan black lands as Chernozems. In the former
there is less nitrogen and organic matter and the humus zone is far shallower; the zone of lime accumulation is at shallower depths; and there
is a decided mechanical and chemical transfer of soil constituents from
upper to lower depths while there is little of such transfer in the Chernozem. Other fundamental differences may easily be discerned by comparing the analyses given.
There also seem to be great differences in the chestnut brown and brown
soils described by Glinka as compared to Saskatchewan brown and darkbrown soils. I have found few cases of laminated upper horizons and
find a decided downward movement of clay and retention in upper zones
of silt, which is in contradiction to observations of the Russian lands (4)
developed under apparently similar climate and vegetation.
The closest similarity of analyses presented by Glinka and those of
Saskatchewan seems to be in the Podsol and Saskatchewan gray " b u s h "
soil. There is also a marked difference which will be discussed further on.
Analyses of both the " b u s h " and Russian gray forest soils show low
organic contents, high silica and low alumina, iron and magnesia in the
podsolized ashy gray top mineral zone; a concentration of alumina, iron
and fine soil material in the coffee-brown second mineral zone and also
an accumulation of dissolved organic matter and a low calcium content
in this same horizon.
The marked difference is the presence of a definite zone of accumulation
of calcium and magnesium carbonates in the Saskatchewan soil, this zone
being practically like the same zone in the park and prairie profiles described above. A plausible explanation seems to be that the present gray
" b u s h " lands are degraded black or brown soils, podsolized by the comparatively recent encroachment of forests over these lands. Several
considerations seem to support this theory., Even in the past 40 years
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settlers have observed that fairly considerable portions of prairie have
become " p a r k " lands—partly wooded. Furthermore „various incipient
stages of podsolization may be found where forests and park lands join.
A still further indication of such degradation is the presence of quite
thick forests on deep black soils of the park type probably representing
the most recent encroachment of forests onto the black lands.
CORRELATION OF ZONAL BELTS WITH SOIL
DEVELOPMENT FACTORS
A study of the climate, natural vegetation and geological origin of
materials of the major soil belts reveals some interesting relations of such
natural factors with soil characteristics and agricultural adaptations.
TABLE 5.—Mean temperatures for stations in major soil belts *
Mean temperatures ° P.
Soil belts

Grayish-brown plains

Brown prairie-plains
South part
North part
Dark-brown plains
North part
Cypress hills c
South part
Black " P a r k "
North part
South part
Northern forest

Station
Annual

Spring

Summer

Fall

Nashlyn
Medicine Hat, b
Alberta

36.3

35.6

63.1

37.8

43.0

43.7

66.5

45.6

Moose Jaw
Swift Current
Kindersley

36.3
38.5
34.3

36.3
38.2
34.1

62.8
63.3
61.7

39.2
40.6
36.6

Anglia
Klintonel
Estevan

35.0
35.2
36.0

35.2
34.3
35.8

61.9
58.9
62.8

38.9
37.5
40.1

Prince Albert
Alameda
Fort Chipewyan
Fort Simpson e

32.0
32.7
26.0
21.0

32.6
32.2
25.3
24.0

59.3
60.5
57.6
56.6

35.0
36.5
30.3
23.3

d

" Stupart, F. (cf. refers. 5, 16).
b
Soil Survey of Medicine Hat Sheet (cf. refer. 16).
• An elevation covered with dark-brown soils and surrounded by grayish-brown
and brown soils.
d
In northern Alberta, at west end of Lake Athabaska.
• In northwest Territory, west of Great Slave Lake.

In Tables 5 and 6 data are given as to temperatures and precipitation.
In addition there are given general observations as to evaporation and
winds. The information is meagre, but as was true of the chemical data,
it may at least indicate broad correlations.
Long time accurate observations of winds and evaporation are not
available. However, one is warranted in making the following general
statements:
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TA BLE 6.—Mean annual precipitation for stations in major soit belts
Soil belt

Station

Annual precipitation
in.

Black " P a r k "
1. North portion

Battleford
Prince
Prince Albert
Rosthern
Melfort
Muenster

14.0
14.3
16.5
13.7
14.2
14 .0

Crescent Lake
Indian Head
Grenfell

14.5
17.0
18.5
18.6

Nashlyn
Medicine Hat Alberta

18.0
10.91
11.35

Average
2. South portion

Average
Grayish-brown plains

Average
Dark-brown prairie
1. North portion

11.13
Anglia
Saskatoon

14.5
13.7

Regina
Estevan

14.1
18.4
16.5

Average
2. South portion

Average
Brown Prairie-plains
1. North portion

17.5
Scott
Luseland
Kindersley

13.2
13.4
12.7

Chaplin
Swift Current
Illebrun

13.1
16.1
15.0
15 3

Average
2. South portion

Average

15.5

Winds vary considerably in direction, frequency, velocity, and temperature over various parts of the province. Over most of the west and
southwest portions the prevailing winds (3) are west and southwest,
while those in the east portions are more north and northwest. The
former are apparently usually of lower humidity, more frequent and much
warmer, especially during the growing season. In fact the very hot midsummer winds from the southwest seem to be the predominant climatic
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difference in the grayish-brown plains belt as compared to the taller grass,
brown prairies. As a result of the great influence of winds on evaporation
and of the burning effect on plants of the above mentioned hot winds,
winds apparently play a very important part in determining natural
vegetation and soil development.
A study of the sketch map of soil belts and natural vegetation zones,
together with considerations of climatic factors, reveal some fairly close
correlations of soil, climatic factors and natural vegetation and possibly

FIGURE 8.—Whitish to grayish surface of slough podsol type surrounded by black
soil of the "park" belt. Such patches are common near the border of the podsol-like
forest lands and the black "park" lands

throws some light on the influence of the latter on soil development in
this northern region.
Boundaries of soil belts, in general, follow isotherms (5). From Table
5 it will be noted that mean annual as well as seasonal temperatures are
highest in the brown and grayish-brown belts and progressively lower in
the dark-brown, the " p a r k " belt and the forest, in the order given. In
general, also, temperatures become lower from southwest to northeast
rather than from south to north, with the northerly direction having the
greater influence. This is quite in accordance with the general distribution of belts of major profiles and of natural vegetation.
Although in all cases the average annual rainfall increases from the
grayish-brown belt through the dark-brown to the black " p a r k , " still
there are far greater variations within the same belts than between grand
averages for different belts. The greatest differences are in the north and
south divisions of the same belts. This fact and the very evident field
differences between hot wind zones and zones of little hot wind would
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indicate that temperature and winds have a more marked effect on soil
character and natural vegetation than does precipitation. In considering
such a relation one must realize that there is little difference in the seasonal distribution of precipitation, at least in the portion of Saskatchewan
under consideration.
Considering temperature, precipitation and evaporation as elemental
climatic determinants and latitude, altitude, winds and forests as responsible for these, one can consider
combinations of these climatic
elements for various areas and
quite logically account for both
soil and vegetation belts.
For example the most desertlike parts of the province, just
south and north of the Cypress
Hills, seem to have the lowest precipitation, hottest winds and longest growing season. These areas
have very short, sparse grass
growth, much alkali and Solonetz
type of lands, and light grayishbrown soils, with zones of lime
carbonate accumulation at shallow depths. These soils compose
the light grayish-brown phase of
the brown soil belt.
Much of southern and central
Alberta is occupied by the brown
and grayish-brown belts.
The typical brown soil belt,
with heavier grass' growth, shows
a higher precipitation. Within
the belt itself the greatest rainFIGURE 9.—Profile of the dark "park''
fall is in the south part; but the
lands, Oxbow loam type. The A1( is very
dark brown or black, loose and fine granular;
more intense effects of hot winds
A2, dark brown, often slightly columnar,
in this portion and the colder temslightly heavier; B, zone of lime concentraperatures in the northern portion
tion; Ci, dark gray material but slightly
probably produce a climatic balweathered
ance resulting in one general type
of soil and vegetation for the whole belt. The absence of a portion of
the dark-brown belt between the brown and park belts in the north and
west part of the province may be accounted for by the great prevalence
of sandy soils, and the contact of hot winds with northern latitude conditions. » Park vegetation seems to favor sandy loam soil types in this
general vicinity.
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The dark-brown soil belt, with still ranker grass growth, may be accounted for climatically in a similar manner to the brown belt just considered. Here again the greater precipitation is in the south. The whole
zone is about at the extreme reach of the hot southwest winds.
The park lands have the highest recorded precipitation, other than the
forest, with the lowest precipitation again in the northern portions. The
gradually encroaching forests may have considerable influence on local
climate and therefore on soil development and natural vegetation. It
seems logical that the original forest might gradually have spread well
into drier zones as the result of its own influence on elements of climate
along the bordering zone. This belt occupies much of southern Manitoba
and of the northern part of settled A lberta.
There is little data as to temperatures and precipitation in forest zones.
However, observation and some records indicate a higher precipitation on
elevated forested areas which are surrounded by lower park lands and
there is undoubtedly far less evaporation over the northern zones.
Altitude (13) seems to bear an important relation to zonal soil belts
as well as to minor divisions. In general, increasing altitude over great
areas seems to accompany combinations of climatic factors resulting in
drier conditions. The division of low elevation (15, 2), averaging about
800 feet above sea level, and extending from Manitoba across «northern
Saskatchewan, is largely a region of forests or " p a r k " land and of climatic
conditions favoring the greatest quantity of effective soil moisture.
The second division, with an average elevation of about 1600 feet above
sea level occupying part of western Manitoba, most of the north and east
part of Saskatchewan and part of northern Alberta, is largely park,
forest and dark brown prairie. Climatic conditions in general, favor a
drier type of soil and vegetation than in the lower first division. It is
significant to note that most of the forest areas occupy either the outer
border of the division or higher elevations within the division.
The third physiographic division, occupying the Third Prairie Steppe,
with elevations ranging from about 2200 feet along its eastern side to over
4000 feet near the foot hills of the Rockies, occupies most of the driest soil
and vegetation belts of the Canadian Western Plains, principally the
brown and grayish-brown zonal belts described.
Local elevations, where observed in Saskatchewan, seem to have an
opposite effect on soils and vegetation than do the broad elevations just
described. That is, in practically every case the soils and vegetation
resemble that of a more moist belt than that of the surrounding lower
country. For example gray " b u s h " lands occur surrounded by park
country, dark brown soils by the brown or grayish-brown zone, etc.
Eather meagre rainfall records seem to substantiate local opinion that the
higher local elevations receive greater precipitation than the lower.
The increased draughtiness of the elevated broader physiographic
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divisions is probably due to the fact that these higher areas are more
strongly influenced by the effect of the Rocky Mountains on the humidity
of rain-bearing, westerly winds, the elevated steppes nearest the mountains naturally receiving the driest winds.
INTIIAZONAL BELTS
Within the major belts themselves atypical soils and vegetation are
usually associated with atypical geological origin, reflected in differences
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in elevation, soil texture, natural drainage, mineral composition and local
topography. The Cypress Hills dark-brown soils, surrounded by brown
and grayish-brown plains; and the Birch Hills forest podsols, surrounded
by deep, black, " p a r k " lands, are examples of the influence of elevation
in producing conditions favoring the development of soils requiring more
moisture.
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Dark brown sandy belts in black park belt and dark brown clay loams
in the brown belt are examples of the influence of texture.
The "burnt-outs," or Solonetz soils, are apparently examples of
atypical soils from atypical mineral origin, for such lands seem always to
occur on glacial till uplands.
Alkali soils are almost always associated with depressed and poorly
drained areas, while soils of a drier type of profile than the major type are
usually produced.on rough lands, or escarpments, or on similar excessively
drained belts.
Differences in natural vegetation are usually as marked as differences in
soils in the above mentioned atypical cases.
CORRELATIONS OF SOIL BELTS WITH AGRICULTURAL
DEVELOPMENT AND ADAPTATIONS
Only a very brief consideration will be given to Agriculture in western
Canada and the most fundamental and essential facts presented.
The prevailing system of agriculture is spring wheat growing, with
sufficient oats for feed, appreciable acreages of flax on new and heavy
lands, barley as a late season crop and rye on light soils. Other crops are
grown usually in small acreages, often as experiments. Sweet clover is
the best adapted legume and western rye and brome grasses the best tame
grasses.
The summer fallow is an essential feature of the agriculture. In the
driest areas land is fallowed every other year and in the moist areas
usually every third or fourth year. There is a definite tendency toward
mixed farming.
Climatic conditions, especially precipitation, has been the limiting
factor in production, rather than soil fertility. The gray bush lands, of
acid reaction, are an exception to this, at least in many cases, for there is
evidence of somewhat low fertility. However, these lands are comparatively inextensive.
The nature of contrasts in agriculture are best shown by comparing
agricultural adaptations of the black " p a r k " lands and of the grayishbrown plains. The brown and dark-brown soils are generally intermediate in agriculture as well as in general character.
The black park lands produce ranker growth of straw, somewhat lower
protein wheat and a much more luxuriant pasture, but of lower feeding
value. Due to somewhat greater frost danger and generally lower mean
temperatures corn and similar crops are not so well adapted to the park
lands. On the other hand there is less danger from drought and little
danger from hot winds such as seriously damage grain in the grayishbrown area very frequently during midsummer. There is also far less
difficulty with soil drifting and blowing, a real problem in the drier
regions. On the other hand there is far more danger from wheat rust,
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recently a very serious handicap to wheat production. As the quantity
and quality of water is much more favorable to live stock production,
this, together with better pasture crops, make the park lands better
adapted to mixed farming. Few bodies of water in the drier areas are
not alkaline. The best quality of wheat in the province is probably produced on heavy lands, in the brown and dark-brown soil belts, a quality
hardly surpassed by any in the world's markets.
The general range of crops over both belts is surprisingly wide for
country so far north. Most grains and garden crops and most small
fruits do well. There is a strong tendency toward mixed farming, sound
rotations and other rational farm practice making for safe and lasting
agriculture. Weeds, rust, drought, lowering fertility, soil drifting and
similar difficulties accompanying the one crop system are steadily forcing
the change. Effective agricultural extension is also greatly aiding the
trend.
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SOIL TYPES AND SOIL PROFILES IN NORWAY
K. O. BJÖRLYKKE

Agricultural Institute, Aas, Norway
INTRODUCTION
For the purposes of administration Norway is divided into 18 counties
(I-XVIII). We also speak of East Norway (I-III, VI, VII), Central
Norway (IV, V), South Norway (VIII, IX), Western Norway ( X - X I I I ) .
The Trondhjem District (XIV. XV) and Northern Norway (XVIXVIII).
The country extends over about 13° of latitude (57° 58'-71° 11') and
almost 27° of longitude (4° 3G'-31° 10')- On account of its great extent,
especially from north to south, the conditions of temperature are very
different in the southern and northern parts of the country. Thus the
greater part of the three most northern counties are situated in the cold
zone, but this is to some extent counteracted by the warm water of the
Gulf Stream which flows towards the north and west coasts of the country.
By the International Treaty of Paris on February 9th, 1920, Norway
was also given sovereignty over Svalbard, the Arctic islands with
Spitsbergen and Bear Island, so that it may now be said that the Kingdom
of Norway extends towards the North Pole. By reason of its great extent
Norway is admirably suited for the study of soils in various climatic
conditions, a study which was only commenced in recent years.
The country can be divided into three parts in accordance with the
rainfall:
1. The dry or arid district in the central part of the country and in
East Finmark, with an annual rainfall of less than 500 mm.
2. The slightly humid district in the southeast of Norway with an
annual rainfall of between 500 and 1000 mm.
3. The highly humid coast district in the west, with an annual rainfall
of between 1000 mm. and 3000 mm.
In addition there is the Arctic or Nival climate in Spitsbergen and in
the high mountains.
The country can be divided into the following areas in accordance with
the rocks, which also have their influence on the soils:
1.
2.
3.
4.

Azoic rocks (gneiss and granite)
Metamorphosed Silurian slate and sparagmite
Younger igneous rocks (gabbro, syenite porphyry)
Fossiliferous silurian rocks and sandstones in the Oslo district
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FIGURE 1.—Map of Norway with counties numbered to correspond with subdivisions
in the text
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It is estimated from the official statistics that 72 per cent, or 217,643
km.2, are unproductive, and 28 per cent or 93,257 km.2 form productive
areas. Of these only about 2.9 per cent or 9,200 km.2 are cultivated,
whilst 21 per cent are covered with forests.
The loose layers or strata of soil materials form the basis of the cultivated and cultivatable areas. These strata can, in Norway according
to their vertical extent, be divided into two main fields:
1. The former swpramarine field, with moraines, peat bogs and river
deposits and
2. The former submarine field, which at the end of the Glacial Period
lay below the level of the sea, during which time there were deposited
marine clays and sand. The boundary between these two fields is formed
by the marine border line, which in the southeastern part of the country
lies about 220 m. above the present level of the sea, whilst in the north
and west it is somewhat lower.
The low lying former submarine field contains most loose strata, and
in that part of the country we also find the bulk of the cultivated land
and the densest population.
In order to obtain a general idea of the soils of Norway in the various
districts, we may refer to the counties or to the previously mentioned
main districts of the country.
A. EAST NORWAY
I. ÖSTFOLD COUNTY (Area about 4,000 km. 2 ), situated on the east
side of Oslo Fjord.
Bedrocks consist of gneiss and granite, forming a "peneplain" of which
77 per cent lies between 0 and 157 m. above sea level and 23 per cent
between 157 and 314 m. above sea level. (The highest point is 351.5 m.
or 1120 ft.)
The annual normal rainfall varies from 635 mm. (Eidsberg) to 768 mm.
(Moss) and the mean annual temperature descends from 6.2° C. at the
coast to 3.8° C. in the interior of the country.
The soil materials mainly consist of marine clay and strata of sand in
addition to a series of moraines (ra's) and a number of bogs. The strata
of marine clay are the most extensive, after which come sand which is
usually in connection with the moraines (ra's) and have been washed out
by waves from the latter.
The soil is dependent upon weathering and also upon the altitude above
the sea. The marine clays can be divided into a slightly weathered blue
clay, a more markedly weathered gray clay, with brown spots, and the
most strongly weathered white clay.
The blue clay occurs in the lowlands and at minor heights above the
sea. It is rich in lime and is a nutritious soil in which the grayish-blue
subsoil extends up towards the surface soil.
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1. Blue Clay Profile from Thorsö (field in fiat situation, about 5 m.
above sea level):
M ( = A) 0 to 10 cm. Humus surface soil with grass vegetation.
U ( = B and C) 10 to 50 cm. of blue clay, some brown spots uppermost.
The mechanical composition 1 of the underground is as follows:
Coarse sand (2.0-0.2 mm.)
Fine sand (0.2-0.02 mm.)
Fine silt (0.02-0.002 mm.)
Fine clay (0.002 mm.)

per cent
0.25
32.85
26.75
40.15

I t thus consists of about 67 per cent of clay and silt and 33 per cent of
fine sand and must therefore be called a medium stiff clay soil.
Chemical Analysis
(10 per cent hydrochloric acid extract)

P.O.
K,0
CaO
FejO,

Loss on ignition
Reaction (pH)

M (0-10 cm.)
per cent
0.13
0.12
0.36
3.32
13.4
6.7

U (20-25 cm.)
per cent
0.15
0.19
1.14
3.85
2.3
6.9

Elutriation in the upper strata of earth is noticeable but not great.
After loss on ignition the content of organic matter can be estimated at
about 11 per cent. The reaction is about neutral.
The gray clay in the subsurface soil and the upper subsoil is of a grayish
to bluish-gray color with a number of yellow-brown spots and streaks.
It is somewhat more weathered and elutriated than the blue clay, which
it merges into in the lower subsoil. It is usually found in flat and sloping
situations at various heights above the sea.
2. Gray Clay Profile from Gretnes (cultivated, about 15 m. above sea
level)
A
B
C
1

0 to 25 cm. Surface soil
25 to 50 cm. Gray clay with brown spots
1.0 to 1.5 m. Blue clay

The soil profiles are taken in practical profile vessels of galvanized iron plates, size
50 x 10 x 5 cm.
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N
P,0»
K,0
CaO
Fe 2 O a
Loss on ignition
Reaction (pH)

A (0-25 cm.)
per cent
0.21
0.08
0.04
0.24
2.65
5.76
5.58
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Analysis
B (25-50 cm.)
per cent
0.04
0.14
0.11
0.25
4.53
2.19
6.56

C(X . 0 - 1 . 5

cm.)
per cent
0.04
0.26
0.19
0.33
4.58
1.69
6.86

The upper strata of the soil are much elutriated. The quantity of
soluble salts increases towards the subsoil, which is richest. The reaction
is slightly acid to about neutral in the subsoil. The content of organic
matter in the surface soil is about 4 per cent.
The white clay is light gray to white in color in the subsoil and downwards passes into a grayer color and still lower into a more blue clay. It
mainly occurs in hills and at a considerable height above the sea. It is
deficient in nutriment and is also often poor in humus.
3. The Profile of the White Clay at ösaker (cultivated soil, slightly
sloping situation, about 50 m. above the sea).
A
B
C

0 to 15 cm.
15 to 35 cm.
35 to 50 cm.

Surface soil
White clay
Gray clay with brown rust spots

According to the mechanical analysis the subsoil contains about
88 per cent of clay and silt and about 12 per cent of sand and must
therefore be regarded as a very stiff clay soil.
Chemical

N
P,06
K,0
CaO
Fe 2 0 3
Loss on ignition
Reaction (pH)

A (0-15 cm.)
per cent
0.14
0.02
0.07
0.10
5.38
5.66
5.16

Analysis
B (15-35 cm.)
per cent
0.15
0.03
0.08
0.10
5.93
5.16
5.14

C (35-50 ci
per cent
0.15
0.05
0.09
0.18
5.86
5.63
6.05

The upper strata of the soil are much elutriated. The quantity of
soluble salts is small and increases towards the lower strata. The loss on
ignition shows that the surface soil is poor in humus. The reaction is
medium acid towards slightly acid in the subsoil.
In addition to the above mentioned types of clay soils there also appear
in the county of östfold a number of others, such as yellow clay, brown
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clay, white clay rich in sand, and various kinds of sand-clay and fine
sandy soils.
Sandy soil resting on clay occurs especially in the neighborhood of
moraines, the waves of the sea during the rise of the land having washed
the sand from the projecting moraine ridges over the adjacent layers
of clay.
4. Profile from Kalnes (arable land on a slightly sloping situation,
about 50 m. above the sea).
A
B
C

0 to 30 cm.
30 to 45 cm.
45 to 60 cm.

Black surface soil rich in humus
Brown subsoil, sandy soil
Grayish clay containing sand,
uppermost

brown

spots

The upper layers of the soil consist of 37 per cent of coarse sand, about
50 per cent of fine sand and about 13 per cent of clay and silt. The underlying clay contains about 20 per cent of coarse sand, 40 per cent of fine
sand and about 40 per cent of clay and silt.
Chemical

\
PsOs
K20
CaO
Fe»0,
Loss on ignition
Reaction (pH)

Analysis

A (0-30 cm.)
per cent
0.39
0.08
0.03
0.31
1.16
12.90
4.91

B (30-45 cm.)
per cent
0.07
0.13
0.03
0.18
1.94
3.41
4.59

C (45-60 cm.)
per cent
0.07
0.03
0.11
0.09
5.47
4.00
4.50

The upper sandy layers of soil are somewhat richer in phosphoric acid
and lime and somewhat poorer in potassium and iron compounds than
the underlying clay. The surface soil contains about 9 per cent of humus.
The reaction is markedly acid for all strata and the acidity slightly
increases as we descend.
5. Profile from Moen, east of Mysen (uncultivated, coniferous forest,
about 150 m. above sea level).
Ai 0 to 5
A2 5 to 17
B 17 to 34
C 34 to 47
D 47 to 50

cm.
cm.
cm.
cm.
cm.

Forest humus
Fine sandy soil (white or light grayish stratum)
Rust colored layer (Rosterde)
Paler, yellow-brown sand
Grayish clay

Fine sand soil containing clay resting at a depth of 47 cm. on a gray
clay soil. From its appearance the profile is here a true podsol-profile
with fine white sand and rust colored stratum.
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DAGBLAD „OOOISCHE KLANK

Gooisch Tribunaah

Dom en... fout
Een Gestapo'tje, speciaal voor de N.S.B.
Het is niet alleen de bedoeling
quenten te straffen, doch •— in de
inkeer te brengen.
In de overigens vrij onbelangr
het Oooische Tribunaal behandel
nadruk op het laatste. Deze presi
de mentaliteit van den beklaagde,
dan samen met hem naar een op
naar een betere toekomst.
f. iiuiuiegise, ecu nuversumscne
nuisscuiAjci, was DIJ „uie meneer
in Uueciu op auuiemie geweest,,
om net scmkic» wer* in ue emiioepsiuuio s sociaal ie uoen veroveren, in] was uovenuien syiupauiiseerenu lN.o.b.-uü geweest en natl
geiu gegeven vooi een jtrmgiiuis.
J. w. v. 1 uyi—bcnoisiuau was
in naar cuie te Hilversum wat al te
veurouweujiv met Uuuscliers 0111• ,SK<f\,p ur JJ'-jj-si}!^! jBeu'siun |

van onze rechtspleging om delineerste plaats zelfs •— dezen tot
ijke zaken, die de 11e Kamer van
de, legde mr. van Loon vooral den
dent weet zich in te dringen in
dwingt hem open te zijn en zoekt
lossing van de ellende en een weg
indertijd eens gewerkt heeft voor
Mussert's vrouw.
De meest duistere figuur van
den dag was wel de Hilversumsche bouwkundige C. Koster. Deze was N.S.B.-lid geweest en later toegetreden tot
de W.A. Nog later was hij uit
dezen edelen kring verwijderd
en kwam na desertie uit
„wjjar hij tewerk

WOENSDAG 28 AUGUSTUS 1946.

Wielrennen

Zurich:

Peters, koning van de
achtervolgers
Onze landgenoot Peters heeft op
waarlijk grootsche wijze het wereldkampioenschap
achtervolging
voor profs, gewonnen. Om in de
finale te komen had hij weinig
moeite met den Italiaan Ortelli.
Peters reed zeer regelmatig en
vergrootte voortdurend zijn voorsprong. Het verschil bedroeg tenslotte 40 M.
Heel wat spannender was de
strijd tusschen Piel en Pedersen.
Met slechts 1/5 sec. verschil won
de Franschman tenslotte.
De derde plaats was uiteindelijk
voor Pedersen, die Ortelli klopte.
De finale tusschen Peters en Piel
bracht vele incidenten. Eerst liet
de Franschman op zich wachten en
toen het startschot eindelijk was
gegeven nanf* Piel in een razend
tempo de leiding, maar kreeg na
drie ronden de leiding.

beide renners weer gelijk en toen
was het gebeurd. Peters noteerde
een tijd van 6 min. 33*/ s sec.
Bakker uitgeschakeld
In den herkansingsrit
voor
stayers stapte onze landgenoot
Bakker na 43 K.M. af wegens zadelpijn en staakte den strijd.
Na een aardigen strijd tusschen
Micbaux en Heimann won laatstgenoemde tenslotte op 150 M. gevolgd door den Belg. De Zwitser
plaatste zich hierdoor in de finale,
welke Donderdag zal worden veireden.
De achtervolging voor amateurs
leverde een zege op voor den
Franschman Rioland voor dissel
(Denemarken) en Janemar (Zweden).

In het landenklassement leiden
Nederland en Frankr
n het publiek de minder pnt. Daar de stqj
sen en
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De Vredesoort f ereniie

Economische problemen
den voorgrond

op

Tegenstelling Rusland-Australië
duurt voort
Indien de Groote Vier ertoe mochten besluiten elkaar in afzonderlijke vergaderingen te ontmoeten, zullen zij zich meer tot het economische dan tot het politieke terrein moeten bepalen. Di is de meening
van Britsche diplomatieke kringen in Londen, Slechts wanneer men
Jiet over de economische problemen van den vrede ee
kans op een regeling der politieke V£
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Chemical Analysis
A (0-17 cm.) B (17-34 cm.) C (34-47 cm.)
per cent
per cent
per cent
0.08
0.07
0.03
0.01
0.05
0.09
0.01
0.02
0.05
0.03
0.08
0.14
0.46
1.81
1.86
3.62
3.36
1.88
5.20
5.20
5.32

N
P206
K20
CaO
Fe2Os
Loss on ignition
Reaction (pH)

D (45-50 cm.)
per cent
0.05
0.08
0.06
0.12
4.30
2.97
5.25

The surface soils are found to be greatly elutriated, but the analysis
does not show any actual enrichment-horizon. The reaction is medium
acid for all strata. Such podsol-profiles appear at certain places in uncultivated soil, especially in sandy soil, but they are not common.
Moraine soils vary somewhat as to their composition and situation.
On account of the abundance of stones they are often forest-grown but
they may also be cultivated.
6. Profile from Kalnas (cultivated, in flat or slightly sloping situation,
about 50 m. above sea level).
A
B
C

0 to 17 cm.
17 to 27 cm.
27 to 50 cm.

Light grayish surface soil
Slightly brownish layer
Light grayish subsoil

The upper strata consist of 10 per cent gravel, 50 per cent coarse sand,
30 per cent fine sand and 10 per cent clay and silt.
Chemical A nalysis

N
P206
K20
CaO
Fe,0,
Loss on ignition
Reaction (pH)

A (0-17 cm.)
per cent
0.16
0.36
0.08
0.37
1.98
4.38
5.96

B (17-27 cm.)
per cent
0.02
0.17
0.09
0.19
1.50
1.11
5.88

C (27-50 cm.)
per cent
0.01
0.16
0.05
o 20
1.43
0.65
5.42

The soil in the lower lying districts has something in common with
that of the county of Östfold; in the higher districts the soil is often sharper
and more characterized by the bedrocks.
The wild vegetation is luxuriant and rich in broad leaf trees.
The clay soils are as in Östfold. The blue clay is also rich in substances
of value to the growth of vegetation. A weathered, yellow spotted clay
soil is named rust-clay, and corresponds most closely to the gray clay.
The sandy soils are partly in connection with the moraines, and partly
occur at the rivers' channels (river sand).
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7. Profile from Enigheten, near Fredriksvaern (cultivated, flat situation,
about 30 m. above the sea).
A
B
C

0 to 25 cm.
25 to 35 cm.
35 to 50 cm.

Black surface soil
Dark brown subsoil
Light brown subsoil

The profile resembles a brown soil profile. The subsoil consists of
93 per cent coarse sand, 3.3 per cent fine sand, 2.5 per cent fine silt and
0.9 per cent of gravel.
Chemical

N
P s O,
K,0
CaO
Fe 2 0,
Loss on ignition
Reaction (pH)

Analysis

A (0-25 cm.)
per cent
0.27
0.07
0.01
0.29
1.37
7.36
5.9

B (25-35 cm.)
per cent
0.14
0.05
0.01
0.20
2.13
7.82
5.8

C (35-50 cm.)
per cent
0.04
0.07
0.02
0.14
1.84
1.82
5.9

The iron compounds are slightly richer in the B-stratum, but otherwise the profile does not indicate any considerable elutriation. The reaction lies between medium acid and slightly acid for all strata.
The surface soil contains about 4 per cent of organic matter. The
quantity of soluble salts does not give evidence of any appreciable
elutriation. The surface soil has probably been influenced by fertilizing.
The reaction is slightly to medium acid and the acidity slightly increases
downwards.
In the county of östfold there are various types of moraine soils, such
as gravel soils, sandy soils, clay moraine soils, etc.
II. COUNTY OF VESTFOLD (area about 2,300 km. 2 ). Situation; on the
west side of Oslofjord between Langesund Fjord in the South and Drammen Fjord in the North.
The bedrocks mainly consist of younger eruptives (porphyry, granite
and syenite) and in addition small areas of silurian strata and devonian
sandstone. Sixty-five per cent of the area of the county lies lower than
157 m. (500 feet) and thus belongs to the earlier submarine land, only
6 per cent lying higher than 314 m. (1,000 feet).
The annual normal rainfall varies from 840 mm. (Holmestrand) to
999 mm. (Lardal) and thus approaches humid districts. The mean
temperature for the winter months is — 2.7° C , for the spring
4.4° C , for the summer 15.8° C , and for the autumn 6.3° C. The
annual normal temperature is 5.9° C. (Holmestrand).
The loose strata or soil materials occupy about 30 per cent of the area
of the county and mainly consist of marine clay and sand and in the south
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of large terminal moraines, which correspond to those in östfold. The
clay soils have their greatest extent in the northern part of the county,
whilst the sandy soil, which is often in connection with the moraines, is
mostly found in the southern part. There may occur some locally
residual soil and coUuvial soil but these play a minor part except as forest
soil.
The residual and coUuvial soils naturally vary greatly according to the
bedrocks.
8. Profile from the Larvik District at Hallevand to the northwest of
Larvik (uncultivated soil, broadleaf forests, about 50 m. above the sea).
M
U

0 to 10 cm.
10 to 30 cm.
30 to 50 cm.

Black forest humus
Dark brown layer
Lighter brownish downwards

The profile resembles that of a brown soil profile. The soil was probably coUuvial and contained pieces of larvikite (augitsyenite) but its
mechanical composition resembles that of a moraine gravel with about
14 per cent of clay and silt, 68 per cent of sand and 18 per cent of gravel.
Chemical Analysis

P2Os
K,0
CaO
Fe,0,
Loss on ignition
Reaction (pH)

M (0-10 cm.)
per cent
0.04
0.01
0.09
4.10
7.97
4.44

U (10-50 cm.)
per cent
0.09
0.03
0.25
4.30
8.50
4.74

The figures indicate some elutriation of the upper stratum but to no
very marked extent. The reaction was very acid in both strata. The
layer of humus must be regarded as " m u l l " or muck.
III. COUNTY OF AKERSHUS (area about 5,000 km.2) is situated around
the capital of Norway, Oslo (Aker and Folio) and extends northwards to
Lake Mjósen (Upper Romerike) and to the southeast to the Swedish
frontier (Lower Romerike); towards the south it borders the County
of östfold.
About one-half of the county lies below the earlier marine border and
is comparatively well cultivated. The higher land is for the most part
covered with forests.
The bedrocks consist partly of azoic rocks to the south and east, partly
of silurian formation around Oslo and partly of younger eruptives (syenite,
granite and porphyries) in the northwestern parts.
The annual normal rainfall varies between 590 mm. (Oslo) and 756 mm.
(Aas). The mean temperature varies between 5.5° C. (Oslo) and 3.2° C.
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(Aabogen). The three summer months June, July and August usually
have a milder temperature, between 13 and 17° C.
The soil materials occupy about 26 per cent of the area of the county;
they vary somewhat as moraine soils, marine soils, sandy soils, residual
soils on the silurian formation and a number of peat soils (humus soils).
The clay soils are most prevalent in the majority of places, after which
come moraine soils and sandy soils. Within the area of the silurian
formation there are a number of moraine soils of silurian material.
In Romerike there occurs the characteristic silty soils, the Romerik"Mjelen," in addition to clay soils and sandy soils.
In the southern part of the county (Folio) we have both clay soil
containing stones (marine, moraine clays) and also true marine clay
without stones.
The soil is found to be more or less weathered as in the County of
östfold. Of clay soils we have here also blue clay, gray clay and white
clay.
The blue clay which occurs in low ground is free from stone and is
covered by surface soil, rich in humus.
9. The Blue Clay Profile from the low ground, northwest of Frydenhaug, Aas (cultivated soil, about 95 m. above the sea).
A
B
C

0 to 20 cm. Dark surface soil mixed with clay and peat
20 to 30 cm. Blue clay with a number of brownish spots
40 to 50 cm. Pure blue clay

The subsoil consisted of 31 per cent of fine clay, 32 per cent of fine silt,
22 per cent of fine sand and 10 per cent of coarse sand.
Chemical

N
P2Os
K20
CaO
Fe 2 0 3
Loss on ignition
Reaction (pit)

Analysis

A (0-20 cm.)
per cent
0.30
0.14
0.11
0.57
3.39
8.78
4.79

B (20-30 cm.)
per cent
0.09
0.16
0.16
0.49
4.19
3.71
5.40

C (40-50
per cer
0.04
0.16
0.17
0.41
3.80
1.80
5.30

The profile shows little elutriation. The content of organic matter in
the surface soil is about 7 per cent. The reaction is markedly acid in the
top soil, medium acid in the subsoil.
Gray clay. This is the most extensive kind of soil in Aas. The subsoil has brown spots, often contains gravel and stones and must therefore
be classified as a marine, moraine clay.
10. Gray Clay Profile from the Park at Aas (grass field, flat low lying
situation, about 70 m. above the sea).
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A
B
C

0 to 20 cm.
20 to 40 cm.
40 to 50 cm.
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Dark gray surface soil
Gray, brown spotted (with some stones)
Grayish with a number of brown spots

The mechanical composition of the subsoil was: 11 per cent fine clay,
19 per cent fine silt, 21 per cent fine sand, 21 per cent coarse sand and
28 per cent gravel and stones, or 30 per cent content of clay and silt,
42 per cent of sand and 22 per cent of gravel and stones. It must,
therefore, be characterized as a moraine clay.
Chemical

P,05
K20
CaO
Fe 2 0 3
Loss on ignition
Reaction (pH)

Analysis

A (0-20 cm.)
per cent
0.13
0.03
0.24
8.10
10.80
6.0

B (20-30 cm.)
per cent
0.06
0.03
0.20
8.105
4.52
6.1

C (40-50 cm.)
per cent
0.13
0.02
0.25
10.355
4.73

The profile shows no marked elutriation. The B-stratum, however, is
poorest in soluble salts (except potassium). The content of organic matter of the surface soil is about 6 per cent. The reaction is slightly acid.
White clay occurs on a sloping or level situation and as a rule at some
considerable height above the sea.
11. The White Clay Profile from the wood to the east of the vegetables
investigations station, Aas (fir forest, level, slightly damp situation,
about 100 m. above the sea).
A

0 to 10 cm.

B
C

10 to 20 cm.
40 to 50 cm.

Forest humus with a steady transition to the
white clay
White or light gray clay (white clay)
White clay with some rust spots

The subsoil consisted of 20 per cent fine clay, 27 per cent fine silt,
18 per cent fine sand, 18 per cent coarse sand and 17 per cent of gravel,
or 47 per cent content of clay and silt, 36 per cent of sand and 17 per cent
of gravel, and must, therefore, be characterized as a clay soil containing
sand and gravel belonging to the marine, moraine clay.
Chemical

N
P206
KsO
CaO
Fe 2 0,
Loss on ignition
Reaction (pH)

Analysis

A (0-10 cm.) B (10-20 cm.)
per cent
per cent
0.40
1.57
0.34
0.05
0.10
0.05
0.41
0.07
2.56
1.19
14.50
32.94 (ash)
4.9
4.2

C (40-50 cm.
per cent
0.04
0.08
0.11
0.11
4.54
3.05
5 ti
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The B-stratum are most markedly elutriated and are poorer in soluble
salts than the subsoil. The reaction is markedly acid in the upper layers
of soil. The layer of humus exhibits a gradual transition to the underlying white clay and must be characterized as mould or " m o r . "
The moraine gravel often projects in ridges or minor elevations. From
such ridges the waves during the rise of the land have washed sand over
the adjacent clay soil.
12. Profile from Vollebek (experimental station) Aas (cultivated,
slightly incline situation, about 100 m. above the sea).
A
B
C

0 to 20 cm.
20 to 30 cm.

Dark gray surface soil
Brownish moraine gravel which becomes paler
downwards
50 to 60 cm. Pale brown to grayish moraine gravel

The subsoil consisted of 1 per cent content of clay, 58 per cent sand
and 41 per cent gravel and stones and must thus be designated as a
sandy, moraine gravel.
Chemical

N
p 2 o,
K20
CaO
Fe2Os
Loss on ignition
Reaction (pH)

A (0-20 cm.)
per cent
0.25
0.19
0.16
0.24
2.74
6.50
4.72

Analysis
B (20-30 cm.)
per cent
0.10
0.15
0.04
0.16
2.59
2.98
5.22

C (50-60 cr
per cent
0.04
0.21
0.03
0.15
2.46
1.48
5.15

The content of organic matter in the surface soil may be estimated at
about 5 per cent. The profile exhibits no distinct elutriation. The
fi-stratum have about the same content of soluble salts as the deeper
subsoil. The reaction is strongly acid to medium acid.
Silurian, moraine soil, i.e., moraine soil consisting of silurian materials
(marlschistes and limestone) occur where the bedrocks belong to the
silurian formation at the northern part of the Oslo Fjord.
13. Profile from Nedre Sem, Asker (cultivated slightly sloping situation, about 150 m. above the sea).
A
B
C

0 to 20 cm.
20 to 30 cm.
50 to 60 cm.

Dark gray surface soil
Do
Yellowish-gray moraine gravel

The subsoil consisted of about 4 per cent content of clay, 14 per cent
of fine sand, 47 per cent of coarse sand and 35 per cent of gravel and stones
and must thus be designated as a sandy moraine gravel.
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N
P2Os
K20
CaO
Fe 2 0 3
Loss on ignition
Reaction (pH)
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Analysis

A (0-20 cm.)
per cent
0.44
0.19
0.04
0.58
4.84
11.72
5.48

B (20-30 cm.)
per cent
0.28
0.17
0.03
0.46
4.67
7.77
5.46

C (50-60 cr
per cent
0.09
0.15
0.03
0.28
4.07
3.56
5.81

This profile also shows no elutriation. It resembles those in the districts with a low rainfall where the upper layers of soil are richest in
soluble salts. After the loss on ignition the content of organic matter
of the surface soil may be estimated at about 8 per cent. The reaction is
medium acid.
The yellow clay was separated as a special type of marine clay in
which the subsoil under the surface soil has a slightly yellowish color.
Hitherto, however, it has not been studied much.
14. Profile from Kirkerud in Hakedalen (cultivated, slightly sloping
situation, about 140 m. above the sea).
M
U

0 to 20 cm.
25 to 30 cm.

Dark gray surface soil
Slightly yellowish clay

The subsoil consisted of 41 per cent of fine clay, 45 per cent of fine silt,
10 per cent of sand and 4 per cent of coarse sand and must, therefore,
be characterized as a stiff clay soil.
Chemical

P205
K20
CaO
Fe 2 0 3
Loss on ignition
Reaction (pH)

Analysis

M (0-20 cm.)
per cent
0.06
0.08
0.14
0.30
8.85
5.8

U (25-30 cm.)
per cent
0.05
0.10
0.06
2.10
4.36
5.3

The content of humus in the surface soil may be estimated at about
4 per cent. The profile exhibits no distinct elutriation except in the case
of the iron compounds. It is presumably the latter which give the subsoil its pale yellow color.
The brown clay also a type of marine clay which is distinguished by
the circumstance that the subsoil has a brownish, almost chocolate brown
color. It is, however, not of any great extent.
15. Profile from Goro in Hóland (cultivated, slightly sloping situation,
about 160 m. above the sea).
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A
0 to 20 cm. Dark gray surface soil
B 20 to 30 cm. Chocolate brown clay
C 50 to 60 cm. Paler brownish to grayish clay
The subsoil consists of 23 per cent of fine clay, 16 per cent of fine silt,
53 per cent of fine sand and 8 per cent of coarse sand. Since it is so rich
in fine sand, it belongs to the brittle clays and is called locally "mjöl"
clay (flour clay).
Chemical Analysis
B (20-30 cm.)
per cent '
0.43
0.06
0.09
0.10
0.15
0.15
0.25
0.16
5.28
4.57
13.42
3.18
5.15
5.10

A (0-20 cm.)
per cent
N
P.O,
KjO
( 'M< )
FejOi
Loss on ignition
Reaction (pH)

C (50-60 cm.)
per cent
0.04
0.10
0.31
0.39
6.91
4.00
5.76

The profile shows some elutriation, the B-stratum being poorer in
soluble salts than the subsoil. The surface soil has no doubt been to
some extent influenced by fertilizers. Its content of organic matter may
be estimated at 10 per cent. The reaction is medium acid for all layers.
No further investigations have been made regarding the origin of the
brown color of the B-stratum.
The clay soils at Romerike occupy an area of about 360 km.2 and occur
partly at a somewhat high location and partly at a low location. In the
higher location the clay soils are markedly weathered and are named
white clays or scurfy clays. In the low lying districts we have gray
clays and blue clays.
16. Profile from Brauter Nes (cultivated, level situation, about 130 m.
above the sea).
.1
0 to 20 cm Grayish surface soil
B 20 to 50 cm. Light gray scurfy clay (white clay)
1.5 m.
C
Blue-gray subsoil clay
The subsoil consisted of 40 per cent fine clay, 50 per cent of fine silt and
10 per cent of fine sand and is thus near the very stiff clay soils. The
white clay (B-stratum) is somewhat poorer in particles of clay and richer
in fine sand (up to 40 per cent).
Chemical Analysis
A (0-20 cm.) B (20-50 cm.)
N
P206
K20
Fe203
Loss on ignition
Reaction (pH)

per cent
0.24
0.06
0.08
4.57
7.80
4.85

per cent
0.09
0.09
0.14
5.84
3.80
5.47

C (about 1.5 m.
deep)
per cent
0.08
0.24
0.25
5.83
2.80
7.80
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The upper layers of soil are found to be greatly elutriated. After loss
on ignition the content of organic matter of the surface soil can be estimated at 4 to 5 per cent. The reaction is markedly acid for the surface
soil, medium acid for the 5-stratum and alkaline for the subsoil at a
depth of about 1.5 m.
The Romerike silty soil occupies an area of about 216 km.2, forming the
uppermost 0.5 to 1 m. thick layers over the flats in the middle part of
Romerike at a height of 150 to 170 m. above the sea. It is closely related to the international soil, "loess," and like the latter mainly consists
of silt (0.05-0.01 mm.), but it was deposited in the sea when the latter
was at a height of 180 to 190 m. above its present level. It could,
therefore, deserve the name of "fjord-loess." In general it lies on marine
clay sometimes on sand.
17. Profile from Hvam Agricultural School (cultivated, level situation,
about 165 m. above the sea).
A
B
C

0 to 15 cm. Grayish surface soil
15 to 35 cm. Light yellowish-brown silt
35 to 100 cm. Lighter silt and with yellow spots

The subsoil consisted of 27 per cent of clay and fine silt ( < 0.01 mm.)
52 per cent of fine silt (0.05 to 0.01 mm.) and 21 per cent of fine sand
(0.05 to 0.5 mm.). The upper layers were somewhat richer in fine particles.
Chemical

N
P2O6
K20
Fe.0,
Loss on ignition
Reaction (pH)

Analysis

,1 (0-15 cm.)
per cent
0.32
0.10
ii (it;

1.79
13.56
4.96

B (15-35 cm.)
per cent
0.09
0.03
0.01
0.43
4.87
4.70

C (35-100 cm.)
per cent
0.01
0.11
0 02
1.07
0.23

The soil itself is poor in easily soluble salts, since for the main part it
consists of fine grain of quartz but, however, the ^-stratum are found to
be markedly elutriated. The top soil is rich in organic matter (about
13 per cent) and the reaction is markedly acid.
The sandy soils at Romerike occupy an area of about 200 km. 2 They
form flat terraces at a height of about 200 m. above the sea (Gardermoen)
and extend upwards towards the marine border. They naturally vary
somewhat, according to the size of the grains and situation. One type is
worthy of mention, namely the red sand, which has received its name from
the markedly red-brown color of the subsoil.
18. Profile from Risebru (cultivated, slightly inclined situation, about
200 m. above the sea).
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A
0 to 10 cm. Black, slightly reddish surface soil
B 10 to 40 cm. Reddish-brown sandy soil
C 40 to 50 cm. Gray sandy soil
The J3-stratum consisted of 12 per cent silt ( < 0.05 mm.) 84 per cent
of coarse sand (2.0-0.05 mm.) and 4 per cent of gravel ( > 2.0 mm.)
Chemical Analyilis
A (0-10 cm ..)
per cent
0.18
0.40
0.05
0.12

B (10-40 cm.)
per cent
0.04
0.11
0.02
0.05
4.39
2.0

N
P,06
KjO
CaO
Fe2Os
4.9
Loss on ignition
The analysis is not complete as there is lacking an analysis of it in the
C-stratum and of the iron compounds in the top soil, but the type of soil
is so characteristic with its markedly red-brown color that I desire to
call attention to it.
Several other types of sandy soils occur in this district but they have
not been studied further.
VI. BUSKERUD COUNTY and VII. TELEMARK COUNTY are also included
in east Norway, but there is only available one complete profile, viz.,
from Söve Agricultural School at Ulefos near Skien.
The terrace soil at Söve forms marine terraces at a height of 70 to 80 m.
above the sea. It is classified with the loam soils containing more particles of sand than of clay.
19. Profile from Söve Agricultural School (cultivated, level to slightly
sloping situation, 70 to 80 m. above the sea).
A
0 to 25 cm. Grayish surface soil
B 25 to 50 cm. Light grayish sandy clay or loam
C 50 to 60 cm.
Do
The subsoil consisted of 11 per cent fine clay, 32 per cent fine silt,
44 per cent fine sand and 13 per cent coarse sand,—or 43 per cent of clay
and silt and 57 per cent of sand, mainly fine sand,—and can, therefore,
be characterized as sandy clay or loam.
Chepiical

N
PSO6
KjO
CaO
FejOa

Loss on ignition
Reaction (pH)

Analysi s

A (0-20 cm.)
per cent
0.19
0.28
0.10
0.32
3.19
5.07
5.14

li (25-50 cm.)
per cent
0.15
0.28
0.08
0.32
2.95
4.18
4.76

C (50-60 cm.)
per cent
0.03
0.18
0.13
0.27
3.63
1.24
5.57
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A comparatively rich soil exhibiting little elutriation. The content of
potassium and of iron compounds, however, is least in the 5-stratum.
This stratum also exhibits markedly acid reaction. The content of
organic matter of the surface soil after ignition can be placed at about
4 per cent.
B. CENTRAL NORWAY
IV. HEDMARK COUNTY (area about 26,000 km.2) consists of the Hedmark about Hamar on the east side of Lake Mjösen; Vinger, Odalen and
Solör in the southeast and the österdal.
About 75 per cent of the area of the county lies over 1,000 ft. or 314 m.
above the sea and only 3 per cent lie lower than 500 ft. or 157 m.
The bedrocks vary. It is possible to differentiate four districts: (1)
the Silurian district in the Hedmark (about 2 per cent), (2) the gneiss
and granite district in the southeast (about 23 per cent), (3) sparagmite
district in österdalen (about 42 per cent) and (4) a phyllite district in the
northern part of the county (about 13 per cent of the area of the county).
Climate.—The county forms an inland area extending over 3° of latitude
and has an inland climate.
The mean annual temperature varies from 3.1° C. (Hamar) to 0.5° C.
(Röros).
The annual normal rainfall varies from 672 mm. in the south (Aabogen)
to 320 mm. in the north (Hjerkin).
The soil materials mainly consist of moraine deposits, some residual
soil and in the southeast minor areas of marine clay and sand strata, and
in österdalen sandy soils along the courses of rivers.
The moraine soils often have the character of the bedrock and it is
thus possible to distinguish between silurian moraine soils, sparagmite
moraine soils, phyllite moraine soils and azoi rocks moraine soils.
Of special soils the following may be mentioned: Black-soil in Hedmarken, Kopp-soil and kleim-soil in Selör. Kvabb- and mjöle-soü in
österdalen.
The Black Soil belongs to the silurian soils and has received its name
from Us black color which is due to the black alum schists belonging to
Stage 2 of Cambrian silurian formation. It may either be a residual
soil from alum schists or a moraine soil, the chief material of which
consists of the schists. It occurs at several places in the silurian formation, thus at both sides of Mjösen in Hedmarken and Toten.
20. Profile from Jónsberg Agricultural School (cultivated, slightly
sloping situation, about 200 m. above the sea).
A
B

0 to 25 cm.
25 to 50 cm.

C

50 to 70 cm.

Black surface soil
Dark gray to black moraine soil with fragments
of schists
Do
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The subsoil B consisted of 8 per cent of fine clay, 14 per cent of fine
silt, 12 per cent of fine sand, 32 per cent of coarse sand and 34 per cent of
gravel and stones,—or 22 per cent of clay and silt, 44 per cent of sand and
34 per cent of gravel and stones.
Chemical

P206
K20
CaO
Fe 2 0 3
Loss on ignition
Reaction (pH)

Analysis

A (0-25 cm.)
per cent
0.10
0.10
0.36
2.76
10.26
5.5

B (25-50 cm.)
per cent
0.10
0.03
0.30
2.98
6.44
5.8

C (50-70 cm.
per cent
0.10
0.14
0.31
2.83
5.83
5.8

The profile shows no elutriation but on the contrary a little increase
of lime in the surface soil. It is a comparatively rich and fruitful soil.
The reaction is medium acid.
Mixed moraine soil of sparagmite and silurian materials. Even where
the bedrocks consist of silurian the moraines may contain a considerable
amount of the sparagmite formation bordering it to the north; this
material has been brought by the ice and to some extent mixed with the
material from the local bedrocks.
21. Profile from Móystad near Hamar (Northeast part of the property,
uncultivated fir forest, about 170 m. above the sea, taken by H. Glömme).
.1

J;

c

0 to 8 cm. Forest humus
8 to 35 cm. Yellow moraine gravel
35 to 50 cm. Grayish-yellow moraine gravel

The subsoil (C) consisted of 3 per cent fine clay, 15 per cent fine silt,
26 per cent fine sand, 31 per cent coarse sand and 25 per cent gravel and
stones,—-or 18 per cent of clay and silt, 57 per cent of sand, 25 per cent
gravel and stones and can, therefore, be characterized as a clay-containing
sandy moraine gravel.
According to the color of the profile it can be characterized as a yellow
soil profile.
Chemical

N
P206
K20
CaO
Fe,O a
Loss on ignition
Reaction (pH)

Analysis

A (0-8 cm.)
per cent
0.243
0.029
0.006
0.135
1.915
9.66
4.5

B (8-35 cm.)
per cent
0.075
0.026
0.012
0 082
2.621
2.96
4.7

C (35-50 cm.)
per cent
0.054
0.033
0.007
0.077
2.851
2.24
4.9
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The soil in this profile is poor in salts, but it is not elutriated but on the
contrary the content of lime increases towards the surface. The reaction
in this forest soil in its natural state is markedly acid.
The Kvabb in the Österdal has arisen from the bedrock belonging to
the sparagmite formation, the principal rock being a light sandstone
containing feldspar. It occurs partly as gravel-Kvabb which is a sparagmite moraine soil and partly as fine-Kvabb which has been washed out
from the moraine. The Kvabb belongs to the silty soils which consist
principally of silt (0.05-0.01 mm.)
22. Profile from Ryfelten in Foldal (cultivated field, about 742 m.
above the sea).
M
U

0 to 20 cm.
20 to 50 cm.

Gray surface soil
Uniform pale yellow fine sand

The subsoil (U) consisted of 7 per cent of fine clay, 62 per cent of fine
silt, 21 per cent of fine sand and 10 per cent of coarse sand, i.e., a very
fine soil belonging to the fine silty soil. The profile is simple since from
the color it is only possible to differentiate between the subsoil and the
surface soil.
Chemical

N
P2Os
K20
CaO
Fe 2 0 3
Loss on ignition
Reaction (pH)

Analysis

M (0-20 cm.)
per cent
0.11
0:08
0.01
0.17
2.50
4.28
5.S4

U (20-50 cm.)
per cent
0.01
0.07
0.06
0.15
2.74
1.51
6.41

The soil is not nutritious but it exhibits no marked elutriation. The
surface soil contains more lime than the subsoil. The content of organic
matter of the surface soil is about 3 per cent. The reaction is almost
slightly acid.
The sandy soils in the Österdal usually occur at the bottom of a valley
in the form of river deposits which have originated partly from the
phyllite-formation (in the north) and partly from the sparagmite formation (in the south).
23. Profile of river-sand at Sloln, Foldal (cultivated, 0-700 m. above
the sea).
M
U

0 to 25 cm.
25 to 50 cm.

Grayish surface soil
Slightly grayish brown fine sand

The subsoil (U) consisted of 4 per cent fine silt, 87 per cent fine sand
and 9 per cent coarse sand and must, therefore, be regarded as a fine
sandy soil.
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N
P,0 4
K,0
CaO
Fe203
Loss on ignition
Reaction (pH)

Chemical Analysis
M (0-25 cm.)
per cent
0.22
0.10
0.13
0.33
2.74
5.93
6.47

U (25-50 cm.)
per cent
0.02
0.09
0.07
0.22
2.47
1.25
7.34

This profile also shows no elutriation. The content of organic matter
of the surface soil is 4 to 5 per cent. The reaction is slightly acid to
alkaline.
The Phyllite-moraine soil is found in the northern part of the österdal
where the bedrock consists of the phyllite-formation.
24. Profile of the Phyllite-moraine soil, Nilsgaard, Foldal (cultivated,
about 800 m. above the sea).
M
U

0 to 12 cm.
12 to 50 cm.

Dark gray surface soil
Slightly grayish to brownish moraine soil

The subsoil (U) consisted of 3 per cent fine clay, 10 per cent fine silt,
26 per cent fine sand, 14 per cent coarse sand and 47 per cent gravel and
stones,—or 13 per cent of clay, 40 per cent of sand and 47 per cent of
gravel and stones and must, therefore, be characterized as a sandy moraine
gravel.
From the color it was only possible to differentiate between the surface
soil and the subsoil.

N
P,0 6
K,0
CaO
Fe,0 3
Loss on ignition
Reaction (pH)

Chemical Analysis
M (0-12 cm.)
per cent
0.32
0.04
0.03
0.26
1.76
8.75
6.23

U (12-50 cm.)
per cent
0.02
0.01
0.07
0.09
1.62
1.67
5.58

The profile shows no distinct elutriation. The content of organic
matter of the surface soil can be estimated at about 7 per cent. The
reaction is slightly to medium acid.
In the southern part of the österdal, at Rena and Elverum, and also
at other places, there are often noticeable true podsol-profiles with white
sand and ortstein.
A profile of this kind was noted at the water basin at Rena station in
the forest soil (pine soil) situated about 230 m. above the sea, with the
following strata:
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A
B
C
D

0
8
30
40

to
to
to
to

8
30
40
50

cm.
cm.
cm.
cm.
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Black forest humus
White sand (podsol)
Dark brown firm ortstein
Light brown rust soil

Analyses of these various strata are not yet available.
V. OPLAND COUNTY (area about 24,000 km.2) comprises Toten,
Hadeland and Valdres in the south and west and Gudbrandsdalen in the
north and east. About 72 per cent of the area of the county lies over
2,000 ft. or 627 m. above sea level and only 8 per cent lie below 1,000 ft.
or 340 m. above sea level.
The bedrock in the extreme north and south of the county consists of
gneiss and granite, in Gudbrandsdalen mainly of sparagmite, in Valdres,
of phyllite, in Toten and Hadeland of silurian and in the mountain
regions round Jotumheimen of Gabbro and younger sparagmite.
From the point of view of agriculture the most important are the
fruitful silurian regions between lakes Mjösen and Randsfjord.
The normal annual rainfall varies from 585 mm. (Lillehammer, Nordre
Land) to 258 mm. (Skjaak). The amount of rainfall is lowest in the upper
part of Gudbrandsdalen (Dovre, Lesje, Vaagaa, Lom).
The mean temperature varies from 3.2° C. (Lillehammer) to —0.4° C.
(Hjerkin). In the summer months, June and August, there is a mean
temperature at Lillehammer of 14 to 15.3° C.
The soil materials consist mainly of moraine soil which at most places
is characterized by the bedrock and of sand and gravel washed out at the
bottom of the valleys. At some places where there are soft rocks belonging to the silurian and phyllite formation there also occur residual soils.
In this county also there are silurian moraine soils, phyllite moraine soils,
sparagmite moraine soils, and gneiss moraine soils, etc. In some places,
e.g., in Dovre, there occur fine sand soils in terraces, deposited in ice
dammed lakes, and overflown marshes in valleys. (Kleimjord, Sel.)
The soil is distinguished also in this county by an abundance of soluble
salt in the surface soil. Thereby there occur salt soils (so-called saltbitter soil) in those districts with the lowest rainfall. With crystalization in patches at the surface of salts mainly consisting of sulfide of lime,
sulfide of sodium and magnesia (bitter-salt) and in some places chlorides.
Real podsol soils occur at certain places at considerable heights above
the sea.
The silurian moraine soil mostly occurs in Hadeland and Toten where
the bedrock consists of the silurian formution, rich in lime. It varies
greatly in mechanical composition.
25. Profile of a Silurian Moraine Soil, Gran, Hadeland (cultivated,
sloping situation, about 200 m. above the sea).
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A
B
C

0 to 20 cm.
20 to 30 cm.
50 to 60 cm.

Dark gray surface soil
Yellowish-gray subsoil
Do

The subsoil consisted of about 3 per cent of fine clay, 5 per cent of
fine silt, 10 per cent of fine sand, 22 per cent of coarse sand and 60 per
cent of gravel and stones and must, therefore, be described as a moraine
gravel soil.
Chemical

X
P2O6
K20
CaO
Fe 2 0 3
Loss on ignition
Reaction (pH)

Analysis

A (0-20 cm.)
per cent
0.25
0.18
0.08
1.08
4.90
6.76
8.50

B (20-30 cm.)
per cent
0.09
0.19
0.05
0.56
4.03
3.00
7.12

C (50-60 cm.)
per cent
0.06
0.19
0.03
0.53
5.20
2.48
7.30

The profile shows no elutriation. The content of lime increases in the
surface soil. After the loss on ignition the content of organic matter of
the surface soil may be estimated at about 4 per cent. The reaction is
alkaline.
26. Profile of a Sandy Moraine Gravel Soil from Evang, Toten (cultivated, sloping situation, about 250 m. above the sea).
A
0 to 20 cm. Dark gray surface soil
B 20 to 40 cm. Subsoil with brown spots
C 50 to 60 cm.
Do
The subsoil consisted of about 2 per cent of fine clay, 5 per cent of
fine silt, 22 per cent of fine sand, 50 per cent of coarse sand and 21 per
cent of gravel and stones and must, therefore, be described as a sandy
moraine gravel soil.
Chemical

N
P»0«
K20
CaO
Fe 2 0 3
Loss on ignition
Reaction (pH)

Analysis

A (0-20 cm.)
per cent
0.20
0.22
0.03
0.41
2.74
5.15
5.9

B (20-40 cm.)
per cent
0.02
0.23
0.03
0.32
2.65
1.24
5.8

C (50-60 cm.)
per cent
0.02
0.19
0.03
0.27
2.60
1.35
5.9

Like the previous one, this profile shows no elutriation but a slight
increase of lime in the surface soil. The content of organic matter may
be estimated at about 4 per cent. The reaction is slightly acid.
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The Sand Soils in Gudbrandsdalen occur partly as level surfaces at
the bottom of the valley and partly in somewhat higher terraces (Dovre,
Hedalen). The size of the grains varies, but fine sands predominate.
In some places there are salt soils (salt-bitter soils).
27. Profile of a Fine Sandy Soil, Kirkesten, Dovre (cultivated, flat
situation, about 480 m. above the sea).
A
B
C

0 to 20 cm.
20 to 40 cm.
40 to 50 cm.

Dark gray surface soil
Slightly brownish sand
Grayish to slight brownish fine sand

The subsoil contained about 2 per cent of fine clay, 6 per cent of fine
silt, 80 per cent of fine sand and 12 per cent of coarse sand, i.e., a fine
sandy soil.
Chemical Analysis

P,Os
K20
CaO
Fe 2 0 3
Loss on ignition
Reaction (pH)

A (0-20 cm.) B (20-40 cm.)
per cent
per cent
0.22
0.12
0.14
0.13
0.95
0.38
2.96
3.90
13.59
4.39
7.61
7.60

C (40-50 cm.)
per cent
0.11
0.03
0.43
3.90
4.17
8.10

The profile shows an increase of soluble salts in the surface soil. The
content of organic matter can be placed at about 9 per cent. The
reaction is alkaline.
28. Profile of a Coarse Sandy Soil, Aanstad, Skjaak (cultivated, level
situation, about 390 m. above the sea).
A
B
C

0 to 20 cm.
20 to 40 cm.
40 to 50 cm.

A grayish surface soil
Brownish sand
Slightly brownish to grayish sand with gravel

The subsoil consisted of 5 per cent of fine clay, 1 per cent of fine silt,
37 per cent of fine sand, 56 per cent of coarse sand and 1 per cent of
gravel, i.e., predominantly a coarse sandy soil
Chemical Analysis

P205
KjO
CaO
Fe 2 0,
Loss on ignition
Reaction (pH)

A (0-20 cm.) B (20-40 cm.)
per cent
per cent
0.20
0.20
0.20
0.22
0.77
0.28
1.08
0.98
4.14
1.38
8.68
8.79

C (40-50 cm.)
per cent
0.19
0.16
0.37
1.04
1.49
8.55
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The profile shows an increase in soluble salts in the upper strata. The
content of organic matter of the surface soil can be estimated at about
3 per cent. The reaction is alkaline.
i The soil has patches of a white incrustation (white alkali).
The average of 16 analyses of Salt-Bitter Soil from Skjaak gave the
following figures: 0.22 per cent P206, 0.40 per cent K 2 0 and 0.82 per cent
CaO.
Kleim-soil is the term employed to indicate fine sandy soils containing
clay which are deposited at flooded places; an instance of this is found at
Selsmyren in the Gudbrandsdal, but the name is derived from the lower
terraces in Solör. The Kleim-soils frequently contain some organic
matter. From the size of the grains they must be classified as fine silty
soils.
29. Profile from Selsmyren (uncultivated, level, low-lying situation,
about 300 m. above the sea).
A
B
C

0 to 20 cm.
20 to 30 cm.
50 to 60 cm.

Grayish-yellow fine silt and clay
Dark gray bog soil, rich in organic matter
Do

The upper stratum (A) consisted of 38 per cent of fine clay, 26 per cent
of fine silt and 36 per cent of fine sand and must, therefore, be characterized
as a fine silty soil. The deeper strata contained a great abundance of
organic matter and thus approached a peat soil.
Chemical Aimlysis

N
P206
K20
CaO
Fe 2 0,
Loss on ignition
Reaction (pH)

A (0-20 cm.)
per cent
0.14
0.12
0.16
0.26
3.80
5.19
4.47

/>• (20-30

cm.)
per cent
0.55
0.09
0.14
0.31
3.45
16.97
4.59

C (50-60
per cer
1.06
0.06
0.09
0.35
1.78
34.60
4.49

The bottom of this valley (ca. 500 hectare) is traversed by the Gudbrandsdal river which overflows for two or three weeks every spring.
Throughout the whole of the southern part of the level surface there is
a high water table.
30. Around Lillehammer at a height of 180 to 200 m. above the sea
level there is sparagmite moraine soil where the profile of the uncultivated
soil has a markedly yellow color but without indication of podsol.
Higher above the sea, e.g., at Mesnalien, at a height of 515 m. above
the sea, there was investigated the following podsol-profile in moraine
soil, covered with fir forests.
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Ai 0 to
A2 4 to
B 12 to
C 40 to

4
12
40
50

cm.
cm.
cm.
cm.

-'IT

Forest humus
Podsol
Brown rust-soil, which becomes paler downwards
Gray moraine gravel

The subsoil consisted of 4 per cent fine silt, 20 per cent fine sand,
50 per cent coarse sand and 26 per cent gravel and stones, i.e., a sandy
moraine gravel.
Chemical

P2Os
K20
CaO
Fe 2 O s
Loss on ignition
Reaction

Analysis

A, (4-12 cm.) B ( 1 2 ^ 0 cm.)
per cent
per cent
0.02
0.14
0.01
0 02
0.05
0.08
0.22
3.13
2.12
4.64
3.70
4.86

C (40-50 cm.)
per cent
0.17
0.02
0.19
2.23
1.47
5.41

This profile shows a marked elutriation of the podsol-stratum and a
distinct increase in iron compounds and humus in 5-stratum (the normal
annual rainfall at Lillehammer is 585 mm. and perhaps somewhat greater
at Mesnalien). The reaction is strongly acid and decreases towards the
deeper strata.
The phyllite moraine soils in Valdres have not yet been analyzed. A
profile of cultivated phyllite moraine soils from Kolstad in östre Slidre
gave reaction figures for the surface soil (0-25 cm.) of pH 5.72 and for the
subsoil (25-50 cm.) of pH 5.60. In the younger sparagmite soil at considerable heights above the sea we find podsol profiles.
31. Profile at Tursjö Satre in östre Slidre at a height above sea level
of 600 and 700 m.
The profile showed:
Aj
A2
B
Bx

0 to
4 to
12 to
20 to

4
12
20
50

cm.
cm.
cm.
cm.

Heather humus
Podsol
Firm "Aurhelle" (ortstein)
Brown rust-soil, which grows lighter downwards

The soil was moraine gravel of sparagmite material. -The reaction for
the upper strata (white sand with humus) was pH 4.88 and for the deeper
strata (40-50 cm.) pH 4.32.
Also at lesser heights podsol profiles occur in moraine gravel, e.g., at
Skrutvold in östre Slidre, where the humus (0-0.4 cm.) showed a pH of
3.80, the white sand (4-17 cm.) a pH of 3.86 and the rust-soil (17-50 cm.)
a pH of 4.28. Analyses of these profiles are not available.
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C. SOUTH NORWAY
Sörlandest includes the counties of Aust-Agder and Vest-Agder or in
general the district between Skien-Fjord and Flekke-Fjord.
VIII. AUST-AGDER (about 8760 km.2) forms an uneven, very undulating
landscape which rises towards the north. Forty-one per cent of the area

I
FIGURE 2.—Height of land and depth of sea southern Norway

lies below 1000 ft. or 314 m., and only 17 per cent lies higher than 3000 ft.
or 941 m. The county can be divided into a coast district, an inland district and the Ssetresdal. The bedrock consists of gneiss and granite, the
former being most prevalent in the coast district and granite in the inland
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district. In addition there are minor occurrences of gabbro and limestone.
Climate.—The annual rainfall is about 1100 mm. and the average temperature plus 6.9° C. (at Arendal).
The soil materials are scanty and mainly consist of sandy soils along the
courses of the rivers, moraine soils and bog soil in addition to a clay and
sand soil at the coast. The marine border lies towards the east at a
height of 80 to 90 m. and towards the south at 40 to 50 m., and, therefore,
a comparatively small part of the county has formerly lain below the
level of the sea; we find remains of marine clays and sand terraces there.
The marine clay in some cases consists of blue clay in hollows and lowlying country and in others of the greatly weathered Knoppe Clay in
higher situations. The sand soils in somewhat elevated terraces and fiats
are named Mone-soil and along the low-lying courses of rivers there
occurs a sandy soil containing a small amount of humus which is called
Fit-soil or Ste-soil. Mo-soils which mainly consist of silt also occur.
The soils in this county have not hitherto been studied very much.
The analyses available indicate that the soil is comparatively poor in
potassium and lime. The bedrock consists mainly of granite and,
therefore, the moraine soils in this district are granite moraine soils.
32. Profile of Moraine Gravel at Risland, Aamli (uncultivated moraine
hill, 200-300 m. above the sea).
A
B

0 to 5 cm.
5 to 25 cm.

C

25 to 35 cm.

Humus
Yellowish-brown moraine gravel which grows
paler downwards
Pale-gray moraine gravel which below becomes a
firmly compact white Aurhelle or "ortstein"
rich in clay which the people call Kvitmol.

The fi-stratum contained 6 per cent of fine silt, 26 per cent of fine
sand, 58 per cent of coarse sand and 10 per cent of gravel and stones
and must, therefore, be considered a sandy moraine gravel. The Cstratum on the other hand was richer in fine material and contained 27
per cent of clay. These particles of clay in conjunction with the silicic
acid had united the grains into a firm mass.

N
K20
CaO
Fe 2 O a
Loss on ignition
Reaction (pH)

Chemical Analysis
A plus B (0-25 cm.)
per cent
0.13
0.01
0.02
0.05
2.88
5.03
5.10

C (25-35 cm.)
per cent
0.03
0.07
0.03
0.12
2.35
I .lis
5.58
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The profile shows elutriation both of phosphoric acid, potassium and
lime. The reaction is medium acid.
IX. VEST-AGDER (about 6860 km.2) consists of 7 different valleys which
run approximately in a north to south direction and with hilly mountains
between the valleys. Fifty-seven per cent of the area of the county lies
below 1000 ft. or 314 m. and 8 per cent over 3000 ft. or 914 m.
The bedrock also in this county mainly consists of gneiss and granite,
but towards the southwest we have a gabbro district which extends
along the coast from Lindesnses into the County of Rogaland to Egersund.
The little peninsular of Lista belongs to this district.
Climate.—The normal annual rainfall variesfrom 1200 mm. (Christianssand) to 1722 mm. (Flekke-fjord). The climate is comparatively mild at
the coast but winds may be unpleasant.
The soil materials are also scanty in this county except in Lista, which
is rich in more or less denuded moraine soil. The land has risen comparatively little after the ice-age in this district (at Christianssand, 50 m.
and at Lista, 0.8 m.), and marine clays are, therefore, rare. The most
important soils are moraine soils and bog soils in addition to sandy soils
which occur mainly along the courses of the rivers and in terraces and flats
at the end of the valleys near the coast.
The soil has considerable resemblance to that in Aust-Agder but has
hitherto not been investigated very much. In this county, too, the
moraine soils mainly consist of granite material.
33. Profile of Moraine Gravel at Skaar in Greipstad (uncultivated,
sloping situation, about 100 m. above the sea).
A

0 to 10 cm.

B
C

10 to 30 cm.
30 to 50 cm.

Thin layer of humus, with reddish-brown gravel
lying under
Reddish-brown gravel
Yellowish-brown to grayish gravel

The subsoil (C) consists of 3 per cent fine silt, 23 per cent of fine sand,
57 per cent of coarse sand and 17 per cent of gravel and stones and must,
therefore, be described as a sandy moraine gravel.
Chemical

N
P206
K20
CaO
Fe 2 O s
Loss on ignition
Reaction (pH)

Analysis

A (0-10 cm.)
per cent
0.14
0.01
0.03
0.05
5.44
6.54
5.1

B (10-30 cm.)
per cent
0.01
0.01
0.02
0.05
2.67
7.40
4.7

C (30-50 cm
per cent
0.05
0.04
0.11
0.12
3.96
5.12
4.7
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The profile shows elutriation in the upper strata of the soil and the
subsoil, too, is comparatively poor in materials of nutritive value. The
reaction is very acid.
34. Profile of Moraine Gravel at Maberg, Lista (uncultivated moraine
in a sloping position, about 10 m. above the sea, taken by H. Björlykke).
A

0 to 10 cm.

B

10 to 50 cm.

Stratum of black humus with yellowish-brown
gravel underneath
Yellowish-brown gravel which grows somewhat
paler downwards

The subsoil consisted of about 8 per cent of fine clay, 8 per cent of
fine silt, 16 per cent of fine sand, 45 per cent of coarse sand and 23 per
cent of gravel and stones, i.e., a sandy moraine gravel containing clay.
Chemical

P2O6

K20
CaO
Fe203
Loss on ignition
Reaction (pH)

Analysis

A (0-10 cm.)
per cent
0.13
0.07
0.07
2.02
14.28
5.0

B

(10-50 cm.)
per cent
0.18
0.17
0.17
4.04
3.03
5.2

nd to be greatly elutriated.

The reaction

approaches strongly acid.
D. WEST NORWAY
Comprises the counties of Rogaland, Hordaland, Sogn and Fjordane
and More or the west coast of Norway from Flekkefjord to TrondhjemFjord.
X. T H E COUNTY OF ROGALAND (about 8,660 km.2) comprises the main
districts Jseren, Dalerne and Ryfylke. Sixty-one per cent of the area of
the county lies below 1000 ft. or 314 m. and only 12 per cent lies over
3000 ft. or 941 m.
The bedrock consists of gabbro in the south, gneiss and granite over
large areas, phyllite or metamorphosed silurian at some places and
younger granite which traverses the phyllite formation. Limestone
deposits of any importance are very rare. Most of the material of the
soils consists of granite and phyllite rock.
Climate.—The normal, annual rainfall varies between 1417 mm.
(Egersund) 1335 mm. (Haugesund) and 1063 mm. (Stavanger). The
mean annual temperature of the coast, at Skudenes, is 7.4° C. and to the
northeast in the interior of the country 3.5° C. (Röldal).
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The soil materials are most prevalent at Jaeren where they occupy
an area of 500 km. 2 and in some places have a depth of 126 m. They
consist mainly of moraine masses and like the moraines, in Jutland and
North Germany, contained deposits from several ice ages. The most
important kinds of soil at Jaeren are (1) clay containing lime, free from
stones in irregularly compressed layers, (2) stony moraine clay, (3)
moraine gravel, rich in clay, (4) moraine gravel, rich in sand, (5) bedded
sand and gravel, (6) eolian sand, (7) peat bogs, (8) mud bogs, (9)
heather humus and (10) gytje-formations in shallow, fresh water. Only
a quite small part of Jaeren has lain under the level of the sea after the
ice age, the marine border in the south lying at a height of 8 to 10 m.
and in the north of 23 m. over the present sea level. In the other part of
the county the marine border lies somewhat higher and there may occur
shore terraces and marine clay—and above the marine border moraine
soils and humus soils,—and also sand and gravel soils along the courses of
rivers.
The soils in west Norway are greatly weathered and elutriated and, as
a rule, rich in humus. White sandy soils or podsols are not common, but
occur sometimes. As a rule, the profile resembles a brown soil profile
with a brown stratum under the layer of humus.
35. Profile of Moraine Gravel with Heather Humus at Bryne Station,
Jaeren. (Uncultivated, in sloping situation, 30 m. above the sea level).
A
B
C

0 to 10 cm.
10 to 40 cm.
40 to 50 cm.

Heather humus
Yellowish-brown moraine gravel
Grayish moraine gravel

The subsoil consisted of 4 per cent of fine silt, 25 per cent of fine sand,
56 per cent of coarse sand and 15 per cent of gravel and stones, i.e.,
a sandy moraine gravel.
Chemical

p206
K20
CaO
Fe 2 0 3
Loss on ignition
Reaction (pH)

Analysis

A (0-10 cm.)
per cent
0.03
0.001
0.10
3.15
10.78
3.64

B (10-40 cm.)
per cent
0.05
0.01
0.08
3.13
4.98
4.83

C (40-50 cm.)
per cent
0.09
0.04
0.13
2.36
1.25
5.53

The upper strata are greatly elutriated and the subsoil is deficient in
material of nutritive value to vegetation. The reaction is strongly acid.
36. Profile of a Grass Peat on Weathered Moraine Clay from Bjorheim,
Jaeren (uncultivated, slightly sloping position, about 130 m. above the
sea).
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A
B
C
D

0
28
42
At

to 28 cm.
to 42 cm.
to 50 cm.
a depth of

253

Brown to black peat soil
Brownish moraine clay containing humus
Yellowish-gray moraine clay
1 m. Gray moraine clay

The unweathered moraine clay (D) consisted of 14 per cent of fine
clay, 25 per cent of fine silt, 21 per cent of fine sand, 20 per cent of coarse
clay and 20 per cent of gravel and stones—or 39 per cent of clay and silt,
41 per cent of sand and 20 per cent of gravel and stones.
Chemical Analysis

\
IW6
K20
CaO
Fe 2 0 3
Loss on ignition
Reaction (pH)

A (0-28 cm.)
per cent
1.58
0.18
0.10
0.16
1.43
14.10
4.15

B (28-12 cm.) C (42-50 cm.)
per cent
per cent
0.44
0.06
0.02
0.08
0.03
0.04
0.07
0.11
0.74
3.41
22.30
3.68
5.13
5.07

D (90-100 cm.)
per cent
0.05
0.09
0.07
0.20
•1 51
2.11
5.23

This profile also shows elutriation of the upper weathered mineral soil
(the /^-stratum). The reaction is strongly acid for the humus stratum
and medium acid for the mineral soil.
37. Profile of Cultivated Sandy Soil. Sandved Nursery near Sandnaes,
Jaeren (flat situation in a garden near the houses).
A
B
C

0 to 17 cm.
17 to 35 cm.
35 to 50 cm.

Black surface soil.
Brownish coarse sand, mixed with gravel
Gray sand.

The subsoil consisted of about 9 per cent of clay and silt, 6 per cent of
fine sand, 70 per cent of coarse sand and 15 per cent of gravel and stones,
and must, therefore, be described as a coarse sandy soil containing
gravel.
Chemial A n alysis

N
P,0„
K,0
CaO
Fe 2 0 3
Loss on ignition
Reaction (pH)

A (0-17 cm.)
per cent
0.27
0.17
0.05
0.21
2.01
7.05
5.64

B (17-35 cm.)
per cent
0.05
0.08
0.03
0.10
2.32
1.60
6.14

C (35-50 cm.)
per cent
0.03
0.04
0.02
0.06
1.17
0.82
5.56

As an old cultivated soil fertilizers have influenced the upper strata.
The subsoil is poor in materials of nutritive value to vegetation. The
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content of organic matter in the surface soil may be placed at about 6
per cent. The reaction is medium acid.
38. Profile of the Bottom of a Drained Lake (Lake Stokke) near Forus,
Jaeren. (Cultivated, flat situation, about 15 m. above the sea).
A
B
C

0 to 20 cm.
20 to 42 cm.
42 to 50 cm.

Black humus. Cultivated bog mud
Do
bog mud
Light gray diatom deposits

Lake Stokke, a shallow lake with an area of about 4 km.2, was drained
about 20 years ago. At the western part of the Lake the bottom consisted
of peat earth, which had been crumbled by the water and spread out over
the bottom. Since being drained, part of the lake has been cultivated.
Chemical

N
P 2 0„
K20
CaO
Fe 2 0 3
Loss on ignition
Reaction (pH)

Analysis

A (0-20 cm.)
per cent
0.86
0.05
0.05
0.88
1.90
31.63
6.01

B (20-42 cm.)
per cent
1.21
0.02
0.03
0.77
1.21
36.06
5.70

C (42-50
per cei
0.38
0.06
0.04
0.26
1.31
15.49
5.36

Naturally this type shows no elutriation; it is richest in nutritive in the
surface soil and somewhat poorer in the deeper strata, a good cultivatable
soil, which on account of vertical cracks is self-draining. The reaction
also appears to be satisfactory, about slightly acid.
From the counties of Hordaland and Sogn and Fjordane no completely
analyzed profiles are at present available, but on the other hand there are
some separate analyses of samples of soil.
X I . HORDALAND COUNTY (about 15,000 km.2) included Hardanger
and the district round Bergen and Voss. Forty-four per cent of the
area of the county lies below 1000 feet or 314 m., and 29 per cent lies over
3000 feet or 941 m., above sea level.
The bedrock consists in about one half of the county of gneiss and
granite, in about a third of phyllite, to which is added some gabbro and
mountain-quartz or metamorphosed younger sparagmite. Some limestone occurs in the phyllite formation as crystalline marble.
The Climate.—In the outskirts of the county there is a damp and raw
marine climate, in the fjords a somewhat milder fjord-climate and at
Voss nearly an inland climate. The normal annual rainfall varies from
1100 mm. (Voss) to 2000 mm. (Bergen) and at some places 3080 mm.
(Masfjord). The mean temperature is at Vossevangen 5.2° C , at
Ullensvang in Hardanger about 7.0° C.
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The soil materials consist of moraine soil, residual soil specially of phyllite, sandy soils in terraces and along the river channel, banks of colluvial
soil in the steep sides of valleys and boggy (humus) soil in fenny and
marshy districts. The marine boundary at the coast is at a height of
40 to 60 m. and at the head of the fjord at a height of about 100 m.
The soil is much weathered, elutriated and poor in vegetable nutrients;
the surface soil is usually rich in humus. The types of soil noticed are the
so-called esje soil which came into existence during the decomposition of
the phyllite and esje-clay which is a finer washed kind, which must almost
be traced to the silty soils. These phyllite soils are usually comparatively
rich in potash and lime. The humus soils are often loamy and mixed
with a mineral substance into a so-called muddy soil. This proves to
be rich in vegetable nutrients.
X I I . SOGN AND FJORDANE COUNTY (about 17,817 km. 2 ) consists of three
fjord districts—Sogn, S0ndfjord and Nordfjord. Thirty-seven per cent
of the area of the county lies below 1000 feet or 314 m. and 30 per cent
lies over 3000 feet or 941 m. above sea level.
The bedrock in half of the county consists of gneiss and granite, then
come about 12 per cent phyllite formations, 11 per cent gabbro and 6
per cent devonian sandstone and conglomerate, besides some mountainquartz or compressed younger sparagmite. In the phyllite formations
there occur in some places layers of marble or limestones, but these are
comparatively rare.
The climate is very different at the coast and in the fjords. The normal
annual rainfall at the entrance to the Sognefjord is 3068 mm. (Hovlandsdalen) whilst at the head of Sognefjord it is only 515 mm. (Laerdal)
and 460 mm. (Maristuen). The mean temperture at Flor0 is 96.° C.
and at Laerdal 46.° C.
The soil materials are nearly of the same composition as in Hordaland
County and consist principally of decomposed and filling-in materials
along the sides of the fjords and valleys together with river deposits and
terraces at the heads of the bays and fjords. The marine boundary rises
from 22 m., at Flor0, to 130 to 140 m., in the inner parts of Sognefjord.
Marine clays are rare, excepting in the lower strata of the terraces. The
stony moraines and sandy soils play the principal part. In J0lster and
Opstryn there occurs the so-called glacier soil, a sandy soil in planes deposited by the rivers from the Jostedal Glacier, which is interesting because it is very rich in soluble vegetable nutrients. The moraine soils in
F0rde are also often found to be rich in phosphoric acid, potash and
lime.
The soil is somewhat different in the various districts. At the coast
(at Florö) the soil is rich in humus and acid, whilst in Laerdal there are
sandy and gravel soils with little humus.
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X I I I . MORE COUNTY (about 14,660 km.2) consists of the principal districts of Söndmöre, Romsdal and Nordmöre. Fifty-six per cent of the
area of the county lies below 1000 feet or 314 m., and 13 per cent lies over
3000 feet or 941 m. above sea level.
The bedrock consists chiefly of azoic rocks (gneiss and granite), only
in the north there is a little metamorphic Silurian (Surnadal, Rindalen
and Smölen) and remains of devonian sandstone and conglomerate.
Limestone (marble), peridotite and gabbro occur in small quantities in
several places.
The Climate.—At the coast a typical maritime climate and in the
fjords a fjord-climate. The rainfall is heaviest in the central parts, where
the sea winds meet the mountains. The normal annual rainfall in Aalesund is 1010 mm. in örtavik 1895 mm., in Molde 1320 mm., in Aandalsnaes 1208 mm., in Kristiansund 1180 mm., Tingvold 1450 mm. and in
Sunddalen 705 mm. The summer temperature increases from the coast
along the fjords.
The soil materials are about the same kind as in the other western
counties. There are humus soils, moraine soils and strand formations on
the coast plain (the low islands along the coast) and along the shores of
the fjords, and soils in terraces and valley fillings at the head of the fjords
and in the valleys. Humus, sand and gravel soils are the most common,
clay soils are rare. The marine boundary rises from about 25 m. in the
south at the coast to 130 to 150 m. in the inner fjords of Nordmöre;
therefore, there are also here some marine clay soils. Special types of
soil have not hitherto been described. As the bedrock in most places consists of azoic gneiss the moraine soils must be described as a gneiss moraine
soil. The soil is rich in humus especially in the outer districts, where
pure humus soils are very common. Pieces of rocks in the soil appear
much weathered and in some places there may also occur residual soil of
gneiss or layers of hornblende schists in the gneiss. The humus soils are
well decomposed and the formation of peats appears to be completed in
the outer districts but in the inner districts the peats are alive and the
formation of peats appears to be going on at the present time.
39. Profile in Uncultivated Moraine Gravel, Hatlene, Aalesund (heath,
about 20 m. above sea level).
A
B
C
D

0 to 20 cm. Dark brown heather humus
20 to 40 cm. Brown weathered moraine gravel
40 to 50 cm.
1, 0 to 2, 0 m. Gray unweathered moraine gravel

The subsoil (C) contained about 4 per cent clay and silt components,
7 per cent fine sand, 63 per cent coarse sand and 26 per cent gravel and
stones, i.e., a coarse sandy gravel soil.
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Chemical
A (0-20 cm.)
per cent
1.18
0.18
0.11
0.22
0.18
51.85
4.82

N
I'M.
K.O
CaO
Fe 2 0 3
Loss on ignition
Reaction (pH)
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Analysis

B (20-40 cm.) C (40-50 cm.) D (100-200 cm.)
per cent
per cent
per cent
0.04
0.11
0.08
0.03
0.07
0.18
0.11
0.12
0.10
0.28
0.07
0.12
0.03
0.07
0.18
5.84
4.86
0.52
4.16
5.58
4.79

The humus stratum (A) was treated as peat soil during the analysis,
being first heated and afterwards an extract taken. By this means the
figures were a little higher than for the other tests. In (D) can be seen
the amount of soluble salts in the unweathered soil. The layers, (B)
and (C), show strong elutriation both of phosphoric acid, lime and iron
compounds. The reaction was very acid except in the unweathered
subsoil.
40. Profile in Uncultivated, Sandy Moraine Gravel from Koppernaes,
Syvde, South Söndmöre (Heath, about 20 m. above sea level).
A
B
C

0 to 17 cm.
17 to 45 cm.
45 to 50 cm.

Black, viscous humus layer
Brownish moraine gravel
Grayish moraine gravel

The subsoil (C) contained about 4 per cent clay and silt components,
24 per cent fine sand, 42 per cent coarse sand and 30 per cent gravel and
stones, i.e., a coarse sandy gravel soil.
Chemical analysis

N
P206
K20
CaO
Fe 2 O s
Loss on ignition
Reaction (pH)

A (0-17 cm.)
per cent
0.56
0.03
0.05
0.10
1.44
18.87
4.59

B (17-45 cm.)
per cent
0.12
0.13
0.14
0.27
2.90
5.51
4.42

C (45-50 cm.)
per cent
0.03
0.24
0.18
0.46
2.57
1.65
5.25

The two upper strata of soil were very elutriated. The iron compounds
are slightly enriched in the 5-stratum. The upper strata contained
about 17 per cent of humus and consisted of a thick, viscous, raw humus.
The reaction was strongly acid in the two upper strata, medium acid in
the subsoil.
41. Profile in Uncultivated Moraine Gravel at Myklebust, Valdai, S0ndm0re. (Sloping position, broad-leaf forest, about 120 m. above sea level).
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A
0 to 30 cm. Black granular humus
B 30 to 50 cm. Yellowish-brown gravelly sand
C 90 to 100 cm. Lighter brown gravelly sand

The subsoil (C) contained about 2 per cent clay components, 20 per
cent fine sand, 33 per cent coarse sand, 45 per cent gravel and stones,
i.e., a moraine gravel rich in sand and stones.
Chemical

N
P206
K20
CaO
Fe 2 0 3
Loss on ignition
Reaction (pH)

Analysis
B (30-50 cm)
per cent
0.15
0.07
0.12
0.19
3.86
6.79

A (0-30 cm.)
per cent
0.63
0.03
0.04
0.12
2.80
20.68
5.37

C (90-100 cm.)
per cent
0.06
0.11
0.14
0.23
2.52
4.08
4.59

This profile showed elutriation of phosphoric acid, potash and lime in
the upper strata and a slight enrichment of the iron compounds in the
B-stratum. The surface soil contained about 16 per cent humus and had
a gritty or granular structure. The reaction for the humus stratum was
medium acid, for the subsoil strongly acid.
42. Profile in Uncultivated, Silty Moraine Gravel at Saeb0, Void,
Komsdal. (Grassy field, sloping position, about 70 m. above sea level).
A
B
C

0 to 24 cm. Surface soil with humus
24 to 43 cm. Yellowish brown moraine gravel
43 to 100 cm. Gray silty moraine gravel

The subsoil (C) contained about 20 per cent clay and silt components,
28 per cent find sand, 24 per cent coarse sand and 28 per cent gravel and
stones and should, therefore, be described as a silty moraine gravel.
Chemical

N
P206
K20
CaO
Fe 2 O s
Loss on ignition
Reaction (pH)

Analysis

A (0-24 cm.)
per cent
0.80
0.01
0.08
0.06
1.34
21.00
5.83

B (24-43 cm.)
per cent
0.38
0.01
0.15
0.09
2.84
13.40
4.57

C (43-100 cm.)
per cent
0.06
0.03
0.34
0.14
3.24
3.52
4.98

This profile also shows elutriation of the upper strata. The surface
soil contained about 18 per cent of humus and had a medium acid reaction, whilst the subsoil had a strongly acid reaction. The soil is poor in
phosphoric acid and lime.
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43. Profile in Uncultivated Peat Soil from Fjörtoft (flat situation, about
15 m. above sea level).
A
B
C

0 to 20 cm.
20 to 40 cm.
40 to 60 cm.

Brownish-black, slightly decomposed peat soil
Black, very decomposed peat soil
Light brown sandy mud and moraine gravel

The surface of the peat was furrowed by erosion and species of carex
and grass grew on it.
Chemical

N
P206
K20
CaO
Fe 2 O s
Ashes
Reaction (pH)

Analysis

A (0-20 cm.)
per cent
1.61
0.16
0.08
0.25
0.98
21.70
4.82

B (20-40 cm.)
per cent
2.28
0.24
0.05
0.19
1.86
12.17
4.16

C (40-60 cm
per cent
0.31
0.08
0.08
0.35
0.87
79.05
4.79

The profile illustrates the chemical content of the very extensive humus
soils on the islands in More.
E. TRÖNDELAG
Includes the counties of north and south Tröndelag, which extend
from Röros and Opdal in the south to a little north of Namsos in the
north.
XIV. SOUTH TRÖNDELAG COUNTY (about 17,910 km.2) consists of the
principal districts of Orkedalen, Guldalen, Strinda, Selbu and Fosen.
Forty-three per cent of the area of the county lies below 1000 feet or 314
m., and 15 per cent lies over 3000 feet or 941 m. above sea level.
The bedrock consist of gneiss and granite in the western parts of the
county, of regionally metamorphosed silurian in the central and eastern
parts; diorite and syenite occur on the island of Hitteren. The strongly
metamorphosed strata of the silurian formation consists mainly of greenish and gray schists, partly like phyllite and mica schists as well as some
limestone which are often metamorphosed to marble,—sandstone quartzschists and conglomerate; there are also some eruptive rocks.
The Climate.—In the outer parts of the county there is a maritime
climate, in the eastern parts, almost an inland climate. The normal annual rainfall is 1021 mm. at 0rland, 922 mm. in Trondhjem, 821 mm. at
Storen, 488 mm. at Opdal, 405 mm. at Röros. The mean temperature on
the coast is 5 to 6° C , in Trondhjem 4.7° C. and at Röros—0.5° C.
The soil materials in Tröndelag consist mainly of marine clay. The
marine boundary at Trondhjem and the adjacent valleys is at a height
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of 180 to 200 m., at 0rland at about 140 m. and at Hitteren at 60 to 70
m. Large parts of Tröndelag have thus formerly lain below sea level and
in the broad valleys, therefore, the clay occupies a very important position.
In addition there occur sand and gravel soils in terraces and along the
river channels and in some places also moraine soils, especially in the supramarine country. At Röros there appear fluvioglacial sand deposits and
dunes. In the outer districts lying nearer sea level are wave-built terraces and shelly sand; peat soils or humus soils are very common.
The soil in the outer districts where the rainfall is heavy is abundant
in humus, in the inner districts, on the other hand, it is more deficient in
humus. The contents of lime and other vegetable nutrients is often considerable and, generally speaking, there is in Tr0ndelag quite a fertile
soil. The slightly weathered clay soil at Trondhjem is usually of a greenish color as it comes from the green schists of the bedrock. At other
places there is marine clay, usually blue-gray. This is often more or less
weathered and then becomes more grayish and spotted (gray clay), or
partly light gray with yellow veins. Thus in most places in the subsoil a
slightly and much weathered clay soil can be distinguished.
44. Profile of Cultivated, Slightly Weathered Marine Clay at Void experimental station, Trondhjem (flat terrace, above 130 m. above sea level).
M
U

0 to 15 cm.
15 to 50 cm.

Black surface soil, rich in humus
Pale green, slightly weathered marine clay

The greenish clay subsoil consisted of 37 per cent fine clay, 40 per cent
fine silt, 21 per cent fine sand and 2 per cent coarse sand, i. e., a moderately stiff clay soil
Chemical

N
P.O s
K,0
CaO
Fe20,
Loss on ignition
Reaction (pH)

Analysis

M (0-15 cm.)
per cent
0.56
0.11
0.18
0.78
4.52
18.67
5.7

U (15-25 cm.)
per cent
0.04
0.14
0.42
0.41
5.81
2.57
6.1

The surface soil (M) was very rich in humus and after loss on ignition
contained about 16 per cent organic matter. The subsoil (U) is not much
elutriated and comparatively rich in vegetable nutrients. The reaction
was medium acid to slightly acid.
XV. NORTH TR0NDELAG COUNTY (about 21,000 km.2) consists of the
principal districts of Stj0rdalen and Vaerdalen, Inder0en and Namdalen.
Thirty-seven per cent of the area of the county lies under 1000 feet or 314
m. and 20 per cent lies over 2000 feet or 628 m. above sea level.
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The Bedrock.—About half the bedrock of the county consists of gneiss
and granite and the other half of regionally metamorphosed Silurian
with some layers of marble; there is also some gabbro.
The Climate.—the normal annual rainfall varies from 1100 mm.
(Namos, Trones) to 600 to 700 mm. (Levanger, Stenkjaer) and the mean
temperature from 5.2° C. (Nord0erne) at the coast to 0.6° C. (Lierne)
inland.
The soil materials are about the same as in South Tr0ndelag County.
The marine boundary in the east (Stj0dal, Meraker) at 180 to 200 m., in
Namdalen at about 150 m. and at the coast at 100 to 120 m. The most
noticeable are clay, sand and moraine soils, and to a certain extent also
humus soils (moss and grass marshes). In the districts higher above sea
level there is some residual soil, which is, however, very shallow.
The soil in this country is also abundant in humus, especially on the
coast and the subsoil appears to be weathered and elutriated more or less
according to local conditions.
45. Profile of Cultivated Weathered Marine Clay at Maere Agricultural
School (upland situation, 30-40 m. above sea level).
A
B
C

0 to 30 cm.
30 to 50 cm.
50 to 70 cm.

Dark gray surface soil
Spotted brown marine clay (gray clay)
Gray marine clay

The subsoil (C) contained 23 per cent fine clay, 34 per cent fine silt,
37 per cent fine sand and 6 per cent coarse sand and must accordingly
be described as a medium stiff clay soil.
Chemical

P,O s
K20
CaO
Fe 2 0 3
Loss on ignition
Reaction (pH)

Analysis

A (0-30 cm.)
per cent
0.11
0.10
0.46
2.22
12.68
5.6

B (30-50 cm.)
per cent
0.09
0.09
0.39
3.31
4.63
6.6

C (50-70 cm.)
per cent
0.13
0.10
0.64
3.34
3.78
6.3

The surface soil's content of organic matter can be put at 8 to 9 per cent.
The surface soil is probably to a certain extent affected by manuring.
The 5-stratum appears somewhat elutriated. The subsoil (C) is comparatively rich in soluble salts, specially lime.
F. NORTH NORWAY
Consist of the three northernmost counties, Nordland County, Troms
County and Finmark County. They lie between 65° and 71° latitude.
XVI. NORDLAND COUNTY (about 36,000 km.2) consists of the principal
districts of Vefsen, Ranen, Salten, Lofoten and Vesteraalen. Fifty-

262

FIRST INTERNATIONAL CONGRESS OF SOIL SCIENCE

one per cent of the area of the county lies below 1000 feet or 314 m. and
23 per cent lies above 2000 feet or 627 m.
The bedrock consists of strongly regionally metamorphosed Silurian
and pressed younger eruptives, principally granite rocks and in some
places gabbro. In Lofoten and Vesteraalen there occur syenite and rocks
akin to gabbro. The metamorphosed Silurian strata are often crystalline
and occur most in the form of micaceous schists and marble. There is
often quite a large quantity of marble layers, one set in the upper parts
of the fjords and one out on the coast. They stretch northwards into
Troms County.
Climate.—The coast districts have a coastal climate with mild winters
and cool summers. The mean temperature is comparatively high, in
the south 5.2° C. (Br0nn0y) and 4.1° C. (Bod0), in the north 3.6° C.
(L0dingen) and 3.4° C. (Andenes); inland it is lower, 1.1° C. (Hatfjelldalen). The normal annual rainfall varies from 1791 mm. (R0d0y)
and 1580 mm. (Svolvaer) to 887 mm. (Bod0). In the inner districts and
valleys it is lower, e.g., 556 mm. (Hatfjelldalen) and 463 mm. (Narvik).
The soil materials in the inner fjords and dales consist of terraces and
dale deposits and some moraine soil, at the coast mainly of shore formations (shelly sand) and marshy soil. The marine boundary in the valleys
lies at 160 to 170 m. (Dunderlandsdalen), at the coast at 60 to 70 m.
(Traenen). In some places there occur clay soils, but sandy soils and
humus soils preponderate. There are also some residual soils in several
places.
The soil in the outer districts is abundant in humus and is often strongly
weathered. White sand (genuine podsol) may occur but is comparatively
rare. For example, the most southern part of the county, at Br0nn0y,
has a profile of brownish peat soil to a depth of 25 cm. (pH 6.64), and
under that a shelly gravel containing clay (pH 7.60). At Bod0 the soil
consists partly of residual soil of mica schists and partly of a peat soil,
resting on shelly sand and shore sand mixed with shells. In Lofoten
there is chiefly residual and peat soil. A profile from Buksnes of peat soil
had a reaction of pH 5.31 for the upper part (0-15 cm.) and of pH 5.56
for the lower part (30-50 cm.)
XVII. TROMS COUNTY (about 26,400 km.2) includes some large islands,
fjords (i. e., Balsfjord, Lyngenfjord, Kvaenangen, etc.) and extended
valleys, of which Bardudalen and Maalselvdalen are the largest. Fifty
per cent of the county lies below 1000 feet or 314 m. and 21 per cent lies
above 2000 feet or 627 m.
The bedrock consists mainly of regionally metamorphosed silurian,
often with layers of marble. On the outer islands, azoic gneiss rock appears and in Lyngen-Fjord, and other places, there is some gabbro.
The soil materials consist of moraine soil, shore formations, river formations and marshes, in some places also residual and banks of coUuvial

COMMISSION V—SOIL CLASSIFICATION

263

soil. The marine boundary on the islands is at a height of about 25 m.,
in the fjords at about 50 to 70 m. At the head of the fjords there are
shore terraces and in the bottom of the valleys marine clay, higher up
the valleys principally sand and gravel soils. Cultivable marshes occur
at several places, and along the fjords and on the islands there are
moraine soils, shore gravel and shelly sand, together with muck and
peat soils.
Climate.—The normal annual rainfall varies from 1198 mm. in Trondenes, 1047 mm. in Troms0, 612 mm. in Maalselvdalen, 550 mm. in
Nordreisa and Kvaenangen and 347 mm. in Lyngen. The mean temperature in Troms0 is 2.4° C. and the July temperature 11.0° C.
The soil is abundant in humus in the outer districts and more deficient
in humus in the inner districts. It is often a yellowish or brownish color.
Podsol profiles are rare. As the bedrock in many places is abundant in
marble the soil contains lime and the vegetation is comparatively luxuriant. As an example, may be mentioned that the marine clay in Maalselvdalen which contains 0.12 per cent phosphoric acid, 0.50 per cent
potash and 1.17 per cent lime. The soil at Gibbostad Agricultural
School consists of:
(1) Gritty muck (0-25 cm. pH 6.93) resting on post-glacial shelly
gravel (25-50 cm.)
(2) Cultivated peat soil resting on marine clay (0-10 cm. pH 6.34,
40-50 cm. pH 7.38)
(3) Cultivated, very sandy shore gravel resting on marine clay
(0-12 cm. pH 5.64, 12-30 cm. pH 6.65)
The soils are so rich in lime that they usually have a slightly acid to
alkaline reaction.
XVIII. FINMARK COUNTY (about 47,000 km.2) includes the principal
districts of Alta, Hammerfest, Tana, Vard0 and Varanger. Fifty-five
per cent of the area of the county lies below 1000 feet or 314 m. and 8
per cent lies above 2000 feet or 627 m.
The bedrock consists of gneiss and granite in the south and southeast,
in the more central parts and towards the northeast, of sedimentary sandstone and schists with conglomerates and a few limestone layers, in the
northern and northwestern parts, of much metamorphosed rocks. Gabbro
is also found in several places.
The soil materials inland consist of moraine masses and eskers, which
cover large tracts of the bedrock, but at the coast there is not much loose
soil. At the head of the fjord and along the river channels, however,
there are large and small stretches mainly of terraces of sandy soils and
valley deposits. The marine boundary at the head of the fjord lies about
75 m. high and at the coast about 25 m. high.
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The Climate.—The normal annual rainfall is greatest at the coast:
885 mm. on Maas0, 682 mm. at Mehavn, 638 mm. at Vard0; but the rainfall is slight inland: 304 mm. at Alta, 372 mm. at Tana, 359 mm. at
Kautokeino, 351 mm. in Karasjok and 373 mm. at Elvenaes in Sydvaranger. The mean temperature is, in Alta 0.5° C. (July 12.1° C.); in Vard0
0.6° C. (July 8.6° C ) ; in Sydvaranger -^-0.9° C. (July 11.5° C.) and in
Kautokeino -5- 3.2° C. (July 11,9° C ) . In some places there are tundra
marshes with eternal ice in the deeper layers.
The Soil.—As the bedrock in Finmark County consists chiefly of azoic
rock and younger sandstones there is not a very fertile soil here. Added
to this, the climatic conditions are not satisfactory for a large number of
culture plants. In the districts with little rainfall the soil contains little
humus and the formation of real podsol, with white sand and hard pan,
is more common. In the cultivated soil there is little difference in appearance between the surface soil and the subsoil.
46. Profile of Uncultivated Moraine Gravel at Strand School, Sydvaranger
(slightly sloping situation, about 20 m. above sea level).
A
B

0 to 5 cm.
5 to 50 cm.

Heather humus, containing loam
d r a y moraine gravel (gneiss moraine soil)
Chemical

N
P206
K20
CaO
Fe20,
Loss on ignition
Reaction (pH)

Analysis
A (0-5 cm.)
per cent
0.98
0.17
0.19
0.46
3.33
38.87
4.50

B (5-50 cm.)
per cent
0.10
0.02
0.06
.
0.10
1.71
2.65
4.70

The humus stratum is richer in soluble salts than the subsoil; this does
not indicate any elutriation, but the contrary. The reaction is strongly
acid.
47. Profile of Kvitmele (podsol) at Tana Church (flat situation, about
10 m. above sea level)
Ax
A2
B
C

0 to 5 cm. Humus with a little aeolian-sand
5 to 15 cm. White sand (podsol)
15 to 40 cm. Firm, hard pan (Ortstein)
40 to 50 cm. Light brown, gray sand

The subsoil (C) consisted mainly of fine sand (0.5-0.05 mm.), with 9
per cent silt and 7 per cent fine silt, i.e., a fine sandy soil (river sand).
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Chemical

N
Pj0 6
K20
CaO
Fe 2 0 3
Loss on ignition
Reaction (pH)
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Analysis

A (0-15 cm.)
per cent
0.13
0.02
0.02
0.07
0.99
11.08
4.67(3.98)

B (15-40 cm.)
per cent
0.08
0.07
0.01
0.07
3.54
6.08
4.41

C (40-50 cm.
per cent
0.04
0.04
0.04
0.15
2.12
1.69

The soil is deficient in soluble salts and the upper layer somewhat
elutriated. 5-stratum shows enriched iron compounds and phosphoric
acid. The reaction is strongly acid and most acid in the white sandy
stratum (3.98). The surface soil of the cultivated sandy soil on the
District Magistrate's estate in Tana had a reaction of pH 5.06.
In a cutting in uncultivated peat soil at Makkenes near Vads0 a white
efflorescence was seen in the surface, probably gypsum, as the sample
contained 2.44 per cent CaO. The reaction of the peat soil was pH 4.50.
At Vads0 a decidedly red-brown, chocolate colored clay occurs, which
probably took its color from the bedrock from which it came.
G. SVALBARD
Includes Spitsbergen with the adjacent islands and Björnöen.
Spitsbergen (about 65,000 km.2) consists of 5 large and a number of
small islands situated between the 76th and 87th degree of latitude.
High mountain scenery with wild rugged mountains, the highest summit
being 1730 m. The valleys are full of glaciers, some of which stretch
right out to the sea; at other places there are enormous shield-shaped
glaciers which cover the greater part of the country.
The Bedrock. A long the west coast there is the strongly metamorphosed
Hecla-Hook formation with schists, quartzites and dolomites of the cambrian-silurian age, but the greatest part of Spitsbergen's bedrock consists
of slightly metamorphosed clay schists sandstones and limestones abundant in fossils from the devonian, carboniferous, permian, triassic, Jurassic
and cretaceous periods together with tertiary deposits, i.e., nearly all
those formations which are lacking in Norway.
The soil materials, or deposits from the quaternary age consist of residual soil, moraines, marine terraces together with river deposits and remains
of colluvial soil. Secure marine terraces go to a height of 130 tol40 m.,
but there are some which lie higher. Humus deposits are of little importance, but there are a few tundra marshes.
The climate is comparatively mild. The year's average temperature
is about -r-9° C., and the summer temperature (July-August) is about
4° C. An arm of the Gulf Stream flows up the west and north coast so
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that in favorable years the drift ice from the arctic ocean only reaches
81° N.B. A cold ocean stream comes, however, from the east side of
Spitsbergen, round the south cape and continues northwards along the
west coast taking much drift ice with it. The annual rainfall in Spitsbergen is only 287 mm. and falls mostly in the form of snow which finds
outlet in the glaciers.
The soil—if one can mention this—consists only of crumbled rocks
produced by physical or mechanical weathering, as chemical weathering
does not play an important part.
The soil, therefore, is deficient in colloid components and certainly does
not undergo any chemical process of elutriation worth mentioning. There
is, therefore, no real surface soil, but only a skeleton soil which corresponds to the subsoil in more southern districts. The vegetation has
practically no influence.
48. Profile of a Slightly Humus and Silty Fine Sand at Hjorthamn,
Advent Bay. (Delta formation or low-lying terrace, only a few metres
above sea level, taken by A. K. Orvin).

A

0 to 25 cm.

B 25 to 40 cm.
C 40 to 50 cm.

Gray-brown fine sand with indications of stratification
Gray-brown sand with gravel and some pebbles
Gray-brown with somewhat finer sand

The upper stratum (A) consisted of 6 per cent fine clay, 18 per cent fine
silt, 66 per cent fine sand and about 10 per cent coarse sand and gravel,
i.e., a silty fine sand soil. There was no clear difference in the color of the
various strata. The humus appeared to consist of fine root fibres, which
are noticeable throughout the entire profile.
Chemical A nalysis

N
P205
CaO
K20
Fe 2 0 3
Loss on ignition
Reaction (pH)

A (0-25 cm.)
per cent
0.12
0.14
0.53
0.04
5.98
6.16
6.54 (6.40)

C (40-50 cm.)
per cent
0.16
0.14
0.56
0.04
6.61
7.92
6.11

The profile does not give the impression of any elutriation worth mentioning. The soil is somewhat calciferous, as the bedrock at Advent
Bay consists of strata of the Jurassic formation and-higher lying tertiary
layers.
49. Profile of Gravel Terrace at Ny-Aalesund, King's Bay (even flat
terrace with meagre vegetation of short moss and a few flowering plants,
taken by A. K. Orvin).
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A

0 to 25 cm.

B

25 to 40 cm.

C

40 to 50 cm.
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Brownish (light chocolate brown) gravel with 54
per cent gravel and stones.
Brownish (light chocolate brown) gravel with
82 per cent gravel and stones
Brownish (light chocolate brown) gravel with 87
per cent gravel and stones

The profile had a uniform brownish color.
The soil, according to its mechanical composition, must be described
as a sandy and stony gravel soil without any humus worth mentioning,
except in the topmost stratum which contains fine root fibres. The soil
appears to come from a compact, hard rock (permo-carbonic flint) probably levelled and planed out during a former higher sea level.
Chemical

N
P206
K20
CaO
Fe 2 0 3
Loss on ignition
Reaction (pH)

Analysis

A (0-25 cm.)
per cent
0.09
0.04
0.05
0.15
2.36
2.86
5.53

C (40-50 cm.
per cent
0.03
0.06
0.06
0.14
2.19
1.70
5.76

Neither does this profile show any weathering or elutriation worth
mentioning.
Bj0rn0en (about 173 km.2) is situated about midway between Norway
and Spitsbergen between latitude 74° and 75°. The north half forms an
undulating lowland about 40 m. above sea level. The summit Mount
Misery which is 536 m. above sea level, is in the southern half.
The bedrock consists in the south of the metamorphosed Hecla-Hook
formation with quartzite, clay schists, dolomites and limestone, in the
northeast of gray-brown sandstone and devonian conglomerate and on
the west coast of carboniferous strata. On Mount Misery there are sandstones belonging to the triassic formation.
The soil materials. " The greater part of Bj0rb0en is covered with large
boulders or consists of bare rocks and it is only in a few valleys and where
the sub-strata consist of limestone or loose sandstone that there is
anything to be found deserving the description 'soil'" (G. Horn).
The Climate.—Bj0rn0en has an insular climate with an annual mean
temperature of - H 4 . 3 ° C. The mean temperature in the summer months
of July and August is 3° C. In the summer there is much fog, but the
winter is comparatively mild and the coasts are accessible all the year
round. The average rainfall in the years 1923 to 1925 was 306 mm.
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The Soil.—In the profiles from Bj0rn0en the beginning of a soil formation is to be observed with some weathering of the substances in the uppermost layer, an enrichment of the humus and a little greater acidity in the
upper than in the underlying strata, in accord with the conditions in humid
districts.
50. Profile from Hvalross River in the southern part of Bj0rn0en, of the
uppermost somewhat washed out soil resting on the Hecla-Hook formation (taken by G. Horn, about 6 m. above sea level)
A0
A

0 to 3 cm.
3 to 25 cm.

Humus layer with mosses.
Gravel and stony layer with rugged debris of
gray-green clay schists and pale gray dense
limestone.
B and C Gray-brown moraine clay with debris of limestone and
schists.

The upper stratum (A) contained 92 per cent gravel and stones, 7
per cent sand and 1 per cent silty components. The under stratum (C)
consisted of 46 per cent gravel and stones, 28 per cent sand and 26 per
cent silt and clay. The soil may be considered as a moraine clay rich in
stones and gravel, the upper stratum of which has been panned out of
fine components.
Chemical

N
P206
K,0
CaO
Fe 2 0 3
Loss on ignition
Reaction (pH)

Analysis

A (0-25 cm.
per cent
1.23
0.24
0.05
11.11
3.70
28.00
7.72

C (40-50 cm.)
per cent
0.23
0.08
0.01
7.09
4.19
8.84
8.39

Chemical analysis was only made of the fine earth ( < 2.0 mm.) of
which the upper layers contained little, and, therefore, the loss on ignition
was so considerable. There is no elutriation in this profile. The reaction
figure, however, is a little lower in the upper than in the lower strata.
51. Profile South East of Mosevandet within Cape Forsberg on the
northeast side of Bj0rn0en, about 36 m. above the sea (taken by G.
Horn). A residual soil of upper carbonic, spirifer-limestone which as a
rule was covered with moss.
A

0 to 5 cm.

B

5 to 50 cm.

Layer of humus with remains of moss and crowberries
Coarse stoney soil with angular pieces of limestone
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The /i-stratum consisted of 75 per cent of gravel and stones, 21 per
cent of sand and 4 per cent of clay, and must therefore be regarded as a
stoney soil.
Chemical

N
P,0,
K20
CaO
Fe 2 O s
Loss on ignition
Reaction (pH)

Analysis
A (0-5 cm.)
per cent
0.67
0.11
0.03
1.36
2.73
22.70
7.64

B (5-50 cm.)
per cent
0.15
0.14
0.02
2.49
4.17
6.70
8.89

The soil is very abundant in lime and has an alkaline reaction. The
surface soil is somewhat more deficient in phosphoric acid, lime and iron
compounds than the subsoil.
52. Profile from the North Coast west of Cape Heinsius, 20 m. north of
North Flakmyr Lake, Bj0rn0en (taken by G. Horn). Residual soil of
calciferous yellow sandstone of the middle carbon age.
A
B
C

0 to 25 cm.
25 to 40 cm.
40 to 50 cm.

Dark gray humous stratum
Yellow brown weathered sandstone soil

The subsoil (B) contained 5 per cent clay and silt components, 63 per
cent sand and 32 per cent gravel and stones, i.e., gravelly sand soil, rich
in humus.
Chemical Analysis

N
PiOs
K,0
CaO
Fe 2 0 3
Loss on ignition
Reaction (pH)

A (0-25 cm .)
per cent
0.90
0.05
0 02
0.49
0.73
26.76
7.50

B (25-40 cm.)
per cent
0.08
0.05
0.01
2.55
1.53
3.81
8.28

C (40-50 cm.)
per cent
0.04
0.05
0.02
3.00
2.88
4.03
8.39

Some elutriation of hydrochloric acid soluble is to be observed in the
upper strata; the surface soil also has a considerable humus content.
Thus this profile somewhat resembles the profiles in the humid districts.
The soil on Bj0rn0en may, therefore, be regarded as a transition form
between the sterile skeleton soil on Spitsbergen and the soil in the humid
districts of northern Norway.

THE SOILS OF THE REPUBLIC OF HAITI, W. I.
E. 0 . F I P P I N

Richmond, Va., U. S. A.
The prevailing chemical character of the soils at Haiti is calcareous.
The prevailing physical characters are a large proportion of clay and
colloids and a highly granular structure.
AREA
The area of the republic is about 10,000 square miles.
About four-fifths of this area of the republic is mountains and rather
rough, rising to a maximum elevation of 9000 feet in a series of mountainous ridges. About one-tenth is in a high mountain plain in the central
interior and the remaining one-tenth is in a number of small alluvial
plains along the Sea Coast.
GEOLOGICAL STRUCTURE
The geology of the country is best understood by the fact that a series of
crustal fractures have made way for the rise of volcanic dykes that appear
to have been gradually pushed up over a long period. These dykes cut
the country into a series of troughs. As the volcanic ridges reached up
near the surface of the ocean, thick beds of limestone were formed over
them and as these volcanic ridges emerged from the ocean and were gradually elevated by a succession of earth tremors of greater or less severity,
these limestone formations have been raised to heights equal to the tallest
mountains.
Erosion of the limestone and exposure of the volcanic rocks are more
likely to be on the upper sides of the mountain ridges than on the crests.
All the lower elevations above the alluvial plains are covered by deep
limestone formations.
In the larger, deeper, mountain troughs there were periods of erosion
into these areas when gravelly and sandy material was accumulated that
were ultimately raised above sea level. Such material is found to some
extent in the southern part of the High Central Plain and in smaller areas
in the mountain valleys of the southern peninsula.
The best account of the geology of the republic is found in a thick
modern treatise in both English and French entitled: The Geology of the
Republic of Haiti, prepared by Woodring, Brown and others of the United
270
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States Geological Survey and distributed by the Department of Travaux
Publics, Port au Prince. This was published in 1924.
LIME CONTENT OF SOILS
The prevalence of limestone rocks and the rather small amount of
leaching, due to the amount and character of the rainfall, account for the
prevailing calcareous character of the soils—both residual and alluvial.
Acid soils are of very infrequent occurrence. Perhaps some of the residual
soils from volcanic rocks are somewhat acid. Acid alluvial soils are quite
as rare as acid residual soils. Some slightly acid alluvial soil was found
on the Plain of the North, east of Cape Haitian.
PREVAILING TEXTURAL CHARACTER
Texturally, sand is not in evidence in the soils of either the hills or the
plains. They are distinctly clay to clay loam.
COLOR OF SOILS
In color the deeper hill soils are all dark red, whether of limestone or
volcanic origin. The surface soil is, of course, a dark red-brown to black
color. Over the chalky hills it is nearly black and grades into the chalky
white, slightly decomposed rock.
The alluvial soils are mostly a very dark gray to intense black color,
especially when wet. In the Artibonito Plain there is more of the darkbrown surface soil. Alluvial subsoils there are light-brown to gray and
streaked.
HILL AND MOUNTAIN SOILS
All the hill and mountain soils are thin and in pockets in the rocks.
The heavy, sudden downpours of rain rush off the surface carrying most of
the soil residue. Hence the rock outcrops over a large part of the surface,
and almost everywhere the partly weathered rock is close to the surface.
In a few places the granite rock is more deeply weathered giving correspondingly deep soils. Such regions are Kenskoff and Plaisance. There
is a large amount of the lower hill land, such as that on which Port au
Prince is located, where the chalky limestone is covered by only a foot or
two of highly calcareous soil.
Soils derived from gravelly and sandstone formations are difficult to
identify. In the southern part of the high central plain from Hinche to
Los Cahobas there is some land of this sort.
ALLUVIAL SOILS
While small in relative area the alluvial soils make the largest contribution to market crops, except perhaps coffee, which is grown in the moun-
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tains, but even this crop is largely grown on alluvial remnants in small
mountain valleys.
HIGH CENTRAL PLAIN
The 20 per cent of the area in alluvial land is in two parts. Ten per
cent is in the high central plain of the interior that reaches from Los
Cahobas at the south to St. Michel and San Kaphiel at the north. This
is an ancient plain from 600 to 1400 feet in elevation and now deeply dissected at the south end. It is about 6 to 10 miles wide by 80 miles long in
Haiti and runs on southeast into San Domingo. The northern third is
mostly smooth and an intensely black and intensely clayey soil with an
equally clayey but brown subsoil. Except for its highly granular character it comes nearer to black adobe than anything else, unless it is the
gumbo of the Red River of the north and the lower Mississippi. This
plain is mostly uncultivated. It would take too long to tell of its problems, which are yet to be solved. For the present it is a grazing region
with dry-weather forage problems to be worked out.
COASTAL PLAINS
The alluvial plains on the sea coast correspond to the size of the streams
to which they are adjacent.
Most of the streams are short and steep and subject to violent shortlived floods interveining with dry beds. The alluvial land is confined to
the immediate mouth of the stream in the form of a delta-fan with quite
a slope, mostly formed below sea level.
These several plains may be briefly discussed beginning at the north
east with the Plain of the North and following around the coast. The
Plain of the North is formed by streams coming out of distinctly volcanic
rock regions. The soils are probably least calcareous and most nearly
acid of any in the country. Some of the areas run to sand and gravel
subsoils. The low lime character makes a favorable setting for the large
pineapple plantation near Cape Haitias where the dark soils are exceedingly rich in nitrogen and produce pines of unusual size and high quality
and flavor. A special disease problem is giving a good deal of trouble.
Tobacco as well as tree fruits and sugar cane do exceedingly well as to
yield.
A little to the west is the plain of the Limbe River ending at Bayunx—
very similar in character of soils.
The next important plain is around the coast on the west, back of Gonaives, where the immediate region is very arid and the tilled land is in the
narrower valleys in the throats of the mountain ridges in the rear of the
town.
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T H E ARTIBONITE PLAIN
The biggest plain on the entire island is at the mouth of the Artibonite
River, between Gonaives and St. Marc. It has an area of nearly 200
square miles and is a typical delta plain. The Artibonite River is by all
odds the largest river of the country and reaches far to the east into San
Domingo and drains at least a third of the entire island. Because it
reaches into regions of diverse periods and amounts of rainfall its flow is
more uniform than any of the other streams except perhaps the Yaque
River in San Domingo and it has a good flow the year through. It is,
therefore, especially suitable for irrigation and a project is under consideration to divert its waters to the adjacent plain. As a part of this project
the writer directed a soil survey of the plain that was recently published in
a volume of 210 pages in English and French, with maps, by Service Technique at Port au Prince. Extensive chemical and physical analyses of the
soil types and of the alkali salts are included.
This is a very level plain occupied by clay to heavy silt loam soils ranging from gray through brown to black color, with generally light brown to
gray subsoils. All the soils are moderately to highly calcareous. In
profile the eastern part has the character of humid sections, while the
western half has the band of lime and other salt accumulation of arid
soils. This corresponds with the difference in rainfall.
This whole region is the great cotton country of the island though many
other crops are grown for home consumption.
Coming further south the plain of Archaei is rather humid, has a good
system of irrigation and rich soil and is one of the most highly developed
spots in the country, where most of the banana and plantain are now
produced.
CUL DE SOC PLAIN
At Port au Prince is the plain of the Cul de Soc. This plain runs entirely across the island, setting off the mountains of the southern peninsula
from the mountains of the north. It is evidently an old bay or channel
that has been gradually filled by the dumping of the adjacent rivers. As a
result an arm of the sea was cut off between these deltas and continues as
Etong (Lake) Sumat—that reaches below sea level, is very salt and has
deposits of salt and gypsum on the shores.
The river Gries flows out to the west into the bay of Port au Prince but
its flow is negligible except in the wet season, flood periods. At other
times its waters as they emerge from the mountain quickly sink into the
gravelly subsoil and later emerge as springs. Its waters are now extensively diverted for irrigation. This is a rich plain of dark clay soils but
ranges from moderately humid to distinctly arid in climate. The plain is
about 10 miles wide. Sugar cane is its main crop.
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West, on the north shore of the southern peninsula, is the plain of Leogain, an intensely rich alluvial region with a large amount of volcanic rock
material in the soil and with better rainfall—certainly better irrigation—
than Cul de Soc. Here also sugar cane with considerable vegetables are
the chief crops.
A number of smaller plains on the southern peninsula, which reaches
west beyond Port au Prince 150 miles, may be passed by, except the plain
at Aux Cayes on the south coast. This is a rich plain watered by a number of streams but undeveloped commercially except in a very limited way
by the native people.
RAINFALL
Intimately connected with the soil conditions is the occurrence of alkali.
Rainfall varies enormously within short distances due to the prevailing
trade winds and the interception of the moisture of these by the high
mountains. From Port au Prince, which is fairly humid, 10 miles north
one passes into the typical cactus vegetation of exceedingly arid country.
There are two wet periods—in April to June and September to November with intervening dry periods. The rainy period varies a little in
different sections.
The temperature along the coast does not vary 10 degrees from 85° the
year round, night and day. At higher elevations the temperature is correspondingly cooler but frost does not occur even on the highest mountains.
ALKALI SALTS
As a result of the rainfall distribution, alkali is prevalent, especially in
the main alluvial plains. Sodium chloride or common salt is the most
abundant salt and by far the dominant constituent, but black alkali
sodium carbonate is also a problem, especially in parts of the Cul de Soc.
It has also been found troublesome on some of the highly calcareous hill
land.
The usual methods of control of alkali—deep drainage coupled with
heavy irrigation—are ultilized on some of these lands.
CHEMICAL COMPOSITION OF SOILS
In general chemical composition the soils are not as high in silicates as
temperate soils and correspondingly higher in aluminum compounds.
On much land lime carbonate is a dilutent and makes the percentage of
potassium and phosphorus appear rather low. Fertilizers have been very
little used but there seems to be definite evidence of their value, not for
one but for all three elements on soil long tilled and phosphorus and
potash on perhaps all soils.
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CHLORATIC SUGAR CANE
In iron the well-weathered soils are all well supplied, but in spite of this
fact a special problem has arisen. On sugar cane land that had produced
a bumper crop of cane, the second growth came on not at all or was slow
and weak and deeply chloratic. Nelson McKaig, a chemist of the station,
conceived the idea that iron was needed and tried spraying with sulfate of
iron with immediate and notable results such that it is now adopted as
field practice. It was found that a similar practice had been adopted in
Hawaii. The key to the problem seems to be the high amount of lime
in the soil that forces back the solubility of the iron and on the stools of
roots, greatly weakened by removal of the crop, prevents the proper supply
of iron reaching the new growth. After the new growth gets a start and
spreads its new roots, it is able to get its own iron supply. No chlorosis
was noted in the first crop.
HISTORY OF T H E COUNTRY
Haiti was known as the Garden of Eden of French Colonial times and
the ruins of the fine old plantations are everywhere in evidence. Revolution and decadence, debt and neglect have returned the country largely to
a state of jungle gardens, from which, with American assistance, the
country is again emerging.
Three Agricultural Experiment Stations, a College of Agriculture and
Mechanical and Home Arts have been established and a Vocational
School System is being built up.
The Experiment Stations are:
(1) A general station at Port au Prince.
(2) A live stock station in the High Central Plain.
(3) A coffee station in the mountains.
Coffee is the preeminent commercial crop and now gives three-fourths
of the tax income of the country. Native cotton is second in value, and
then comes sugar cane. Sisal fiber seems to be coming forward as a promising crop.
Haiti is a fascinating country biologically, agriculturally, socially and
politically, for the student of such matters.

THE GRAY-BROWN PODSOLIC SOILS OF THE
EASTERN UNITED STATES
M. BALDWIN

United States Department of Agriculture, U. S. A.
INTRODUCTION
As is well known, the earlier broad grouping of the soils of the United
States, by the Bureau of Soils, was on geologic and physiographic rather
than pedologic bases. But this did not inhibit the definition and description of the units of our classification, which we have called the soil types,
although it may have led us at times to direct our attention to causes and
agencies and to neglect intrinsic soil characteristics.
An impetus to the scientific study of soils characteristics and especially
to the devising of a scheme of broad soils grouping was given American
students by Dr. C. F. Marbut when he introduced the work of Glinka
and other Russian investigators and followed this up by investigations,
personally and through assistants, which have covered much of the world.
At the same time, the routine work of the United States Soil Survey was
going forward, including intensive study of the soils of small areas within
the United States, the definition and description of those soils or soil units
necessary to correlation. This included not only field study and observation, but, with the help of various state organizations and the laboratories
of the Bureau of Soils, chemical and physical data more accurate and
intensive than is possible for the field observer to obtain.
The recognition of the major soil groups of the United States, based
strictly on soil characteristics, and the approximate delineation of the
geographic distribution of these groups in our country have largely been
accomplished, although no satisfactory nomenclature has been devised.
We have followed, in part, Glinka and other European soil scientists,
lifting some words bodily from the continental languages, so that much
of our present soils terminology is distinctly hybrid.
Glinka, in "Die Typen der Bodenbildung," gave us a classification, a
nomenclature, and a summary of European soils knowledge and especially
made available the work of the Russian investigators. He has described
a group of soils which he calls "Die Boden der mittleren Befeuchtung."
He describes these soils as characterized in common by the presence of
relatively small amounts of unstable humus compounds; by the development of so-called crenic and apocrenic acids; by the leaching of easily
soluble salts and carbonates; by the removal not only of bases but also of
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sesquioxides from the eluvial horizons; by the concentration as separate
concretions or in distinct illuvial horizons of the sesquioxides and manganese oxides. In this group he places the podsol soils, gray forest soils,
and the soils described as "Braunerden" by Ramann.
GRAY-BROWN PODSOLIC SOILS
It is manifest that in the eastern United States we have soils of this
group, in fact soils which correlate with the subgroups; the true podsols,
the gray forest soils, and the brown soils, although it is not always clear
just where the lines between these subgroups are to be drawn. Possibly,
by a process of elimination, we can cut off the distinctly podsol soils of the
north, the very dark colored, high-humus soils of the prairies to the
west, and the yellow and red soils to the south. This leaves a region in
the north central and northeastern states in which the well drained soils
which have not suffered disturbance by erosion or by man, have profiles
with characteristics in common, as follows:
Where undisturbed, the surface has a covering of leaf litter from
deciduous trees, 1 to 3 inches thick, underlain by a very thin layer of
nearly black leaf mold. The upper mineral soil horizon (A) is dark grayish-brown in the upper portion where organic matter is relatively abundant, grayish-brown or grayish-yellow below; the texture is generally
silty or sandy loam; structure is single grain or, in the upper portion, soft
granular; there is a roughly horizontal or platy breakage; reaction is generally acid, acidity increasing downward; the thickness varies with the composition of the parent material, up to 18 inches in very sandy material, down
to 6 inches in very heavy soils. The second major horizon (B) is brown or
yellow-brown in color; the texture heavier or higher in clay content than
"A"-; the structure is prominent, the mass breaking readily into angular
lumps, ranging in diameter from x/i to 1 inch, increasing in size downward;
reaction is generally acid; thickness ranging from 1 to 2 feet. The parent
material (C) is variable, but in the United States is dominantly glacial
drift of varying composition. Features of the chemical composition are:
(1) a gradually decreasing content of nitrogen downward; (2) the absence
of free carbonates and of free bases from the solum horizons; (3) a relative
concentration of silica in the " A " horizon; (4) a relative concentration
of iron and aluminum sesquioxides in the " B " horizon; (5) an enrichment
of phosphorus in the " A " horizon.
We will, for the time, call the soils of this general profile, "Gray-brown
podsolic soils." This profile has its fullest expression in the heavier textured materials, and perhaps reaches its most characteristic and interesting development on the calcareous, medium to heavy textured glacial
drift of late Wisconsin age which covers large areas in southern Michigan,
northern and central Indiana, and eastern Ohio. Here the ice-laid drift
consists of materials derived from a wide variety of rocks including gran-
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ites, gneiss, schist, sandstone, and shale, but limestone and dolomite in
various forms are the dominant rocks of the unweathered drift, and the
mass as a whole is highly calcareous. The carbonate content of the parent
material is indicated by figures for C0 2 from carbonates in three representative samples of drift from Indiana; one from Grant County, Indiana;
14.25 per cent; two from Wayne County, Indiana, 16.35 per cent and
22.41 per cent; one from Hancock County, Indiana, 15.00 per cent. On
this high-lime drift the forces of weathering have acted to produce soils
illustrating the fundamental characteristics of the gray-brown soils, and
differing in a striking way from their parent material. This profile is
described in detail as follows: The surface leaf litter, consisting of a loose
accumulation of dried leaves and other undecomposed plant remains is
only moderately abundant, and it is doubtful if, under primeval conditions, it ever attained a thickness of more than 4 or 5 inches except where
drifted. The leaf mold, consisting of somewhat packed and matted, disintegrated and partially decomposed leaves and other plant remains, is
thin, most observations recording thicknesses of only one-eighth to onefourth inch.
TABLE

1.—Mechanical analyses of primary horizons

Location: Hancock County, Indiana.

Analyst: I. B. Spencer

Sample No.

284018

284019

284020

284021

284022

284023

284024

Depths

Oto
2 in.

2 to
5 in.

5 to
12 in.

12 to
16 in.

16 to
32 in.

32 to
36 in.

36 +
in.

Horizon

A,

A2

A3

B!

B2

B3

C

1.3

1.9

0.7

0.7

0.9

1.2

2.6

4.4

2.7

2.8

2.8

3.4

3.1

5.2

2.6

2.4

2.6

2.3

2.7

2.8

3.2

12.7

14.1

15.2

14.0

15.3

15.7

17.8

11.2

13.9

12.2

13.4

14.6

16.8

17.8

51.7

47.9

50.4

40.9

34.5

33.4

37.2

16.6

17.5

16.5

26.3

28.6

27.6

16.4

Fine gravel
2-1 mm.
Coarse sand
1-5 mm.
Medium sand
0.5-0.25 mm.
Fine sand
0.25-0.1 mm.
Very fine sand
0.1-0.05 mm.
Silt
0.05-0.005 mm.
Clay
0.005-0 mm.

Beneath this covering of organic matter the mineral soil profile begins.
The texture profile is well developed and clearly denned. Taking the soil
which we call Miami silt loam from central Indiana as representative, we
find that to a depth of some 12 inches, the soil is a silt loam, from 12 to
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about 35 inches, a clay loam, below that a loam in texture. These texture
horizons may be taken as the primary horizons of the soil profile and designated A, B and C. Tables 1 and 2 give the mechanical analyses which
indicate the texture profile in terms of percentage of each textural constituent in the various horizons. The A and B horizons together constitute the true soil, or solum, the C is the somewhat altered parent material,
which is medium to heavy textured glacial till.
TABLE 2.—Mechanical analyses of primary horizons
Location: Wayne County, Indiana. Analyst: I. B. Spencer
Sample No.

283702

Depths

3 to 5 in.

Horizon

A2

A,

B,

B2

c,

c2

1.6

0.9

0.6

0.8

1.4

4.8

3.8

3.2

2.9

3.6

5.8

9.2

3.0

3.2

2.8

3.7

5.8

5.2

18.0

19.2

1(5.6

20.0

25.5

22.6

17.9

19.6

17.5

14.8

14.7

18.0

44.8

40.9

36.3

25.5

28.4

29.3

10.9

13.1

23.4

31.2

18.5

11.5

Fine gravel
2-1 mm.
Coarse sand
1-0.5 mm.
Medium sand
0.5-0.25 mm.
Fine sand
0.25-0.1 mm.
Very fine sand
0.1-0.05 mm.
Silt
0.05-0.005 mm.
Clay
0.005-0 mm.

283703

283704

283705

283706

283707

6 to 9 in. 10 to 15 in. 16 to 30 in. 31 to 42 in. 43 to 60 in.

FURTHER SUBDIVISION OF PRIMARY HORIZONS
Each primary horizon of the texture profile has other characteristics
which further subdivide it. The surface 2 inches of the mineral soil is
very dark grayish-brown in color, rich in organic matter, and when gently
shaken out, falls into small soft roundish particles }/§ to J/g inch in diameter
which cling to the plant roots. These particles are easily crushed when
either moist or dry, and the whole mass is friable. There is a tendency
to an irregular horizontal laminated or platy structure. Worm casts and
worm holes, plant roots and plant rootlets are very numerous. Downward through the A horizon the dark color gradually fades out, the platy
structure or breakage becomes more pronounced until the B horizon is
approached, and the finer grained structure less pronounced. There is a
decreasing evidence of worm work, and fewer plant roots and rootlets, but
darker irregular channels through the mass are probably filled-in worm
holes.
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With the change in texture from the A to B horizons there is a change
in structure. The material of this horizon breaks into irregular lumps
ranging from 34 inch to 1 inch across, in general smaller at the top of the
horizon and becoming larger downward. These small blocks, fairly soft
when moist and yielding into a plastic mass with moderate pressure, are
so hard when dry that they cannot be crushed by ordinary direct pressure
of finger and thumb. Within this texture horizon B there are variations
in color. The upper 4 or 5 inches is light-brown to yellow-brown on the
faces of the structure blocks with grayish coatings in places. The interiors
of the little blocks are more yellowish and a powdered mass of the material
drys to a light brownish yellow. There is a gradual transition to browner
colors downward, at least to duller browns on the outside of the blocks,
with more yellow in the interiors. A characteristic feature is a thin jelllike coating on the surface of the blocks, especially evident when they are
moist. The lower 4 to 6 inches of the B horizon is marked by a very dark
brown to black coating on the structure blocks. Little pores and irregular
tubes about the diameter of a small needle are common features of the B
horizon, being especially marked in the upper B. Plant roots and rootlets
not only follow the breakage planes, but penetrate the blocks. The root
channels, especially of dead roots, are encased by darker colored material.
TABLE 3.—Chemical analyses of Miami silt ham
Location: Hancock County, Indiana.

Analyst: G. Edgington

Sample No.

284018

284019

284020

284022

284023

284024

Depth

0 to
2 in.

2 to
5 in.

5 to
12 in.

16 to
32 in.

32 to
36 in.

36 in. +

A,

A,

A3

ft

ft

C

71.82
0.57
2.91
9.06
0.127
0.81
0.62
2.02
1.06
0.13
0.13
11.09
100.35
0.334
none
5.78

77.08
0.65
3.08
9.50
0.144
0.63
0.64
2.03
1.02
0.10
0.07
5.00
99.94
0.153
none
5.07

77.35
0.65
3.22
10.09
0.119
0.53
0.62
2.19
1.16
0.08
0.06
3.98
100.05
0.104
none
5.10

69.52
0.65
5.92
14.06
0.077
0.70
1.20
2.38
0.97
0.09
0.05
4.33
99.95
0.053
none
5.16

65.64
0.60
5.60
14.73
0.133
1.57
1.97
2.64
1.39
0.12
0.05
5.61
100.05
0.069
none
7.21

47.93
0.39
3.34
8.56
0.069
13.59
6.05
1.93
0.85
0.09
0.05
17.33
100.18
0.029
15.00
8.21

Horizon

a

SiO,
Ti02
Fe 2 0,
A1 2 0,
MnO
CaO
MgO
K20
Na20
P20,
SO,
Ignition loss
Total
N
C 0 2 from Carbonates
pH

* Horizon üi (12 to 16 inches) was omitted from the chemical analysis.
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The C horizon is calcareous glacial till of late Wisconsin age. The upper
5 to 10 feet is light grayish yellow in color, firm and quite hard when dry,
but not extremely compact like some of the glacial till farther East. It
tends, upon exposure in banks, to develop irregular joint planes which
separate the mass into angular blocks. Small stones and pebbles scattered through the mass consist of limestone, dolomite, scattering shale,
sandstone and granite, and other igneous and metamorphic rocks.
Tables 3 and 4 give the chemical analyses which indicate the chemical
composition of the Miami silt loam. They are based upon samples taken
by natural horizons and analyzed in the Bureau of Soils laboratory.
Soils with this profile or profiles very similar in detail are classified as
the Miami Series by the United States Bureau of Chemistry and Soils.
Very similar soils, also derived from highly calcareous glacial till, are found
south of the Miami soils, differing in a greater thickness and browner colors
of both A and B horizons. These soils are called Russell. Another soil
series, the Fox, is associated with the Miami, differing fundamentally in
the C horizon which is loose waterlaid gravel and sand, with a high
content of limestone. In the Fox soils the darker colors in the lower B
horizon are more pronounced or more striking than in the true Miami
profile.
TABLE 4-—-Chemical analyses of Miami sill loam
Location: Wayne County, Indiana.
Sample No.

283701 283702

Analysts: Edgington and Hough

283703

283704

283705

283706

283707

Depth

Oto
2 in.

3 to
5 in.

6 to
9 in.

10 to
15 in.

16 to
30 in.

31 to
42 in.

43 to
60 in.

Horizon

At

A,

A3

Bi

B2

c,

C2

0.21

80.46
0.72
3.00
7.79
0.04
0.83
0.49
1.64
1.04
0.08
0.12
3.62
99.83
0.10

81.58
0.59
2.64
8.21
0.048
0.49
0.30
1.79
1.14
0.03
0.04
2.90
99.76
0.042

75.37
0.62
4.65
11.41
0.035
0.51
0.72
2.21
1.02
0.02
0.02
3.43
100.02
0.032

69.81
0.56
6.18
13.72
0.032
0.72
1.11
2.48
1.11
0.07
0.03
4.21
100.03
0.038

58.92
0.37
3.66
9.70
0.033
7.40
4.92
1.91
1.12
0.08
0.03
11.95
100.09
0.028

39.24
0.21
2.08
5.77
0.047
18.93
7.99
1.36
0.99
0.05
0.03
23.44
100.14
0.031

6.20

none
5.45

none
4.87

none
5.08

none
5.00

9.42
8.12

22.41
8.70

Si0 2
Ti02
Fe 2 0 3
A1203
MnO
CaO
MgO
K20
Na20
P2Os
SO,
Ignition loss
Total
N
C 0 2 from
Carbonates
pH
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The very sandy, highly siliceous drift of the general region in which the
Miami soils are found, exhibit soil profiles similar to the Miami. In spite
of the very low content of clay-forming minerals in the parent material,
there is a noticeable concentration of fine earth, with alumina and iron,
at depths only slightly greater than in the Miami silt loam. The general
color profile is similar.
Associated with these soils are many variations resulting from poor
drainage conditions, erosion and other disturbing factors.
In the external environmental relationships of the gray-brown podsolic
soils in the United States we find an approximate geographic co-incidence
with the region of deciduous forest; with mean annual temperature
ranging from 45° to 50° F.; with mean summer temperature of about 70°
F.; mean winter temperatures varying from 25° to 30° F.; with periods
without killing frosts ranging from 120 to 180 days; average annual
precipitation ranging from 30 to 45 inches, quite uniformly distributed
throughout the year, with a slight predominance in the warm season; with
average annual snowfall of 20 to 30 inches; with average annual number
of days with snow varying from 30 to 100 days; relative humidity is high,
70 to 90 per cent, much of the time.

PROFILES OF SOILS IN SOUTHERN ILLINOIS
E. A. NORTON

University of Illinois, U. S. A.
INTRODUCTION
The area occupied by the state of Illinois presents a particularly favorable field for soil study because of the variation in profile development
found within its borders. The environment in which the soils were
developed has produced profiles of essentially the same fundamental
character, but differing in stage of maturity. The accumulation of
material into a concentrated zone, identical horizon arrangement, and the
results of leaching processes in all profiles indicate their fundamentally
similar nature. The variations which occur in soil characteristics are the
result of differences in parent material, vegetative cover, drainage, topography, temperature, moisture relationships, and of differences in lapse of
time since exposure to environment. The weathering of several different
kinds of parent rock produced the present soil material. Prairie and
forest vegetation are found on flat, poorly drained areas, and also on
rolling, well drained areas. The climatic conditions of the southern part
of the state approach those of a warm, moist climate with mild winters and
hot summers, while those of the northern part approach a cold climate
with less rainfall and severe winters. At least five different glaciations
are exposed, affording excellent opportunity to study weathering as affected by the time interval. A comprehensive discussion of all soil profiles
which occur in the state is impossible at present. This paper is limited,
therefore, to a description and discussion of the soil profiles and a statement of existing environmental conditions in a particular area in southern
Illinois.
GENERAL DESCRIPTION OF AREA STUDIED
This portion of the state lies mainly within an area bounded by the
38th and 39th degrees of latitude and the 88th and 89th degrees of longitude (See Fig. 1). The topography of this area was originally an
unusually flat plain, lying from 450 to 600 feet above sea level, and broken
in only a few places by low preglacial ridges and drift knolls. Drainage
has since dissected the southern half until the divides are comparatively
narrow and the valleys broad, while in the northern half the divides
remain broad and flat and the valleys narrow. The mean temperature in
this area for the past 60 years has been 55°F; the average rainfall, 41.5
283
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inches; and the average growing season, 188 days. The ground is seldom
frozen for more than 6 weeks during the winter, so that the process of
leaching has been almost continuous since the soil has been locked up by
frost only a few weeks each year. Forest vegetation consisting chiefly of
oak, hickory, elm, and ash has followed the advance of drainage and
overspread most of the upland in the southern half, but is confined to
narrow belts along the drainage channels in the northern half, leaving
many broad, flat prairies. A fair growth of grass covered the prairie
region prior to the advent of man. The reason that forest vegetation has
not covered this area where climatic conditions are favorable for its growth

FIGURE 1.—Location of described area in southern Illinois

is not known. It may have been due to accidental causes such as forest
fires continually nipping the new growth, or to the fact that very poor
drainage is more conducive to prairie than to forest vegetation, or even
because the climate may have been desert-like until recently.
A pre-Illinoisan ice invasion furnished the parent material from which
the present soils were formed, this glacial deposit being unique in that it
lies further south and has been exposed to weathering in a warmer and
more moist climate than the deposit of any other continental glaciation in
North America or Europe. Some sorting of the weathered surface material was undoubtedly made by the wind, but evidence does not substantiate the belief that any great amount of loess was deposited, even though
few drift pebbles can be found in the upper 30-inch section. The pebbles
found are chiefly chert and other very resistant minerals. The soil
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* material is described as being loess-like, but is probably derived almost
wholly from thoroughly weathered glacial drift. The deposit of drift
from this ice invasion varies in depth from a few feet to more than 100
feet, and averages about 25 feet over the entire area. The drift has been
leached of its carbonate to a depth of about 14 feet in the southern part of
the area, and to a depth of 11 feet in the northern part. This difference
may be due to a difference in the original lime content of the drift; that is,
there may be less lime in the drift which lies farther from the source of
calcareous rocks, or it may be due to the more pronounced effect of the
weathering forces in the southern part.
SOIL TYPES
The soils of this area can be readily classified into two main groups on
the basis of color of the surface soil, namely, (1) gray, and (2) yellow, or
with a yellow cast. Vegetative cover has been the dominant factor in
determining the color of the surface soil in this region, but its influence
upon the whole profile has been greatly reduced by extensive weathering.
Because of this fact, a description of the types which occur in one of the
above-mentioned groups with a comparative statement of the relationship
between groups will be sufficient to acquaint one with the soils of the area,
since corresponding types exist in each group. Decisive differences in the
depth, thickness, plasticity, compaction, and other characteristics of the
concentrated zone suggest that the soils may be further divided into two
groups on the basis of topography and drainage, namely, (1) those developed on flat topography under poor drainage conditions, and (2) those
developed on rolling topography under conditions of good drainage.
The presence of a thick, plastic, compact, weathered drift, known as
gumbotil, on all the flat, poorly drained areas, and its absence on the
rolling, well drained areas proves that drainage was one of the most important environmental factors in the formation of this soil. The horizons
of gumbotil which will be described are very similar to and undoubtedly
connected with the formation of the upper soil profile.
The detailed profile descriptions of the types in the yellowish colored
surface soil group follow. The first two types described have characteristics of soils developed on flat topography under poor drainage, the third
has some characteristics of both groups, and the last two have characteristics of soils developed on rolling topography under well drained conditions.
In order to eliminate lengthy descriptive names, the types are here
designated by numbers. The designation of horizons as used in these
descriptions is explained as follows: A includes the surface horizons above
the zone of concentration, B includes the horizons of accumulation, and
C refers to the friable weathered material below the zone of accumulation
and above the unleached parent material. The degree of weathering is
not the criterion used in determining the C horizon.
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T Y P E N O . 11

This profile has developed on areas where the slope is less than 0.3 per
cent and under conditions of very poor drainage. The description applies
to virgin timber areas.
Ai—0 to 4 inches—pale yellowish-gray silt loam, laminated, friable, containing brownishblack iron pellets; a very thin forest litter covers the surface.
Ai—4 to 16 inches—light gray silt loam, friable, heavily splotched with reddish-brown
iron.
Aa—16 to 24 inches—very light gray, silty clay loam, ashy, mostly friable, heavily
splotched with reddish-brown iron; columnar form begins to appear in this horizon
(see fig. 2).

FIGURE 2.—Columnar form, typical subsoil development under poor drainage in
southern Illinois soils
Bi—24 to 32 inches—light drabbish-gray clay, very plastic and compact, columnar,
splotched with reddish-brown iron; breakage is in large angular blocky particles
which are gray coated.
Bi—32 to 40 inches—gray clay, very plastic and compact, columnar, splotched with
reddish-brown and black iron; horizontal surface of particles coated with drabbishgray, vertical with light gray.
B3—40 to 72 inches—light gray sandy clay, medium compact and plastic, columnar,
heavily splotched with brownish-black iron; the angular blocky particles have
their vertical surfaces covered with very light gray material.
Bi—72 to 81 inches—grayish-drab, sandy, gravelly clay, very plastic and compact;
columns continue through from horizon above.
Bs,—81 to 98 inches—gray, sandy, gravelly clay, plastic and compact, columnar form
not so prominent.
Ba—98 to 103 inches—yellowish-brown accumulative iron zone, compact.
C—103 inches to parent material—weathered yellow drift, sandy, gravelly. 11 to 14
feet—calcareous drift, parent material.
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Fibrous roots fill the A horizon, while but few enter B. The roots in B
occur in cracks between particles. Old root channels are filled with light
gray material. Animal burrows and casts are not abundant and are
usually confined to the A horizon. The lower portion of this profile from
72 to 103 inches has been termed gumbotil by glacial geologists and is
supposed to have developed under conditions of very poor drainage.
The upper portion of the profile, above 40 inches, has developed since a
change in the original drainage occurred and might be termed a superimposed profile. As drainage conditions improved, the horizons in the
portion of the profile above 40 inches became more distinct and a somewhat more friable zone developed between the upper portion of the profile
and the gumbotil. The light gray color and the thickness, plasticity, and
compaction of the B horizon in this profile illustrate the predominant
characteristics of soils matured under poor drainage in this area.
T Y P E N O . 12

This profile has developed ón slopes varying from 0.3 to 1.2 per cent
under conditions of drainage which, though poor, are better than those
under which Type No. 11 was developed. This description applies to
virgin timber areas.
Ai—0 to 5 inches—yellowish-gray silt loam, laminated, friable, containing brownishblack iron pellets; very little forest litter accumulates on the surface.
At—5 to 17 inches—pale yellowish-gray silt loam, friable, containing numerous black
iron pellets.
Ai—17 to 20 inches—light gray, silty clay loam, ashy, friable, containing numerous black
iron pellets; columnar form appears in this horizon.
B,—20 to 28 inches—brownish-yellow clay, gray coating the large angular blocky aggregates, very compact and plastic, columnar, splotched with reddish-brown iron.
B2—28 to 34 inches—yellowish-gray clay, very compact and plastic, columnar, heavily
splotched with reddish-brown and black iron; the vertical faces of the large angular
blocky aggregates are covered with gray, horizontal faces covered with brownishyellow.
Bi—34 to 46 inches—pale yellowish-gray, sandy clay, compact, non-plastic, heavily
splotched with yellowish-brown and black iron; columns have almost disappeared.
B,—Same as Bz of type No. 11. The profile below this point is very similar to No. 11.

Many fibrous roots occur in the A horizon and very few in the deeper
horizons. The roots follow cracks in the B horizon. Old root channels
are lined with a light gray friable material and in lower B they are filled
with a more plastic material. Animal burrows and casts are not abundant
in this type and are usually confined to the A horizon. The outstanding
characteristics of a profile formed under very poor drainage conditions are
exhibited by this profile, but they are not so well developed as in No. 11.
The upper section of the profile is distinctly separated from the lower by
the B3 horizon.
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T Y P E N O . 13

Type No. 13 has developed on slopes varying from 1.2 to 3.5 per cent»
and under conditions of fair drainage. The characteristics of this type
show that its profile is intermediate in development between those formed
under conditions of poor drainage and those of good drainage. This
description applies to virgin timber areas.
A i—0 to 6 inches—grayish-yellow silt loam, laminated, friable, forest litter about 1 inch
in thickness.
Ai—6 to 14 inches—yellow silt loam, friable, spotted with reddish-yellow.
Ai—14 to 17 inches—pale reddish-yellow silty clay loam, heavily streaked with gray in
both lateral and vertical cracks, slightly compact, non-plastic; slight evidence of
columnar form.
Bi—17 to 23 inches—reddish-yellow clay loam, large angular blocky aggregates which
break in all directions and which are vertically coated with a heavy gray layer and
horizontally with a yellowish-brown, medium compact and plastic, showing a
faintly developed columnar form.
B2—23 to 28 inches—reddish-yellow clay loam, large angular aggregates coated with
reddish-brown, medium compact and plastic; columns faintly discernible, but lose
their identity near the bottom of this horizon,
d—28 to 36 inches—reddish-yellow silty clay loam, aggregates smaller than in B and
thinly coated with reddish brown and splotched with yellowish-brown iron.
0-2—36 inches to parent material—yellow silty clay loam, friable, sandy, gravelly,
streaked with gray.
The above profile occurs imposed upon a previously formed profile on
areas where drainage has recently changed for the better. The stage of
development is related to the duration of time since the change in drainage
occurred. Animal burrows have mixed the horizons in this type, chiefly
the A and B. Animal casts have a gray coating, especially if found in B
or C. Roots are well distributed throughout the profile and seem to
pierce the aggregates as easily as they advance in the cracks. Old root
channels in the B and C horizons become filled with a material which is
more plastic than the surrounding mass. The faces of the aggregates are
stained with dark brown organic matter which is surrounded by a thin
gray film.
T Y P E S Nos. 14 AND 15

The following two profiles were formed under conditions of good drainage. Their occurrence is limited in this area. Type No. 14 has developed
on slopes varying from 3.5 to 7 per cent. The description applies to
virgin timber areas.
Ai—0 to 5 inches—yellowish-brown silt loam, friable, covered with about 1 inch of forest
litter.
At—5 to 9 inches—brownish-yellow silt loam, laminated, friable.
As—9 to 15 inches—reddish-yellow silt loam, friable.
B —15 to 24 inches—reddish-yellow clay loam, small angular aggregates coated with
reddish brown, slightly compact, non-plastic, aggregates break easily in all
directions.
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Ci—24 to 30 inches—pale reddish-yellow silt loam, streaked with gray which is probably
contained in old root channels, friable.
Ci—30 inches to parent material—reddish-yellow, sandy silt loam, small angular aggregates coated with reddish-brown and occasionally streaked with gray which
probably follows old root channels, very friable.

Roots are well distributed through this profile. They stain the soil a
dark brown and the old channels contain a grayish material which is more
compact than the surrounding mass. Animal burrows mix the horizons,
usually carrying material from below to those above. The old holes in
horizons B and C are filled with material which is darker than the surrounding mass.
The area of type No. 15 in this region is very limited. It has developed
on slopes varying from 7 to 14 per cent. The description applies to virgin
timber areas.
Ai—0 to 4 inches—yellowish-brown silt loam, friable, containing little forest litter.
AÏ—4 to 10 inches—reddish-yellow silt loam, friable, with faint traces of lamination.
B —10 to 20 inches—reddish-yellow silt loam, streaked with reddish brown, slightly
compacted but friable; aggregates are small and angular, breaking easily in all
directions.
C —20 inches to parent material—reddish-yellow sandy silt loam streaked with reddish
brown, very friable; drainage lines have a faint gray cast.

The roots are well distributed throughout this profile, and as they decay
leave a distinct brownish-black stain on the surrounding soil. Slopes of
more than 14 per cent erode too rapidly for a profile to form.
The corresponding types in the gray-colored surface soil group differ
from the above mainly in the color and thickness of the A\ horizon and in
the presence of a distinct orange or red iron mottling in the A3 and Bi
horizons of the types corresponding to Nos. 13 and 14. Naturally, the
prairie grasses would furnish more organic matter than the forests, so that
the Ai horizon in the prairie types would be thicker and darker than the
corresponding horizon in the timber types. The reason for the existence
of the distinct red coloring in Az and Bi is not well understood, but undoubtedly is connected with the chemical state in which the iron is held.
The Bi horizon of the gray-colored surface soil group is often slightly
darker in color than its corresponding yellow-colored surface soil type,
owing to the higher organic-matter content in the Ai horizon.
T H E "SLICK SPOT" TYPE

Another soil type frequently occurs in this area which seemingly has no
relation to any of the above-described profiles. It has been called the
"slick spot," and little is known about it except that alkaline salts have
accumulated in the upper soil profile, that the A horizon is very shallow,
and that the B horizon is very thick. Its past drainage history has undoubtedly been different from that normal to the region.
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DISCUSSION
These profiles illustrate the fact that a good correlation exists between
topography and drainage on the one hand, and important soil characters
on the other. For example, as the slope and drainage increase, compaction decreases, as do also plasticity; the thickness of the ashy gray
layer, A3; the depth to the B horizon; the thickness of this horizon (see
fig. 3); the depth to the C horizon; lime requirement as given in terms of
No. II

No. IZ

No. 13

No. 14

No. 15

FIGURE 3.—Illustrating differences in depth and arrangement of horizons in typical
profiles

pH; and the gray color in the profile. Oxidation and intensity of color
increase as the slope and drainage increase.
Cultivation of the soils in this area has lightened the color of the surface
by mixing some of the lighter colored A2 with the Ai horizon. It has
increased the lime requirement and intensified the plasticity and compaction in the B horizon. The prosperity of the region averages low.
The profiles in this area indicate that the resultant product of the soilforming forces in a humid temperate climate will be a light-colored soil
with a thick A and a thick, plastic, and compact B horizon when formed
under conditions of poor drainage, and a yellow-colored A and a thin and
friable B horizon when formed under conditions of good drainage.

PROFILE DEVELOPMENT AND THE RELATIONSHIP OF SOILS IN CALIFORNIA1
C. F. SHAW

University of California, U. S. A.
INTRODUCTION
The Secondary soils of California afford an unexcelled opportunity
to study the development of the soil profile during the process of weathering. There are extensive areas where the soils are all formed from the
same parent material and where the differences in profile are due solely
to the stage or degree of weathering. There are other areas where soils
of dissimilar origin show the same degree of weathering and differ mainly
because of the composition of the several parent materials.
These Secondary soils, formed from material that has been eroded
from the place of origin, transported and redeposited as great alluvial
or aeolian deposits in new locations, constitute by far the larger part of the
soils of California.
In the progress of the soil survey some 29 million acres have been
mapped, of which over 22 million acres are classified as agricultural soils.
Of this area about four and a half million acres, or about twenty per cent,
are Primary or residual soils, and approximately 80 per cent or nearly 18
million acres are Secondary or transported soils. Over nine and a half
million acres, or about 43 per cent of the total area, are Recent or wholly
unweathered secondary soils, essentially the crude soil material unchanged
since it was deposited by the transporting agent. These soils are comparable in mode of formation, general character and agricultural value
to the soils of the river flood plains in the humid regions. About seven
and a half million acres, or approximately 37 per cent, are weathered
secondary soils, comparable to some of the terrace and bench lands of the
humid regions. These weathered soils show various stages of profile
development, depending on the period of exposure to alteration and on the
activity and intensity of the weathering agents. Some have been only
slightly altered, with the effects of eluviation and illuviation barely discernible in the developing A and B horizons. Others may show definite,
fully developed horizons and may represent the mature soils in which the
development of profile characteristics has approximately reached equilibrium with the soil weathering forces.
1

Grateful acknowledgement is hereby given for the generous assistance and helpful
criticism of Macy H. Lapham of the Bureau of Soils, U. S. Department of Agriculture.
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FIGURE 1.—Small alluvial fan formed by erosion and deposition during a heavy rain.
Shows the miniature canyon from which material was eroded, and the typical fan-shaped
deposit of sediment, with characteristic slopes.
Most of the secondary soils are formed of materials that have been
transported and deposited by water, constituting the great valley-filling
deposits characteristic of the arid regions. Practically all of the valleys
of California that are of any extent or importance are structural; that is,

FIGURE 2.—Profile of the great Cucamonga Fan in southern California, more than 10 f
miles from canyon mouth to foot of slope. All the soils, except on the hills to the right,
are parts of alluvial fans, nearly all of the Tujunga or Hanford series.

COMMISSION V—SOIL CLASSIFICATION

293

FIGURE 3.—Miniature confluent alluvial fans at base of bank formed by severe rain
flowing off the moderate slope above the bank
they have been formed by the movements of the earth's surface and not
by erosion by flowing waters. Instead of erosion, alluviation takes place
and the valleys are filled with rock debris washed from the adjacent
uplands or mountain masses. This is deposited as great confluent alluvial

FIGURE 4.—Confluent alluvial fans forming the soils of the San Fernando Valley.
These fans are from one to three miles from canyon mouth to foot of slope, and are
farmed to orchards and vineyards. Foreground is part of a larger fan. Nearly all soils
shown are of Hanford series.
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fans, and debris aprons, extending down from the mountains to the valley
troughs and basins. These valley-filling deposits may be very deep, often
exceeding 1000 feet, and represent the accumulations of sediment through
untold centuries of erosion from the mountains and transportation to the
valleys. In the deserts and more arid regions some of the mountain
blocks are almost buried in accumulations of their own debris.
The streams that deposit these loads of alluvium are generally more or
less intermittent, flowing during the rainy season or when the snows on the
high mountains are melting, and dwindling away during summer and fall
until the entire flow may be lost in the gravels and sands of the alluvial

FIGURE 5.—Fresh deposit of fine sand on surface of the Hanford fine sandy loam; the
result of the annual flood and deposit of sediment

cone. During the flood season the stream carries great loads of sediment
eroded from the mountain flanks. As the debris laden waters emerge
from the narrow erosional canyons and debouch into the valley, the waters
spread out, their rate of flow is checked and much of the load of detritus is
dropped. The stones and gravel are deposited on the upper parts of the
fans, the sandy sediments are dropped farther down the slopes and only
the finest silts and clays reach the flat plains and basins of the valley
floors. The periodic increment of new material may build up the fan
surfaces so fast that the agents of weathering can not alter the soil material during the interflood periods, and the whole fan surface is occupied
by the unweathered or wholly recent Secondary soils.
When, for any reason, there is a change in the regional drainage systems brought about by movements of the earth's crust that would change
either the elevation or gradient of the land, the streams that built the
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alluvial deposits begin to cut through them and build new fans and flood
plains farther out on the valley slopes. Usually the streams cut rapidly
through the soft sediments of their earlier deposits, leaving the remnants
as elevated, sloping terraces, benches or mesas, henceforth exposed to the
forces of erosion and weathering. As the annual rainfall is not great,
and it nearly all falls during the autumn, winter and spring months when
vegetative growth is quite active, surface erosion is rarely severe, and
usually is minor in extent or intensity. The original slope and surface
configuration of the former alluvial fan is usually well preserved. Where
there have been a succession of these crustal movements, several succes-

FIGURB 6.—An unusually heavy increment. Fifty centimeters of fine sandy loam
deposited by one brief flood period, the result of a heavy rain in the mountain head
water region of the stream.

sive alluvial fans may be built and abandoned, their remnants existing
as a series of terraces or benches at different elevations. The soils on
these old surfaces, having been subjected to weathering for different periods of time, show distinct stages in profile development.
Where the original parent material of these several terraces has been
deposited by the same stream system its character and composition are
usually quite uniform and the main differences in the soils are due to age
or stage of development. As such soils are all progressing toward the
same condition of the mature soil profile, they constitute the ideal soil
family. Several such families have been recognized although most of
them are quite incomplete, some stages in the progress of profile development being as yet undiscovered. One family, the San Joaquin, appears
to be complete, with six distinct stages of profile development from extreme
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youth to full maturity. The Fresno, Redding and Mojave families appear
to be nearly complete, while the Capay, Antioch, Hovey, Bellavista and
other family groups have wide gaps in the family line and in some cases
it is very difficult to demonstrate any definite relationship.
T H E SAN JOAQUIN FAMILY
The San Joaquin family is not only the most completely developed,
but it is by far the most extensive soil family in the state, covering over
three and a quarter million acres. It includes the Tujunga, Hanford,
Greenfield, Ramona, Placentia and San Joaquin series, while the Chualar

FIGURE 7.—Elevation, erosion and deposition have left three successive fan surfaces,
weathered for different lengths of time and showing soils at different stages of development, Hanford, Ramona and Placentia series.

and Madera series, covering over a million acres, are evidently members
of a closely related subfamily. The Fresno family is formed from the
same original parent material as the San Joaquin but developed under
conditions of restricted drainage. It branches off from the Tujunga
series to the Foster, Chino, Pond and Fresno series, probably with one or
perhaps two as yet undiscovered intermediate stages. The Mojave series
is the oldest member of a family derived from the same kind of parent
material but formed under decidedly arid conditions. It includes the
Cajon, Hesperia, Adelanto and Mojave series, with gaps representing
other undiscovered members. The Mojave series does not show the fully
mature soil profile that can be developed under these conditions and there
is also a wide gap between the Adelanto and the Mojave series. Further
field surveys may discover these missing members of the families.

COMMISSION V—SOIL CLASSIFICATION

297

The San Joaquin family has been subjected to more study than any of
the others and the members series will be described in considerable detail.
Tujunga Series.—The Tujunga series are recent soils (solum crudum)
that are still in the active process of formation. They are subjected to
periodic overflow and new material is being added nearly every year.
They occupy steep alluvial fan slopes and the extensive "washes" of the
larger streams in southern California, with a few areas in other parts of
the state. They are composed almost entirely of pulverized and more
or less decomposed granitic rock debris, and contain very large amounts
of quartz and also much mica, feldspars, hornblende and other mineral
fragments. They are essentially " r a w " soil material and show no evidence of profile development since the material was deposited. There is
little difference in color, structure, or consistence of the several strata
and the variations in texture are due wholly to stratification during the
deposition of the material. They are mainly of coarse texture, stony,
gravelly and sandy types predominating. They have been mapped on
189,568 acres and while a considerable area is being utilized for citrus
orchards and for gardens, the possibilities of overflow and the hazards of
flood damage have retarded their development.
A typical profile of the Tujunga sand, from the " w a s h " of the Santa
Ana River near Redlands in southern California, is here described:
The surface is irregular and more or less strewn with stones and boulders. Organic
matter consisted of a few fragments of plant stems, leaves and remains of inflorescence,
and the upper layer of soil to a depth of not over 1 cm. is slightly darkened.
Ci—0 to 15 cm. Gray (white and black) granitic sand, single grained structure and
loose or incoherent consistence. Some roots within this horizon.
C2—15 cm. to 1 m. Gray sand, stratified, with textures from fine sand to gravelly
sand, single grained and incoherent. This material extends to an unknown depth, varying mainly in texture. Occasional roots of perennial shrubs extend deeply into this
horizon.

Essentially this is "soil material" rather than a true soil, although its
use for agricultural purposes and its relations to the other soils of this Division give it an important place in the scheme of classification.
Hanford Series.—The Hanford series is the second member of this family
and while it consists of recent soils (solum crudum) it is actually somewhat
older than the Tujunga series. It is formed from parent material of
granitic origin essentially the same as that which forms the Tujunga soils,
and occupies alluvial fans and flood plains that may be inundated during
any flood season. There has been, however, some weathering of the soil
material and some accumulation of humus in the surface horizons, without
any visible evidence of any downward migration of the weathered products. There is no compaction of subsoil horizons, nor any evidence of
clay accumulation anywhere in the profile. Any differences in texture,
structure or consistence are plainly due to stratification during deposition

298

FIRST INTERNATIONAL CONGRESS OF SOIL SCIENCE

and not to subsequent modification of those strata. The color, however,
shows the effect of weathering of the minerals and of the accumulation of
organic matter. It is a light brown to brown in the surface horizons,
grading lighter in the subsoil to approach the gray color of the Tujunga in
the deeper substrata.
In many places the Hanford soils have been formed by the weathering
of material deposited as the Tujunga series, while in other places, the
typical Hanford soils are directly deposited, the material being derived
from previously existing soils (mainly the Holland and Sierra series)
eroded, transported, more or less mixed with fresh rock material, and
deposited on the fans or flood plains.
The Hanford series is very extensive in California where 1,583,776
acres have been shown on the soil maps. It includes a wide range of
textural grades, from stony coarse sands to silts and clays, but by far the
greater area is included in the sands and sandy loams. It is most
extensively developed in the San Joaquin Valley and in central southern
California, but is found nearly everywhere in the state. It is one of the
most productive and fertile soil series in the state, its topographic position
making irrigation relatively easy, and it is utilized for practically all crops.
The following description of an exposure of the Hanford fine sand is
typical of the series as a whole. This exposure is located on the alluvial
fan built by Mill Creek, where the deposit is being cut into and eroded by
the Santa Ana River. The soil is not virgin, but has been farmed and
irrigated for many years and now bears a mature orange grove. The
surface soil is somewhat darker than typical, owing to the very heavy
applications of organic manures. Samples were secured from a deep cut
at the edge of the orchard, where there was a surface cover of grass, but
there was no accumulation of organic material in the soil.
Ai—0 to 10 cm. Dark grayish brown fine sand of single grained structure and loose or
incoherent consistence. No evidence of any "structural" arrangement of particles,
though when dry there is usually a tendency to form a "crust-mulch" upper horizon.
Considerable organic matter is present, and there were grass roots in abundance.
Ci—10 to 46 cm. Brown to grayish brown fine sand, single grained, soft and friable.
There was no evidence of any structure development, and this horizon differed from the
upper one only in color and organic matter content.
C2—46 to 125 cm. Brown to grayish brown fine sand, single grained, soft and friable
and without structural arrangement.
C3—-125 cm. to 2 m. Grayish brown to gray fine sand, single grained and incoherent,
with slightly less fine material than the upper horizons. A strata of sandier texture.

Greenfield Series.—The Greenfield series is the third member of this
family and the first one in which evidence of definite profile development
can be recognized. I t is somewhat older than the Hanford, though very
similar in color and general appearance. It has been classed in the young
(solum semi-crudum) group of soils on the basis of the presence of a B
horizon that is denser, firmer and more compact than the horizons above
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and below it. It occupies alluvial fans and flood plains on which the
streams are no longer depositing sediments and the soils have been subjected to weathering for a relatively brief period, sufficient, however, to
modify the profile. The topographic position is essentially that of a recent soil, and their character can only be determined by careful examination of the subsoils. This series is of relatively limited extent, and is not
shown on any soil map as yet published. There are considerable areas
of Greenfield, previously unrecognized and usually included with the
Hanford on the earlier soil maps, which when delineated by further field
work will materially increase its area. The soils are of excellent quality,
probably as valuable as the corresponding members of the Hanford series.
A representative profile of the Greenfield fine sand from a cut near
Highgrove, Riverside County, showed the following characteristics:
The surface bore a new growth of grass, with some remains of dead grass from last year.
Immediately adjacent is a well cultivated and irrigated orange grove.
Ai—0 to 15 cm. Brown to light brown loamy fine sand, of fine mealy structure and
soft, friable consistence. There were numerous grass roots and considerable organic
matter present, but no evidence of any definite structural arrangement.
Aj—15 to 48 cm. Light brown to brown loamy fine sand, without evidence of structural arrangement and of soft, friable consistence. This horizon is slightly denser than
Aj, but does not appear to have any accumulation of transported materials. It c< ntains
fewer roots and less organic matter.
Bi—48 to 94 cm. Brown fine sandy loam, fairly dense and somewhat compact, but of
soft consistence. There is no evidence of structural arrangement, but the firmer and
denser condition gives evidence of the accumulation of some clays washed from the upper
horizons. It is readily permeable to roots and water.
B2—-94 to 125 cm. Light brown gritty loamy sand, not quite as dense and compact as
the Bi horizon and with no structural arrangement.
Ci—-125 to 225 cm. Light brown sand of loose and friable consistence. This appears
to be the parent material, essentially similar to that of the Hanford soils.

Table 1 shows that there is an appreciably larger amount of clay in the
Bi and B 2 horizons, while Table 2 shows a definitely larger amount of
colloidal clay, the amount rising from 4.02 per cent and 3.48 per cent in the
Ai and A2 horizons to 10.55 per cent in B^ 9.76 per cent in B2 and 7.61 per
cent in the Ci (this may be a B3) horizon. The influence of the organicmatter in the surface horizons is shown by the relatively high moisture
equivalents of 11.24 and 9.60 as compared with 10.84, 10.71 and 8.29 in
the subsoil horizons. While not covering any great area in the state, this
series is of considerable Edaphic importance in that it shows the first
definite evidence of profile development in the soil materials of this great
family.
Ramona Series.—The Kamona series is the fourth in this family and is
much older than the Greenfield with distinct and well developed B horizons. While no intermediate stage has been discovered, it is not improbable that a series may be found, lying between the Greenfield and
Kamona in degree of development, and sufficiently definite to permit of
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to mountain blocks and typical alluvial fan surfaces. It has been somewhat eroded, especially on the borders of the terraces and mesas and has
a somewhat irregular topography. It has been mapped on 442,944 acres.
The Ramona series throughout most of its occurrence appears to have
been subjected to continuous weathering during the period of accumulation. This would indicate a slow rate of deposition by the streams that
formed the alluvial fans, with probable periods of no appreciable additions. This condition of slow growth or accumulation and concurrent
weathering gives very deep or thick B horizons, with these horizons showing different amounts of clay accumulation and other evidences of
alteration. Horizons of relatively unweathered material may lie between
the weathered layers, representing a period of more rapid accumulation.
The color of the surface is a rich brown when moist, drying to a brown.
The subsoil horizons are rich brown, reddish brown, brown or grayish
brown, depending on the degree of weathering of the particular strata.
A representative profile, from an excavation on the Citrus Experiment
Station at Riverside, is here described:
Ai—0 to 22 cm. Brown gritty sandy loam, fairly heavy but with a considerable content of coarse angular quartz and granitic fragments. Of medium to firm consistence
and with a rather irregular cloddy structure, breaking readily to a condition of granular
tilth. Where undisturbed the surface tends to form a thin crust-mulch structure, usually
less than one inch in total thickness. Considerable organic matter present.
B!—22 to 68 cm. Brown, gritty sandy loam with a considerable clay content, evidenced by plasticity and stickiness when wet and hard consistence when dry. No
marked evidence of structure, though usually there is some tendency toward formation
of an irregularly prismatic columnar structure. The color is somewhat richer (redder)
than the surface, though usually a little lighter. The soil is hard when dry, but softens
when wet. It is readily permeable to roots, and fairly penetrable by water.
B 2 —68 to 94 cm. Reddish brown gritty sandy clay loam, hard but breaking to a
lumpy tilth when dry, plastic and sticky when wet. No structural arrangement was
evident, but usually this horizon has a prismatic columnar arrangement. It is readily
penetrated by roots, though it tends to hold back irrigation water to some extent.
While penetration is slow, the water will percolate through the horizon and into the
lower layers.
B3—94 to 137 cm. Reddish brown gritty heavy sandy loam, hard and compact when
dry, sticky and plastic when wet. No structural arrangement evident, but breaks to
hard irregular lumps when excavated. Evidently high in colloids.
B 4 —137 to 182 cm. Brown, with reddish tint, dense, gritty sandy loam, hard when
dry, plastic when wet. No structural arrangement evident, but breaks to hard irregular
lumps when excavated. Not quite so hard or compact as B 3 , but distinctly a zone of
accumulation where the material has been well weathered.

Table 2 shows the mechanical analysis of this soil, the lower 90 cm.
having been sampled by 15 cm. horizons. Table 2 gives the content of
colloidal clay, moisture equivalent, lime and pH by horizons.
Placentia Series.—The Placentia series is the fifth in this family and is
the semi-mature (solum semi-maturum) member. It is formed from the
same granitic parent material as the other members and occupies more or
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TABLE 2.—Shovring moisture equivalent, colloids, lime and pH Value for each
soil type by horizons
pH
(Colorimetric)

Depth in em.

Moisture
equivalent

Colloids
(Robinson)

Carbonates
(McMiller)

Tujunga

Cr— 0 - 15
C 2 — 15-100

1.68
1.34

0.83
0.72

0.125
0.090

7.2
7.2

llanford

A,— 0 - 10
Cr— 10- 46
C 2 — 46-125
C 3 —125-200

7.03
5.17
4.52
2.315

1.96
1.38
1.44
0.36

0.380
0.070
0.035
0.000

7.0
7.4
7.4
7.3

Greenfield

A,— 0 - 15
A2— 1 5 - 48
B!— 4 8 - 94
B 2 — 94-125
C,—125-225

11.24
9.60
10.84
10.71
8.29

4.02
3.48
10.55
9.76
7.61

0.237
0.147
0.355
0.360
0.250

7.4
7.4
7.4
7.3
7.4

Ramona

Ar— 0 - 22
Br— 2 2 - 68
B 2 — 6 8 - 94
i 94-109
B 3 < 109-124
( 124-137
( 137-152
B 4 < 152-167
( 167-182

15.42
16.04
14.41
15.55
15.68
16.92
16.45
16.56
15.66

7.20
11.70
11.48
11.84
11.25
11.69
10.63
10.02
9.49

0.507
0.385
0.377
0.335
0.520
0.500
0.665
0.630
0.560

7.2
7.2
7.4
7.8
7.8
7.8
8.0
8.0
8.0

Placentia

A!— 0 - 20
Br— 2 0 - 30
B 2 — 3 0 - 61
B 3 — 6 1 - 94
B, - 94-122
B 6 —122-158
0,-158-193
C 2 —193-218

12.85
16.05
11.91
11.11
10.96
11.40
7.25
7.32

7.02
28.52
14.40
10.36
8.36
6.40
5.26
5.22

0.275
0.485
0.530
0.495
0.545
0.585
0.385
0.370

7.0
7.0
7.1
7.2
7.2
7.2
8.0
8.2

San Joaquin

A!— 0 - 14
Br— 14- 45
B 2 — 4 5 - 59
B,— 59-104
0,-104-152

13.63
12.87
14.69
13.28
8.54

5.02
5.70
11.45
2.28
2.21

0.205
0.230
0.390
0.255
0.440

7.6
7.7
7.7
7.8
7.8

Fresno

A,— 0 - 8
Br— 8 - 18
B 2 — 1 8 - 36
B 3 — 3 6 - 87
B 4 — 87-135
d—135-170

6.27
14.84
27.12
45.60
24.03
6.43

1.28
11.43
18.55
24.46
10.67
1.67

0.190
0.775
0.925
0.950
0.910
0.545

9.6
9.6
9.6
8.4
9.0
9.6

Name

+
+
+

+
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less dissected alluvial fan slopes, terraces, mesas, and undulating plains.
It is fairly extensive, 110,168 acres having been mapped within the state,
nearly all in southern California.
The longer period of weathering has wrought considerable changes in
the appearance and character of this soil as compared with the younger
members of the family. The color of the surface is red to reddish brown
when wet, drying out to a reddish brown or rich brown. The
subsoil horizons show different
degrees of redness, depending
on the extent of their weathering and on the amount of colloidal material accumulated
(much of the color seems concentrated in the colloids). The
soil dries into a hard, compact
condition that naturally breaks
to a lumpy tilth. When wet it
is sticky and, even in the sandy
types, is quite plastic. When
properly cultivated, however,
a good surface condition can
be readily maintained.
The weathering activities
have proceeded for a longer
time or have been more intense
on these soils and they show
very obvious development of
B horizons. The accumulation of colloidal clays is
evidenced by the increased
plasticity, while changes in
FIGURE 8.—Profile of Placentia sandy loam,
density, consistence and struc- near Riverside. Coarse gritty texture, no defiture and the tendency toward nite structural arrangement, fairly dense, comcementation are also charac- pact and hard in B horizons. C horizons readily
cut by shovel.
teristic. In some localities
the soils have been weathered to a considerable degree during the
process of accumulation and have remarkably deep B horizons. In one
extensive and typical development near Redlands (on Smiley Heights)
the exposed bluffs show weathered layers and even hardpans (typical
of the San Joaquin series) at depths of over 15 m. below the surface.
As such hardpans are usually developed within 1 m. of the surface, it would
indicate that the building of this alluvial deposit was intermittent, with
very long periods of continuous weathering during which the soil material
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progressed from the Tujunga or Hanford condition through the succession
of stages to the mature San Joaquin profile, and was later buried under
new deposits of soil material. During periods of more rapid deposition
and accumulation little weathering could occur, and horizons that show
little evidence of alteration and are quite similar to the Hanford material
separate these well weathered horizons. There are considerable areas
of such buried soils with the Placentia and Ramona series occupying the
present surface.
Most of the areas of Placentia have a profile that shows evidence of a
fairly rapid rate of accumulation of soil material, a rate that maintained
the soil in a condition of development about that of the Hanford, followed
by a period of definite and prolonged weathering, with no further deposition of fresh soil material. Such profiles show the typical B horizons
developed to depths of from 60 to 150 cm., and underlaid by theunweathered or slightly weathered parent material. This profile condition is
considered more generally representative of the series than is the profile
showing the buried soils. The following description of a profile exposed
near the Citrus Experiment Station at Riverside is considered typical
of the series, except that the color is not as red as usual.
Surface with a few shrubs and some weeds. Develops a thin crust-mulch structure
when dry.
Ai—0 to 20 cm. Reddish brown gritty sandy loam, friable and granular, containing
fibrous roots and a fair amount of organic matter. The lower 12 cm. are a richer reddish
brown color and are slightly compact, breaking to a granular tilth.
Bi—20 to 30 cm. Dull brownish red, gritty sandy clay loam, plastic and quite sticky
when wet, hard and tough when dry. On drying cracks into irregular hard clods. This
is the upper part of the horizon of illuviation and has a very high clay accumulation (28
per cent of colloidal clay).
B2—30 to 61 cm. Dull brownish red very gritty heavy colloidal sandy loam plastic
when wet, hard when dry, without structural arrangement, but breaking to a cloddy
tilth.
B3—61 to 94 cm. Dull reddish brown heavy gritty sand containing considerable
colloidal clay, plastic when wet and hard when dry. Compact and dense breaking to a
medium cloddy tilth.
B<—94 to 122 cm. Light brownish red gritty sand, very compact, with local patches
slightly cemented to form a semi-hardpan. Seams and cracks contain iron stains and
accumulations and there are some vesicular holes having iron stained linings.
B6—122 to 158 cm. Light reddish brown gritty sand, very compact and hard, with
some semi-cemented, hardpan-like masses. Iron stains and accumulations occur in
seams and cracks, and as coating in holes.
Ci—158 to 193 cm. Rich brown gritty sand, soft, friable and of granular structure.
C2—193 to 218 cm. Brown sand, soft, friable and granular, but not so gritty as Ci.

Table 1 gives the mechanical analysis of the several horizons, while
Table 2 shows the colloids, lime, etc. The accumulation of colloidal clay
in the Bi horizon is unusually high, even for this series. The distribution of
colloidal clay, illustrated in Graph 5, Fig. 9 shows that in the formation of
this particular soil there was little weathering during the period of accu-
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mulation, as compared to the degree of weathering that has occurred
since deposition of material ceased. There is also a suggestion that there
may have been a slow removal of the surface horizons, and that the high
accumulation of colloids in Bi represents a concentration of fine material
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washed downward as the exposed surfaces were being weathered. The
Placentia series offers a very promising field for investigations in the
processes and progress of soil formation and horizon development.
San Joaquin Series.—The San Joaquin series is considered the mature,
fully developed member of this family of soils to which its name has been
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given. It is most extensively developed in the San Joaquin and Sacramento Valleys (The Great Valley of California) with relatively small areas
in southern California, and has been mapped on 900,928 acres. It is
composed of material of granitic origin though in parts of the Great Valley
there is evidence of
some admixture of
rit
2
A- 6 8 to /2 f4 16
basic rock material.
^
1
It occupies immense
1
1
1
confluent
alluvial fans
r~ •
1
-1
!
1
whose
surfaces
have
•1
•
i
25
been more or less
modified by erosion
1
and are usually
•
1
4slightly undulating to
I
SO
••
moderately rolling.
1
1
f
In some places it oc•
|r !
•t•
I
1
cupies
terrace and
1
j)7S
1
mesa remnants of old
1
•
fans and food plains.
1
i
The parent material
i
i•
•
was evidently de<
c /oo
i
I——
1
t
posited on the fans at
0
a rapid rate, as there
i " '
i
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is usually little eviI1
•
S/25
u
dence of weathering
t,
V
of the deeper soil.
r1
The alluvial surfaces
E
I
were probably eleQ/J0
l
vated and tilted as
|
the result of extensive
J
crustal movements,
175
and
thereafter weath~r / TujunqQ.
t
ering proceeded con±2 Hanfone/
tinuously, and under
3 Green fie/a
relatively uniform
ZOO
climatic conditions.
SP/acentia
The series is charo » 3 an </0C qi/n 7
acterized by the presence of a very definite
FIGURE 10.—Moisture equivalent of California series
hardpan layer occurring at a depth of from 40 to 90 cm. below the surface and of from 15
to 40 cm. in thickness. In some places the hardpan is much thicker,
and in places it may be shallower or deeper than indicated. It is
generally referred to as a "red iron hardpan," though it is not always red,
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FIGURE 11.—Outcropping of hardpan on edge of mesa occupied by the fully mature
San Joaquin series, formed from alluvial fan deposits weathered for a very long period of
time during which little erosion occurred

and while iron is undoubtedly an important ingredient, the cementing
materials are usually silica and aluminum compounds. The hardpan
is hardest and densest in its upper section, being less dense and resistant
in the lower parts. The material below the hardpan is usually soft,

FIGURE 11A.—Exposure of San Joaquin sandy loam, showing the hardpan layer at about
102 cm., and of about 48 cm. thickness, with soft, sandy C horizon beneath it
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friable, relatively unweathered soil closely resembling the Hanford
material. The surface soils are light red to reddish brown in color,
becoming decidedly red when wet. The subsoils are red, reddish brown
and even yellowish red, depending on the character of the clay accumulations and degree of oxidation and distribution of the iron compounds.
The deeper, relatively unweathered material beneath the hardpan is
usually brown, sometimes grayish brown in color.
The series has a striking surface configuration consisting of
a series of low natural mounds,
rather regular in size and spacing and locally known as hogwallows. These natural mounds
are undoubtedly the result of
wind transportation and deposition of soil material around
clumps of scattered vegetation.
The same surface configuration
is now being developed on the
Imperial Mesa and elsewhere in
the desert regions where a scattered creosote bush or sagebrush cover exists. It is not
developed under a grass cover
or a dense growth of brush or
herbaceous vegetation.
In some regions the hardpan
surface parallels the surface of
the soil, faithfully reproducing
the elevation of the mounds
and the depression between
FIGURE 11B.—Closer view showing details of
them. In other regions the
the hardpan horizon
hardpan is more or less parallel
to the slope of the general soil surface, but bears no relation to the mounds.
In the former case the mounds undoubtedly were formed early in the
development of the soil, probably in the Greenfield or Ramona stage,
while in the latter case, the mounds were formed after the hardpan had
developed to a sufficient extent to definitely establish its depth and
position.
The following description of a profile studied near Fresno is fairly
representative of the series as a whole:
Surface cover of grass and weeds. Sample from about half way up the slope of a low
mound. No organic accumulation on surface.
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FIGURE 12.—Road cut showing profile of the natural mound surface configuration
characteristic of the San Joaquin and Madera series
Ai—0 to 14 cm. Dark reddish brown sandy loam containing considerable grass roots.
It becomes quite red when wet but fades to a reddish brown when dry. It breaks to
small clods and lumps of irregular size and shape, and of a firm consistence. The soil
has a tendency to pack and form a crust as it dries.
Hi—14 to 45 cm. Brownish red gritty sandy loam, containing considerable colloidal
material. It becomes quite red when wet but fades toward a brown as it dries. When

FIGURE 13.—Natural mound surface configuration characteristic of the San Joaquin
and Madera series. During the rainy season water stands in the depressions between
the mounds

310

FIRST INTERNATIONAL CONGRESS OF SOIL SCIENCE

wet it is plastic and sticky, but it dries hard and tough, with a compact massive structure
(sometimes columnar) and a hard consistence.
B2—45 to 59 cm. A brownish red heavy sandy loam containing considerable colloidal
clay, very plastic and sticky when wet, hard and tough when dry. (In many profiles this
horizon is a dense sandy clay.) In a cut or exposure it shrinks on drying, cracking into
irregular clods of varying sizes.
B3—59 to 104 cm. An indurated, impervious hardpan, very dense and hard in the
upper portions, less so in the lower sections. The upper part is usually quite red in color,
with streaks of yellowish brown and light brown in the lower parts. The hardpan exists
as continuous sheet, with a few cracks and rarely, some irregular holes. It is impervious
to roots or water and except at the cracks, definitely limits the penetration of both roots
and water to the soil material above it.
Ci—104 to 152 cm. Brown sandy loam, pervious, friable and breaking readily to a
crumb structure. This horizon shows some evidence of clay accumulation in the upper
parts, but in the main appears to be unweathered parent material quite similar to the
Hanford in most of its characteristics.

Mechanical analysis of these samples are reported in Table 1 and the
colloid, etc., in Table 2. Perhaps the most striking feature is the relatively low content of colloidal clay, as compared with that in the Placentia
soils. This is believed to be due to the precipitation of the colloids in the
form of compounds that are not readily reversed or reconverted to the
colloid state. Although in making the analysis the hardpan layer was
ground to a fine powder and was shaken with deflocculents for a long
time, it showed only a little over 2 per cent of colloidal particles, and the
heavy layer of clay accumulation above the hardpan had only about 10
per cent. It is recognized that profiles of this same soil from other localities might show different amounts of the colloids, but the relative proportions would be about the same and the total amounts comparatively low.
The San Joaquin family as described includes only the "pure line"
members, where we feel confident that the close genetic relationships can
be indisputively proven. In addition, there are subfamilies that are
closely related, and that cover very large areas within the state.
The Madera subfamily (or possibly a distinct but closely related family)
with the Chualar and Delano series as immature members, is prevailingly
of a brown to dark brown color, otherwise much like the corresponding
members of the San Joaquin family. The presence of some slight accumulations of lime in the B horizons, if proven to be of general occurrence
and a characteristic of these soils, would also serve to distinguish them.
The sketch map, Fig. 14 shows the extent of occurrence and location
of the San Joaquin family including the Madera subfamily.
The Kocklyn series is in many respects very similar to the San Joaquin,
but the hardpan rests on a dense, impervious, semi-consolidated substratum ; a geological formation upon whose surface the original Ilocklyn
soil material was deposited. This substratum definitely limited the depth
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at which the hardpan forming materials were deposited and has so affected
the soil character that it is recognized as a mature series belonging in a
separate family. While the l?ocklyn is weathered from material originat-

FIGURE 14.—Map of California showing the location of the San Joaquin Soil Family
and the Fresno Soil Family. Also the general relief and relations of the mountains and
valleys

ing mainly from granitic rocks, there is also considerable admixture of
parent material from andesites and other basic rocks. This serves
further to differentiate it as a separate family.
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FRESNO FAMILY
The several series that make up the Fresno family are formed of parent
material of granitic origin, similar to that of the San Joaquin family, but
developed under different conditions of drainage. From the Tujunga
series the Fresno family branches to the Foster (a dark colored counterpart of the Hanford), the Chino (an immature, grayish series with considerable lime in the subsoil), the Pond (a semi-mature series with much
lime, considerable subsoil compaction and clay accumulation), and to the
Fresno series. No description of the immature members of this family
will be submitted, but the conditions of accumulation and development
of the mature member of this family warrants a full description.
Fresno Series.—The Fresno series is characterized by a grayish color,
the presence of much lime in the subsoil horizons (and often in the surface)
and by horizons of lime and silica cemented hardpans. It is most extensively developed in the San Joaquin Valley, where it occupies a broad
irregular strip on the east side of the valley trough and it also occurs in
small areas in other valleys in the state. A total of 944,640 acres have
been mapped, but as much of this was in reconnoissance surveys, the area
will probably be somewhat reduced when detailed surveys are completed.
This series has been found on the lower slopes of great confluent alluvial
fans, and has been subjected to more or less inundation during the flood
season. On the fans of the larger streams, these floods usually occur in
June, when the snows are rapidly melting in the high Sierras, while the
fans of the shorter streams may be flooded during rainy periods of the
winter and during the early spring. The hardpans occur as one or several
layers, separated by non-cemented horizons. The hardpan layers are
not due solely to weathering but are partly due to an irregular stratification or deposition during the up-building of the land surface. The soil
material of the hardpans is usually fine textured, often silty, and its
formation is explained as follows:
This relatively flat surface has many playas or temporary shallow ponds
from a few square feet to several acres in extent. In these playas fine
silts and clays accumulate about as fast as does the sandier materials on
the adjacent plains and often may attain considerable thickness. If the
playas do not maintain a rate of accumulation equal to that of the adjacent soils, they will be covered by sandier material at some period of
severe floods, and a new playa be formed either in the same location or
elsewhere. The gradual upbuilding of the fans results in the burial of
many of these silty playa deposits, which as weathering goes on and waters
percolate downward through the soil mass, act as filters and accumulate
colloids and precipitated salts. If this accumulation is sufficient to cause
cementation, definite hardpans result. Earlier stages give semi-cemented
hardpans that soften when wet, but are very hard and tenacious when dry.
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The hardpan layers are very irregular in thickness, density, degree of
cementation, succession, and extent, and the Fresno subsoils are characterized by this variability in the hardpan horizons.
The following description of the profile shown in an excavation near
Kerman in Fresno County, is relatively representative of the series as a
whole, though the hardpan layers are not here so distinct as in other
places.
The surface has a sparse weed growth with many spots entirely bare.
When sampled the soils were wet and without any structural arrangement,
but when dry the surface shows in some places a typical crust-mulch
structure and in others a fluffy efflorescence characteristic of areas of high
alkali accumulation.
Ai—0 to 8 cm. Brownish gray fine sand with some few roots and some organic
matter.
Bi—8 to 18 cm. Brownish gray fine sandy loam, slightly compact, and with a suggestion of a columnar structure. It breaks into small irregular lumps which may have a
shiny (when wet) surface coating, apparently of colloidal character. Some of the lumps
are somewhat vesicular but most of them are quite dense.
B2—18 to 36 cm. Gray to grayish brown sandy clay loam, more or less spotted and
blotched in color distribution. It is quite compact and weakly cemented, but has a
structure similar to that of the B! horizon. When moist it breaks with a cheesy fracture.
Some worm holes show colloidal coating, and the few root holes are marked by darker
color, sometimes somewhat rusty.
B3—36 to 87 cm. Gray clay with yellowish and brownish mottlings and some rusty
iron stains. Hard, dense, more or less cemented and rather massive, but with a suggestion of columnar structural development. There are numerous vesicular holes, some
lined with crystals of salt, while others have been filled with salts and soil material and
now show as light or dark spots.
B<—87 to 135 cm: Gray to yellowish gray sandy clay loam with many brown and
reddish stains. Compact, hard and cemented, of massive structure with a suggestion of
the columnar, breaking to hard vesicular clods.
Ci—135 to 170 cm. Gray to yellowish gray sand, fairly soft, pervious, and without
any definite structural arrangement.
C2—170 cm. to 2 meters. Gray silty sandy loam with brown and reddish spots, fairly
compact but not cemented. This is probably an old buried B horizon rather than a true
strata of older C material.

The Fresno soils, occupying the lower and flatter parts of the valley,
have received accumulations of soluble compounds leached from higher
lying soils. They, with the Pond and the Chino, are characterized by the
prevalence of these accumulations of "alkali." Much of the accumulation is the result of natural soil building phenomena, but the irrigation
of the higher lying soils of the Hanford, Foster, San Joaquin and related
series, has resulted in a rising water table during the hot summer months,
with excessive evaporation and the concentration of salts in the surface
in areas where, previous to irrigation, it did not exist.
This tendency toward a rising water table has been checked by reason
of the increasing scarcity and value of water and the development of
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cheap power, which has caused the drilling of many wells and extensive
pumping of subsoil waters for irrigation. The consequent lowering of the
water table has made possible the removal of the alkali from these lands,
but it is very doubtful if any extensive reclamation is now feasible. The
cost of such work is high and the demand for land does not now seem to
warrant the effort. These soils constitute a reserve of over one million
acres of land that may be
reclaimed for agricultural use
when needed in the future.
The extent and location of the
Fresno family is shown on the
sketch map, Fig. 14.
OTHER FAMILIES
Other families formed from
material of different origin and
mineralogical composition have
been recognized, though none
are as complete as the two described.
The weathering of deposits of
materials from sandstone and
shale rocks has resulted in some
more or less incomplete families
in which the Laguna, Yolo and
Elder series are the most youthful members, and the Antioch,
Montezuma and Capay series
are the most completely weathered, though none of them are
considered to be fully mature.
The first two (Antioch and
FIGURE 15.—lrohle of Antioch clay loam,
Salinas Valley, showing the well developed,
Montezuma) a p p e a r to be
jointed columnar structure and the lime acweathering toward a lime hardcumulation in the deeper B horizons
pan mature condition, while
the Capay is approaching a claypan subsoil development. The Antioch
is probably a development from the Yolo series (solum crudum) through
the Rincon (s. immaturum) with two or more undiscovered intermediate
series. The Montezuma appears to be a development from the Elder
series (s. crudum) through the Dublin (s. crudum or semicrudum)
with intermediate stages. Where the drainage conditions are somewhat
restricted the material of the Yolo series appears to weather through the
San Ysidro and the Pinole series (s. immaturum), and the Capay (s.
semimaturum) series. The Capay is nearly mature, with a dense,
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tenaceous, highly colloidal subsoil development that may perhaps represent the fully mature development under the existing conditions. There
are a number of other incomplete families representing trends of development under divergent conditions of climate, of drainage, or of composition
of the sedimentary rocks from which the parent material was derived.
The soils formed of materials originating from the andesites, basalts,
and other igneous rocks relatively free from quartz (usually grouped as
basic igneous rocks) show characteristic features in progressive development of the profiles, especially in respect to lime content. As shown in
the Key to the Soils of California1 no lime is present in any of the six Recent (solum crudum) or wholly unweathered series, and of the Young
(s. semicrudum) group five are without lime, while two show accumulations of lime in the subsoil horizons. The two Immature series (s. immaturum) and the six Mature series (s. maturum) all show marked accumulations of lime in the subsoils, while three also have lime present in the
surface soil or A horizon. It is quite evident that the lime is being developed by the weathering process, the calcium being set free by the
decomposition of the complex minerals (generally silicates) and accumulating in the weathered mass as calcium carbonate. This represents a
difficult problem in regard to the proper position of these soils in a scheme
of classification in which the presence or absence of lime is used as the
basis of a major subhead. No extended family relationships have as yet
been worked out, but a representative development of this material is
shown by the Vina (s. crudum) series which weathers through the Farwell
(s. semicrudum) and Anita or Porterville (s. immaturum) stages to conditions that may be represented by the Bellavista or Agate series of fully
mature soils. All of the mature soils derived from basic igneous rock
material have lime hardpan subsoil horizons, although in two series the
degree of cementation of the hardpan layer is not great. They are readily
distinguished from the lime hardpan soils derived from sedimentary rocks
(sandstone and shales) by easily recognized differences in details of the
profile, in consistence, structure, color and other features.
SOIL FORMATION
Throughout the arid regions the composition of the parent material
is a very important and frequently controlling factor in determining the
character of the resulting soils. In the process of soil formation there are
three major factors, Parent Material, Climate and Time. The Parent
Material is the raw material from which the soil is being developed, while
Climate controls the reagents with which the changes and modifications
of its character are being wrought. The period of Time through which
the forces of weathering have been acting will determine the stage of
1
Basis of Classification and Key to the Soils of California.
of the First International Soil Science Congress, 1927.

C. F. Shaw, Proceedings
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development of the resulting soil and its approach to conditions of full
maturity of profile or of equilibrium with the causative forces.
Vegetative cover and Topography are two of the most important secondary features. The former is controlled by climatic conditions and
strongly influenced by the character of the soil. Vegetative Cover and
Soil are mutually reactive, each influencing the characteristics of the
other, but each more fundamentally influenced by the climatic complex.
Topographic position determines and usually controls drainage, hence
indirectly influencing vegetation and also the soil climate (insofar as
moisture is concerned). While its influence is considerable, and in some
instances predominant, the effect of topography on the mature soil profiles is usually subordinate to that of the primary factors.
The character of the mature soil of a region is determined by the effect
of Climate and Vegetation on the Parent Material. Time ceases to be a
factor as the postulate of maturity infers a lapse of time sufficient to bring
these various factors to a state of equilibrium. In the arid and semiarid regions, where precipitation is not sufficient to cause marked leaching
of the weathering soil mass, Parent Material becomes the dominant factor
in determining the final character of the mature soil.
The profile of the fully matured or climax soil in the arid regions usually
shows a B horizon with a layer cemented to a greater or less degree to form
a hardpan. The cementing material may be predominantly siliceous, or
may contain sufficient iron to develop a distinct color and be known as an
"iron hardpan," it may be lime, with more or less siliceous compounds
and even with iron also. The composition of the cement will largely
determine the degree of induration and the permanence of the hardpan
horizon, and is itself determined by the composition of the original
parent material.
Where the water reaching the soil either as rain or by run-off from adjacent highlands is sufficient to maintain a more or less continuous percolation of moisture through the soil, the hardpans are not generally found
and instead the mature conditions of the B horizon show a dense clay
layer, a claypan. Claypans may be very dense, tough, and hard, but are
not cemented. They will soften when saturated and in field practice
mav offer a more serious problem to the farmer than does a true hardpan.
Mature claypan soils are found in California, but are not extensively
developed. They have not been touched upon in this discussion.
SUMMARY
The secondary soils of California, the soils formed by the weathering
of transported materials, have supplied a field of study in which the
several stages of soil development from the crudeness of extreme youth to
the rounded development of full maturity could be studied, and where the
persistent influence of the parent material and the modification of charac-
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ter due to variations in climate and vegetative cover are readily discernible
to the investigator.
The profile descriptions and the discussions of the several series show
these various stages in the development of the San Joaquin Family; the
effect of topographic position and drainage in their modification of the
same original material through the Fresno Family; and the effect of
Parent Material on the profile characteristics as illustrated by the several
other less complete families. In any system of soil classification and soil
mapping and in any study of the development of the solum, the investigator must recognize the influences of the primary factors of Origin (Parent
Material), Climate and Time and the secondary factors of Vegetative
Cover and Topographic position. Only when these are clearly in mind
and their possible influences properly evaluated can the Edaphologist
accurately interpret the soil conditions which he may encounter.

THE OCCURRENCE OF HICKORIES IN IOWA IN
RELATION TO SOIL TYPES
F. B. TRENK

Iowa State College, U. S. A.
INTRODUCTION
Plant ecologists have long recognized the important relationships between various soils and the vegetation which they will support; foresters
regard soil requirements as one of the major silvicultural characteristics
of trees; but few attempts have been made by either of these groups of
scientists to relate the occurrence of any one species or group of species
of trees to soils upon which they grow, as described in the accepted terminology and nomenclature of the United States Bureau of Soils. In a
prairie province like Iowa, where tree distribution is relatively restricted,
and yet where there is frequent need for reforestation or afforestation, a
knowledge of the preference of certain species of trees for certain soils is
highly practical. This paper presents the results of an extensive investigation throughout the state into the occurrence of Iowa hickories, based
upon the classification of soils used by the Bureau of Soils.
HISTORICAL
The Proceedings of the Iowa Academy of Science and the thirty odd
volumes of the Iowa Geological Survey contain numerous papers on plant
ecology, and in these may be found frequent references to probable causes
for Iowa's limited tree growth. In 1870 White (12), stated that " T h e
question of the origin of the prairie has become more hackneyed, perhaps,
than any other of the speculative questions which North American geology
affords." MacBride (4) has suggested the röle of fires on soils naturally
adapted to gramineous vegetation in preventing the growth of tree
seedlings; Shimek (10) has pointed out the importance of prevailing winds;
while Pammel (7) has made a comparative study of the effect of origin of
soils upon native vegetation, both herbaceous and arborescent. In a
paper on the flora of western Iowa, Pammel (8) reports a careful analysis
of the predominating species of plants for each formation, with especial
reference to those formations which are distinctly of arborescent plants.
The several factors of tree distribution have been discussed at length by
plant ecologists and silviculturists. Pearson (9) among others, regards
the distribution of a forest type as dependent upon four main factors—
temperature, precipitation, wind and evaporation, and soils. Bates and
318
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Zon(l) emphasize that availability of soil moisture is the principal characteristic of soil influence, when they state that "from every ecological aspect
the important soil condition is the availability of soil moisture." Burns
(2) points out the importance of light, both direct and diffused, in forest
succession. The biotic factor has been admirably discussed by Watts (11)
in England on the causes of failure of natural regeneration of oak and
beech woods. Watts, of course, duly recognizes the climatic and edaphic
factors, but in addition has given interesting and valuable data on the
effects of plant and animal enemies of the nut prior to germination, and
the possible fate of the seedling after germination. Since the fruit of most
of the Iowa hickories is greatly sought after by rodents, the significance
of the biotic factor must be recognized.
SPECIES OF IOWA HICKORIES
Five species of hickories are native to Iowa, as recorded by the Fitzpatricks (3); Carya illinoensis (Wang) K. Koch (pecan), Carya ovata
(Mill) K. Koch (Common shagbark), Carya laciniosa (Michx) Loud.
(Big shellbark), Carya alba (L.) K. Koch (mockernut, also named C.
tomentosa Nutt.) and Carya cordiformis (Wang) K. Koch (bitternut or
swamp hickory, also named Hicoria minima). Two of these, the pecan
and mockernut, have a very limited range in Iowa, and appear to be
limited to the counties bordering the Mississippi river in the southeastern
part of the state.
BASIS OF T H E INVESTIGATION
The United States Bureau of Soils (5) recognizes seven soil provinces
and six soil regions. A soil province is defined (6) as an area which has
the same general physiographic expression and in which the soils were
produced by the same forces or groups of forces. The whole of Iowa
falls within the province named Glacial and Loessial, since the origin of
practically all Iowa soils may be traced to one or the other of these
sources.
The Iowa Experiment Station recognizes the following fundamental
classification of Iowa soils:
I

Uplands—origin being
A Glacial
B Loessial
C Residual—limestone
D Lacustrine
II Terraces
III Bottomlands
The whole of Iowa, with the exception of a narrow strip bordering the
Mississippi river in the northeast corner of the state, has been glaciated.
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Some parts of the state have been visited by several glaciers, the last of
which occurred in the late Cenozoic. Upon the basis of the glaciers which
have passed over Iowa, and their subsequent influence on the topography
and drainage of the state, geologists recognize five main soil areas, which
are known as the Southern Iowa Loess, the Missouri Loess, the Mississippi
Loess, the Iowan Drift and the Wisconsin Drift. As the names indicate,
the soils in three of the areas were deposited chiefly by wind, in the other
two by glaciers.
The foregoing discussion of Iowa geology and soils should permit of a
clearer understanding of the basis for recording the distribution of Iowa
hickories. In this study, the occurrence of all species of hickories was
related to the soil types in each of the soil areas in which they were found.
Thirty-nine sample plots, one-quarter acre in area, and distributed
throughout the five principal soil areas, were studied; a tree census of all
species of trees occurring on each plot was taken, and notes were made on
associated vegetation. In order to confine this paper to a reasonable
length, it is believed impractical to report upon the individual plots. The
following tabular summary indicates very clearly the limits of distribution
of Iowa hickories based on soil types.
As soil types are further subdivided, and more is learned of the structure
of each type, this table will doubtlessly be enlarged, and no pretense is
made, therefore, to report these findings as final in all details. When one
considers that there are over 180 recognized soil types in Iowa, the 23
types listed here, the only ones found to support the growth of any hickory
species, appear much in the minority indeed.
The sharp definition between the occurrence and non-occurrence of
hickories where different soil types joined was clearly evident throughout
the study. An example will illustrate this.
Along the face of a certain slope in Mahaska county, three soil types
occurred. Tama silt loam near the top of the slope, Clinton silt loam along
the main body of the slope, and Wabash silt loam at the base along a
stream. The Tama silt loam was supporting a heavy growth of pure
white oak, (Quercus alba) but not a hickory was observed on the entire
area of this type on the slope in question. Over the entire Clinton silt
loam type adjoining, numerous specimens of Carya ovata and C. cordiformis were observed; in fact, in one plot, 86 per cent of the trees were
hickories of these two species. Crossing over to the Wabash silt loam,
further down the slope, no hickories were observed on any of the area of
this type. Similar observations were made throughout the study.
An examination of the tabular summary reveals several interesting
observations.
In the Wisconsin drift sheet, hickories occur only on drift soils, none
having been found on the other four classes recognized: Loess, Terrace,
Bottomland and Residual. Carya ovata and C. cordiformis are the species.
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Summary of observations on the occurrence of hickories in relation to soil types
Soil Area

Loess

Southern Iowa Clinton silt
loam " b
loess
Marion silt
loam "

Drift

BottomLand

Terrace

Shelby loam a b Calhoun silt
Lindley
loam •
loam "
Lindley
loam »

Missouri Loess Marshall silt Shelby silt
loam " b
loam * b
Mississippi
Loess

Iowa Drift
Sheet

u
d

Lindley silt
loam " b "

Fayette silt
loam »
Lindley
loam "
Clinton silt
loam "

Thurston
loamy
Waukasha
sand *
silt loam
Clyde silty
clay loam •
Carrington
silt loam "

Carya ovata
Carya illinoensis.

Union silty
clay loam °

Wabash silt
loam c

Clinton silt
loam *

Wisconsin
Drift
Sheet

Wabash silt
loam •

Residual

Wabash silty Dubuque silt
Waukasha
clay loam ''
silt loam *
loam r
Chariton silt
loam ;'

b

Carrington
loam (steep
phase) a b
Clarion
loam ° b
Miami silt
loam»
Conover silt
loam "
b

Carya cordiformis.

c

Carya laciniosa.
" Carya alba.

Clinton Silt Loam, a loess soil, is the most important hickory bearing
type in three soil areas—the Southern Iowa Loess, the Mississippi Loess
and the Iowan Drift.
Drift soils bearing hickories were observed in all of the five soil areas,
and exhibit a wider variation in types than any other group of soils.
Three terrace types supporting hickories were found. One, the Calhoun silt loam, is limited to the Southern Iowa Loess area; another, the
Chariton silt loam, is limited to the Mississippi Loess area; while the
Waukasha silt loam is common to both the Mississippi Loess and the Iowa
Drift sheet. The Calhoun silt loam was found to support only Carya
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ovata as did also the Chariton silt loam. In the Mississippi Loess only
Carya ovata was observed on the Waukasha silt loam, while on the same
type, in the Iowa Drift sheet, C. cordiformis was the only species.
Two bottomland types support hickories. The Wabash silt loam,
common to the Southern Iowa Loess and the Missouri Loess, has a very
limited occurrence of Carya laciniosa, while on the Wabash silty clay
loam in the Mississippi Loess was found a few specimens of C. illinoensis.
The Union silty clay loam and Dubuque silt loam were the only residual
soils found supporting hickory. Carya ovata was the only species.
The results of this investigation hardly warrant the drawing of any
conclusions as to the absolute factors determining the occurrence of the
several species of hickories in the State. With the definite information,
however, of the specific types of soil upon which hickories do occur, and
upon which they have never been found, a future study dealing in more
detail with analyses of the soil types involved is suggested as a means to
enable one to draw more definite conclusions concerning the occurrence
of hickories in Iowa.
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PRINCIPAL SOIL PROFILES OF CZECHOSLOVAKIA
L. F. SMOLIK

Agricultural Institute, Brno, Czechoslovakia
Podsol is the only regional type in this country. It owes its origin
mainly to the action of humid climate increased in passed ages by extensive forest areas.
The parent rocks from which the soils are formed contained different
quantities of free carbonates. The parent rock, rich in carbonate has
resisted leaching longer than the parent rock poorer in carbonates; for this
reason there are different stages of podsolization. Besides very pronounced podsols we meet podsolized soils, brown soils (in the sense used
by Ramann) and more or less degraduated black soils. The author
described the characteristic soil profiles of the country and also the .analytical methods used, in his book " Pedochemistry of Moravian Soils,"
Praha 1927, (to be published this autumn), in detail. A brief description
of only the podsol will be given here.
TABLE

1.—Complete chemical analysis; calculated on the dried soil without humus, of
soil from Zddr
A1203
Horizon

Si0 2

+

MgO

CaO

Na20

K20

P206

Total

1.24
0.20
2.08
0.76

0.91
0.83
0.77
1.04

0.95
1.35
1.15
1.14

1.32
1.66
1.79
1.78

0.73
0.88
0.43
0.40

100.00
102.87
100.03
100.01

Fe 2 0 3
A,
A2
B
C

75.39
75.50
67.59
71.84
TABLE

19.46
22.45
26.22
23.05

2.— Texture of soil from Zddr, expressed in per cent
Texture of the same profile
Dimensions of the soil particles in mm.

Horizon

Color

2 . 0 - 0 . 1 0 . 1 - 0 . 0 5 0.05-0.01 0.01-0.002 < 0 . 0 0 2
A,
A2
B

C

9.83

forest litter
24.14
19.76
29.36

6.06
4.26
5.44

25.78
27.38
20.42
323

34.58
31.41
35.68

9.44
17.19
9.10

Gray
Almost white
Brownish-red
GreeDish-yellow
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The podsol chosen-in this work, as an example, originated from granite
and is in forest (evergreen) in Zdar. The complete chemical composition
and the texture of the podsol are given in Tables 1 and 2.
The molecular ratios of the zeolithic part, in Ganssen's sense, gave the
results in Table 3.
TABLE

3.—Molecular ratios of zeolithic part of Zdar soil

Horizon

Si0 2

A1,0,

Bases

A,
A,
B
C

3.35
3.00
3.00
3.00

1.00
1.00
1.00
1.00

0.13
0.17
0.42
0.21

The relation between the amount of zeolithic silicates and the depth of
the profile is given in Table 4.
TABLE 4-—Relation between zeolithic
silicates and depth of profile

Horizon
A,
A,
B
C

Percentage of zeolithic
silicates
16.05
20.73
32.96
25.13

The sensitiveness of the colloids from several characteristic layers on
drying at different temperatures is given in Table 5.
TABLE

Horizon
A,
A2
B
C

ö.—Hiigroscopicity

of different soil layers under different drying conditions

Air-dried
11.94
3.04
8.27
3.90

Oven-dried at 100°

Oven-dried at 100° and
washed out by ether

9.91
2.38
7.22
3.08

9.78
2.39
7.20
3.17

The hygroscopicity, chemically combined water and
moisture are shown in Table 6.

hygroscopic
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TABLE 6.—Hydroscopic and chemical combined water, and
hygroscopicily of soil
Water
Horizon

A,
A2
B
C

Hygroscopic

Chemically
combined

5.569
1.981
2.662
1.838

2.379
0.857
0.828
0.986

Hygroscopicity

12.29
4.81
6.38
4.06

If we separate the humus into several parts according to the solubility
(humus coal, humic, hymatomelanic and fulvo acids) we find the more
soluble ones prevail in the elluvial A2 layer.
The distribution of the reaction and hydrogen-peroxide-catalase are
given in Table 7.
TABLE 7.—Reaction and hydrogen-peroxide-catalase of varimis horizons
Titrometric reaction in mg.H per
100 g. soil

Actual pH in
Horizon

A,
A2
B
C

ATKC1

Water

N KC1

Water

CHjCOONa

3.70
4.41
4.52
4.52

4.90
6.10
6.10
6.13

11.46
5.38
7.89
2.99

0.29
0.00
0.00
0.00

6.17
7.89
3.62

TABLE 8.—Time factor in the hydrogen-peroxide-catalase reaction
Soil
Horizon
Air-dried
cc.0 2
A,
A2
B
C

Time
5'
5'20"
5'
10'
5'
10'
5'
10'

cc.0 2
77.0
80.0
10.8
15.6
12.3
18.8
6.0
9.0

Oven-dried at 100°
Time
5'
10'
5'
10'
5'
10'
5'
10'

cc.0 2
6.2
7.5
5.4
5.0
9.0
11.0
7.6
8.0

Oven-dried at 100° and
washed out by ether
Time
5'
10'
5'
10'
5'
10'
5'
10'

cc.Oj
1.2
0.6
2.0
1.0
3.0
4.6
2.4
3.8

326

FIRST INTERNATIONAL CONGRESS OF SOIL SCIENCE

The sensitiveness of the hydrosuspensions from different strata against
KC1 solution was studied also and it was found to be lower in the upper
layers than in the illuvial layer.
The following conclusions on podsol were made from the abovementioned book:
The true ash-like soils of Czechoslovakia show clearly an elluvial and
an illuvial layer. The original cause of both these characteristic layers
may be considered profile-changes caused by the humid decomposition
under influence of humus hydrosol.
A. The elluvial horizon extends to a depth of about 30 to 60 cm. and has
the largest Si0 2 percentage of the entire profile. In the field it looks white
(very light) and has a leafy structure resulting from the separated silicicacid-gel which may be detected by touching the soil.
The elluvial layer contains only a small amount of fine particles, coarse
clay and practically none of the colloidal substances; therefore, the diminution of the active surface of the soil caused by drying of the sample
from this horizon is always very slight, especially in the humus-free A2.
Hygroscopic and chemically combined water just like the hygroscopicity
of the elluvial layer, decrease to minimum, except of course, layers richest
in humus.
There is very little humus in the lower elluvium and this, for the most
part, is very easily soluble in water. The white elluvial soil turns dark
brown to black on gentle ignition, showing the presence of organic matter,
which appears to be mainly the group of fulvo acids. These acids are more
or less neutralized by bases and are characterized by a very low percentage
of carbon. On further ignition the soil assumes a coal black color due to
humus components containing more carbon, and finally humus-coal. On
complete combustion the soil assumes the rust brown color of ferric oxide.
There are only small quantities of zeolitic and kaolin-like silicates in the
elluvium. The zeolitic silicates contain very little iron, which partially
explains the light color of the elluvial horizon.
The lowest elluvial layer always differs most visibly from the whole
elluvial one so that we may be entitled to suppose that in this layer lies the
starting-point of all the profile-translocations of the soil elements.
The reaction of the elluvial horizon is due to its undersaturation; and it
is almost always sourer than that of the illuvium. The hydrogenperoxide-catalase of the upper elluvium, as far as forest-ash-like soils are
to be taken into consideration, approaches, of course, a maximum in the
entire profile, while the lower elluvium contains mostly a very slight
minimum.
The sensibility of the hydrosuspensions of the upper elluvial layer
against KC1 is smaller than that of the lower one or even that of the illuvial layer.
B. The illuvial layer begins at a depth of about 30 to 60 cm. It appears

COMMISSION V—SOIL CLASSIFICATION

327

as a very heavy rust-brown, heterogeneous and solid kind of soil, which
contains enclosed a considerable amount of ferruginous and manganous
concretions and is covered on the surface with a dark layer of colloidal
humus substance. The skeleton of the elluvial horizon appears lighter
than that of the illuvium, which is always rust-colored to black (Fe, Mn).
The illuvial strata show the lowest percentage of silicic acid of the
entire profile. The silicic acid of the illuvium also is far more soluble in
hydrochloric acid than in the elluvium layer.
The illuvial layer contains, of course, the largest portion of fine substances and for this reason the values of hygroscopical and chemically
combined water and the hygroscopicity are here quite nearly a maximum.
As a consequence of the extreme absorption results in this layer it
contains the greatest percentage of bases and, therefore, it is also almost
always more alkaline than the elluvial strata.
The quantity of zeolithic and kaolin-like silicates in the illuvium tends
to reach a maximum. The chemical combination of both these silicates
reveals an extraordinarily high percentage of iron and aluminum.
As to the catalytic power, the illuvium is marked by a surprising augmentation of the molecular 0 2 liberated by the H 2 0 2 ; this may be explained
by the presence of various accumulated salts and their ions.
The catalysis in the illuvial strata, if one omits the forest-litter layer,
reaches a maximum in the illuvium.
A carbonate-layer was not found at all in the soils classed among the
ash-like soils.
The color of the ash-like soils changes with the increase of depth from
the dirty-brown (on arable soils a carmine-red-shade) to white, rust-brown
and finally different colors according to the parent rock.
The complex A (according to Ganssen) of the ash-like soils is saturated
mainly with lime (5-45 per cent of the bases present).
A low pH value results from the unsaturation of the Czechoslovakian
ash-like soils. This must be taken into consideration in fertilizer practice,
particularly, if the phosphoric acid is to be added.
From the molecular ratios of the zeolithic silicates it may be concluded
that nutritive substances of the ash-like soils are far more firmly combined
than those of the brown or even the black soils. On account of the chemical composition of podsols it is not advisable to use physiologically sour
manure.
By this way many failures in manuring experiments may be surely
explained; the low fertility of ash-like soils may be judged far better according to the chemical combination of the zeoliths than from the results
of the chemical soil analysis by means of 10 or 25 per cent HC1 without
determining the separated Si0 2 .

PROFILES OF ORGANIC SOILS
A. P. DACHNOWSKI-STOKES

United States Department of Agriculture, U. S. A
INTRODUCTION
Publications by peat specialists dealing with the profiles of peat lands
are quite numerous. Over a period of fifty years a list of papers could be
compiled that would serve as a ready reference for the description of profile features of peat lands in several countries and under various climatic
conditions. The working bibliography, more especially the publications
of importance in Europe bearing on the subject, is of considerable magnitude. It is in more than a dozen languages and covers a wide range of
profile variations, the study of which may lead to profitable results in Soil
Science. This suggestion applies with equal force to the peat investigations which of late have been carried on in this country. It is not necessary to cite references or to summarize in this brief paper the salient points
of the contributions. Suffice it that international peat investigations, in
particular the profile studies of peat lands in the Scandinavian countries, in
Germany, Austria, and Russia, have recorded a number of very definite
units of peat material and combinations of peat layers. The results of
these studies and the special problems that arise in connection with pedomorphic features are equally applicable to the United States because
several European layers of parent peat material and their combinations are
similar to layers of peat and their relative position to one another found in
this country. Soil Science would greatly facilitate the solution of the
problems pertaining to organic soils by a consideration of the profile data
and the bases for the differentiation of peat lands into units and groups of
units established by peat investigations.
There are several points of detail arising in connection with the subject
of profiles of organic soils which must be considered more or less briefly
under the following headings.
EXISTING NAMES AND CONCEPTS
In the literature of Soil Science dealing with peat land problems the use
of the concepts muck, peat, moor, bog, tundra, marsh, and other existing
names employed to designate areas of peat is not practicable (Soil Science,
10: 453-465). The terms do not have a common meaning in all
countries and they do not indicate structural features or the soil types
derived from different parent peat layers as reflected by modern peat
investigations; moreover, they are not suitable to effect a correlation of
328
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areas of peat that are comparable or equivalent to one another. Within
the limits of the terms above referred to, it is difficult to determine the
qualitative characteristic properties of the parent organic materials and
their altered products, or to find the means of distinguishing between or
correlating the several kinds of peat land in one country with those in
another. The United States, for example, contains within its borders a
very great diversity of peat lands; they are found distributed over a wide
range of climate, elevations, topograph}'', mineral soils, and differences in
surface vegetation. The distribution of peat lands ranges from the
tundras of Alaska and the sphagnum bogs, sedge marshes and tamarack
swamps of the northeastern states, to the saw-grass marshes of southern
Florida; from alpine bog meadows among the Rocky Mountains and
Sierra Cascades to the cypress-gum swamps and the reed and tule marshes,
respectively, of the Atlantic and the Pacific coastal plain. Each is really a
record of history, of a series of events, not a single persistent thing. This
is obvious from the facts of growth and structure. For any classification
of organic soils, it is necessary, therefore, to find some feature which will
designate the inherent morphological basis of these peat areas,—a basis of
particular facts upon which the amount of field work done by peat special •
ists is sufficiently uniform and large to make the conclusions arrived at
fairly certain and scientifically sound. Such a basis exists in the stratigraphical evidence of peat lands.
INSTRUMENTS AND METHODS IN T H E INVESTIGATION OF
ORGANIC PROFILES
Elsewhere several papers have been published (Soil Science 17: 107131; Bulletin 1419:3-6) giving a detailed account of the field method that
has now become a routine practice in connection with the regional investigation of peat areas in this country. For all specific purposes profile
samples of peat are collected for the entire depth of the deposit, and from
points at which the thickness of the several peat layers is measurable.
Examination of morphological profile features can be made trustworthy by
frequently repeated microscopic identification of the plant remains in
layers of peat, and by the use of tubular sampling instruments with or
without a plunger rod. Among the several instruments shown in the exhibition room is a modification of the types mentioned by the Wisconsin
Geological Survey (Bulletin 45: 73); it has been described and illustrated
in Soil Science, 18:133, and diagrammed in Das Grunland, 44:201. Samples of peat are obtained without contamination and without destroying
their structure, making it possible to determine more accurately various
physical properties. Boring tools are unworkable in most peat areas and
the inspection of cross sections in open cuts and ditches is often misleading,
owing to important changes in salt content, in color and degree of disintegration upon exposure to the air.
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D E G R E E OF DECOMPOSITION
Another point of great importance in profiles of organic soils is the degree or stage of decay. The degree of decomposition may be readily
determined in the field by the simple method of Walgren and von Post
(Sverig. Geol. Unders. No. 335) and in the laboratory by the more elaborate processes reviewed by Oden, Keppeler, Hoering, Robinson, or
Blacher (Brennstoff Chemie 6: 49-52). The writer has used the official
method of analysis as made for crops and feeding stuffs (Jour. Agric. Research, 29: 69-83). This method permits a quantitative separation of the
different proportions of the undecomposed fiber and lignin fraction in a
sample of peat from the fraction of those constituents that are altered, decomposed and soluble.
I t is well worth bearing in mind that the formation of organic soils
(muck), taking place in the upper portion of parent layers of peat, is quite
specific and responds to changes in environmental conditions. Within the
limits of the definition of a soil,—as the product of a more or less definite
process of decomposition influenced by several agencies,—the formation
of a soil from peat began in the past whenever the water content became
lowered for one cause or another; it ceased whenever the water level was
rising. The very definition of the term peat material implies that in consequence of a high degree of saturation with water and imperfect aeration,
the decomposition of organic matter has stopped or proceeds very slowly;
it remains unchanged by secondary processes, preserving the components
of the vegetation which formed the layer of peat. The entire profile of an
undrained area of peat is one in which de-oxydating processes take place
and, consequently, soil horizons commonly designated by the letters A
and B cannot be distinguished.
From the moment that soil forming agents begin to act and predominate, every peat land area of whatever profile passes through a process of
decomposition in accordance with the dominance of one or other external
factors. This process is a progressive one under permanent conditions of
drainage and reclamation. The area of peat passes from the natural state
of the peat layers to that stage of decomposition when the original peat
profile has undergone the maximum transformation into humified organic
matter. During that cycle more or less clearly defined horizons develop
in accordance with the climate within which soil formation is taking place.
After that period has been reached the former area of peat terminates in a
dark-colored mineral soil with a high content of organic matter. The
mineralized phase constitutes then a profile that more properly characterizes members of the mineral soil types.
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C H I E F GROUPS OF P A R E N T PEAT LAYERS AND T H E I R
COMBINATIONS
It is no longer questioned that layers or units of peat material exist, that
the layers which have been defined and described in Europe are similar to
layers of peat found in this
country, and that they can
be identified by the plant remains of the different kinds
of vegetation from which
they are derived. On the
basis of American and European investigations the several layers or units of peat
material show differences in
botanical composition and
physical characteristics, notably permeability and volume changes, that are wide
and important. The number
of variants or mixed layers
of peat is, naturally, much
larger and less clearly defined. However, the establishment of uniform methods
of procedure will, eventually,
show that morphological differences in many cases are
questions of degree of intermixture rather than stages
of decay, zones or new kinds
FIGURE 1.—Profile section of a European highof organic material.
moor, showing a well-marked sequence of younger

For convenience the sev- sphagnum (moss) peat at the surface followed by
eral units of peat material the woody " Grenzhorizont" on an older layer of
sphagnum peat, a woody layer of peat from a fir
exhibited in an adjoining and birch forest, an alder brushwood, overlying a
room may be grouped into compact layer of sedge and reed peat. Analothree primary divisions of gous cross sections of highmoors occur in a defiparent peat material, namely nite belt extending from Ireland, Holland, Austhe sedimentary or lacus- tria and Germany eastward into Russia. The
trine, the fibrous, and the profile enables a correlation of highmoors with
each other. Photographed by V. Zailer.
woody group of peat layers.
For this country, the Departmental Bulletins 802 and 1419 describe with
photographic illustrations the character of different peat materials, their
different properties and behavior, and the altered condition of some of
them as soils.
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Profile sections of peat lands are characterized by different forms of combinations from the main groups of peat layers. Each specific form of combination of the chief layers of peat in the natural state constitutes a type.
The subtype is characterized by the stage and the duration of the influence
of the soil-forming process in the parent layers of the type. A striking
illustration of a type profile is Zailer's photograph of a cross-section of a
European highmoor (Fig. 1). On the evidence of the well-marked sequence of layers of moss peat and of woody peat in analogous profile
types, a correlation of highmoors with each other can be made over a
broad belt, extending from Ireland, Holland, Germany, Austria, southern
Sweden and Finland into Russia. The profiles of peat lands and their
locations, published in the Botanical Gazette, 72: 57-89; 80: 345-366, and
Ecology, 7: 120-135, offer practical illustrations of the particular features
of peat lands in this country. It is probable that fundamental units of
peat land profiles in the United States and Eurasia, existing in the natural
state, are, with very few exceptions, comprised in the structural features
illustrated in the Proceedings of the National Academy of Sciences, 8:
225-231, and in Plate 1 of Bulletin 1419. Peat land profiles have an
interest and significance not only to the farmer, the engineer, the forester
and land economist, but also to the scientist in soils. Stratigraphical evidence of this kind will throw a great deal of light upon the classification
and correlation of the organic soils of the world.
DOMINATING ENVIRONMENTAL CONDITIONS
Another point of preeminent importance in profiles of organic soils is
connected with the dominance of one or other factors of environmental
conditions. In accordance with the dominance of a specific soil-forming
agency, it appears possible to establish four genetically independent main
divisions with possibly several intermediate divisions between them. The
arrangement of the fundamental units of type profiles, mentioned above,
as an analogous series in all four divisions, makes it possible to foretell and
to search for characteristic morphological features of profiles not yet described.
I. In the first division anaerobic conditions prevail in consequence of
imperfect aeration and the rise of the water level. This results in the
preservation of the parent peat layers since decomposition has ceased; the
water soaked organic material undergoes a very slow partial breaking
down process. The color of the materials darkens more or less rapidly on
exposure to the air. Below the surface may occur a whole series of chemical compounds which are chiefly combinations of iron and sulfur, among
them vivianite and sulfuretted hydrogen. In this division belong all
areas of peat in the natural state and undrained condition, independent of
the climate which characterizes their geographical distribution. The profiles of peat lands in this division show scarcely any signs of horizons.
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II. In the second main division are types of peat land subject to aerobic
decomposition in semi-humid climatic regions which have dominantly
moderate seasonal temperature and precipitation. Relatively long periods of winter interrupt, more or less, the biochemical activity of microorganisms and consequently the rate of decomposition of different parent
peat layers is irregular and variable. These conditions give rise to considerable differences in shades of black and in the amount of accumulation
and in the distribution of humified organic matter in the original profile.
Absorption and fixation of soluble salts from the ground waters takes place
largely in a horizon at or near the surface. The process of soil formation
taking place within the parent peat layer does not reach a great depth at
first, but it may finish by type products which are quite analogous to
"schernozem" soils or to mineralized intermediaries bordering humid and
arid climates of the temperate zone.
III. In the third main division belong all types of peat land in which organic soil formation is represented by aerobic decomposition under the dominating influence of a humid climate. The transformation stages of the
original peat land profile are accompanied by a progressive leaching of easily
soluble organic matter and mineral salts, continually streaming sideways
and downwards. It results in an accumulation of acid, resistant organic
residue which later may acquire a structure with morphological features,
including a hardpan. The solutes may become deposited deeper in the
substratum and at the margin of the peat areas. Fissures, joints, and
lower layers of peat frequently are speckled or filled by dissolved organic
material which is precipitated from solution. A considerable part of the
" doppleritic " veins and the filling of cracks and fissures with amorphous
" vivianite " and mineral salts are probably formed in this manner. Hardpan appears to be the result of the cementing action of dissolved organic
material which traverses the pore spaces of sand and silt. Sandy subsoils
develop a strongly marked gray horizon followed by a brown or yellow
iron-stained horizon of the nature of "podsols." Areas of peat land in
this division are found distributed chiefly in cool regions of the humid belt,
but they appear to occur also in other climatic zones with relatively high
precipitation.
IV. In the peat lands of the fourth main division the process of soil
formation is accomplished by aerobic decomposition, but the dominant
climatic factor is relatively high atmospheric evaporation, as a function of
high annual temperature. The environmental conditions are more or less
semi-arid and, following the drainage of the peat area, lead to carbonization of the parent peat layers and later to a rapid accumulation of humified
organic matter. At the same time saline ground waters reach the surface
and a considerable amount of mineral salts is concentrated in gradually
increasing quantity. As a rule the upper horizon becomes saturated with
easily soluble salts which, in the dry state, may form distinct crystalline
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particles or may create on the surface the condition of "alkali" soil with a
poor and sparse vegetation cover. The lower horizons vary in color in
accordance with the character and content of mineral salts. To this
division belong peat lands of temperate and probably also of tropical
zones. Their distinctive profile features have not been investigated.
SUMMARY
Peat investigations, covering a period of over fifty years, have yielded
from various countries descriptions of characteristic profiles and of organic soils from parent peat layers.
The important advantage to Soil Science is that peat investigations
offer the possibility to adopt a conventional designation of well-defined
and identified parent layers of peat and their combinations which are of
like character in Europe and in this country. Eventually this would effect
a correlation of organic soil profiles on a world-wide basis.
Questions pertaining to the identification of parent peat layers, nomenclature, uniform methods of procedure in the field, and the degree of decomposition of organic materials, are of special interest in order to determine what particular type profiles that have been defined and mapped in
one country are comparable or equivalent to profiles of organic soils in
another country.
The fundamental type unit is characterized by the parent peat layers or
the order of their combination. The subtype is characterized by the stage
of the soil-forming process of decomposition through which the parent peat
layers of the fundamental type profile is passing. It terminates in a
mineralized phase product, and from that moment constitutes more properly a member of mineral soil types.
Four fundamental divisions are described. These divisions are connected with predominating environmental conditions. They are sufficiently wide and comprehensive to include peat land areas in their natural
state and those which are passing through a definite process of aerobic
decomposition under the influence of one or other of the dominating soilforming agents.
The peat land type profiles, in all four divisions, can be arranged in analogous series to show the morphological features of profiles of organic
soils which are not yet described.

THE EFFECT OF MOISTURE ON SOIL COLOR
A. M.

O'NEAL

Iowa Agricultural Experiment Station, U.S.

A.

INTRODUCTION
That moisture affects soil color is a recognized fact. Soils, that under
air-dry conditions are light brown or dark brown, have a much darker
appearance when wet. Yellowish and reddish soils have a more intense
color. The degree of change apparently depends upon the per cent of
moisture. But whether there is a definite correlation between the two
has yet to be determined.
The official series descriptions, as given by the United States Bureau
of Soils, are based on air-dry soil samples. These descriptions, which
give the color of each horizon, must be interpreted by the field men and
used as standards. For instance, the Carrington series is described as
having dark brown surface soils and yellowish-brown to light brown
subsoils. But will the surveyors' conception of this description coincide
with the official, or will different men interpret it alike? It is quite evident that the personal equation will enter, to a considerable extent, into
the classifying of soils on the basis of color differences.
The classification of soils must necessarily take place under field conditions. The surveyor identifies, maps and describes soils as he finds
them. Soils are in a constant state of change. Areas mapped during
dry weather will have an entirely different appearance when wet. The
change from dry to wet is sometimes gradual, while again wide changes
may occur within a very short time. It is quite easy to see then that the
determination of soil color is not an easy matter and the descriptions that
appear in the reports reflect this difficulty. .That a lack of uniformity
exists in many of the past reports was brought out in earlier work (1)
in which it was shown that different men describe soils quite differently.
It was shown that the same man's conception of a given soil will change
from year to year. This is either caused by the seasonal variation or else
the effect of associated objects on the appearance of the soil in question.
It has also been observed in the field, that certain light and dark types,
that resemble one another in practically all respects other than the color
of the surface horizon, may be easily confused and incorrectly mapped if
observed under the proper moisture condition. The soil surveyor attempts to make allowance for this everchanging factor, for it is apparent
that this is necessary before he can correctly compare his findings with
the official series conceptions which are based on air-dry samples.
335
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The need of sets of color standards giving the color limits of each soil
type is obvious if errors are to be reduced to a minimum. Such standards
should give not only the color of the air-dry soil profile but the soil profile
as found under field conditions with varying amounts of moisture. Un-
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FIOUUE 1.— Clinton silt loam

doubtedly the effect of moisture on color should be solved first and the
following article is a continuation of a preliminary report (2) published
in 1923.
Three groups of soils were studied, the Tama silt loam and Clinton silt
loam, the Shelby silt loam and Lindley silt loam and the Carrington silt
loam and Webster loam, comparing the two soils in each group.
The soil profiles were only studied to a depth of 36 inches. Each hori-
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zon was carefully examined, under uniform light conditions.
was observed in an air-dry condition and with 10, 20 and 30
moisture. These colors were reproduced at once in oil on
photographed background showing an ideal arrangement
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FIGURE 2.—Tama silt loam

particles after the soil mass has been disturbed. The color reproductions
are quite accurate and close, much closer than was the case when they
were reproduced by rapidly revolving standard color discs.
TAMA-CLINTON GROUP
This group includes the Tama silt loam and Clinton silt loam. Both
soils are of loessial origin, the former dark colored and the latter light in
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color. These soils have been quite extensively mapped in Iowa and often
are so closely associated that separation is largely a matter of color
difference.
The results of the study are shown in Figs. 1 and 2. It will be noted
that the different horizons of both soils become darker as the moisture

FIGURE 3.—Carrington silt loam

content increased until 30 per cent is reached. Beyond this there is
very little change except that the color seems a trifle lighter due to the
excess of water. The degree of change for the Clinton silt loam is less
than for the Tama. This apparently upholds the theory that soils highest
in organic matter register the greater color change. It is also noted that
the degree of change is not always uniform. While the color becomes
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gradually darker as the moisture content increases, different tints and
shades are also brought out. This is particularly true for the lighter
colored type. The underlying horizons which have a warmer color, that
is, contain a larger per cent of red, also show their differences quite prominently.

FIGURE 4.—Webster loam

It is interesting to note that the surface horizon of the Clinton silt loam
with 10 per cent of moisture resembles quite closely the Tama silt loam
in an air-dry condition. Likewise the Clinton silt loam with 20 per cent
of moisture is only a trifle lighter than the Tama with 10 per cent of moisture. Horizons 2 and 3 show practically no such resemblance due to the
different tints and shades that are brought out by wetting.
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CARR1NGTON-WEBSTER GROUP
The Carrington silt loam and Webster loam are both dark-colored
glacial types that are usually developed in close association with each
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FIGURE 5.—Lindley silt loam

other. While they are not as easily confused as are the soils of the above
group, when observed with different amounts of moisture, they do show
interesting color changes as will be observed in Figs. 3 and 4. Both soils
show a gradual darkening with moisture increase, the Webster loam registering the greater change. This again seems to indicate that the organic
content influences the degree of color change. Apparently, however,
there is no resemblance between the two when comparisons are made
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between the surface horizons with different percentages of moisture.
The wetting of horizon 3 of both types shows conclusively how soils of
intensely different color values respond. The Carrington subsoil which
contains a considerable amount of red and yellow shows a number of tints
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FIGURE 6.—Shelby silt loam

and shades while the Webster, which is practically devoid of red and
yellow, only registers a gradual darkening of the air-dry soil.
SHELBY-LINDLEY GROUP
The Shelby silt loam and Lindley silt loam constitute this group.
These types are both of glacial origin, are often closely associated and differ
principally in the color of the surface horizon. While many variations
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occur, representative samples were selected that would show not only
the color differences of the surface horizons but the many colors that may
be found in the underlying horizons.
Examining Figs. 5 and 6 it is observed that the degree of color change
for the Lindley silt loam is quite uniform up to 20 per cent of moisture,
the next 10 per cent increase showing only a slight darkening. The Shelby
silt loam, on the other hand, shows quite uniform color changes up to 30
per cent after which there is no change other than a slight glassiness due to
the free water. The surface horizon of the Shelby silt loam seems to
register the greater change. The wetting of horizons 2, 3 and 4 which
range from yellowish-brown to reddish-brown, not only causes a gradual
darkening but seems to intensify and bring out the reds and yellow.
The Lindley silt loam and Shelby silt loam also show an interesting
overlapping. The surface soil of the former with 10, 20 and 30 per cent
of moisture resembles, respectively, the Shelby in an air-dry condition
and with 10 and 20 per cent of moisture. The highest Shelby silt loam
might show a greater overlapping when compared with the darkest
Lindley.
CONCLUSIONS
It is evident from this brief study that the moisture factor must be
considered to a considerable extent in the classification and mapping of
soils. At present the surveyors attempt to make allowance for this
factor but with nothing more tangible to check against, than their own
conception of the official series descriptions and their own guess as to
what the color of the soil would be if air-dry, it can be readily seen that
there is grave danger of error. The personal equation plays too important
a part. Some visual color standards fixing the limits of each series and
type is necessary. Such standards should give not only the typical
profile of the air-dry soil but the soil with 10, 20 and 30 per cent of moisture or it may even be found that air-dry and 30 per cent would prove
sufficient. This would enable each surveyor to compare his soils with a
common yard stick.
This work then seems to indicate that there is no definite relationship
between color and moisture and that each soil will have to be treated
separately. Definite conclusions, however, cannot be drawn until more
soils have been examined.
LITERATURE CITED
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THE ORGANIC MATTER CONTENT AND COLOR OF
SOILS IN THE CENTRAL GRASSLAND STATES
J. C. RUSSEL AND E. B. ENGLE

University of Nebraska, U.S.

A.

INTRODUCTION
Kansas, Nebraska, and the two Dakotas with portions of adjacent
states to the east and west comprise an unusually interesting region for
the study of problems in soil morphology. It is a region of transitions.
Rainfall decreases from east to west, and temperature decreases from
south to north (2). From a climatic standpoint the region can be divided
into approximate quadrangles. Found in it are a number of geological
formations which add to the complexity of soil study. The glaciers
invaded its eastern portion in places several times. The western and
southern soils have been developed on a variety of rock outcrops. Extending from southwestern Minnesota to southwestern Kansas is a continuous tract of loess and the loess also occurs widely in Iowa and northern
Missouri. This permits study throughout a wide range of climate, of
soil developments on what may have been at one time a fairly uniform
material. The relief of the area is simple, generally a level to rolling
plain with broad expanses of land unbroken by erosion.
A feature which contributes to the fascination of the region is its native
vegetation. Before the advent of civilization in this section the area had
been covered for ages with grass, virgin tracts of which can be found today
in almost any community. The transition in vegetation from the tall
sod grasses of the east, into the mixed prairies of the central portion to
the short grasses of the west is notable (8). As this vegetation is the
source of the organic matter of the soil, the importance of this transition
is obvious.
Another feature of interest is the similarity in many respects to the
grassland plains of Russia. European soil scientists generally have
designated this region as the Chernozem area of America.
SOIL PROBLEM OF T H E CENTRAL GRASSLAND STATES
The particular soil problem of the region which has engaged the attention of the authors is the distribution of organic matter and nitrogen.
For seven years advantage has been taken of every opportunity to collect
samples which would contribute to this problem. In this paper, which is
intended only as a brief general contribution to the subject, organic matter
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relationships based on 68 sets of samples will be discussed. Figure 1
shows the points where these samples were taken. All areas were virgin,
and in our judgment typical of their sections and true to type. In all
cases 10 cores of soil were drawn to make up the sample. It has been our
experience, (6) in this region, that organic matter content decreases with
depth quite independently of apparent horizonation in the profile, hence
our practice has been to sample to empirical depths rather than by horizons. For this paper attention will be limited to the 0 to 6- and 7 to 12inch soil sections.
In order to reduce the labor of certain determinations and to condense
the data on others, the 68 sets of samples have been composited as shown
in Table 1. It should be observed that the texture of these composite
TABLE 1.—iSo?7.s used in the study of organic matter content and color in the Central
Grassland States

Series

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

Pratt A
Pratt B
"Dodge C i t y "
Carrington A
Carrington B
Carrington C
Marshall A
Marshall B
Marshall C
Holdrege
Rosebud A
Rosebud B
Rosebud C
Rosebud D
Barnes
Hemstead
Clarion

Location

Central Kansas
Do
S. W. Kansas
S. E . Nebraska
Do
Do
Do
Do
Do
Central Nebraska
Western Nebraska
Do
Do
Do
South Dakota
Dakota Co. Minn.
Stevens Co. Minn.

Fields
composited
5
5
3
3
3
3
3
3
3
5
5
5
5
5
2
5
5

Hygroscopic coefficients
0-6 in.

7-12 in.

9.7
8.3
9.5
12.6
11.9
10.9
12.2
11.7
10.6
8.6
10.0
9.2
8.1
7.1
13.8
11.6
16.2

11.0
9.8
10.5
13.1
14.2
11.2
13.3
12.4
10.4
8.3
10.9
10.7
9.6
7.8
12.1
9.6
14.6

samples, as indicated by the hygroscopic coefficient, is not uniform.
Texture is a factor of considerable importance in determining organic
matter content (7) and this point should be kept in mind in interpreting
the data which follows. All samples contained negligible quantities of
inorganic C0 2 , except the composite Clarion which contained 1.29 and
2.43 per cent of C0 2 in the 0 to 6- and 6 to 12-inch sections, respectively.
In Table 2 is given the organic matter content of both the first and
second 6-inch sections of all composite samples. The organic matter
contents were determined by the hydrogen peroxide method described by
W. O. Robinson (5), except in the case of the Clarion soil, where the or-
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TABLE 2.—The organic matter content of soils from various sections of the Central Grassland States in relation to color. The soil color is indicated numerically by number 1 to
14, No. 1 being the darkest color and No. 14 the lightest

Series

Clarion
Barnes
Hemstead
Carrington A
Do
B
Do C
Marshall
A
Do
B
Do C
Carrington-Marshall
composite
Pratt A
Do B
Pratt composite
Holdrege
"Dodge C i t y "
Rosebud A
Do
B
Do
C
Do
D
Rosebud composite

Location

Organic matter
content

Rank in color

0-6 in.

7-12 in.

0-6 in.

7-12 in.

Stevens Co., Minn.
South Dakota
Dakota Co., Minn.
S. E. Nebraska
Do
Do
Do
Do
Do

10.16
7.16
7.67
5.85
5.34
4.87
5.37
5.09
4.67

6.04
4.21
4.82
4.68
3.78
4.17
4.18
3.72
3.16

1
3
4

2
5
8

Do
Central Kansas
Do
Do
Central Nebraska
S. W. Kansas
Western Nebraska
Do
Do
Do
Do

5.20
4.38
3.93
4.16
2.88
3.22
2.93
2.93
2.56
2.56
2.74

3.95
2.82
2.61
2.53
2.75
2.24
1.68
1.73
1.56
1.50
1.62

e

10

7
11
12

9
11
12

13

14

ganic matter content was calculated from the organic carbon. As it is
impossible to depict graphically in this article the true color ' of these
soils, discussion of color in relation to organic matter content must be
limited to statements based on comparative shades of darkness or lightness. In the table the soils have been ranked in these respects numerically, No. 1 being the darkest in color and No. 14 the lightest. In the
dry condition No. 1 corresponds to Chactura black in Ridgway's color
plates (4), and No. 14 to a color midway between Wood Brown and
Buffy Brown.
In the case of the Nebraska soils the color varies with the organic
matter content. The Carrington A, 0 to 6-inch section which contains
the most organic matter is the darkest, and the Marshall C, 7 to 12-inch
section which contains the least organic matter is the lightest in color of
1
In this paper as prepared for presentation the soil colors were attached to a chart
showing graphically the organic matter contents. The colors were those of the soil
itself duplicated in what was thought to be a very satisfactory way by painting it in a
thin paste on a square of blotting paper.
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the several Carrington-Marshall samples. The A and B Rosebud samples
contain equal quantities of organic matter, are equi-colored, and are
slightly darker than the C and D Rosebud samples. A composite of the
Rosebud samples contains less organic matter than the CarringtonMarshall composite and is distinctly lighter in color.
The Holdrege soil from central Nebraska is notably darker in color than
others with which it is comparable in organic matter content. The
second 6 inches is relatively high in organic matter content and its color is
almost as dark as that of the first 6 inches. At first this soil seemed
alarmingly inconsistent to us and we suspected errors in our work, which,
however, we failed to find, but found on the contrary that Alway and Blish
(1) observed a related anomaly in this same region. They found the humus
solution was more pigmented, especially in the subsoil, than in soils
farther east in Nebraska.
The Clarion soil contains by far the most organic matter of all and is
outstandingly the blackest. It is also the only soil in the list that is
calcareous.
The Hemstead soil contains more organic matter than the Barnes but
is not as black, neither is it as black in proportion to the CarringtonMarshall's soils, as its content of organic matter would lead one to expect.
It is the most acid soil in the list. The Barnes soil is almost neutral in
reaction.
The colors of the Kansas soils are consistent throughout with the
organic matter contents.
It is apparent from the table that soils tend to become richer in organic
matter content and darker in color as one goes from south to north and
from west to east. The former is obviously correlated with temperature
and the latter with rainfall.
Rice (3) has proposed that a belt of soils should be found extending
across this region from north to south, in which the organic matter content
is higher than in more humid soils immediately to the east, or less humid
soils immediately to the west. He states (p. 12) that "the color of the
well-drained upland soils reaches its maximum in the region where leaching to any great depth has ceased and lime has accumulated in the subsoil.
This is the color represented by the surface soils of the Barnes-HoltHoldrege group of series." The authors are in agreement with Rice in
this statement, providing he means by color, pigmentation, and not organic matter content, and would suggest that the observation of Alway
and Blish and also the colors of the Holdrege and Barnes soils are substantiating evidence. However, organic matter data presented here, and
considerably more data on nitrogen contents reported by Russel and
McRuer (7), do not indicate that there is a belt of maximum organic
matter content passing through central Nebraska, but rather if such a
belt exists at all, it is in eastern Nebraska or still further east. Much
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work in the laboratory on actual organic matter determinations needs to
be done to establish the position of this belt.
In addition to organic matter by the hydrogen peroxide method,
organic carbons and nitrogens have also been determined on each
sample. The conclusions so far presented would not be altered or modified by consideration of these additional data. On the average, organic
matter calculated by multiplying carbon content by the conventional
factor 1.724 agrees closely with the direct determination by means of
hydrogen peroxide, individual discrepancies being within the range of experimental error, and not systematic in any single series, except, of
course, in the Clarion soil where the high lime content appeared to interfere in the hydrogen peroxide method. The carbon-nitrogen ratios show
their usual degree of constancy, the average for all samples being 11.6 and
11.1 for the 0-6- and 7-12-inch sections, respectively. The widest single
ratio observed was 13.1 and the narrowest 9.7. The only systematic
tendency toward extreme ratios was in the Rosebud series which averaged
10.7 and 9.9 for the 0-6- and 7-12-inch samples as compared with 12.1
and 11.4 for the Carrington-Marshall samples.
This agreement of nitrogen, carbon and organic matter content by
peroxide determination indicates that the quality of organic matter in the
various sections of the region under consideration is substantially the
same. Quantity appears to be the only important variable. Pigmentation differences may exist, and deserve further study.
No consideration will be given in this paper to texture-organic matter
relationships. These have been discussed elsewhere (7). Certain textural variations exist in the samples presented here. The Rosebud and
Holdrege soils (see Table 1) are relatively light in texture and the Barnes
and Clarion relatively heavy. If these samples were equi-textural with
the others, the Rosebud soils would be slightly higher in organic matter
content, and the Clarion soils slightly lower, and the colors presumably
would differ in proportion, however, not enough to alter conclusions.
The organic matter content of virgin soil appears to be an important
index in the grasslands to the magnitude of the temperature and moisture
factors in soil formation. A comprehensive study of organic matter
distribution and all factors concerned therein, leading to a definite
classification of soils on the basis of actual organic content would seem to
be highly desirable. Furthermore, a knowledge of what Nature was able
to put into the soil and what her limitations are would seem to be of value
in man's attempt to restore and maintain this valuable soil constituent.
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PROFILES OF SOILS IN THE GREAT LAKES
REGION OF THE UNITED STATES
J. O. VEATCH

Michigan Agricultural College, U. S. A.
The soils in the Great Lakes region and northern New England in the
United States constitute a distinct family belonging to the Podsols.
The geographic limits of the soils which comprise the subject of this paper
were first tentatively outlined by Dr. C. F. M a r b u t ' in 1920, and have not
been changed greatly by subsequent observations. Roughly this region
extends from northeastern Minnesota eastward to northern New York
and New England. The southern boundary is near latitude 43°, and the
western boundary near longitude 95°.
The greater part of the region has an elevation of 500 to 1500 feet
above sea level, lies within the limits of Pleistocene glaciation, and
physiographically is a part of the Great Lakes Plains region of the northcentral part of eastern United States. New England is also glaciated but
physiographically and geologically is a part of the Appalachian Mountain region of the eastern United States. The greater part of New England has an elevation lying between sea level and 2000 feet altitude.
The soils region here outlined has an average annual precipitation of
25 to 35 inches, except some parts of New York and New England where
the precipitation is as much as 40 to 50 inches. The precipitation is
fairly evenly distributed throughout the year, except in the more western
part where summer precipitation greatly exceeds that of winter. The
snowfall of winter amounts to about 50 to over 100 inches. The mean
annual temperature for the region is 35 to 40° (Fahrenheit). The average
annual precipitation probably has a range of 20 to 30 inches.
The land is or was originally densely forested by northern hardwoods,
such as hard maple (Acer saccharum), beech (Fagus grandijolia), birch
(Betula luiea), and coniferous species pines, spruce and fir, or by mixed
hardwood and conifers.
The distinctive characteristics of the soil profile of this region are: a
peaty mold and very thin layer of humus for the surface horizon; a grayish
leached horizon just beneath the surface mold; and a deeper lying brownish or yellowish horizon which exhibits evidence of coloration from colloidal organic compounds and iron oxides. The soils lying in the forested
1

Marbut, C. F., 1920, Contributions of soil surveys to science, Proceedings 41st Annual Meeting, Society for the Promotion of Agricultural Science, pp. 116-142.
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region directly to the southward exhibit a greater thickness of true humus
soil; a partly obscured gray horizon; only faint or no development of a
brown horizon; and a more intense oxidation color in iron minerals in the
horizon of maximum clay and colloids. The soils of the treeless regions
to the west and south are chernozem-like in character and in comparison
exhibit a much darker surface color to greater depths; yellow or brown in
place of the gray horizon, and much less or no eluviation of carbonates.
The standard or ideal profile of a mature soil under conditions of good
natural drainage in the northern podsol region consists of:
1. Horizon of organic accumulation; relatively low in humus.
2. Horizon of maximum eluviation (removal of bases and colloids);
grayish in color.
3. Brown-yellow horizon, color from colloidal iron oxide and organic
matter; horizon in part a result of deposition or concentration.
4. Horizon of maximum content of clay or inorganic colloids, and
maximum intensity of oxidation (iron oxide) color. Partial or
complete removal of carbonates.
5. Horizon exhibiting evidence of slight alteration by surficial weathering agencies, but essentially parent material. May exhibit some
evidence of deposition of carbonates.
6. Unaltered geologic formation or parent material.
There are a great number of recognized variations from this standard
generalized profile. Under a certain condition of high average moisture
horizon 3 reaches a maximum dark shade of color from organic matter
and locally a strong cementation (hardpan); horizon 2 is strongly leached,
with little left except the most resistant and insoluble minerals, mainly
quartz; while horizon 4 does not appear as a separate horizon. With
still greater increase in average amount of water and height of water
table the strong color and cementation of horizon 3 disappears, aaid 3 and
4 are not distinctly separate and are represented by lead color, gray or
drab with variable pale yellowish to brownish, spotting, splotching or
streaking of iron oxide. With still greater increase in water, organic soils
(peat or muck) obtain, (see fig. 1.)
At the other extreme, the mineral soils developed under the drier
situations, where the parent material is coarse and pervious, horizons
3 and 4 are combined as one horizon. At the extreme of dryness in this
region horizons 1, 2 and 3 are thin or feebly marked and the unaltered
parent material lies closest to the surface.
Another not uncommon profile which has pedologic interest is marked'
by a secondary grayish or strongly leached horizon beneath horizon 3,
and in contact with 4. This condition is present where horizon 4 or 5 is
compact sandy clay and the horizons above are sandy loams in texture.
A profile in which horizon 3 is relatively thick and frequently strongly
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cemented appears in sands under conditions of good drainage at the
present time. An explanation, which admittedly is purely speculative,
is: the profile is relict from a previous condition of higher average moisture ; remnants of the podsol profile are frequently found far to the southward in the region of brown forested soils.
The profile in general where the parent material is a highly colloidal
clay is characterized by a very small thickness of the gray ashy horizon,
and a brownish or yellowish mottling in the clay in place of the distinctly
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FIGURE 1—I rofiles of soils in the Great Lakes region of the United States,
in relation to water

separate and conspicuous brown horizon of the sandy profiles. Here also
the carbonates are leached out to less depths.
Where the parent material is highly calcareous or consists mainly of
limestone, the surface horizon is more highly humified, the gray horizon
weak, but the brown horizon strongly marked under intermediate moisture conditions, in fact the darkest umber or coffee-brown is associated
with soils where the parent drift contains the highest percentage of limestone. Generally the grayish (leached) and the brown horizons are
strongly acid in reaction, although exceptions are found where the
parent material contains a very high percentage of limestone particles.
A somewhat unusual profile is found where the environmental conditions are: a small thickness of sandy parent material (1 to 2 ft. for example) over indurated rock; moisture conditions intermediate. Here the
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brown horizon, or the horizon exhibiting evidence of coloration from
translocated organic compounds, is greatly out of proportion, since nearly
the whole thickness down to the hard rock may be colored, especially
where there is strong limestone or basic influence.
In relation to the kind of forest, the type or ideal profile is found under
both the deciduous (or hardwood) and the coniferous forest. However,
my personal impression is, that moisture conditions being the same as
nearly as possible, the more strongly developed gray and brown horizons
appear in the hardwood forest. But there is always the conundrum; to
what extent has the vegetation been determined by the soil, and vice
versa, how much has the profile been influenced by the vegetation?
The type profile is found on all degrees of slope and where there is an
apparent relation to topography, differences in profile are due primarily
to differences in moisture, and, therefore, only indirectly to slope. The
degree of perviousness, or water holding capacity, of the parent material,
of course, must be considered in conjunction with slope.
The texture of the profiles, within the geographic limits of the northern
Podsol Family, exhibits the extreme range from cobbles to soil material
containing 70 to 80 per cent of clay-colloid. It is exceedingly difficult to
generalize, but where the age of the land surface and other factors are
the same as nearly as is possible, the departure from the standard or
ideal profile is greatest at the two textural extremes.
In chemical composition there is also a great variation or range in
practically all of the constituents ordinarily determined in the ultimate
analysis, and no chemical peculiarities for the region as a whole can be
stated other than the very general ones that there is complete absence of
carbonates in the gray and brown horizons, and the presence of colloidal
organic compounds in the subsurface, different in nature from organic
compounds ordinarily existent on the surface. The chemical analyses of
two profiles, one a sandy loam and sand in texture, the other a fine clay
in texture are reported in Tables 1 and 2.1
On the basis of field observations and laboratory study of separate
horizons, it appears that the soil profile representative of the region
consists of three major parts: (1) a surface zone of accumulation largely
organic; (2) a zone of eluviation or leaching including all of the solum
beneath the surface zone; (3) unaltered parent material or geologic substratum. The second zone comprises: (/) a gray horizon, lying directly
beneath the surface organic matter, which represents the horizon of maximum eluviation, lowest in pH, and that lowest in colloids; {2) a brownish
or yellow horizon which is strongly leached of bases and in part of inorganic colloids, but containing brownish or yellowish organic compounds
which are presumably concentrated in this horizon through deposition or
1
Analyses quoted from, Soil Profiles Studies in Michigan, M. M. McCool, J. O.
Veatch, C. H. Spurway. 1923. Soil Sci., 26: No. 2, p. 98.
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TABLE 1.—Chemical analysis of light sandy loam profile
Constituent

Si0 2
Fe 2 0,
Alj0 8
P20,
CaO
MgO
Na20
KjO
SO,
N

Horizon*
1

Horizon
2

Horizon
3

Horizon
4

per cent
85.50
0.64
1.85
0.09
0.59
0.27
0.03
0.64
0.05
0.28

per cent
94.92
0.44
1.15
0.04
0.24
0.28
0.12
0.60
0.02
0.02

per cent
90.40
1.40
2.99
0.09
0.32
0.37
0.30
0.92
0.02
0.07

per cent
89.88
1.14
3.28
0.09
0.46
0.45
0.31
0.93
0.03
0.05

" 1 , mold and humus; 2, gray leach horizon; 3, "brown-yellow horizon; 4, basal
horizon of solum.

precipitation; (S) a horizon containing the maximum of clay or inorganic
colloids and the most intense color from iron oxides; this horizon is leached
to such an extent that no carbonates are present and the soil is strongly
acid in reaction, except where the parent material is very highly calcareous.
The clay and colloids may represent concentration or translocation from
above; a theory that they represent the climax of weathering and formation in place is equally tenable in the opinion of the writer. Under certain conditions (2) and (3) appear to be combined or at least to the eye
TABLE 2.—Chemical analysis of clay profile
Constituent

Si0 2
Fe 2 0 3
A120,
P.05
CaO
MgO
Na20
K,0
SO,
N
MnO
Ti02
H20
Ingition loss
CO,

Horizon"
2

Horizon
3

Horizon
4

Horizon
5

per cent
82.75
1.43
4.70
0.07
1.65
1.55
1.38
2.76
0.19
0.04
0.03
0.63
0.55
2.42
0.20

per cent
64.85
4.90
9.38
0.07
2.30
2.98
1.63
3.55
0.15
0.05
0.12
0.40
2.60
6.85
0.22

per cent
55.41
5.45
10.33
0.15
4.50
4.60
1.06
3.70
0.21
0.06
0.16
0.50
3.04
10.82
3.83

per cent
40.04
3.95
7.11
0.12
15.73
6.50
1.64
2.65
0.17
0.04
0.10
0.62
2.03
18.29
15.23

* 2, 3 and 4 the same as in Table 1; 5, parent material, unaltered.
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do not appear as distinctly separate horizons. Again, there is not uncommonly a second gray or highly leached subhorizon between (2) and (S);
where (8) is highly clayey and compact while the material above is sand
or sandy loam of considerable thickness.
There is a gradation or wide transitional zone from the typical northern
soils to the Gray-"Brown forest soils of the region directly to the southward and bordering on the Great Lakes. The line of division between
these two families, therefore, must be established somewhat arbitrarily,
especially since there is no physiographic difference or topographic
feature separating them. The profile in this southern part of the region
in its general character and arrangement of horizons does not differ from
the northern Podsol profile. The surface horizon is one of accumulation,
or accretion, of organic matter, while the underlying solum in entirety is
partly eluviated. The most notable differences, in detail, from the more
northern profile appears to be: (1) greater thickness of humus soil,
other things being the same; (2) the underlying " g r a y " horizon thinner,
faintly colored by humus compounds or yellowish; (3) only relicts of the
"brown" organic subsurface remain, or the horizon is only very faintly
developed; (4) the horizon of maximum clay colloids, exhibits perhaps a
little stronger oxidation color, and is more universal and thicker as the
distance increases southward. In this horizon the degree of eluviation
decreases with depth (as measured by the lime content and reaction) and
there is no sharply defined line of separation from the parent material.
The horizon of maximum clay and most intense iron oxide coloration
(most commonly designated as the " B " horizon) may be regarded as a
horizon of clay concentration or accretion from downward translocation.
An alternative theory is offered that this horizon represents the climax
of weathering in place. Material is removed from it at the top by those
eluviation processes which have acted on the overlying horizons, while
at the same time increment occurs throughout the continuous process of
weathering, so that an equilibrium is established in the old or mature
profile.
On the assumption that the more southern region was originally colder
and wetter and that the climate gradually changed as the ice sheet retreated northward, and since the observational evidence is strongly suggestive of relicts of the gray podsolized and brown (organic) horizons
characteristic of the northern podsols, the theory is presented that the
gray-brown forest soils of the southern part of the Great Lakes region
represent regression or degradation of originally highly podsolized soils.
The gray and brown horizons have tended to decrease rather than to
become more marked, in the evolutionary process.
The six textural-lithologic profiles (fig. 2) representing soil groups, include all or at least the greater part of the known soils of this region
existing or developed under conditions of good surface drainage or inter-
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mediate or low internal moisture. A multitude of units or individual
types and phases can be and have already been recognized which represent fine distinctions in texture, delicate color differences, and small
chemical differences in the group profiles. There is within the limits of
the region outlined a complete range in textural classes from coarse sands
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FIGURE 2.—-Profiles of soils in the Great Lakes region of the United States

and gravels to highly colloidal or nearly pure clay; a range in reaction from
highly acid to alkaline, and a wide range in color shades or tints both in
the solum and the parent material.
The field observations made and the laboratory work done up to the
present time seem to confirm the correctness of the correlation, at least
in a general way, of these soils with Podsols and podsolic soils of Europe
described by Glinka and other European pedologists.
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The foregoing observations and statements have applied to the mature
mineral soils developed under conditions of intermediate or relatively
low moisture. There is also in the Great Lakes region an aggregate of
perhaps ten million acres of organic soils (peat and muck) some of which
have developed soil profiles and in addition several million acres of wet
mineral soils a part of which also possess true soil profiles. The aggregate
area of endodyna-morphic soils (exclusive of organic such as recent dune
sand, beach deposits and alluvium) is very small in comparison with the
older common mineral soils.

ALBERTA SOIL PROFILES
F. A. WYATT AND J. D. NEWTON

University of Alberta, Canada
INTRODUCTION
Alberta may be divided roughly into four main soil belts:
(1) The brown soil belt, occupying all of southeastern Alberta, and
consisting wholly of prairie (plains) land. This belt has an area approximately 120 by 200 miles in extent, with the long dimension extending
north and south.
(2) Immediately bordering on this brown soil belt, to the west and
north, is a transition belt of dark brown to very dark brown soils. This
transitional belt consists, in part, of plains and, in part, of park belt soils.
The area of this transition belt is about equal to that of the brown soil belt.
(3) The black soil belt has its greatest development in the south central
part of Alberta. It is found to the west and north of the transitional, or
very dark brown, belt above mentioned. Its widest east and west dimension is to be found in the neighborhood of Edmonton. This belt becomes
narrow as it extends southward. The greatest north and south dimension
is about 200 miles. Other important areas of the black soils are to be
found in the vicinity of the Peace River. In area, the black soils are only
about 60 per cent as extensive as the brown soils.
The southern extremity of the black belt consists of bald prairie land,
but this belt is generally characterized by the presence of clumps and
scattered areas of poplars, willows, and other trees. In fact, the black
soil belt largely coincides with what is termed the "park belt." The
trees have encroached upon the original prairie land, but this encroachment has been too recent to cause the development of podsol-like profiles
in the soils.
(4) The wooded soil belt, lying to the west and north of the main black
soil belt, is fairly heavily wooded for the most part. The part adjoining
the black soil belt, for a distance of from 50 to 100 miles, consists mainly
of a poplar forest association, with trees up to 8 inches in diameter, accompanied by a luxuriant ground vegetation, chiefly shrubs together with
grasses. Continuing in a north and west direction, the poplar association
is gradually replaced by spruce and pine so that in the extreme northern
part of the wooded belt the popkr association is superceded by a coniferous forest, in which ground vegetation is either very sparse or entirely
absent. About two-thirds of the entire area of Alberta lies within the
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COMMISSION V—SOIL CLASSIFICATION

359

boundaries of this wooded soil belt. This belt also includes the greater
part of the "muskeg" and swamp areas (see map of Alberta showing
location of main soil belts).
Since climate influences soil formation and conditions, a few words
regarding this important factor will not be out of place. The climate of
Alberta is typical of the high plains region of western Canada. It is
characterized by long, bright, moderately warm summer days, and bright,
cold, dry winter weather. The average annual precipitation varies considerably throughout Alberta. The southeastern corner of the province,
which is included within the prairie or brown soil belt, is the driest part of
Alberta. Here, the average annual precipitation is about 12 inches.
Farther north and west, the rainfall increases. At Lethbridge and Calgary, for example, the average annual precipitation is about 15 inches.
Still farther north, the rainfall increases, until, at Edmonton, the average
annual precipitation is about 17 or 18 inches, and this is probably representative of the precipitation of the park or black soil belt, and of the
wooded soil belt also. As a general rule, a large proportion of the total
precipitation occurs during April, May, June and July, and is thus favorable to crop growth.
Only brief descriptions of four profiles will be presented in this paper.
Profiles 1 and 2 represent two well developed soil classes occurring in the
brown soil belt (plains area). No. 3 is typical of the black soil belt (park
belt), and No. 4 represents the wooded soils (see chart and photos showing
soil profiles).
PROFILES OF ALBERTA SOILS
Profile No. 1.—From brown soil belt, occupying all of southeastern
Alberta, and consisting wholly of prairie land, the following profile was
observed just north of Benton, in township 28, range 3, west of the fourth
meridian.
(1) Ai horizon: average thickness, 5 in. Brown loam to silt loam;
indication of columnar structure in lower part of this horizon; 0.23 per
cent nitrogen; 7.8 pH.
(2) A2 or Bi horizon: average thickness, 4 in. Brown silt loam; chiefly
columnar structure, though somewhat granular; 0.14 per cent nitrogen;
7.7 pH.
(3) B 2 horizon: average thickness, 12 in. Gray silt loam; no pronounced structure, though somewhat granular; this is the lime layer;
0.08 per cent nitrogen; 7.7 pH.
(4) Ci horizon: average depth, 21 in.. The parent glacial drift; gray
silt loam to clay loam; spotted or streaked with lime accumulations and
occasional iron stains; contains some glacial stones; 0.03 per cent nitrogen;
9.0 pH. Lime not so abundant as in B2 (see Table).
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FIGURE 1.—Brown soil belt profile; note light colored lime carbonate layer

FIGURE 2.—Brown soil belt—blowout area profile; note depressed bare patch at right
and heavy sub-surface soil
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Glacial stones may occur at any point in the profile of this soil, but only
rarely are they sufficiently abundant to inhibit cultivation.
Profile No. 2.—The following profile was observed in a "blow-out," or
"slick-spot," area just northeast of Hanna, in township 31, range 13, west
of the fourth meridian. In the brown soil belt of southeastern Alberta,
there are several rather extensive "blow-out" areas, characterized by
depressed bare patches and a heavy subsurface soil layer.

FIGURE 3.—Black soil belt profile; note deep surface layer of black soil

(1) Ai horizon: average thickness, 5 in., but this horizon is almost completely absent in patches. Brown loam; no pronounced structure, though
somewhat granular; 0.24 per cent nitrogen; 6.2 pH.
(2) Bi horizon: average thickness, 4 in. Dark gray clay loam to clay;
some tendency towards columnar structure, but chiefly irregular granules; this is the lime layer; 0.13 per cent nitrogen; 7.7 pH.
(3) B 2 horizon: average thickness, 12 in. Dark gray clay loam;
granular structure; spotted with lime accumulations; 0.04 per cent
nitrogen; 7.7 pH.
(4) C horizon: average depth, 21 in. The parent glacial drift; gray
clay loam; spotted occasionally with lime accumulations; 0.04 per cent
nitrogen; 7.8 pH.
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Glacial stones are less abundant in this class than in the case of profile
No. 1.
Profile No. 3.-—The black soil belt of central Alberta is generally characterized by a deep surface layer of dark colored soil, rich in organic matter,
and by the presence of clumps and scattered areas of poplars, willows, and
other trees. The following profile was observed just south of Edmonton,
in township 52, range 24, west of the fourth meridian.
(1) Ai horizon: average thickness, 12 in. Heavy black loam, rich in
organic matter; columnar structure; 0.52 per cent nitrogen; 7.1 pH.

FIOTJRE 4.—-Wooded soil belt profile; note shallow surface layer of black vegetable debris

(2) A2 horizon: average thickness, 10 in. Dark gray clay loam to clay;
slight tendency towards columnar structure, but mainly granular; 0.11
per cent nitrogen; 7.1 pH.
(3) Bi horizon: average thickness, 14 in. Dark gray clay loam to clay;
structure somewhat columnar, but mainly granular; 0.08 per cent nitrogen; 6.9 pH.
(4) B 2 horizon: average thickness, 6 in. Gray clay; structure somewhat columnar, but mainly granular; 0.05 per cent nitrogen; 7.5 pH.
This is the lime layer.
(5) Ci horizon: average depth, 42 in. The parent material consisting
of light yellow clay derived from underlying shales or glacial drift; spotted
with occasional iron stains; 0.05 per cent nitrogen; 7.5 pH.

_ > — ,
U

M

I

T

C.

O

»

T

A

-

T

Location of Main Soil Belts in Alberta
1. Brown soil belt
3. Black soil belt
2. Dark brown to very dark brown soil_belt
4. Wooded (podsol) soil belt

:;()]

FIRST INTERNATIONAL CONGRESS OF SOIL SCIENCE

(6) C2 horizon: average depth, 42 in. The parent material found
nearby, consisting of unweathered blue-gray shale, which is here made up
of fine sand held together by clay; 0.03 per cent nitrogen; 8.0 pH.
Profile No. 4-—The wooded soil belt, lying west and north of the black
soil belt of central Alberta, is fairly heavily wooded, for the most part, and
is characterized by a black surface layer of vegetable mold and a gray
subsurface soil. The following profile was observed north of Gainford,
in township 55, range 6, west of the fifth meridian.
ALBERTA SOIL PROFILES

Chart showing various horizons in Alberta soil profiles (see accompanying photos of
these soil profiles)

(1) Ao horizon: average thickness, 2 in. Black vegetable debris; no
pronounced structure; this is the zone of surface organic matter accumulation; 0.63 per cent nitrogen; 7.5 pH. Usually neutral to slightly acid.
(2) Ai horizon: average thickness, 1 in. Dark gray loam; a mixture of
gray subsurface soil and partially decayed organic matter; flaky structure.
(3) A2 horizon: average thickness, 8 in. Light gray, light phase silt
loam; almost devoid of structure, but has slight tendency towards flakiness; 0.04 per cent nitrogen; 6.6 pH. This layer badly leached, usually
acid.
(4) B horizon: average thickness, 36 in. Dark gray clay loam to clay;
pronounced granular structure, heavier than A2; 0.07 per cent nitrogen;
6.5 pH.
(5) C horizon: average depth, 47 in. The parent glacial drift; dark
gray clay loam; structure chiefly granular; spotted with lime accumulations, and richer in lime than B horizon; .023 per cent nitrogen; 7.6 pH.

:«).-.
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In some instances, there is a distinct lime layer, whereas in other places it
is rather poorly developed or absent. Glacial stones may occur throughout the entire profile.
A somewhat better idea of the differences above described will be
gained by referring to the accompanying color chart, and to the photographs (figs. 1 to 4).
Partial chemical analyses of the various horizons of the above four
profiles are to be found in Table 1. From this table, it may be seen
TABLE

1.—-Analyses of four Alberta soil profiles {water free basis)

Stratum

Moisture
cent

N
per
cent

P
per
cent

K
per
cent

Ca
per
cent

Mg
per
cent

C02
per
cent

pH

0.93
0.80
4.70
2.86

0.34
0.37
0.84
0.97

0.229
0.105
6.100
3.680

7.8
7.7
7.7
9.0

0.61
1.65
1.73
1.45

0.16
0.41
0.47
0.43

1.404
0.805
0.851

6.2
7.7
7.7
7.8

1.29
0.72
0.65
2.31
1.95
0.93

0.46
0.71
0.51
0.29
0.25
0.44

2.440
1.980
0.130

7.1
7.1
6.9
7.5
7.5
8.0

1.32
0.46
0.44
2.48

0.29
0.39
0.42
0.68

2.950

7.5
6.6
6.5
7.6

Brown soil belt profile
Ai
horizon
A2 or Bi
Do
B2
Do
C
Do

2.14
2.21
1.80
1.48

0.23
0.142
0.078
0.028

0.066
0.057
0.051
0.048

1.43
1.42
1.32
1.44

"Blowout" area profile in brown soil belt
A,
B,
Bs
C

horizon
Do
Do
Do

2.13
2.01
2.53
2.29

0.239
0.133
0.044
0.044

0.058
0 045
0.044
0.041

1.33
1.37
1.26
1.77

Black soil belt profile
A!
A,
B,
B.
C,

c2

horizon
Do
Do
Do
Do
Do

4.63
4.25
3.57
2.27
2.78
2.64

0.516
0.113
0.080
0.047
O.O'O
0.026

0.149
0.048
0.058
0.057
0.068
0.048

1.53
1.75
1.68
1.57
1.63
2.03

Wooded soil belt profile
Ao

A„
B
C

horizon
Do
Do
Do

2.63
0.62
2.47
0.96

0.634
0.043
0.070
0.023

0.164
0.065
0.039
0.040

1.13
1.41
1.34
1.34

that the nitrogen content of the brown soil (0.23 per cent) is only about
one-half that of the black soils (0.52 per cent), and that there is a
gradual decrease downward in this constituent for the soils of both
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these belts. However, for the wooded (podsol-like) soils the nitrogen
content of the A0 horizon is of the same order as that of the Ai horizon for
the black soil, but, unlike the black soil, the nitrogen in the wooded profile
decreases in A2 and then increases in B.
The lime layer is to be found from 1 to 2 feet below the surface in the
brown soils, whereas it is not encountered nearer than from 3 to 4 feet in
the black soils and at 4 feet or more in the wooded soils. There is almost
invariably a distinct layer of accumulated lime both in the brown soils
and in the black soils, whereas this zone of accumulation may or may not
occur in the wooded profile. The leaching has been rather limited in
depth in the brown soils, greater in the black soils, and greatest in the
wooded soils.
The column showing pH values for the various horizons is extremely
interesting. In general, it may be said that the brown soils are scarcely
ever acid in any part of the profile, except in the case of the A horizon of
the "blow-out" areas when this is usually slightly acid. The profile of
the black soils is rarely acid, even in the A horizons, whereas the A
horizons of the wooded soil profile, are usually distinctly acid and oftentimes this condition is found throughout the upper part of the B horizon.
Occasionally, as in the example given, the A0 horizon of a wooded soil
profile is not acid.

THE IMPORTANT TYPES OF CUBAN SOIL
PROFILES
H. H. BENNETT

United States Department of Agriculture, U. S. A.
The soils of Cuba are mostly of clay texture, but there are extensive
sandy areas in the western part and in portions of the savannas occurring
throughout the lowland or plains areas of the Island.
The sandy lands of western Cuba correspond, over considerable areas,
to well-known series of the coastal plain region of southeastern United
States, such as the well-drained Norfolk, Ruston, Malboro, Orangeburg,
Greenville and Tifton series and the poorly drained Portsmouth, Plummer, Scranton and Coxville series. A number of series common to the
sandy lands of Cuba have not been found in the United States, such as the
Pinar del Rio, San Juan, Herradura, Maboa and Estrella. The Isle of
Pines includes several sandy series containing in parts of their profiles
much fragmented quartz derived from the underlying schist beds. The
piedmont areas of western Cuba include very shallow soil derived, chiefly
from schist rocks of a highly quartzose character.
The sandy soils have profiles with more sharply defined layers or horizons than any of the series of the more clayey groups. There are six
outstanding types of profiles among these sandy soils. Two of these are
extensively developed in the western part of Cuba, as represented by the
Norfolk-Herradura-Pinar del Rio group, or profiles of type A; and by the
Portsmouth-Mabao-Plummer group, or profiles of type B. In the savannas
there are important profiles like those of the Estrella and Mocarrero soils,
type C, and some of those represented by the Manacas soils, or type D.
In both Western Cuba and the Isle of Pines an important type of profile is
that of the Nueva Gerona series (type E) and another is that of the Santa
Barbara series {type F).
There are many minor and some major variations from these, but in
general these profile types and approximations of them dominate the
situation. The most conspicuous features of the six profiles named are
grouped below:
PREVAILING TYPES OF SANDY-LOAM PROFILES IN CUBA
A
(2) Yellow, buff or red, friable, locally
(1) Light-brown or yellow to reddish- compact, contains considerably more clay
brown, loose to very friable or loose, highly
than 1. Usually contains soft and hard
quartzose, often rounded gravel, darkened
iron concretions, these increasing downslightly in surface few inches with organic
ward; locally contains rounded quartz
matter. Acid; 0 to 20 in.;
gravel. Acid; 20 to 30 or 50 in.;
367
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(3) Yellow, red, reddish-yellow and
often gray; compact, stiffer and contains
more clay than 2, ranging from sandy clay
to moderately heavy clay. Abundance of
iron concretions and locally gravelly.
Ranges from about 2 to 8 or 10 ft. thick.
Acid in upper part.
(4) Plastic heavy clay, mottled or
streaked red, yellow and bluish-gray or
white. Often contains friable material in
the deep-red and pinkish splotches. No
concretions except in upper few inches.
(Norfolk-Herradura-Pinar
del Rio)
Derived from material washed out of
schist rock areas. Flat and gently rolling.
Good drainage. Low content of plant
nutrients.

B
(1) Light-brown to gray or black,
sometimes mottled grayish and brownish;
quartzose and acid. Considerable organic
matter except in wet flats, as in Maboa
series; 2 to 10 in.;

(2) Same as 1, except more yellowish in
color, and often contains some concretions;
4 to 12 in.;
(3) Yellow or brownish-yellow, contains
more clay than 2; usually consisting of
friable sandy loam; concretions usually
present, especially in lower part. About
12 to 24 in.;
(4) Yellow, contains more clay than 3;
usually consisting of friable sandy clay.
Concretions abundant, amounting in some
areas to 95 per cent of the material at some
levels in this section. About 24 to 48 in.;
(5) Same as 4, but contains much fewer
concretions, about 48 to 65 in.;
(6) Heavy, plastic, impervious clay
usually mottled red, yellow and bluishgray or white. No concretions as a rule,
except sometimes in upper few inches.
No lime carbonate in this or any of the
sections above. Usually 50 to 100 in.;

(2) Light-gray to yellow or mottled
grayish, yellowish and brownish, quartzose, acid, and usually contains darkcolored iron concretions. Heavier than 1;
usually not over 8 in. thick;

(7) White or cream-colored chalky
lime, or chalky lime and hard limestone
interbedded; 50 to 100 in.

(3) Light-gray to mottled buff, yellow
and gray. Friable, yet compact in places.
Abundance of dark concretions; quartzose
and acid. Not much heavier than 2.
(This layer not always present); about 6
to 12 in. thick;

Flat savanna areas of good drainage; low
content of plant nutrients.

(4) Plastic, heavy clay, mottled or
streaked red, yellow and bluish-gray or
white. No concretions except in upper
few inches. Some splotching in places
with deep-red and pinkish material, which
is more friable than the mother soil.
(Portsmouth-Maboa- Plummer)
Derived from material washed out of
schist rock area. Flat, often low and
poorly drained. Low content of plant
nutrients.
C
(1) Light-brown to brown, friable to
loose, highly quartzose, acid, usually no
concretions; about 4 in. deep;

(Estrella)

(1) Light-brown, friable, loose, sandy
and acid. Underlain at 6 to 8 in. by
(2) Light-brown to pale-yellow, friable
material; usually sandy, with abundance of
dark concretions;
(3) At 10 to 14 in. iron-stone hardpan
(mocarrero);
(4) At 30 to 40 in. soft dark-colored iron
material with yellowish and bluish clay;
(5) At about 4 ft. plastic, heavy clay,
mottled reddish, yellowish and grayish;
(6) At 5 to 10 ft. whitish chalky lime.
(Mocarrero)
Flat, low natural productivity. Savanna
land.
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D
(1) L i g h t - b r o w n t o
b r o w n , friable, u s u a l l y
sandy, highly quartzose and
acid. Underlain at 6 to 10
in. by
(2) Grayish to yellowish
friable m a t e r i a l , u s u a l l y
sandy and acid;
(3) At 12 to 44 in. mottled yellow and gray or buff,
plastic sandy clay;
(4) At 28 to 60 in. mottled bluish and yellowish,
plastic clay, often sandy.
(This section not always
present);
(5) At 36 to 60 in.
mottled bluish or yellow
clay, with soft, white lime
passing beneath into cocó
and limestone.
{Manacas)
Flat to
undulating
savanna soils. Fairly good
drainage in soil portion.

Subsoil often soggy. No
lime carbonates above 5.
Few or no concretions.
Moderate content of plant
nutrients.
E
(1) Grayish-brown, friable, highly quartzose and
acid. Often contains abundance of angular quartz
fragments; 8 to 16 in.;
(2) Yellow, friable, quartzose material, usually containing angular quartz fragments. Acid.
Underlain
at 20 to 30 in. by
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schists of a quartzose nature. Low content of plant
nutrients.
(1) Light-brown and friable, with abundance of
reddish-brown, hard iron
concretions;
(2) At 8 to 12 in. reddishyellow, friable material with
as much as 90 per cent concretions in places. Underlain at about 2 or 3 ft. by

(3) Mottled reddish, yellowish and whitish clay
having a greasy feel due to
p r e s e n c e of d e c o m p o s e d
schist material.

(3) Mottled red and yellow or red, yellow and gray
clay of a greasy feel.
The concretions in 1 and
2 formed within the soil.
Material of section 3 residual from schist rocks, corresponding to section 3 of
profile type E.

(Neuva Gerona)
No lime carbonate and,
as a rule no concretions.
Good drainage;; undulating
to rolling. Residual from

(Santa Barbara)
Well-drained, rolling
areas and ridges. Moderate content of plant nutrients.

Going over into the very extensive areas of heavy soils, two very markedly different classes of clays are found, with a sharply developed line of
demarcation. These will be designated as clays of (1) the friable class
and as clays of (2) the plastic class. That the soils of the former class
have a comparatively low content of silica and a high content of iron and
alumina, while the soils of the plastic class have the opposite chemical
composition, is due to an advanced stage of weathering (including severe
leaching), on the one hand, and to lack of weathering, on the other hand.
The profiles of the soils of the friable class show very much less development of sections or horizons than those of the plastic group, while the
latter show less of this zonation than the soils of the sandy lands, already
described. Actually, the friable soils show in many places no definite
changes from the surface down to the underlying rock or to a layer of
partly decomposed rock immediately over the parent rock, save for a
concentration of concretions in the upper 2 or 3 feet.
Greatest uniformity is encountered in the Nipe and Matanzas profiles,
representing clays derived, respectively, from serpentine and limestone.
The Holguin series, while resembling the Nipe, becomes much harder on
drying. The Truffin, a limestone-derived clay, shows considerably more
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zonation through the vertical section, but even in this one section grades
into another through rather faintly differentiated thicknesses of material.
The profiles G, H, I and J, given below, represent the vertical sections
of the Nipe, Matanzas, Trunin and Holguin series:
N I P E , MATANZAS, T R U F F I N A N D HOLGUIN S E R I E S
(1) Very friable, deep-red material of
high iron content. Numerous reddish and
black, hard iron concretions or agregates.
Sometimes compact in surface foot
(plancha);
(2) At variable depths, often 4 or 5 feet
or more, yellowish, very friable ochreous
material of high iron content. Not nearly
so many concretions in this section as in 1;
(3) At about 4 to 25 ft. or more, spongelike material of yellowish and black color
in a rather thin layer over the parent rock.
Underlain by
(4) Hard crystalline rock (serpentine).
(Nipe)
Undulating and rolling mountain land.
Thorough drainage. No lime. Exceedingly low content of plant nutrients.
Remarkably low in silica and high in iron.
Considerable alumina, chromium and
nickle. Highly absorptive of moisture,
practically erosion proof.

tions in shades of color, depth to bed rock,
and content of limestone fragments.
High in content of iron and phosphorous.
'.('ocó-ehalky lime.)
I
(1) Ranges to brown. Hardens on
drying and cracks some. Locally assumes
dust-crumb structure (polvillo). Underlain at 6 to 10 in. by
(2) Reddish-yellow to yellow clay;
exceedingly hard when dry. Underlain at
12 to 20 in. by
(3) Yellowish-red to red or mottled red
and yellow clay; very hard when dry;
almost stone like;
(4) At about 5 ft. or more overlies;
a—chalky lime, or
b—hard limestone, or
c—a and b interbedded.

(Truffin)
Flat. Occurs in association with Matanzas soil. Good drainage. Loses moisture excessively in dry season, unless
efficiently mulched, and knifed deeply.
Locally contains concretions. No lime
above 4.

H
(1) Brick-red to deep purplish-red.
Little change downward except variation
in content of perdigón. Slacks to fine
fragments and dust on drying, but does
not crack much. Surface 6 to 12 in. has
slight brownish cast due to organic matter.
Only slightly sticky when wet. Underlain
at various depths, often more than 20 ft.,
and locally less than 1 ft. by

J
(1) Becomes exceedingly hard on drying, cracking into small clods. Purplishred in color. High manganese content,
abundance of dark-purplish and black
concretions. Underlain at 2 ft. or more by

(2) o—Light-colored limestone, locally
flinty, or
6—limestone and cocó.

(2) Partly decomposed green rock with
brownish and reddish clay. Faces of
rotten rock are black;

(Matanzas)
Typically flat, thorough drainage and
aeration, open structured and highly
absorptive of moisture Dries out rapidly;
with efficient mulch conserves moisture.
No lime above 2. There are many varia-

(3) Hard rock at variable depths
(serpentine).
(Holguin)
Undulating t o rolling.
No lime.
Droughty, and difficult to maintain good
tilth.
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The clay and silt content of the Matanzas soils, the most extensive of
the clay soils of Cuba, averages 72 and 13 per cent, respectively.
The heaviest group of Cuban clays is represented by the several series
included in the Bayamo family. The six series whose profiles are given
below, representing the Bayamo, Yaguajay, Cayojo, Jibacoa, Herrera and
Jucaro series, cover the principal profile features of this large family of
soils. Profile K is uniform to greatest depths, while profile O shows
greatest diversity as to sectional differentiation.
BAYAMO, YAGUAJAY, CAYOJO, JIBACOA, H E R R E R A A N D JÜCARO S E R I E S
K
(1) Black. Cracks deeply on drying,
forming large clods. No lime; locally
salty. Passes at 10 to 40 in. into
(2) Ashy-gray or dark ashy-gray plastic,
sticky clay. Locally contains lime concretions and salt. Underlain at 4 to 7
ft. by
(3) Pale-yellow or greenish-yellow, plastic, limey clay.
(4) Locally has gravelly or sandy beds at
5 to 10 ft.
(Bayamo)
Flat. Needs ditching to .remove excess
of rain water. Unless well mulched, loses
moisture when cracked. Rich in plant
nutrients. Alluvial soil. Difficult to cultivate.
(1) Ashy-gray to dark ashy-gray. Dries
to coarse fragmental condition and cracks
deeply;
(2) At 1 to about 8 in. gray, light ashygray, or bluish ashy-gray, sticky, plastic
clay;
(3) At about 30 to 50 in. lime concretions in clay like that of 2, or similar clay
with a greenish cast;
(4) Compact, gravelly bed, with
siderable lime at 5 ft. or more.
(Yaguajay)
Occupies flat alluvial plains and is
subject to flooding and wet conditions.
No lime above 3. No perdigón. Salt
accumulation in low positions near sea
level. Productive soil when relieved of

excess moisture, where not too
Difficult to cultivate.

(1) Gray.

salty.

M
Exceedingly hard when dry;

(2) At 6 to 8 in. light-gray to grayishyellow clay of extreme toughness.
(Cayojo)
Found on flats associated with broad
alluvial areas. Poor soil. Savana vegetation. Extremely difficult to till.
A'
(1) Dark color. Hardens and cracks
on drying. Underlain at 8 to 14 in. by
(2) Reddish-yellow to red, plastic heavy
clay, often finely mottled with yellowish
or bluish-gray;
(3) At 4 to 5 ft. yellowish clay and soft
whitish lime.
(Jibacoa)
Difficult to keep in good tilth,
vegetation.

Savana

0
(1) Brown, Hardens on drying and
cracks deeply, Underlain at about 5 to 8
in. by
(2) Yellow, plastic clay, locally with
gray mottling. Passes at about 12 to 30
in. into
(3) Very plastic, sticky, heavy clay,
mottled red, yellow and bluish-gray. At
depths of about 4 or 5 ft. sometimes has
dark concretionary material
(4) Limestone at about 4 to 10 ft.
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(Herrera)
Flats near coast, subject to Hooding by
rains. Needs ditching. Concretions are
not present in the mottled red and bluish
plastic clay. No lime as a rule above 4.
Locally salty. Surface usually hogwallowy.
(1) Brown. Hardens and cracks on
drying. Underlain at 6 to 10 in. by
(2) Brownish-yellow plastic clay, grading at about 2 ft. into
(3) Yellow, plastic, sticky clay. Frequently salty; grades at 3 or 4 ft. into

(4) Yellow, plastic sticky clay, with
some gray mottling and locally gypsum
crystals. Usually salty.
(5) Somewhere below 5 ft. whitish,
chalky lime or hard limestone, or both
present.
(Jücaro)
Flat coastal country, sloping faintly
seaward. Flooded by rains and requires
deep ditching for removal of excess water.
Frequently has high water-table. Often
contains lime concretions in lower 4, but
little or no lime otherwise present above 5.
Salt is often present in excessive amounts
from surface down. Surface usually hogwallowy.

The clay and silt content for the Bayamo family averages 68 per cent or
9 per cent less than in the friable Matanzas clays. The silt content
amounts to 18 per cent.
A group of clays intermediate as to texture and friability between the
friable clays of the Mantanzas profile type and the extremely plastic clays
of the Bayamo profile type are represented by the Camagüey and Santa
Clara clays, (types Q and R) whose profiles are given below. These soils
contain less clay than the members of the Bayamo family, the average
amount being 53 per cent. The silt content is 25.5 per cent.
CAMAGÜEY AND SANTA CLARA SERIES
It
Q
(1) Black; considerable organic matter;
(1) Brown; crumbles to small lumps and
cracks on drying. Ranges from brown to cracks some on drying, but less than
dark brown. Underlain at 6 to 14 in. by Camagüey clay. No lime as a rule.
(2) Dark-brown to yellowish-brown Underlain at 6 to 12 in. by
clay, plastic and usually limey. Passes at
(2) Brownish-yellow clay; usually no
20 to 30 in. into
lime. Rather stiff in dry season. Passes
(3) Yellowish, plastic and somewhat at average depth of about 2 ft. into
sticky clay. Limey, frequently with soft
(3) Yellow, friable, limey clay. Underwhite lumps of lime. Passes at 40 to 70
lain at average depth of 40 in. by
in. into
(4) a—Whitish, chalky lime (cocó) or
(4) a—Whitish chalky lime or
b—pale-yellow limey clay with
b—Pale-yellow limey clay, or
chalky lime, or
c—a and b interbedded, or
c—a and b interbedded, or
d—a and b with hard or semihard
(I—a and b with hard or semihard
beds of limestone.
beds of limestone.
(Santa Clara)
(Camagüey)
Flat to sloping or rolling. Good drainFlat. Sufficient drainage, for cultivation usually. Retains moisture well. Not age; conserves moisture well. Comparamany concretions as a rule. Usually lime tively easy to effect good tilth. Concrecarbonate is not present in soil, but locally tions locally present above 4. Good
productivity.
it is. Very productive.

COMMISSION V—SOIL CLASSIFICATION

373

A quite friable group, whose friability is due to high content of silt, is
represented by the Catalpa series. The average content of clay in this is
45 and of silt 32 per cent. The Catalpa profile (profile type S), shown
below, reveals no great variation.
CATALPA
<S
(1) Light-brown, friable, limey; grading
at 8 to 20 in. into
(2) Pale-yellow or cream-colored, friable, silty clay of high lime content.
Locally salty.

SERIES
(Catalpa)
Flat and well-drained except in depressions. Overflow alluvium. Conserves
moisture well. Darker in low, wet places,
No
concretions. Easy to keep in good
tilth. Rich in plant food.

The soils of the Havana and Tacajó series are friable partly because of
high content of chalky lime, especially in the subsoil. The clay content
averages 41 and the silt 29 per cent. The profiles of these are given below, as profiles type T and type U.
HAVANA AND TACAJÓ SERIES
T
(1) Ashy-gray. Crumbles on drying.
Very limey. Underlain at 5 to 8 in. by
(2) Light ashy-gray, friable clay with
abundance of lime. Passes at 10 or 12 in.
go
(3) Whitish chalky lime, with some beds
of semihard limestone and pale-yellow
limey clay.
ir,
s
(Havana)
Gently rolling to hilly. Thorough
drainage. Droughty in shallow places.
Susceptible to erosion. No concretions.
Easy to keep in good tilth. Productive.

Color ranges to dark ashy-gray or ashybrown.
U
(!) Ashy-gray. Crumbles to good tilth
on drying. Commonly no lime. Underlain at 8 to 14 in. by
(2) Yellowish, friable clay, usually
y - p asses at 30 to 48 in. into
(3) whitish chalky lime with greenish
rock particles.
^
(Tacajó)
Gentle slopes and flats. Crystalline
rock particles common. Well-drained.
Conserves moisture well. Productive.

ume

The less weathered of the residual serpentine soils, as represented by
the La Largo series, has a well developed 3-horizon profile; while the more
weathered series, the Limones, shows much fainter zonation. Profiles V
and W below are representative of these groups.
LA LARGO SERIES
V
(La Largo)
(1) Brown.
Hardens on drying.
Rolling to hilly. No lime particles of
Underlain at 8 to 10 in. by
partly weathered rock throughout. Crops
suffer i n dr
(2) Yellowish-brown clay.
y season(3) At about 20 to 30 in. yellow or
W
greenish-yellow, rotten serpentine or other
(1) Purplish-red. Cracks into hard
igneous rock.
clods on drying. Underlain at 3 to 5 in. by
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(2) Pinkish-red to red clay. Cracks
into hard clods in upper part. Passes at
1 to 4 ft. into
(3) Greenish and dark hard igneous
rock (serpentine and others) often overlain
by friable decomposed rock.

(Limones)
Undulating to rolling. Droughty unless
well tilled. No lime. Difficult to maintain in good tilth.

CHALKY LIME
The beds of chalky lime carbonate (coco) so common in the substrata of
Cuban soils, while locally resembling material accumulated after the
manner of the caliche of dry-land areas, can usually be shown to consist of
geological strata, often including interstratified fossiliferous limestone and
often showing a tilted attitude. It is possible that some of this chalky
lime does represent material which has accumulated within the soil
through processes of soil development, but it was possible to identify
material positively as such only in the incipient form and this only in a
few exceptionally dry localities, as in the lower Guantanamo Valley. The
rainfall of Cuba, usually amounting to 50 inches or more, is probably too
heavy for the development of caliche. Lime concretions have formed in
the subsoil of many of the heavy clays of the plastic order, such as the fiat
Jücaro and others of the Bayamo group; but these have formed in the
same manner as the same kind of concretions have formed in the deep
subsoil of similar flat clays in humid southern United States, such as the
Crowley (closely resembling the Jücaro), the Acadia (much like the Alto
Cedro of Cuba) and the Lake Charles (much like the Bayamo). The
formation of the lime concretions found in the subsoil of the red, highly
weathered Francisco clay, which but for the concretions would merely
represent a shallow phase of the Matanzas clay, is difficult of explanation.
The thoroughly drained soils of Cuba almost invariably show the effects
of leaching or loss of lime and other constituents throughout the profile.
The types of poorer drainage, on the other hand, especially the lower-lying
clays show local accumulation of salts, principally sodium chloride and
calcium sulfate, even where lime has apparently leached from the soil and
segregated in the subsoil as concretions. That these salt accumulations
are local and probably due to imperfect subdrainage is indicated by the
absence of an excess of such material in soils having otherwise the same
physical and chemical characteristics on positions of good drainage.
The lime carbonate so plentiful in soils of the T and U profile types
simply represents geological lime in soils kept shallow by erosion.
It has already been pointed out that many of the sandy soils of western
Cuba coincide with important types of the Coastal Plain of southeastern
United States. It should be noted that on the Isle of Pines some of the
soils derived directly from quartzose schist rocks closely resemble soils of
the Coastal Plain areas which have been formed from material washed
out of older land areas. Those of profile type F consist of material having
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the characteristics of the Tifton soils (common in southwestern United
States) overlying clay having the character of the schist-derived clay of
the Talladega soils of the southern Blue Ridge region of the Appalachian
Mountains. All of the material of this F type apparently is residual from
quartzose schist. The conditions in the upper part of this material,
whatever they may have been, seemingly have duplicated those necessary
for the development of Tifton soil, while in the lower part they have been
of another kind.
The highly calcareous soils have very close relatives in the United
States. The Havana types (profile T) are near duplicates of the Houston
soils of Texas, Alabama and Mississippi, while the Camagüey clay (profile
Q) is a very close relative of the Houston black clay.
The highly weathered red soils of G and H profile features are related to
but not the same as certain red soils of eastern Texas (Nacogdoches) and
of the southern Piedmont, in the Carolinas and Georgia (Davidson).
Type H also has some of the features of the limestone-derived red clay of
East Tennessee (the Decatur clay). There is closer similarity, particularly in the case of G, to the Columbiana clay of Costa Rica and the Kukra
clay of Nicaragua (3). The indications are that all of these red soils
have weathered along the same lines, the degree of weathering attained
being greater in those of G characteristics.
CHEMICAL NATURE OF SOME OF T H E
MORE IMPORTANT SOILS
Table 1 gives the average chemical composition of a number of typical
soils, representing the most important families of the Country.
TABLE 1.—Average contents of silica, iron, alumina, manganese, lime, magnesia, potash,
soda, phosphoric acid, organic matter and chromium oxide, and molecular ratios
of silica to alumina and iron of ten important families of Cuban soils
Soil family

SiOs

per
cent
39.94
Matanzas
5.43
Nipe
48.56
Limones
41.20
Truffin
55.97
Bayamo
Santa Clara 47.24
80.46
Norfolk
K.-tirlhi soil 68.68
Do aubsoil 58.32
34.16
Havana
72.49
Mocarrero

FKOJ

AbOa

MnO

CaO

MgO

KsO

NaiO

P,O s

per
cent
17.71
65.46
9.27
13.96
10.64
14.06
5.00
14.68
7.72
5.14
9.69

per
cent
24.96
13.73
15.51
27.86
16.34
12.72
8.76
9.08
15.34
10.10
9.38

per
cent
0.39
0.41
0.14
0.15
0.34
0.29
0.08
0.43
0.47
0.10
0.83

per
cent
0.82
0.05
8.37
0.58
2.70
5.35
0.10
0.14
5.06
22.43
0.23

per
cent
0.23
1.15
3.77
0.34
1.86
4.03
0.05
0.20
1.64
1.36
0.22

per
cent
0.32
0.12
1.90
0.29
0.53
0.81
0.14
0.20
0.62
0.56
0.19

per
cent
0.82
0.37
1.20
0.97
1.30
0.94
0.18
0.31
1.56
1.54
0.21

per
cent
0.18
0.02
0.26
0.19
0.08
0.05
0.05
0.02
0.02
0.12
0.07

Organic*
BiOi
Cr 2 0j
matter
Mols AfeO»—FeiOj
per
cent
4.69
1.53
1.96
5.66
4.76
7.41
1.32
2.35
2.40
1.97

per
cent
0.65
3.14
0.33
0.59

ratio b
1.86
0.17
3.85
1.90
4.13
3.69

0.27
0.06
0.25

*0f surface soil only.
b
The ratios of silica to iron plus alumina in this table are calculated from the averages of the analyses of a number of
soils, and, therefore, are not so significant as the ratios for individual types. Some of the Matanzas soils, for example,
have ratios much below the average for all of the group.
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These analyses show, among other things, that the red soils, the Nipe,
Holquin, and Matanzas types, particularly, have weathered along lines
that some writers have described as lateritic (2); whereas the suffer clays,
the members of the Bayamo and Santa Clara families especially, have
weathered in the opposite direction. Certain chemical and physical
properties are closely correlated with these groups, which have been described elsewhere as friable and non-friable clays (1). In general the
Matanzas and Truffin soils, it will be observed, are moderately low in
content of silica as compared with iron and alumina; while in the Nipe
soils this ratio is exceedingly low, in fact, the silica has almost disappeared
and the iron and alumina contents, combined, have mounted in one case
to 83.48 per cent of the soil mass. In the much more dense and stiffer
clays of the Bayamo, Limones and Santa Clara families, it will be noticed
that the corresponding ratios are very much higher.
The analytic results indicate that the Matanzas soils have conserved
phosphorus and potassium to a very surprising degree, in view of the
enormous amounts of water that percolates through them (most of the
rainfall, 50 inches or more, is absorbed by these soils, the run-off being
negligible). The supply of organic matter also is higher than has generally been supposed for well-drained tropical soils, not in the least coinciding with the views of numerous writers who have assumed that with good
porosity and consequent free aeration the organic matter of tropical soils
is rapidly dissipated by oxidation. These red Cuban soils, in particular,
have been picked out and emphasized as having lost their humus. Not
only is this not true for the Matanzas soils of Cuba, but the same condition was found to apply to a number of similar soils encountered in Central
America (4). This humus, it appears in view of the excellent productivity
of these types, can not be dismissed as representing non-active organic
matter nor as organic matter existing in any other state than that which is
favorable to productiveness.
The evidence of good fertility possessed by these Matanzas soils is still
further indicated by the fact that many fields which have been in cultivation for an hundred years, without any fertilization, are still producing
sugarcane. This does not mean that the yields can not be increased on
these long-used soils by the use of fertilizer and the application of good
cultural methods, but simply that after an hundred years of use, even
where there is no record of manurial treatment of any kind in the history
of many fields, the soil is still not nearly worn out, although yields have
materially decreased in many instances. How long such land would
produce if ideally tilled can not be determined by any methods known to
science, save that of waiting on the results of continuous experimentation
with crops. A sample separated from its natural subsoil connections and
carried away to a laboratory for study may not at all tell the full story of
the capabilities of the soil type in the field, for the sample does not neces-
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sarily represent fully the natural whole soil type but only a detached portion of it upon which there is no longer any possibility of action by circulating ground water and in which violent alteration of the natural physical
condition may have been brought about by the mechanical manipulation
of collecting the sample.
These red soils of Cuba, it will be noted, are more deficient in lime than
anything else. Part of the low average of 0.82 per cent of calcium oxide
comes from particles of limestone occurring just above the underlying
limestone, where decomposition has not yet proceeded to the advanced
stage obtaining in the representative soil material above. Leaving out
the samples thus affected, the lime oxide average drops to 0.54 per cent.
This probably is present entirely in mineral particles not yet disintegrated,
or in combination with constituents other than carbonates, since no carbon
dioxide from carbonates was found in any of the samples analyzed, that is,
above the lower zone wherein incompletely decomposed particles of limestone still remain.
The group of red soils represented by the Nipe series has lost practically
all of its lime, and has but little phosphorus, potash or organic matter.
As indicated by these results, these soils have been found to be notably
unproductive. They have undergone such severe weathering that the
characterization dead soil would not miss the facts very far.
Nothing very exceptionally out of line with the normal chemical composition of good, productive soils is shown by the chemical analyses of the
four other extensive and important soil families: Truffin, Bayamo, Santa
Clara, and Havana, except that the last named is seen to be highly calcareous, while the productive Santa Clara is low in phosphorus. The last
condition may be due in part to the small number of samples analyzed;
but the chances are that these Santa Clara types are losing little of their
constituents by leaching, and are being continuously refreshened by decomposition of minerals containing the elements of plant food. In places
erosion removes some of the older surface soil and brings fresh limey material within the active soil zone of major plant feeding. Both the Santa
Clara and Havana soils have favorable physical properties; but the members of the Truffin and Bayamo families have very unfavorable properties,
as pointed out elsewhere. So, the Havana and Santa Clara yield their
nutrients readily to plants, while the Truffin and Bayamo, the former
especially, are extraordinarily stubborn in this respect. They are fertile
soils but none too productive, because of their abnormal physical properties, such as resistance to ready penetration by air and plant roots and
obstinacy in the matter of developing good conditions of tilth by cultivation. The physical properties of the Bayamo and Truffin are, therefore,
of more importance to the agriculturist than their chemical composition.
The soils of the Norfolk and Estrella families, it will be noted, are very
high in silica but deficient in lime and magnesia (except in the subsoil
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TABLE 2.—Showing certain chemical relationships between the mother soil and the contained concretions for five definite types of Cuban concretions
Type of
concretion

Matanzas

Matanzas
polviUo
Tunas
Do
Pinar
Do
Estrella
Do
Do
Do
Do

Number
of
sample

Perdigón
Color

32867 Deep-red to dark reddish-brown, many
with glazed surface
33533 Reddish-brown

Consistency
SiOi

MnO

FeiOj

AkOi

CaO

MgO

KjO

PjOs

Hard

15.60

0.85

46.38

17.41

2.79

0.46

0.26

0.20

Hard

9.09

0.30

63.70

5.50

Tr.

Tr.

0.01

0.24

59.95

0.08

5.98

19.37

4.43

2.04

1.55

0.37

57.18

0.29

10.35

13.10

1.23

3.64

0.24

0.12

55.60

0.95

23.05

12.70

Tr.

0.05

0.22

0.08

55.59
32,72

0.59
1.36

24.33
44.01

11.75
10.92

Tr.
0.07

0.02
0.11

0.21
0.14

0.10
Tr.

26.89
30.01
24.15

0.65
1.14
0.52

51.43
46.69
53.62

10.92
10.61
12.72

0.20
0.53

0.35
0.47
0.10

0.28
0.22
0.06

0.16
0.10
0.12

23.23

1.37

50.75

13.72

0.14

0.04

0.13

0.23

0.14

0.09

32847 Dark-brown and
Medium-hard
32848
black
32842 Dark-brown and
Medium-hard
black
33468 Yellowish and redSoft and
33470
medium-hard
dish-brown
33471
32903 Black, some reddishbrown
32904 Black
32907 Black
32679* Yellow and darkbrown
32680
32681 Black and brown
Hard

Tr.
0.01

Mabao

33479 Jet-black
33480

Hard

57.65

0.37

29.06

5.39
Tr.

» Perdigón (or concretions) larger than 2 mm. diameter screened from soil and analyzed, these amounting to 44 per cent of
the mass of the original soil

of the Estrella), and in potash, phosphoric acid, and organic matter. I t
should be observed that these soils probably have not lost their elements of
fertility so much by leaching as by assortment and removal of the material
other than quartz during the process of water transportation that washed
the material out of highlands and deposited it in its present position.
Since deposition these transported materials, of course, have undergone
some leaching and some removal of fine particles by internal erosion, that
is, probably, chiefly by elutriation and downward movement of the fine
particles by percolating water (eluviation). That much of the material
of these areas of water-moved soils was assorted before deposition is conclusively shown by the occurrence of deep beds of white sand of almost
pure quartz particles in close association with and under practically
duplicate topographic conditions as obtain in contemporaneously transported soils containing considerable material finer than sand.
Table 2 above shows the relation between certain chemical constituents
of five definite types of Cuban concretions of ferruginous order and the
soil material in which these concretions have been formed.
These analytic results show that the perdigón analyzed contain much
more iron, 238 per cent more, than the whole soil,1 revealing a very decided
1

In most of these analyses the whole soil and concretions were analyzed separately;
in some of them the concretions larger than 2 mm. in diameter were taken out and the
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TABLE % (continued).—Showing certain chemical relationships between the mother soil
and the contained concretions for five definite types of Cuban concretions
Type of soil

Consistency and
drainage

Soil
SiO,

MnO

F0O3

AljOl

CaO

MgO

K20

PÏO»

24.45

0.29

28.64

25.43

4.64

0.39

0.31

0.16

42.83
Matanzas clay, light-colored Loose, excessive
phase (polvilb)
Tunas clay, light-colored phase Stiff, intermittently good 64.85
and bad
(polvillo)
54.35
Lugarefio clay

0.35

20.45

18.89

0.29

0.20

0.11

0.28

0.29

6.94

14.61

1.76

1.55

1.00

0.09

0.49

8.97

13.88

1.43

3.91

0.22

0.14

88.55

0.17

2.65

4.66

Tr.

Tr.

0 14

Tr.

75.58
Friable, over plastic clay, 42.62
poor
Plastic, poor
58.45
Friable, poor
85.20
Stiff, fair
62.05

0.37
1.03

8.54
29.66

9.67
15.44

0.15
0.29

Tr.
0.24

0.23
0.14

0.01
Tr.

0.42
0.08
0.34

11.32
3.89
16.68

19.17
6.36
11.64

1.24
0.73
0.12

0.84
0.42
0.20

0.78
0.38
0.15

0.04
0.03
0.06

1.26

49.15

14.00

0.01

0.13

0.09

0.12

0.03

1.77

2.44

Tr.

0.24

0.01

0.05

Matanzas clay

Friable, good

Pinar del Riofinesandy loam Friable, good
Estrella fine sandy loam
Do
Do
Estrella clay loam b
Do
Mabao very fine sandy loam

Loose mass ° of perdigón, 24.73
good
91.34
Friable, very poor

b

Soil from which the perdigón larger than 2 mm. were screened out before analysis.
The material of this section really corresponds to pure perdigón, since it is made up almost wholly of concretions and
concretionary material. For this reason the results of this analysis could as well be left out of consideration.
e

concentration of iron in the concretions. The only case where iron in the
whole soil exceeds that in the perdigón is represented by one sample of the
Tunas clay which contains approximately 1 per cent more iron than the
concretions taken out of the soil. Greater concentration of iron has taken
place in the perdigón of the sandy soils. In the Maboa concretions there
is more than 16 times as much iron than was found in the whole soil, or
29.06 per cent against 1.77 per cent. These are jet-black concretions
which have developed in a poorly drained soil in great numbers. Very
high content of concretionary iron is also noted in the sandy soils of good
drainage, but these are very different in color.
In the case of alumina very different results have been found. In
6 of the 12 samples analyzed there is more alumina in the whole soil than
in the perdigón, the reverse being true of the six others.
If the average content of alumina found in the perdigón is compared
with the average found in the whole soil, but little difference is noted, the
proportion being 12 per cent in the former and 13 per cent in the latter.
It is in the comparisons by type that striking significance appears. In
case of the Pinar types there is considerable drifting of alumina into the
matrix soil separately analyzed. The results are of the same trend. It should be
observed that many of the concretions run down to microscopic size, so that absolute
separation of the soil and concretions is practically impossible.
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concretions, the average excess as compared with the whole soil being
170.70 per cent. With the Matanzas concretions, however, there is seen
to be no drifting of alumina, the amount in the whole soil exceeding that
in the concretions by 193.46 per cent.
The cause of this opposite performance of alumina in these two groups
of red soils is not at all clear. The chemical composition of the two types
is markedly different, but the drainage and internal aeration are excellent
in both, owing to open character of the material. The reaction (hydrogen
ion concentration) is not far from neutral in both, although the Pinar soils
in general appear to be somewhat more acid. The Pinar types contain
more than twice as much silica as the Matanzas, or 82.06 per cent against
33.64 per cent. The Matanzas, on the other hand, contains four times as
much iron, three times as much alumina, thirty-nine times as much lime
and magnesia (or 2.75 per cent against 0.07 per cent), and forty-four
times as much phosphoric acid (or 0.22 per cent against 0.005 per cent).
Taking the Estrella group, which also includes highly silicious, welldrained soils, the excess of alumina is found not in the perdigón but in the
soil, the average content of the samples analyzed being 11.77 per cent in
the former and 13.22 per cent in the latter. The Estrella soils contain
considerably more lime than the Pinar types. The results would seem to
indicate that lime may have some connection with the manner in which
alumina behaves. The problem, however, is not a simple one, and needs
much more study before any conclusions are drawn. It should be pointed
out in this connection that the concretions in one of the Estrella samples
contain more alumina than the parent soil, even though the latter contains more lime than some of the other soils whose concretions run lower in
alumina than do the soils from which they were taken.
That the concretions are of a lateritic nature, as the term is used in this
paper (that is, having a low molecular ratio of silica to iron and alumina),
is shown by the fact that the ratio of silica to iron plus alumina is 1.77 for
the perdigón and 4.41 for the average of the soil.
Silica has not accumulated in the concretions, being generally much
higher in the whole soil. In one of the Estrella types it will be observed
the whole soil carries nearly three times more silica than its perdigón, or
85.20 per cent against 30.04 per cent, while the soil of one of the Matanzas
samples carries nearly five times as much as the perdigón, or 42.83 per
cent against 9.08 per cent.
Nine of the 12 samples show a strong migration of phosphorus into the
concretions. Two samples contain a little more of this element (expressed
as P 2 0 6 ) than the whole soil. The average of all samples shows 0.142
per cent of P 2 0 6 in the perdigón and 0.082 per cent in the whole soil, that
is, an excess of 173 per cent, in the concretions.
If there had been more nearly complete separation of the perdigón from
the matrix soil, a still greater concentration of phosphorus doubtless would
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have been found in the concretions. In one sample ten times as much
phosphorus was found in the concretions. Of the other samples the
analyses show no difference in one case and but small differences in the two
exceptions where more phosphorus was found in the whole soil than in the
concretions taken therefrom. 1
Seven of the samples show more potash in the soil than in the perdigón.
The average is 0.29 per cent in the soil and 0.28 per cent in the concretions.
The average content of lime (expressed in the Table as CaO) in the
perdigón is 0.77 per cent and in the whole soil 0.89 per cent. Only one of
the samples of perdigón shows a higher content of lime than does the
mother soil, the contrasting percentages being 4.43 and 1.76, respectively.
The magnesia behaves in much the same manner as the lime. In most
cases manganese has migrated into the concretions, the concentration being very considerable in some cases. The perdigón average 165 per cent
higher in content of manganese than the average for the soil.
These results show that these soil concretions, like soils, vary greatly in
their nature, physically and chemically. The meaning of this is that the
concretions, as well as the soils in which they occur, must be classified by
types, if significant results are to be had from studies of them. Some of
the work done heretofore has overlooked this consideration, and is, therefore, valueless, in so far as having relation to definitely identified and
described soil types. 2
The importance of the fact that phosphorus drifts into these concretions
is seen when it is considered that in some soil types fully 90 per cent of the
soil body is made up of perdigón. Most of these are of rock hardness, so
that whatever phosphorus is segregated into them from the fine soil is
probably as completely locked up as if it were hermetically sealed in a
glass tube. It seems quite evident that certain soils of Cuba owe their
marked lack of productivity in no little degree to processes of concretion
growth.
It is obvious that these concretions have grown within the soil. This
1

This migration of phosphorus into concretions has been pointed out by other investigators. Muller, for example (Ein Beitrag zur Kenntnis kubanischer Boden-Der
Tropenpfianzen, V. 15, pp. 660-679 (1911)), found an excess of more than 100 per cent of
phosphorus in the concretions of certain Cuban types designated as "red clay" as compared with the fine soil. He also found a considerable excess of corresponding kind in
"reddish-yellow coarse sand" and a slight excess in "dark gray loamy sand." In "yellowish clay," however, the excess of phosphorus was found in the fine soil, but the difference was insignificant. Blanck and Geilmann have made interesting chemical analyses
of various types of concretions from Cuban soils and have pointed out their color and
structural properties (Uber die chemische Zusammensetzung einiger Konkretionen
tropischer Boden—Die Landw. Vers. Stat., Band 101, Heft V and VI, S. 217-245).
2
This classification of some of the important kinds of perdigón found abundantly in
certain Cuban soils, by type characteristics, probably is the first successful attempt in this
direction. In addition to the five distinct types given here, a number of other very
distinct types have been identified. These will be discussed in a later paper.
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can be seen in many of the alluvial bottoms, where no vestige of concretions can be found in the recent deposits near the banks, whereas they are
plentifulin the older alluvium of the back-bottoms, which was deposited
in the same manner as the material along the stream fronts.
Studies of the development of these concretions are exceedingly interesting. The sources of the material, its manner of segregation, the varying conditions associated with the formation of the different types of
concretions are closely allied with those processes of soil growth, or soil
degeneration as one chooses to call it, that involve, no doubt, some of the
most fundamental principles of soil development.
It seems quite clear that some of these materials which both soil scientists and geologists have, on occasion, decribed as laterite conform with
some of these varied types of perdigón, not only in composition but in
manner of development. The solid sheets of ironstone (mocarrero) found
under certain Cuban Havana and alluvial soils, which probably have been
formed by processes closely related to those that have given rise to some of
the perdigón, have been designated by some investigators as laterite. It
should be pointed out, in this connection, that the origin of this material
obviously is mostly different from that of the red Nipe soil of Oriente,
which also have been designated as laterite in character by some writers.
Some of these perdigón are of a concentric structure and others are not.
In most instances there is evidence that they have formed within the
layers where they are found. Probably their constituents have come
chiefly from the immediately surrounding soil material. The perdigón of
the Matanzas soils are more abundant in the upper part of the profile than
in the lower, the zone of material containing incompletely fragments of
the parent rock is very thin and often entirely wanting. This is rather
conclusive proof that the perdigón cannot represent weathered fragments
of the parent rock. The evidence that this is not true in many other
instances is even stronger.
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REACTION PROFILE STUDIES
R. E. STEPHENSON

Oregon Agricultural Experiment Station, U. S. A.
INTRODUCTION
In the world system of classification recently made a part of the Bureau
of Soils scheme of soil classification, the profile is made the basis of the
grouping of series into large family groups (4, 5). A soil profile represents
a cross section of the weathered soil extending down into the parent or
geologic material from which the soil was derived. The textural or major
horizons have been conveniently designated as A, B, and C, for surface,
subsoil and parent material respectively.
As the textural horizons develop by downward movement of the finer
colloidal material, many other differences develop also, and these are
variously designated as color, structure, reaction horizons, etc. No
official classification has yet been made of many soils west of the Rocky
Mountains to determine what characteristic profile developments occur.
Consequently the soils of the Willamette Valley cannot yet be placed in
any family group.
Before such classification can be intelligently made, it is necessary to
obtain considerable data studying the soil in place in the field. The
greater depth and the greater number of horizons now sampled promote
this end and are a development of the new classification according to soil
profile. In many cases the Bureau's sampling represents two subdivisions
of the surface, or of the B horizon. The major basis for subdivision is,
no doubt, color, the content of organic matter, compactness or structure
and texture.
SOIL S T U D I E D '
The Willamette Valley is on the North Pacific Slope of the United
States in a sub-humid, coastal climate, quite similar to that of England.
The soils used in this study are Dayton Silt Loam, Dayton Loam, Willamette Silty Clay Loam, Willamette Loam, Elmira Clay Loam, Elmira
Loam, Holcomb Silty Clay Loam, and Dallas Clay Loam. The samples
studied were those taken officially by the Bureau of Soils and Oregon
Agricultural College cooperating. These series represent what is termed
an old valley filling formation.. In most cases four different horizons or
subhorizons are represented.
'The soils used in this work were suggested by Dr. W. L. Powers as being especially
suited to the study.
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In all cases the reaction, lime requirement, and Comber (2) test for
soluble iron were studied. In several cases replaceable calcium and magnesium (3) were determined also.
"The old valley filling soils1 have weathered to the greatest extent of
any soils in the survey. In the process of weathering the surface soils
have been leached of readily soluble minerals, together with clay and
colloids, the latter of which have accumulated in the subsoil to form a
compact and heavy textured horizon. In some of the older terraces
gravels that were embedded in the soil at the time of deposition have
weathered to the extent that they offer no resistance to cutting with a
knife or soil hammer." This is especially true of the Dallas and the
Elmira series.
"The well drained soils are brown to rich brown with a surface zone an
inch or more in thickness, containing appreciable organic matter that
give the horizons a dull brown or slightly grayish-brown color. The zone
of accumulation (illuviation) in the old valley filling soils occur at depths
of 26 to 36 inches. The soil above this is the zone from which material
has been removed (eluviation). It is underlaid with parent material at
an average depth of about 52 inches. These soils are of mixed origin, being
derived in part from tuffs, or breccias basalt, sandstone, or shale.
A study of the reaction of 2 Dayton soils shows that both are acid
and both become less acid at greater depth. Of the two the heavier
soil is the more acid. In neither case, however, does the reaction of
the surface run much below pH 5.0. The lime requirement by the
Burgess modification2 of the Jones method (1) is less than 2 tons in one
case, and a little more in the other case. Both show decrease in lime requirement with increase in depth. The heavier soil shows a decidedly
higher content of replaceable calcium and magnesium in the heavy blue
clay horizon, and a much greater content of these cations in the parent
material than in the surface leached soil. The Comber test of soluble
iron shows practically none in the lower B horizon or the parent material.
The Willamette series is a very much better soil than the Dayton.
There is no such distinct horizonal differentiation as in the Dayton series.
Though the soil may be a heavy texture it is practically always well
drained. The parent material is often coarse, and more open in structure
than the over-lying horizons, which promotes drainage. Both types of
Willamette soil show a lower acidity, although No. 12 has about as high
a lime requirement compared with the Dayton soil. Both types of
Willamette soil show a decrease of acidity and of lime requirement with
increase in depth. The heavier soil in this case is least acid, but has a
1

The descriptions of soils used in this paper may be found in the soil survey report of
the Eugene area, as yet unpublished, by E. J. Carpenter of the Bureau of Soils.
2
This method is the quantitative method used in every case where lime requirement is
reported.
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TABLE 1.—Showing results of soil profile study

Soil

Profile and
depth sample

pH

Lime
requirement"
tons
CaCOa

Replaceable *
CaO
tons
per A

MgO
tons
per A

Comber test
for iron

1.134
1.306
3.654
2.394

0.354
0.318
1.188
0.701

Strong test
Very strong
Very strong
Trace

in.
0-10
10-16
16-34
34-60

A
A,
B
C

4.97
4.97
5.48
6.75

2.11
1.62
1.54
0.25

No. 15
Dayton
loam

0-10
10-24
24-32
32^6

A
Bj
B2
Ci

5.39
5.56
5.82
6.91

1.60
0.96
0.64
0.64

No. 31
Willamette
loam
(Virgin)

0-9 A
9-24 B!
24-38 B 2
38-60 Ci

5.56
5.99
6.24
6.49

0.97
0.73
0.49
0.24

No. 12
Willamette
silty clay
loam

0-9
9-33
33-46
46-72

A
B,
B8
d

6.23
6.23
6.15
6.49

1.76
1.60
1.17
0.80

No. 53
Dallas
clay loam
(Virgin)

1-8
8-27
27-40
40-72

A2
B!
B2
Ci

5.65
5.73
5.39
4.97

1.13
0.73
0.49
1.78

2.118
1.284
1.356
0.690

0.210
0.130
0.306
0.209

Trace
0
0
Strong test

No. 030
Holcomb
silty clay
loam

0-9
9-20
20-52

4.72
4.72
4.72

2.27
1.70
1.46

1.884
2.412
4.644

0.328
0.676
1.180

Strong test
Strong
Very strong

No. 8
Elmira
clay loam
(Virgin)

0-8
8-20
20-31
31-66

5.90
5.22
5.22
5.22

0.97
0.97
0.73
0.81

1.444
0.518
0.730
1.140

0.224
0.148
0.239
0.295

0
Strong test
Strong
Strong

No. 012
Elmira
loam
(Cultivated)

0-10
10-32
32-54
54-72

5.75
5.39
5.31
5.22

2.22
1.60
2.72
4.23

No. 45
Dayton
silt
loam

A
Bj
B2
Ci

Very strong
Strong
Trace
Trace
3.317
3.714
3.464
4.046

0.302
0.258
0.282
0.323

Good test
Good
Good
Slight
Good test
Strong
Good
Slight

Oood test
Good test
Strong
Very strong

" Lime requirement and replaceable calcium and magnesium are expressions on the
basis of 2,000,000 lb. of soil per A..
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higher lime requirement. The replaceable calcium runs several times
higher in the surface than in the Dayton soil, and shows a higher content
in the parent material. The replaceable magnesium on the other hand
is much the same in all horizons. The Comber test shows soluble iron
in both types of Willamette soil and at all depths.
The Dallas soil has been maturely eroded, and has in some measure lost
its terrace form and its natural mature profile. The surface is usually
rolling and drainage good. The sample studied shows a rather low acidity
in the surface layer and B horizon, with a greater acidity in the parent
material. The lime requirement is low, but less in the B horizon than in
the surface. Replaceable calcium appears highest in the surface with less
in the B horizon and least in the parent material. Replaceable magnesium is low in all layers. The Comber test shows little or no soluble iron
in any except the parent material.
Holcomb Silty Clay Loam represents one of the oldest series of old
valley filling soils. Only three horizons were obtained in sampling. A
study of the reaction shows it to be more acid than the other soils studied,
with no change in pH with different depths. There seems to be a considerable increase in replaceable calcium with depth. The total replaceable calcium is not high in any case, but is higher than for the Dayton
soil. Replaceable magnesium runs rather high in the lower depths. The
Comber test for soluble iron shows strongly in all three strata.
The Elmira Clay Loam is not a productive soil, though only moderately
acid and possessing a low lime requirement. The study shows some decrease in acidity with depth in one soil, while the reverse is true of the
other. There seems to be more replaceable calcium in the surface, however, than at greater depth. Replaceable magnesium does not run high
but is lowest in the second layer. The Comber test for soluble iron is
negative in the surface layer, but strongly positive in the layers below.
GENERAL DISCUSSION
The growth of a soil formation to the age of mature profile development
necessitates removal of material in both the solid and soluble forms from
one horizon to another. The fine fraction formerly classed as clay and
now known as colloidal material, is the source of solid matter, removal of
which from one zone and concentration in another is mechanical. This
downward movement may be observed in many soils which are immature
in age. In recent work by the Bureau of Soils, in which both surface
soils and subsoils are studied, the colloidal content for 14 soils on which
direct comparison may be made average 45 per cent higher in the subsoil
than in the surface. In only 2 cases out of 14 is the amount of colloid
in the surface greater than in the subsoil. In one case it is about the
same. The greatest difference is more than three times as large an
amount of colloid in the subsoil.
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Along with the mechanical changes which result in the removal of
colloidal material from the surface horizon and its concentration in a
lower horizon, there are quite important chemical changes taking place,
which determine the reaction or hydrogen ion concentration of the soil.
Loss of calcium by replacement is likely to mean increased acidity, as
the hydrogen ion replaces the calcium ion. Unfavorable conditions may
result also in the soil as calcium is replaced due to increased acidity that
brings iron, aluminum, manganese and, perhaps, other toxic ions into
solution. In studying an acid soil, therefore, it may be quite important
to know concentration of hydrogen ion and replaceable calcium, as well
as the rather indefinite quantity known as lime requirement. All these
are characteristics largely determined by the state of the exchange complex, or colloidal fraction of the soil.
The presence of iron which reacts to the Comber test perhaps does not
have great significance in this work. According to work reported by
Carr (2), iron goes out of solution rather completely at about pH 5.5.
The results reported here are in accord with this conclusion in a general
way. Some soils appear to have enough soluble iron to react to the test
at a reaction nearer neutrality than pH 5.5. Since it requires more acidity
to bring aluminum into solution, it may be concluded circumstantially
that where iron goes out of solution no injurious amount of aluminum
will be present. Maganese on the other hand, though rarely present in
harmful amounts, does not go out of solution until well into the alkaline
range of reaction.
That a soil may be greatly modified by cultural treatments in a relatively short time may be easily demonstrated. Certain treatments, such
as the use of sulfur, may appreciably reduce the amount of exchange
calcium and, therefore, increase the acidity. Other treatments such as
the use of the various forms of lime, may increase the amount of exchange
calcium and thereby reduce acidity.
These and other effects may be noted in a study of Table 2 giving the
results on several plots from the fertility range on Willamette Silty Clay
Loam Soil. The effects of superphosphate, hydrated lime, sulfur and
manure are compared, studying the amount of exchange calcium, the
reaction, and the response to the Comber Test, in three horizons. The
samples were taken from the first, second, and third feet, respectively,
and represent surface, subsurface, and parent material.
The data show that the calcium hydrate has materially increased the
amount of calcium in the complex in the surface soil. The effect does
not extend into the subsoil, however. Manure has had a similar, though
less marked, effect. Sulfur has reduced the amount of exchange calcium,
while superphosphate has had little effect.
A further study of the data shows that the surface of the untreated soil
is higher in exchange calcium than the subsoil, while the content of ex-
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change calcium in the parent material is still greater than in the surface.
This would indicate that there has been leaching of both surface and
subsoil, but that there has been also a tendency for some calcium to be
brought back to the surface, perhaps mostly by plant roots, and by the
decay of crop residue on the surface soil. Only on the sulfured plot is
there as little exchange calcium in the surface as in the subsoil.
TABLE 2.—Fertility plots of Willamette silty clay loam
Exchange calcium, tons per A
Plot
No.

1
5
6
7
8
9
16
17
18
19
20
21

Treatment
Surface

Subsoil

Superphosphate
Check
Ca(OH),
Sulfur
Manure
Check

2.880
3.264
4.067
2.736
3.504
2 976

2 400
2.544
2.640
2.789
2.736
2 688

Superphosphate
Check
Ca(OH)j
Sulfur
Manure
Check

2.784
2.736
4.224
2.736
3.456
3.072

2.448
2.496
2.448
2.688
2.496
2 304

Parent
material

3.600
3.216
3.408

3 888
3 408
2.976

Comber test

pH

Surface

Subsoil

5.7
6.1
6.7
5.6
6.0
5.8

5.9
6.0
6.2
5.9
6.2
5.6

5.9
6 2
7.0
5.6
6.1
5.8

6.0
6 2
6.2
6.1
6.1
6.1

Parent
material

6.1
5.9
5.9

6.4
6.4
5.8

Surface

SubBoil

Parent
material

Strong
Medium
None
Strong
Slight
Medium

Strong
Strong Strong
Medium Strong
Medium Strong
Slight
Slight

Strong
Strong
None
Strong
Slight
Medium

Strong
Medium Strong
Medium Strong
Medium Strong
Slight
Medium

A study of the reaction shows that the acidity expressed as pH is
greatest in the sulfured soil, while the limed soil is nearly neutral. There
is not a very close correlation between reaction and the amount of exchange calcium, however. The Comber Test is negative where lime has
been applied, slight where manure was used and strong on the sulfured
plots. In ever case, where tested, the parent material reacts strongly
positive, while the subsoil gave only a medium test.
While there are some quite marked differences in the above soil, due to
treatments, a soil of lower fertility would probably have shown wider
variations under similar conditions.
The heaviest soil studied, which is the Dayton series as noted above, has
a very highly differentiated profile. For physical reasons alone the soil
might be of low productivity. A study of the data shows the great
significance of the clay fraction as a source of replaceable calcium, and
indirectly the significant relation that may exist between replaceable
calcium, hydrogen ion concentration, and lime requirement. The heaviest horizon contains two to three times the replaceable calcium of any
other horizon. Here also the hydrogen ion concentration and lime requirement are lowest, except for the parent material.
Though the above correlation may appear in the different horizons of
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the same soil profile, it would probably not appear when different soils are
compared. Thus one soil from another study which shows a lime requirement of nearly 6 tons, has an acidity represented by pH 5.0, while the
replaceable calcium is only 0.0357 per cent. Another soil has an acidity
corresponding to pH 4.97, a lime requirement of 2.11 tons, and 0.1134
per cent of replaceable calcium. Lack of correlation in different soils is,
no doubt, due to difference in chemical nature of the colloidal exchange
complex.
The Willamette soil is somewhat different from the Dayton series. It
is a very productive soil. The very heavy layer is absent, even in the
heaviest classes of the series. There is here much more uniformity in lime
requirement, hydrogen ion concentration and replaceable calcium in the
different horizons. The replaceable calcium is nearly as high in all depths
as in the colloidal horizon of the Dayton soil, and the lime requirement
and hydrogen ion concentration are correspondingly low. The reaction
study here reported would indicate that the Willamette should be a much
more productive soil than the Dayton and examination of the physical
condition of the two soils in the field would corroborate this conclusion.
The Dayton soil responds to applications of limestone to greater extent
than does the Willamette soil. Part of the response is no doubt due to
physical improvement resulting from the use of limestone.
The Willamette soil shows some of the marks of mature profile development. It appears to exhibit the zones of removal and the zone of concentration of fine material judged by textural standards. The data
shows also some removal and concentration of calcium accompanied with
a change in reaction. It might be questioned, however, whether there is
concentration of calcium or whether it is simply absence of leaching in the
second major horizon.
Though it might be predicted that the soils of the higher hill lands are
older formations, it may not follow that there is more likely a mature soil
profile development under such conditions. The rolling topography in
many cases at least may permit erosion to destroy the profile as rapidly as
developed, and for that reason the soil should remain young. The
Elmira series which represents the higher formations in only 3 to 4 feet in
thickness in some cases to undecomposed parent rock. The data on the
soil studied shows small change in reaction and no significant concentration of calcium in the second horizon. The surface soil where tillage
interferes can hardly be compared with the other soil horizons. The
parent material, however, does apparently show a higher content of
replaceable calcium.
The Dallas soil which also represents the older old valley filling formations exhibits similar characteristics. In this formation 3 feet will sometimes strike rotten stones which are not deeply weathered as soils.
In order to study the characteristics of a fully mature soil profile it is
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necessary to give special attention to the location of sampling. The
samples in this study are only samples taken for general work in soil
survey and for that reason have limitations in making interpretations
applicable to a mature profile. It should also be taken into consideration
that imperfect profiles, exhibiting characteristics of youth and immaturity,
may cover much more extensive areas in any group of soils than the fully
matured and characteristic profile of that family group.
SUMMARY
The soils which show the most consistent profile development, show
greater acidity in the surface horizon. These soils show marked concentration of colloidal material in the B horizon. The same horizon runs
higher in replaceable calcium.
In several soils, however, there is no consistent change in reaction, lime
requirement, or replaceable calcium in the different horizons. This
irregularity may be due in part to the natural interference which prevents
mature profile development.
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UBER LOSSPROFILE IN DEN STEPPEN
AM SCHWARZEN MEER
N. FLOROV

Geologisches Institut in Bukarest,

Rumanien

EINLEITUNG
Die Quartarzeit ist eine im Vergleich mit anderen geologischen Zeiten
weniger untersuchte Periode. Es genügt darauf hinzuweisen, dass unter
den Geologen nicht einmal in bezug auf einige Hauptfragen dieser Formation, z. B. hinsichtlich der Frage nach der Zahl der Vereisungen, nach dem
Charakter des Klimas der Eiszeiten und der Interglazialzeiten usw.,
Übereinstimmung herrscht. Ich habe nicht die Absicht, in eine eingehende Untersuchung dieser Fragen einzutreten. Mein Problem ist einfacher. Ich will nur darauf hinweisen, dass die letzten Jahrzehnte uns
neues Material hinsichtlich der Steppen am Schwarzen Meer geliefert
haben, das uns weitere Aufschlüsse gibt, die wir neuen, in das Untersuchungssystem eingeführten Momenten verdanken, und zwar:
1. der Untersuchung des Losses ausserhalb des vergletscherten
Gebietes;
2. der Untersuchung des auf Plateaus auftretenden Losses; ihr ist
gegenüber der Untersuchung des Losses an Abhangen der Vorzug zu geben ;
3. der Untersuchung des Losses in Osteuropa;
4. der Untersuchung der begrabenen Boden des Losses.
Warum haben diese Momente eine so grosse Bedeutung für uns?
1. Die Untersuchung des Lössprofils im unvergletscherten Gebiet
liefert ohne Zweifel weit bessere Resultate als die Erforschung des
Lössprofils des Vereisungsgebietes. Denn jeder neue Vorstoss des Inlandeises liess nur in seltenen Fallen und unter günstigen Bedingungen
die Ablagerungen der früheren Eiszeit unzerstört, weil diese Ablagerungen
das Bett des vorstossenden Inlandeises darstellten, wahrend der Loss
ausserhalb des Gletschergebietes vor dem Einfiuss dieses Faktors geschützt war. Infolgedessen können wir erwarten, im Loss ausserhalb des
Gletschergebietes am besten erhaltene Merkmale für die Charakterisierung der Epoche vorzufinden.
2. Die Untersuchung der Lössplateaus bietet ebenfalls einen grossen
Vorzug und sogar eine Verbesserung gegenüber der der früher vorwiegenden Untersuchung der Abhange. Denn die Quartarperiode ist durch das
Alternieren feuchter und trockener Zeiten charakterisiert; die feuchten
:;oi
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Zeiten mussten Auswaschungen der Lössablagerungen an den Abhangen
hervorrufen, wahrend sich der Loss auf den grossen und ebenen Plateaus
intakt erhalten konnte. Und tatsachlich hatte ich mehr als einmal die
Möglichkeit festzustellen, dass der Loss auf dem Plateau ein ganz anderes
Profil als an den benachbarten Abhangen zeigte.
3. Auch die Untersuchung des Losses in Osteuropa könnte sehr wertvoll
sein, worauf bereits Penck und Brückner hingewiesen haben. Hier, weit
von den Erosionsprozessen der Gebirge Westeuropas entfernt, konnte sich
der Loss mit allen seinen feinsten Merkmalen besser als in Westeuropa
erhalten und uns so ein getreues Abbild der Ereignisse der Vergangenheit
iiberliefern.
4. Ein besonders gutes Hilfsmittel gibt uns die Untersuchung der
begrabenen Boden des Losses an die Hand. In dieser Hinsicht sei
folgendes bemerkt. Wir betrachten die gegenwartigen Boden von
klimatologischen Gesichtspunkten aus. Die Bodenkunde hat bestatigt,
dass jeder Bodentypus einem bestimmten Komplex klimatischer Erscheinungen entspricht. Und mit Bezug auf die begrabenen Boden
können wir sagen, dass diese den gegenwartigen Boden vollkommen
entsprechen: wir finden bei den ersteren dieselben Merkmale wie bei den
letzteren Boden. Diese Merkmale sind dabei hier mit all ihren feinsten
Einzelheiten in ausgezeichneter Erhaltung vorhanden. Wir können
daher auf die begrabenen Boden dieselbe Klassifizierung und dasselbe
Schema anwenden wie auf die gegenwartigen Boden. Damit haben wir
ein vorzügliches Hilfsmittel zur Beurteilung der klimatischen Verhaltnisse
der Vergangenheit.
Und wenn die Geologen aus dem Verwitterungsgrad der Moranen
Schlüsse auf das Klima und auf die Zeitdauer des Verwitterungsprozesses
ziehen, so gibt uns die Bodenverwitterung eine unvergleichlich starkere
Stütze für solche Schlussfolgerungen, weil sie vielseitiger, feiner und daher
beredter ist. Die begrabenen Boden können uns zuweilen sogar bessere
Hilfsmittel an die Hand geben als Fauna und Flora. Letztere können
wandern, aber der Boden ist unbeweglich. Es ist eine Tatsache, dass der
Boden unter der Wirkung klimatischer Einflüsse seine charakteristischen
Merkmale verandert. Aber diese Veranderungen sind uns bekannt; wir
sind iiber sie orientiert, und infolgedessen können wir die verschiedenen
Phasen erkennen, die der Boden nacheinander durchlaufen hat.
I
Gehen wir jetzt zu meinem eigentlichen Thema iiber: Welchen Bau
weist das Lössprofil in den Steppen am Schwarzen Meer auf, und welche
Erkenntnisse haben wir in dieser Beziehung durch die Anwendung der oben
erwahnten Methoden gewonnen?
Ich will hier meine Beobachtungen und Untersuchungen im Steppengebiet am Schwarzen Meere erörtern, die ich in zwei Zeitröumen angestellt
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habe, zuerst in den Jahren 1910 bis 1919 (kiew) und dann in den Jahren
von 1921 bis 1926 (kischineff) und die infolge verschiedener zufalliger und
von mir nicht abhangiger Umstande bis heute noch nicht, abgesehen von
einigen kurzen vorlaufigen Mitteilungen, veröffentlicht worden sind.
Bevor ich zur Auseinandersetzung meiner Beobachtungen übergehe,
halte ich es für nötig, auf einige Voraussetzungen oder Pramissen hinzuweisen, die ich zum Ausgangspunkt meiner Forschungen genommen
habe, und auf die ich meine Schlussfolgerungen griinde. Geht man von
anderen Pramissen aus, so wird man selbstverstandlich auch zu etwas
abweichenden Schlussfolgerungen gelangen.
1. Pramisse: Die Vereisung ist vorzugsweiseeinErgebniseinerVermehrung schneeiger Niederschlage.
2. Pramisse: Die in die ukrainischen Steppen vorgedrungenen Gletschermassen gehören der letzten Vereisung an, d. h. die letzte Vereisung war
in Osteuropa die sogenannte Maximalvereisung, und nicht die vorletzte.
3. Pramisse: Der Loss ist ein Produkt des trockenen Klimas, und zwar
wurde er unter dem Einfiuss der trockenen, vom Zentrum des Gletschergebietes ausgehenden anticyklonalen Winde gebildet.
4. Pramisse: Die Lössbildung hat nur in der Zeit des Rückzuges des
Inlandeises stattgefunden, obwohl die Anticyklone wahrend der ganzen
Dauer seines Bestehens existiert hat. Denn die Anticyklone fand, wie
schon Dr. Tutkovski erklart hat, nur beim Rückzug des Inlandeises
gunstige Bedingungen für die Entwicklung ihrer Tatigkeit vor: beim
Rückzuge des Inlandeises wurde die weite Oberflache der Wüsten freigelegt; der Wind strich über dieselbe hin, loste die feinsten Partikel los
und trug sie nach Süden, wo sie sich in der Form von Loss ablagerten.
Über diese Pramissen kann man natürlich diskutieren; aber ich nehme
sie als Arbeitshypothesen an und will zeigen, dass die Tatsachen im
Gebiet der Steppen am Schwarzen Meer sich leicht in das Schema dieser
Pramissen einfügen lassen.
II
Ich fasse zuerst das unvereiste Gebiet der Steppen naher ins Auge
und charakterisiere das Lossprofil in diesem Gebiete.
Die Steppen geben uns hier auf den Plateaus das folgende typische
Lossprofil. Als Unterlage des Losses erscheint gewöhnlich rotbrauner
Tertiarlehm oder auch sogenanntes Tiraspolgeröll mit der Fauna des
Beginnes der Eiszeit, oder auch andere altere Bildungen. Gewöhnlich
ist die Oberflache des Tertiarlehms (oder der anderen liegenden Bildungen) stark durch Verwitterung verandert, und zuweilen bildet sie
einen Boden—den ersten begrabenen Boden—-, der in diesem Falie als
Basis des Losses erscheint.1
1

Dieser Boden an der Oberflache alterer Ablagerungen entspricht scheinbar der
Praglazialzeit. Jedenfalls bildete er sich vor der Ablagerung der ersten Lössetage. Die
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Auf diesem Boden liegt sodann der Loss auf, der durch die in ihm
auftretenden begrabenen Boden in mehrere Etagen geteilt ist. Prof.
Nabokich bestatigt in seiner 1915 veröffentlichten Arbeit das Vorhandensein von drei Etagen im Loss der Steppen am Schwarzen Meere. Von der
Annahme ausgehend, dass jede Lössetage einer besonderen Vereisung
entspricht, nimmt er also für Russland drei Vereisungen—Mindel-, Rissund Würmeiszeit an. Nabokichs Schema mit drei Lössetagen, die drei
Vereisungen entsprechen, habe auch ich der Veröffentlichung meiner
Beobachtungen in der Ukraine im Jahre 1916 zugrunde gelegt, und auch
Prof. Laskarev nimmt es in seiner Arbeit " Revue des terrains quaternaires
de la Nouvelle Russie" aus dem Jahre 1919 an. In diesem Schema blieb
aber die Frage der der ersten Vereisung (Günzvereisung) entsprechenden
Ablagerung ungeklart. Im Gouvernement Poltava habe ich 1918 in
einem von mir ausgehobenen Schurf auf dem Plateau folgendes Profil
gefunden:
Von der Oberfiache bis zu 234 m. Tiefe die oberste Lössetage; dann bis
zu 7J4 m. Tiefe die zweite Lössetage mit Boden auf ihrer Oberfiache;
weiter bis zu einer Tiefe von 1 1 % m. die dritte Lössetage, ebenfalls mit
Boden auf ihrer Oberfiache, und endlich bis zu einer Tiefe von 1834 m.
die vierte Lössetage mit Boden. Die Unterlage dieser Lössmasse bildet
rotbrauner Tertiarlehm, dessen obere Schicht durch den altesten hier
nachweisbaren Bodenbildungsprozess verandert ist.
Damals sowie auch spater, als ich meine Untersuchungen in Bessarabien ausführte, glaubte ich nicht, dem Profil im Gouvernement
Poltava eine entscheidende Bedeutung zuerkennen zu mussen, und in
meiner Arbeit über die " Quartarformation in Bessarabien", veröffentlicht
im Jahre 1926, wandte ich daher das alte Schema mit drei Lössetagen an.
Zur Erklarung des Fehlens der vierten altesten Lössetage sprach ich dort
folgende Vermutungen aus:
" 1. wahrend der Günzeiszeit f and im Gebiete Bessarabiens infolge der
schwach ausgebildeten Vereisung keine Lössbildung statt;
2. die der Günzvereisung entsprechende Lössetage konnte sich gebildet
haben, wurde aber spater hier infolge ihrer Unbedeutendheit durch Denudation vernichtet, und endlich;
3. kann man annehmen, dass diese Lössetage infolge der ungenügenden
Erforschung dieses Gebietes noch nicht festgestellt ist.
Weitere Forschungen miissten die wirkliche Sachlage erklaren."
Meine Untersuchungen in Bessarabien im Jahre 1926 haben mich
überzeugt, dass sich in Wirklichkeit vier Lössetagen in den Steppen am
Schwarzen Meere finden, wenn auch die alteste Lössetage oft fehlt.
Bildung dieses Bodens ist leicht zu erklaren: die obere Schicht der alteren Ablagerungen
musste sich, da sie zu dieser Zeit zutage lag, uriter der Einwirkung der klimatischen
Verhaltnisse jener Zeit im Sinne des Bodenbildungsprozesses veriindern.
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Einem kurzen Referat über die Arbeit von W. Krokos (Odessa) (3) habe
ich entnommen, dass dieser Forscher auch das Vorkommen von vier
Lössetagen für das Gebiet von Odessa und Nikolajew bestatigt.
Hier ware nun zu fragen, in welchem Masse man das erwahnte Prinzip,
dass jede einzelne Lössetage einer bestimmten Vereisung entspricht, auf
dieses Bild vom Aufbau des Lössprofils in den Steppen anwenden kann.
Leider fehlt uns eine paleontologische Charakterisierung der einzelnen
Lössetagen fast ganzlich; wir haben daher vorlaufig keine Möglichkeit,
diese Frage zu entscheiden. Aus diesem Grunde bezeichne ich die vier
Lössetagen in den Steppen vorlaufig folgendermassen (von oben nach
unten geordnet):
4. jüngerer Loss;
3. junger Loss;

2. mittlerer Loss;
1. alter Loss;

und die drei begrabenen Boden:
4.
3.
2.
1.

gegenwartiger, zu Tage liegender Boden;
oberer begrabener Boden;
mittlerer begrabener Boden;
unterer begrabener Boden.

In Tabelle 1 gebe ich auf Grund der Tafel I die Machtigkeit dieser
Bildungen an. In der Tabelle sowie auch in Tafel I benutze ich die Ergebnisse der Grabungen, welche ich selbst auf Plateaus 1 ausgeführt habe,
wahrend ich alle Beobachtungen auf Abhangen und in Schluchten hier
ausser acht lasse.
Aus der Tabelle ersieht man, dass die beiden mittleren Lössetagen die
grösste, und die alte und die jüngere Lössetage geringere Machtigkeit
haben. Ausserdem ist zu bemerken, dass die Machtigkeit der Lössetagen
im unvergletscherten Gebiet stark von Ort zu Ort veriiert, zuweilen sogar
an nicht weit voneinander entfernt Hegenden Stellen verschieden ist.
III
Gehen wir jetzt zur Betrachtung der Ablagerungen im einst vereisten
Gebiet über.
Ich halte es für nötig, zunachst bei der obersten Etage des Losses zu
verweilen und das Bild zu besprechen, das ich an einer bestimmten Stelle,
und zwar im Gebiet der Inlandeiszunge am Dnjepr beobachtet habe.
Ich muss noch einmal daran erinnern, dass ich mich zu der Annahme
bekenne, dass die sogenannte grösste Vereisung in Osteuropa die letzte
und nicht wie in Westeuropa die vorletzte war. Diese Vermutung wurde
zuerst von Prof. Nabokich ausgesprochen. Zu dieser Annahme bekannte
sich auch Prof. Laskarew, und dieselbe Vermutung nehme auch ich an.
1
Mit Ausnahme der Entblössungen in den Dörfern Budachi, Ungheni (Ufer des Prut)
und Perkauzi (Ufer des Pnjestr).
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Die endgültige Bestatigung mtisste meiner Meinung nach das polnische
Gebiet liefern. Die Arbeit von M. Limanowski 1 ist daher in dieser Bezieh
ung sehr interessant. In der kartographischen Darstellung des Verlaufs
der Endmoranen der letzten und der vorletzten Vereisung im Bereich
Polens hat M. Limanowski gezeigt, dass—wie aus Figur 1 ersichtlich ist—
die letzte Vereisung in Polen eine gróssere Ausdehnung gehabt hat als
TABELLE 1.—Die Machligkeit (in cm.) der verschiedenen Lössetagen und ihrer Humushnrizonte in dem unvergletscherten Gebiete der Steppen am Schwarzen Meere
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Jüngerer Loss
Machtigkeit

A. Kiewachet Gebiet
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

Uman (I)
Pomoinic
Kotscherjinxi (I)
Kotscherjinzi (II)
Uman (II)
Kischinsi
Dobrovodi
Dubovo
Woitowka
Wodianiki
Smoltschinzi
Daschakowka
Popiwka

430
250
>700

80
170
100

1850
1150

T.
T.

500

180

1280

T.

>140

140

>670

260

130

940

30

1810

S.u.
T. K.

560

160

400

200

650

50

1830

T.

65
65
105
60
65

125
340
>200
810
560

65
70
50
90
110

190
540

40
160

100»

50

1000
1280

S.
S.

490
240

100
90

350*
280

50
90

2000
1480

T.
T.

90

250

40

325

50

(575)

T. K.

25

s

62

474

99

550
300
220
210
250
300
200
600
300
260
330
440
200

40
40
30
30
100
40
90
100
100
90
40
80
40

870
600
580
>390
530
>700
300
>900
>300
>340
>290
240
>560

100
100
80
90
100
200
100
200
100
60
50
100
80

550

40

320

220

50

585
KM)
200
350
400

150

B. Podolien
14. Tokariowka
C. Poltawtches Gebiet
15. Poltawa

170

D. Bestarabien
16.
17.
18.
19.
20.

Ungheni
Schabolat
Perkauzi
Budaki
Baimaklia
K. Bukowina

21. Rcpujinsi
Durchschnitt

339

442

129

345

60

1520

109

T.=Tertiarton; T. K.=Tertiarkalkst*in; S. = Praglazialer Sand
* In diesem Fall ist es nicht ganz klar, ob dieser Boden dem alten Loss angehört. Früher verlegte ich ihn in die Übergangszeit zur Bildung des mittleren Losses (s. meine Abhandlung: Die Quartarformat ionen in Bessarabien).
h
Früher glaubte ich, dass wir es hier mit dem mittleren Loss zu tun h&tten; wahrscheinlich ist die Erklarung dieses Teils
des Iiössprofils in Budaki, die ich hier gebe, richtiger.
1

Vgl. L. Kozlowski (4). • * -
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die vorletzte. Man kann annehmen, dass die Würm-Vergletscherung die
Zungen am Dnjepr und am Don bildete, indem sie ihre Ausdehnung in der
Richtung von Westen nach Osten vergrösserte. Die Tatsachen im Gebiete der Ukraine fiigen sich gut in dieses Schema ein.
Jedenfalls bieten uns diese Zungen eine vorzügliche Möglichkeit, die
Berührungspunkte der Moranen mit dem neuen und dem alten Loss zu
untersuchen. Diese Zungen existierten wahrscheinlich nicht lange, und
als sie zurückgingen, hessen sie im Dnjeprgebiete wenig machtige Moranen
zurück; alle spateren Ablagerungen auf der Morane konnten sich gut
erhalten, weil sie durch den Einfluss irgend welcher klimatischer Veranderungen nicht (allzusehr) zerstórt werden konnten.
Im Gebiet der Dnjepr-Zunge des Inlandeises treffen wir die Morane in
der Form eines öfters rotbraunen, seltener grauen und zuweilen lóssartigen
Lehmes von gewöhnlich nicht grosser Machtigkeit (etwa 4 m . ) ; in diesem
Lehm finden sich die nicht sehr grossen und oft stark verwitterten erratischen Blöcke eingebettet.
Der Bau der unmittelbar auf der Morane liegenden Ablagerungen
variiert wenig. Er lasst zwei Haupttypen erkennen, die gewöhnlich an
ein bestimmtes geographisches Gebiet gebunden sind, und zwar an den
RsCtid der eigentlichen Inlandeiszunge, d. h. an das Tal des Dnjepr, und an
den Rand des eigentlichen Inlandeiskórpers, dem Parallelkreis der Stadt
Fastov folgend. In letzterem Gebiet haben wir unmittelbar auf der
Morane eine nicht sehr machtige Sandschicht, die der Abschmelzperiode
entspricht und zuweilen mit Lossmaterial vermischt ist. Die Sandschicht
tragt auf ihrer Oberflache einen begrabenen Boden, der alle Merkmale
und Eigenschaften eines typischen Podsols aufweist. In diesem Boden
konnte ich sehr oft (von oben nach unten) folgende Horizonte feststellen:
(a) einen Humushorizont von 30-60 cm. Machtigkeit mit typischer Plattenstruktur;
(b) einen weisslichen Horizont, der eine Anhaufung von SiOs darstellt, etwa 50-70
cm. miichtig, oft auch mit Plattenstruktur und ohne Karbonate, und
(c) einen Horizont, der eine Anhaufung von aus den oberen Horizonten ausgewaschenen Sesquioxyden darstellt. Die Sesquioxyde bilden gewöhnlich-bei sandiger Konsistenz der Muttergesteine—Anhaufungen von Ortstein mit vielen Rostflecken, bohnenförmigem Sumpferz und blauem Kisen, indem dieser Horizont einen feuchten und sogar
halb sumpfigen Charakter annimmt.

Im ersteren Gebiet, langs der Inlandeiszunge im Dnjeprtal, haben wir
unmittelbar auf der Morane eine Lössschicht mit Boden auf ihrer Oberflache; dieser Boden hat die typischen Merkmale der hellgrauen podsolierten Lehme der gegenwartigen Waldsteppen. Als Beispiel gebe ich
hier eine Beschreibung des Bodens unmittelbar auf der Morane in Mironowka:
Horizont K, Tiefe 640-710 cm. Eine soharf ausgepriigte, humusfarbene Schicht von
karbonatlosem Loss; überall Maulwurf- und Wurmgange (Humushorizont des begrabenen Bodens).
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ERKLARUNG ZU TAFEL I
Tafel I zeigt 35 senkrechte Profile der Quartlirablagerungen in den Steppen am Schwarzen Meere, nftmlich 21 Profile im
ehemals unvereisten Gebiet, und 14 Profile im ehemals vereisten Gebiet. Alle Profile stellen Schurfe vor, die von mir auf
dem Plateau gegraben wurden, die Profile in Budachi, Perkauzi und Ungheni ausgenommen, welche natürliehe Entblössungen am Ufer des Pruts (Ungheni), des Dniestre (Perkauzi) und des Schwarzen Meeres (Budachi) vorstellen.
Die Schurfe werden der Gegend und den Jahren nach folgendermassen eingeteilt:
Schurfe NN I-XIII in den Jahren 1910-1919 im Gouv. Kiew gegraben
" XIV im Jahre 1918 im Gouv. Podolien gegraben
"
" XV im Jahre 1918 im Gouv. Poltawa gegraben
"
" XVI im Jahre 1923 in der Bukowina gegraben
" XVII-XXI in den Jahren 1922-1926 in Bessarabien gegraben
" XXII-XXV in den Jahren 1910-1919 im Gouv. Kiew gegraben
"
" XXVI im Jahre 1918 im Gouv. Poltawa gegraben
" XXVII-XXXV in den Jahren 1910-1919 im Gouv. Kiew gegraben.
Die Schurfe NN XV, XXI, XXIV und XXXII werden hier durch Farbcnzeichnungen wiedergegeben.
Ich muss auch bemerken, dass die Schurfe NN XII, XIV, XV, XXIV, XXVI, XXVII und XXXII von mir auf den Versuchsfeldern der landwirtschaftlichen Versuchsstationen in der Ukraine im Zusammenhang mit den Bodenuntersuchungen
dieser Felder laut dem Auftrage der Sektion für Bodenkunde des Landwirtschaftlichen Gelehrtenkomites zu Kiew in den
Jahren 1914-1919 gemacht worden waren. Die Ergebnisse dieser Untersuchungen, nümlich Karten, Kartogramme, Beschreibungen des Bodens usw. sind im Bodenmuseum zu Kiev zusammen mit den Proben geblieben und sind nicht von mir
veröFfentlicht worden, aber über die Ergebnisse in betreff des Versuchsfeldes in Feodoriwka (XXXII) und Uman (XII) habe
ich auf den Versammlungen der Spezialisten für Landwirtschaft am Kiewschen Zemstwo in den Jahren 1918-1919 Mitteilungen gemacht und dabei die entsprechenden Bodenkarten und Kartogramme demonstriert und erklart.
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TABELLE 2.—Die Machtigkeit (in cm.) verschiedener Bildungen im Vereisungsgebiti
A. Im Gebiet der Inland eiszunge (langs des Dnjepr(ales)
Die Qber der Morfine befindlichen Gebilde
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Hier haben wir keinen eigentlichen Loss, sondern ein AHernieren von Loss und Sandschichten.
c
Ohne Bielaia Zerkow.

Horizont L, Tiefe 710-745 cm. Die Schicht des stark podsolierten, karbonatlosen
Losses, von weisslicher Farbe. Maulwurfgange. (Weisslicher Horizont des begrabenen
Bodens.)
Horizont M, Tiefe 745-800 cm. Rotbrauner, dichter, karbonatloser Loss mit scharf
ausgesprochener prismatischer Struktur. (Rothrauner Horizont des begrabenen Bodens.)
Horizonte N und O, Tiefe 800-880 cm. Derselbe Horizont, aber von schwacher
ausgepragter rotbrauner Farbe. Zuweilen dunne Schichten von Sand und Pseudofibern.
Horizonte P und Q, Tiefe 880-960 cm. Blaugrauer Loss, sehr reich an Karbonaten.
Die Linie des Aufbrausens ist im Profil scharf ausgepragt.
Horizont R, Tiefe 960-1520 cm. Lössartige Morane. Es kommt zuweilen vor, dass
die obere Schicht der Morane einigermassen lössartig ist und an der Bildung des Bodens
teilnimmt.
Dasselbe Bild habe ich auch an anderen Stellen gefunden; nur fehlt
zuweilen der weissliche Horizont.
Auf diesem Boden liegen zwei voneinander und von dem soeben beschriebenen Boden durch eine kleine Lössschicht oder lössartige Schicht
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TABELLE 2 (Jurlgesetzl).—Die Machtigkeit (in cm.) verschiedener Bildungen im Vereisungsgebut. A. Im Gebiet der Inland eiszunge {langs des Dnjeprtales)
Die unter der Morane befindüchen Gebilde

Oberer bcgr. Boden
und die unter ihm
liegende Lösactage

Vordiluviale
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Bodens

•«3
Typus

li

1

Tertiar-

660 ( + Sand 250) tschemosiomartig

ill)

s
I860

It'lmi

560

•2(H)

>260
350
>150
280

220 ( + Sand 225)

kein Boden

400

kein Boden

390

kein Boden

215 grauer podsoliertcr Lehm

35

Sand

2 3 SO

>200

600

426

200

llv

L'IKI

getrennte Lössböden. Diese Boden sind nicht scharf ausgepragt wie der
oben beschriebene Boden. Ihr Typus ist nicht leicht zu bestimmen;
zuweilen weisen sie Spuren eines feuchten Klimas und schwache Merkmale
von degradierten Boden der gegenwartigen Waldsteppe auf; zuweilen sind
sie einigermassen tschemosiomartig.
Auf diesen Boden liegt endlich der eigentliche typische gelbe Loss in
einer durchschnittlichen Machtigkeit von 3,90 m. (die Machtigkeit des
Losses veriiert von Ort zu Ort zwischen 1,6 und 6,0 m.), der auf seiner
Oberflache den gegenwartigen Boden tragt.
Wir haben also auf der Morane drei übereinander liegende begrabene
Boden und weiter oben eine Lossetage mit dem gegenwartigen Boden.
Wenn wir nun die oben beschriebenen Tatsachen interpretieren, so
können wir den Verlauf der Erscheinungen seit der letzten Eiszeit folgendermassen darstellen.
Infolge der Verminderung der schneeigen Niederschlage begann das
Inlandeis, resp. die Dnjepr-Zunge, an der südlichen Grenze sich zuriick
zu ziehen. Das Gebiet der Dnjepr-Zunge im Gouvernement Kiew wurde
auf diese Weise eisfrei, und hier wurde der Sand (Deeksand der Ab-
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schmelzperiode) an verschiedenen Stellen—nicht überall—abgelagert.
Dem fortschreitenden Abschmelzen des Inlandeises entsprechend, haben
die Winde der Anticyklone in der früher von der Vereisung eingenommenen Zone die erste Lössschicht abgelagert, welche wir unmittelbar auf
der Morane langs der Gletscherzunge finden; auf der Oberflache dieser
Schicht bildete sich spater ein Boden, der erste begrabene Boden des Losses
über der Morane. Dann trat eine neue Anderung des Klimas ein, die
einen neuen Vorstoss des Inlandeises hervorrief. Dieser Vorstoss (Bühlvorstoss) war aber nicht sehr gross und reichte nicht bis zur Grenze unseres
TABELLE

2 (forlgeselzf).—B. lm RaruJgebiet des eigenllichen Inlandeises (unler dem
Breitengrad von Faslov)
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Gebietes; er war daboi von verhaltnismassig kurzer Dauer. Dennoch
bildete sich eine neue Lössschicht auf der Oberflache des Bodens, der auf
dem unmittelbar über der Morane angewehten ersten Loss entstanden
war, und auf diesem zweiten Loss entstand ein neuer Boden (zweiter
begrabener Boden im Loss über der Morane). Ein ebensolcher Vorstoss
wiederholte sich mit denselben Folgen noch zweimal. Als Zeugen dieser
beiden Vorstösse finden wir auf der letzterwahnten Bodenschicht noch
zwei Lössschichten, welche voneinander durch einen begrabenen Boden
(dritter begrabener Boden im Loss über der Morane) getrennt sind.
Wir sehen also, dass unser Gebiet eine klare Bestatigung der Ansicht
bietet, dass das Würm-Inlandeis sich nicht kontinuierlich zurückzog,
sondern dass der Rückzug von einer Reihe von Zuckungen begleitet war,
die Unterbrechungen des Rückzuges und sogar neue Vorstösse des
Gletschers hervorgerufen haben. Mit anderen Worten: die Erscheinung
der Unterbrechungen des Rückzuges der Würm-Eises, die von Penck und
Brückner als Rückzugsstadien und Interstadialzeiten bezeichnet wurden,
sind in unserem Gebiete klar ausgedrückt; auch hier kann man drei derartige Vorstösse beobachten.
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Da die markantesten Vorstösse beim Rückzuge der letzten Vereisung
dem Bühl-, dem Cschnitz- und dem Daun-Stadium angehören, bezeichne
ich die drei begrabenen Boden über der Morane mit den Buchstaben W/3B
(Würm-Bühl-Boden), /37B (Bühl-Gschnitz-Boden) und 75B (GschnitzDaun-Boden) und die Vorstösse selbst mit /3, 7 und S zum Unterschied vom
Hauptvorstoss der Würm-Vergletscherung, den ich mit WI bezeichne.
Zur Orientierung über diese Frage gebe ich hier die Machtigkeit verschiedener Ablagerungen über der Morane im Vereisungsgebiet in cm. an.
Aus der Tabelle 2 erkennt man folgende zwei Unterschiede zwischen
dem W/3B einerseits und den /37B und 75 B andererseits:
a) der W/3B (mit seinem Lössuntergrund) hat eine Machtigkeit von 172
cm. (unter dem Parallel von Fastov hat der Sandpodsol eine Machtigkeit
von 205 cm.), wahrend der 75B eine solche von 173 cm. und der /Ï7B nur
von 143 cm. hat.
b) Der W/3B ist immer stark podsoliert, indem er mit seltenen Ausnahmen dem Typus des hellgrauen stark podsolierten Lehmes oder sogar dem
des Podsols angehört, wahrend die 07 B und 75B fast immer tschernosiomartig sind.
Die Machtigkeit des Losses ist übrigens meistens ein stark variierendes
Merkmal, dem man ohne andere Beweise keine entscheidende Rolle
zuschreiben kann. 1 Viel sicherer ist ein anderes Merkmal, namlich der
Degradierungsgrad des Bodens. Bei der Annahme, dass die Interstadialzeiten feucht waren und dass der Degradierungsprozess in diesen
Zeiten stattfand, gelangt man zu dem Schlusse, dass die Waldsteppenphase
nach der WI-Vereisung von langerer Dauer war, und dass es den Waldern
gelang, den nach der Beendigung der Lössbildung unmittelbar auf der
Morane entstandenen Tschernosiom stark zu degradieren, wahrend die
jüngeren Interstadialzeiten für die weiter oben liegenden Lössetagen von
kürzerer Dauer waren und das Vordringen der Walder in das Lössgebiet
(Tschernosiomgebiet) nur einen kurzen Zeitraum umfasste. 2
Auf Grund dieser Erwagungen zeichne ich in Figur 2 die Klimakurve
seit der Würmvereisung in ahnlicher Weise wie Penck und Bruckner es
für das Eiszeitalter getan, indem ich von der soeben erwahnten Pramisse
über die Bedeutung des Degradierungsgrades des Bodens als Zeitmesser
ausgehe.3
In meinen Vortragen in den Sitzungen des Geologischen Instituts in
1
Übrigens kommt eine Erscheinung klar zum Ausdruck, namlich, dass die drei
Lössetagen, die unmittelbar auf der Morane liegen und den drei Vorstössen beim Ruekzug
der Würmvereisung entsprechen, stets viel kleiner sind, als andere Lössetagen.
2
Ich zerlege den Degradierungsprozess in fünf Stadiën, die ich in meiner Arbeit
"Über die Degradierung des Tschernosioms in den Waldsteppen" beschrieben habe.
W/SB entspricht dem fünften Stadium, und /37B un.d ySB dem ersten Stadium, oder sie
sind sogar tschernosiomartig.
3
Es ist selbstverstandlich, dass diese Pramisse nur bedingt guitig ist; ich wende sie
daher nur als Beispiel an.
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Bukarest im Jahre 1921 und 1925 ' habe ich die Auffassung vertreten, dass
der Boden unmittelbar auf der Morane (erster begrabener Boden auf der
Morane) dem oberen begrabenen Boden im unvergletscherten Gebiet,
aber nur der letzten Phase seines Vorkommens an der Oberflache entspricht. Was die beiden höher liegenden besprochenen Boden betrifft,
war ich damals der Meinung, dass sie den Stadiën Bühl und Daun angehören. (Die Meinung, dass in dem Bildungsprozesse des Losses über
der Morane zweimal Unterbrechungen stattfanden, wurde schon früher
von A. Arhangelski (1) vertreten.) Mit anderen Worten: Ich ging von der
Vermutung aus, dass der Podsol, den ich unmittelbar auf der Morane
unter dem Parallel von Fastov gefunden hatte, sich sofort nach dem
Rückzuge der WI-Vergletscherung bildete. Da der obere begrabene
Boden im unvergletscherten Gebiet zu dieser Zeit an der Oberflache lag,
und da er andererseits viel früher, namlich nach der Beendigung der
Bildung des jungen Losses—d. h. zeitlich vor der W-Vergletscherung—
entstand,so zog ich auf Grund der erwahnten Schlussfolgerung eine Parallele zwischen diesen Bildungen. Dabei gründete ich diesen Schluss auf
folgende Erwagungen:
1. Unter dem Parallel von Fastov liegt unmittelbar auf der Morane
Podsol und—zuweilen—befindet sich keine Lössschicht zwischen diesem
Podsol und der Morane; er konnte sich daher unmittelbar nach dem Rückzug des Eises bilden.
2. An der Bildung des über der Morane liegenden begrabenen Bodens
nimmt die Morane zuweilen sowohl unter dem Parallel von Fastov als
auch langs der Inlandeiszunge teil, wobei man mitunter einen ganz
allmahlichen Ubergang von der Morane zum Muttergestein des Bodens
beobachtet.
3. Ber Boden unmittelbar auf der Morane unterscheidet sich sehr
scharf von den beiden weiter oben liegenden aus Loss entstandenen begrabenen Boden hinsichtlich seines Typus.
Ich bin jetzt zu der Überzeugung gekommen, dass meine frühere
Schlussfolgerung unrichtig ist, und zwar aus folgenden Gründen:
1. Hinsichtlich des ersten Umstandes muss ich bemerken, dass die
Bildung des Podsols über der Morane unmittelbar nach dem Kückzug
des Inlandeises die'Annahme erforderlich macht, dass dem sich zurückziehenden Inlandeis der Waldstreifen folgte und die Waldphase sich
entwickelte. Das Vorkommen eines solchen Streifens würde aber nicht
ganz verstandlich sein (2). Andererseits ist es viel leichter, die Zeit der
Bildung des Podsols auf der Morane zu erklaren, wenn wir ihn mit dem
begrabenen hellgrauen podsolierten Lehmboden über der Morane langs
der Eiszunge vergleichen. Dieser letztere Boden bildete sich aus Loss; er
machte also die Wustensteppenphase durch. Er tragt weiter die typi1
In den Sitzungsberichten des Geologischen Instituts in Bukarest im Auszug veröffentlicht.
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schen Merkmale des Degradierungprozesses und ist stark von Maulwurfgangen durchsetzt; er machte also auch die Steppenphase durch. Mithin
haben wir in bezug auf diesen Lehmboden die drei aufeinander folgenden
Phasen, namlich die Wüstensteppen-, die Steppen- und die Waldsteppenphase. Wenn man annimmt, dass die feuchte Phase auf die trockene
Phase der Lössbildung folgte, kommt man zu dem Schluss, dass die Degradierung des Tschernosioms über der Morane langs der Inlandeiszunge
nicht zurZeit des Rückzuges des ïnlandeises, sondern viel spater stattfand.
Aus diesem Gesichtspunkte ist die Aussetzung der Podsolbildung über
der Morane unter dem Parallel von Fastov in diese Zeit eine logische
Notwendigkeit, obwohl der Podsol hier durch seine Entwicklung aus dem
Sand als Muttergestein etwas abweichende Eigenschaften annahm. Wenn
er ferner gelegentlich unmittelbar auf der Morane—ohne eine Zwischenschicht von Loss—liegt, so ist das durch lokale Auswaschüng des Losses
und die Freilegung des Sandes, der vor der Lössbildung abgelagert wurde,
leicht zu erklaren.
2. Hinsichtlich des zweiten Umstandes möchte ich bemerken, dass er an
und für sich, auch ohne meine frühere Annahme, eine genügende Erklarung
findet. Oft fand namlich eine Vermischung des ersten herangewehten
Staubes, der im Laufe der Zeit durch Anhaufung den Loss bildete, mit
dem Gestein, auf dem er angeweht wurde, statt; daher kommt zuweilen
ein ganz allmahlicher Übergang von diesem Gestein zum Loss vor.
Diesen allmahlichen Übergang habe ich bei der Ablagerung des Losses
auf Tertiarlehm (Stadt Uman), auf praglazialem Sande (Prut), auf
tertiarem Kalkstein (Dorf Tokariovka, Podolien), auf Granit (Kreis
Berditschev) usw. beobachtet. 1 Was aber die Falie der Bodenbildung
unmittelbar aus der oberen Schicht der Morane anbetrifft, so lassen sich
diese leicht durch die Annahme erklaren, dass es sich um eine lokale
Erscheinung handelt und dass der Loss hier vollstandig ausgewaschen und
die als Muttergestein dienende Morane vor der Bildung des Bodens
freigelegt worden ist.
1
Die Anwehung des Losses ging zu Beginn des Prozesses ohne Zweifel langsam,
schwach, nicht typisch und wahrscheinlich mit Unterbrechungen vor sich, und erst
spater entwickelte sie sich planmiissig, kraftig und ununterbrochcn. Den Beweis für
diese Ansicht liefern uns die folgenden Tatsachen: a) Die unteren Teile der Lössetage
sind oft reich an Sand und werden zuweilen sogar durch Sandschichten ersetzt. b)
Der Übergang von dem unter dem Loss liegenden Gestein zum Loss vollzieht sich oft,
allmahlich; dabei durchdringt bald das Lössmaterial das liegende Gestein, bald letzteres
die Lössmasse. c) Wenn der begrabene Boden unter irgend einer Lössetage liegt, so ist
oft keine scharfe Grenze zwischen dem Humushorizont des begrabenen Bodens und dem
hangenden Loss zu erkennen; sondern auf dem Humushorizont des begrabenen Bodens
findet sich ein Übergangshorizont, der durch den Humus schwach gefarbt und von
Maulwurfgangen durchlöchert ist. Man muss infolgedessen annehmen, dass sowohl
das Vegetationsleben als auch die Tatigkeit der grabenden Tiere in den ersten Stadiën
der Lössbildung nicht vollstandig unterbrochen war, sondern—wenn auch nur in geringem Masse—fortgesetzt wurde.
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3. Was nun endlich den Unterschied in den Typen der drei begrabenen
Boden über der Morane anbetrifft, so habe ich diese Frage schon weiter
oben berührt und erklart.
Auf Grund aller dieser Erwagungen bin ich zu der Ansicht gelangt, dass
die Ablagerungen auf der Morane am besten durch die Annahme zu
erklaren sind, dass die drei auf der Morane liegenden Boden den drei (und
nicht nur zwei) Vorstössen des Inlandeises entsprechen.
Zum Schlusse meiner Analyse der Ablagerungen im Hangenden der
Morane halte ich es für nötig, noch folgendes zu bemerken. Das beschriebene Profil mit drei Boden im Hangenden der Morane habe ich nur auf
den ausgedehnten alten und unerodierten Plateaus feststellen können.
Ein ganz anderes Bild geben uns die Erosionsgebiete und insbesondere die
Flussgebiete; in den letzteren, z.B. im Uferland des Dnjepr, fehlen die
Boden im Hangenden der Morane ganz oder es ist doch zuweilen deren
Zahl reduziert; statt dessen finden wir hier über der Morane eine geschichtete Ablagerung, in der Sandschichten entweder mit Loss oder mit lössartigen Schichten abwechselnd lagen. Das ist leicht zu erklaren: unter den
Erosionserscheinungen konnten so feine Bildungen, wie es die Boden sind,
nicht entstehen oder sich nicht erhalten. Andererseits ist die Reihe
verschiedener Schichten, die hier die normale Ablagerungsfolge ersetzen,
auch lehrreich: der schnelle Wechsel von hinsichtlich ihrer mechanischen
und chemischen Zusammensetzung sehr verschiedenen Schichten enthalt
ebenfalls Hinweise auf die Zuckungen, die das Inlandeis der Würmvergletscherung bei seinem Rückzuge durchmachte. In diesem Sinne kann
man im Aufbau der Ablagerungen im Hangenden der Morane im Flussgebiete gegenüber den obigen für die PlateaUgebiete gezogenen Schlussfolgerungen betreffs der Rückzugszuckungen der Würmvergletscherung
keinen Widerspruch erblicken: dieser Bau bestatigt im Gegenteil nur noch
deren Richtigkeit.
IV
Wir wollen jetzt die im Gebiet der Dnjepr-Zunge unter der Morane der
letzten Vereisung auftretenden Ablagerungen naher betrachten. Zu
diesem Zwecke gebe ich drei Profile aus dem Bereich des Plateaus des
Gouvernements Kiew, und zwar bei den Dörfern Beresniaki, Mokiewka
und Mironowka (s. auch Tabelle 2).
In Beresniaki finden wir als Unterlage des Losses in einer Tiefe von 1850
cm. Tertiarlehm mit einer Oberschicht, die durch den Bodenbildungsprozess verandert und ein wenig lössartig ist. Weiter folgt eine Lössetage
(mit einer Sandschicht in einer Tiefe von 10% bis 12% m.) und oberhalb
dieser Etage der Boden). 1 Unmittelbar im Hangenden des Bodens findet
1
Ich habe diesen Boden unmittelbar unter der Morane nur einmal, und zwar eben in
Beresniaki, gefunden; diese Tatsache ist leicht erklarlich, da das Inlandeis diesen Boden
sehr leicht vernichten konnte, weil es ihm unmittelbar aufruhte. Ich glaube daher, dass
wir in Beresniaki nur den seltenen Fall der Erhaltung dieses Bodens haben.
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sich die Morane, auf der dann wieder Loss mit zwei begrabenen Boden
lagert.
In Mokiewka treffen wir unter der Morane zwei Lössetagen an (Grabung nicht bis zum Liegenden der unteren Etage durchgeführt), die durch
eine Schicht begrabenen Bodens voneinander getrennt sind. Uber der
Morane liegt Loss mit einem begrabenen Boden.
In Mironowka haben wir an der Basis des Losses in einer Tiefe von 23.8
m. alten Sand. Weiter folgen zwei Lössetagen mit einem sie trennenden
begrabenen Boden in einer Tiefe von 21.6 m. und endlich die Morane, in
deren Hangendem sich der obere Loss mit den drei begrabenen Boden
findet.
Wir haben unter der Morane also bald eine, bald zwei Lössetagen; mit
anderen Worten: wir finden in Beresniaki und Mironowka—wo die Grabung bis zur Sohle der unteren Lössetage geführt wurde—nicht alle drei
Lössetagen, die wir in Übereinstimmung mit dem unvergletscherten
Gebiet erwarten könnten. Ich glaube, dass man diese Erscheinung durch
starke Erosions- und Denudationsprozesse erklaren kann, die sich hier im
Gebiet der Dnjepr-Zunge viel intensiver entfalten konnten als ausserhalb
dieses Gebietes. Einerseits haben wir hier namlich das alte Dnjepr-Bett,
das die Auswaschung des Losses wahrend der feuchten Phase förderte;
andererseits war das Würm-Inlandeis selbst ein bedeutender Faktor, der
die von ihm hier vorgefundenen Ablagerungen der vorhergehenden Phasen
mehr oder weniger vernichten konnte. Unter günstigen Bedingungen
konnte hier aber dennoch ein Teil des Losses erhalten bleiben. Es ist
jedoch selbstverstandlich, dass die Dimensionen dieser erhaltenen Keste
von verschiedensten Zufalligkeiten abhangig sind und daher in verschiedenen Gegenden ausserordentlich veriieren. Es ware interessant festzustellen, welchen der drei unteren Lössetagen des unvergletscherten Gebietes
die beiden von mir unter der Morane gefundenen Lössetagen entsprechen.
Leider haben wir bis jetzt keine Möglichkeit, diese Frage aufzuklarene. 1
Ich gebe in Figur 1 die Schemata des Lössaufbaues im vergletscherten
und im unvergletscherten Gebiet.
V
Es ist sehr interessant, die verschiedenen Lössetagen miteinander zu
vergleichen und die geographische Verbreitung der verschiedenen Lössarten ein und derselben Lössetage zu verfolgen. Ich halte es für nötig, in
dieser Beziehung folgendes zu bemerken:
1. A. Ein und dieselbe Lössetage stellt in ihrem vertikalen Profil, also
von oben nach unten, gewöhnlich einen hinsichtlich seiner mechanischen
Zusammensetzung mehr oder weniger homogenen Lehm dar. Es gibt aber
1
Hier könnte man auch fragen, warum wir im unvergletscherten Gebiet nieht die
P-, y- und 5-13öden finden. Ich glaube, dass ungenügende Erforschung des Gebiets die
Ursache dieses Umstandes ist. Weitere Untersuchungen mussen die Sachlage klaren.
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auch Ausnahmen; es nehmen namlich manche Teile des Losses im Profil
einen sandigen Charakter an, wobei sie in geschichtete Abarten übergehen.
Zuweilen dringen sogar Schichten von echtem Sand in die Lössmasse ein.
Die Erforschung dieser mechanischen Lössvarianten zeigt, dass sie in
bestimmten geographischen Gegenden verbreitet sind und bei bestimmten
Reliefformen vorkommen. Dabei kann man unterscheiden:
(a) homogenen Loss auf wasserscheidenden Plateaus;
(b) geschichteten Loss, Lössartigen Lehm und Sandlehm an Abhangen
und in Flusstalern.
Die zweite Gruppe zeigt uns Falle, in denen der Loss durch Anreicherung mit Sand geschichtet wurde, wahrend dies beim Loss der Plateaus
meistenteils nicht der Fall ist. Da der Plateaulöss, d. i. der homogene
Loss, als Urbildung angesehen werden muss, so hat man den Loss an
Abhangen und in Flusstalern als Abweichungen vom normalen Plateaulöss
zu betrachten, die durch die Tatigkeit des Wassers hervorgerufen worden
sind. Mit anderen Worten: der geschichtete Loss an den Abhangen und
in den Flusstalern ist das Kesultat lokaler Faktoren, die den Einfluss des
allgemeinen aolischen Hauptfaktors verandert haben.
Diese Theorie über die Entstehung des geschichteten Losses ist von
grosser Bedeutung fiir die Frage der Entstehung des Losses überhaupt.
Wie bekannt, hat das schichtenartige Gefüge des Losses oft Veranlassung
gegeben, die aolische Theorie der Lössbildung zu verwerfen, und als Beweis
fur die Richtigkeit der Diluvialtheorie gedient. Wir sind der Ansicht,
dass solche Schlüsse auf einer unrichtigen Auslegung der Tatsachen
beruhen, und dass in dieser Frage die Verhaltnisse auf den Plateaus den
Ausschlag zu geben haben. Diese sind zu untersuchen, da hier allein der
Prozess der Lössbildung unbeeinflusst von andern Faktoren erfolgte
wahrend an Abhangen der Prozess durch lokale Ursachen Veranderungen
unterlag, die nur örtliche Bedeutung und ausserdem keine grosse Verbreitung haben.
B. Hinsichtlich der jüngeren Lössetage habe ich ausserdem fiir das
Gouvernement Kiew festgestellt, dass der Loss von seiner nördlichen
Grenze nach Süden und vom Westrande der Gletscherzunge nach Westen
zu allmahlich an feinem Staube reicher, an sandigem Staube dagegen
armer wird. Diese Erscheinung ist ein Beweis dafür, dass der Gletscherföhn auf seinem Wege das Material sortierte, indem er feinere Partikel
weiter nach Süden resp. nach Westen trug. Es ist sehr wahrscheinlich,
dass diese zonale Anordnung auch für die unteren Lössetagen gilt; eine
endgültige Entscheidung dieser Frage ist aber erst nach weiteren eingehenden Untersuchungen möglich.
2. Hinsichtlich seines morphologischen Aufbaus ist der Loss gewöhnlich
mehr oder weniger homogen, indem er im allgemeinen einen mehr strohgelben, an Karbonaten reichen Lehm darstellt. Von den vorkommenden
Variëteiten verdienen zwei besonders hervorgehoben zu werden: dor
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rotbraune Loss mit Weissauglein (Bieloglaska) und der schokoladenfarbige
Loss.
Der rotbraune Loss in den Steppen am Schwarzen Meere ist von mir in
anderen Arbeiten ausführlich beschrieben worden; ich möchte daher hier
nur einige Bemerkungen machen. Die Erscheinung der Ferrettisierung
des Losses kommt im Loss nicht überall gleichmassig zum Ausdruck. Fs
zeigt sich folgende Gesetzmassigkeit: in der südlichen Steppenzone ist die
Ferrettisierung sehr scharf ausgepragt; von hier nach Norden wird sie
schwacher, und zuweilen fehlt sie ganzlich. Dieser Umstand ist leicht
erklarlich, wenn man bedenkt, dass die Ferrettisierung ein Ergebnis des
trockenen Klimas ist. Es ist sehr wahrscheinlich, dass die Verbreitung
der klimatischen Elemente in früheren Phasen der Eiszeit derjenigen der
Gegenwart ziemlich genau entsprach. Von diesem Gesichtspunkte aus ist
die Annahme einiger Autoren, dass der jüngere Loss in dieser Beziehung
von den anderen Lössetagen abweiche, ein Fehler. Alle Lössetagen
könnenferrettisiertsein, wenn sie sich in der entsprechenden geographischen Zone befinden, was durch die Tatsachen auch wirklich bestatigt wird.
Der jüngere Loss macht in dieser Hinsicht keine Ausnahme. In der
südlichen Steppenzone ist die Ferrettisierung für diesen Loss so scharf
ausgepragt, dass dieses Gebiet sich genau von den anderen Zonen abhebt,
sowohl in bezug auf den Charakter seines Tschernosioms als auch hinsichtlich seiner Eignung für die Landwirtschaft. Die Erscheinung der
Ferrettisierung des Losses gibt uns somit noch ein weiteres Hilfsmittel
für die Beurteilung der klimatischen Verhaltnisse zur Zeit der Lössbildung
und der Verbreitung der klimatischen Elemente wahrend der verschiedenen
Phasen des Eiszeitalters. In dieser Beziehung möchte ich bemerken, dass
die Zone der Ferrettisierung in den unteren Lössetagen wahrscheinlich
grosser ist als beim jüngeren Loss. Ihre nördliche Grenze fallt für den
jüngeren Loss fast genau mit dem Parallelkreis der Stadt Uman in Gouvernement Kiew zusammen, wahrend sie in den unteren Lössetagen auch
nördlich dieses Parallels angetroffen wird.
Was den schokoladenfarbigen Loss anbetrifft, so ist er dem hellgelben
ahnlich, hat dieselbe Porositat und dieselbe Neigung zu vertikaler Absonderung einzelner Teile; er unterscheidet sich aber von demselben ausser
durch seine schokoladenbraune Farbe auch dadurch, dass er ein überaus
dichtes Netz dunkler Flecke und bohnenförmiger Ockerflecke aufweist
und haufig sehr grosse Konkretionen von kohlensauren Kalk—zuweilen
mit einem Durchmesser von 15—20 cm.—mit einer Höhlung und einem
stark geplatzten Kerne enthalt. Das Gestein zerfallt leicht in keilartige
Stücke mit glanzender Oberflache.
Nach A. Nabokich weisen diese Merkmale darauf hin, dass der untere
Loss zuerst eine Periode der vollstandigen Versumpfung durch Grundwasser und darauf eine Periode der Entsumpfung durchgemacht hat.
Eine solche Erklarung ist einleuchtend, da die Quartarzeit gerade eine
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Zeit der Klimaschwankungen und eine des Wechsels trockener (Lössablagerungen) und feuchter Phasen war.
Die morphologischen Merkmale der aufeinander folgenden Prozesse
der Versumpfung und der Entsumpfung können folgendermassen zusammengefasst werden:
(a) Wahrend der feuchten Phase werden die Karbonate aus dem Gestein
ausgeschwemmt; sie sammeln sich an bestimmten Stellen und lagern sich
hier ab, indem sie grosse kantige oder runde Konkretionen bilden.
Wahrend der trockenen Phase trocknen diese Konkretionen aus; der
innere Kern zerbirst in eine Reihe von Platten, die strahlenförmig
auseinanderlaufen, und es bildet sich eine grössere oder kleinere Höhlung.
(b) Wahrend der feuchten Phase werden die Silikate durch das im
Innern des Gesteins zirkulierende Wasser zersetzt; R 2 0 3 wird herausgeschwemmt, und diese Sesquioxyde lagern sich haufig in Form zahlreicher
isolierter bohnenartiger Konkretionen, die als dunkle Punktierung im
Profil erscheinen, oder als verstreute Oxydulbildungen ab, die dem Profil
eine griinliche Farbung verleihen. Wahrend der trockenen Phase dringt
die Luft ins Gestein, sauert die Oxydulsalze, und das Profil bekommt eine
rote oder schokoladenartige Farbung, wobei die bohnenartigen Anhaufungen erharten. Die horizontale Grenzlinie zwischen dem schokoladenfarbigen und dem hellgelben Loss ist gewöhnlich scharf ausgesprochen
und entspricht natürlich der Linie des Wasserstandes wahrend der feuchten Phase.
(c) Wahrend der trockenen Phase lagert sich Gips in Form von Kristalldrusen ab, die horizontale, ebenfalls dem damaligen Wasserstande
entsprechende Reihen bilden.
(d) In der feuchten Phase wird das Gestein von mit Wasser erfüllten
Spalten durchzogen, deren Wande eine glanzende Oberflache erhalten.
In der trockenen Phase nimmt der Loss dank dieser Spalten eine "keilartige" oder prismatische Struktur mit Dendriten auf den Spaltwanden an.
Die Menge von CO2 in % in einem Lössprofil in Bessarabien
Gegenwartiger Boden
0,2
Jüngerer Loss
3,0
Oberer begrabener Boden
3,5
Junger Loss
6,1
Mittlerer begrabener Boden
5,5
Mittlerer Loss
8,3
Unterer begrabener Boden
0,7
Alter Loss
4,2
Boden an der Oberflache des Tertiarlehmes
2,2

3. Die chemische Zusammensetzung der verschiedenen Lóssetagen ist
für die Erklarung der klimatischen Erscheinungen der verschiedenen
Phasen von grossem Interesse; aber auch in dieser Richtung stehen mir
vorlaufig nicht viele Unterlagen zur Verfügung. Ich beschranke mich
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darauf, als Beispiel die Verteilung der Karbonate in einem Lössprofil in
Bessarabien anzuführen, das mein Mitarbeiter (M. Rubanski) kürzlich in
meinem Laboratorium analysiert hat.
Diese Tabelle betont trotz ihrer Einfachheit scharf die Erscheinung der
Auswaschung der Karbonate aus der oberen Schicht des begrabenen
Bodens und bietet uns ein brauchbares Hilfsmittel zur Erkennung der
verschiedenen Bodenschichten.
VI
Noch interessanter ist die Untersuchung des Typus und der geographischen Verbreitung der begrabenen Boden. Alle Lössetagen zeigen
drei Haupttypen der Zonalböden: den hellen (oder kastanienbraunen)
Tschernosiom, den eigentlichen Tschernosiom und die verschiedenen
Abarten der degradierten Boden bis einschliesslich des Podsols. Es ist
Ieicht einzusehen, dass der helle Tschernosiom (Wüstensteppen-Tschernosiom) sich unmittelbar nach der Beendigung des Prozesses der Lössbildung und der Lössanwehung auf der Oberflache des angewehten Losses
bilden konnte, da die Lössbildung wahrend der trockenen Phase stattfand,
und dass darum ferner dieser Tschernosiom eine schwache, den gegenwartigen Belosiomen und den kastanienfarbenen und hellen Tschernosiomen der trockenen Zone ahnliche, doch geringere Anhaufung von Humus
aufweist. Es ist auch klar, dass diese Boden sich wahrend der folgenden
Zeit unter der Einwirkung klimatischer Veranderungen und unter dem
Einftusse von für die Bildung des Humus günstigeren Bedingungen in den
eigentlichen Tschernosiom verwandein konnten, und dass sie endlich bei
der darauf folgenden Anderung des Klimas degradiert wurden. Der Zeit
nach ist also nur eine Veranderung der genannten Bodentypen denkbar,
und zwar die Veranderung, welche den drei aufeinanderfolgenden Phasen,
namlich der der W üstensteppen, der eigentlichen Steppen und der Waldsteppen entspricht. Ein solcher dreigliedriger Zyklus ist für alle vier
Lössetagen festgestellt.1
Bei Annahme der am Anfang meiner Abhandlung erwahnten Pramissen
muss man schliessen, dass das erste Glied des Zyklus—d. h. das Ende der
Lössbildung—und die mit ihm verbundene Bildung der hellen Tschernosiome dem Ende der Vergletscherung und dem Beginn der Interglazialphase, das letzte Glied aber—d. h. die Degradierung oder Podsolierung des
Tschernosioms—wahrscheinlich der Interglazialzeit entspricht.
Dabei ist der folgende Umstand bemerkenswert. Trotz der grossen
Zeitdauer der Phase, in welcher die Degradierung des Tschernosioms vor
sich ging oder vor sich gehen konnte, wurde der Tschernosiom doch nicht
überall degradiert; diese Erscheinung gilt für alle Lössetagen. Da das
1
Ubrigens ist der alte Loss noch wenig untersucht, und die von mir bei allen anderen
Lossen mit absoluter Bestimmtheit beobachteten Degradierungserscheinungen kann ich
für den alten Loss nicht als sicher bezeichnen.
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Endergebnis des Degradierungsprozesses des Tschernosioms von zwei
Faktoren, namlich der Feuchtigkeit des Klimas und der Zeit abhangt,
und da der zweite Faktor wahrscheinlich in vollem Masse zur Verfügung
stand, so kann man bezüglich des ersten Faktors schliessen, dass die
Veranderung der absoluten Niederschlagsmenge beim Übergang von der
Interglazial- zur Glazialphase und umgekehrt kaum bedeutend gewesen
sein kann. Mit anderen Worten: die Veranderungen in dieser Beziehung
nahmen wahrscheinlich in der fraglichen Epoche keinen allzu grossen
Umfang an, 1 und das Klima einer bestimmten Phase war hinsichtlich der
absoluten Niederschlagsmenge nur etwas trockener oder etwas feuchter
als das der zeitlich benachbarten Phasen. Auf Grund dieser Tatsachen
könnte die Annahme eine wichtige Stütze erhalten, dass eine Senkung der
Temperatur für die Inlandeisbildung eine grosse Rolle gespielt hat: schon
eine geringe Vermehrung der Luftfeuchtigkeit bei gleichzeitiger Temperaturabnahme würde die Menge der schneeigen Niederschlage bedeutend
anwachsen lassen und daher auf die Bildung von Gletschern in nördlichen
Breiten einen wesentlichen Einfluss ausüben.
Wir mussen ausserdem a priori annehmen, dass die begrabenen degradierten Boden nach ihrer Degradierung eine trockene Phase durchgemacht haben, und zwar diejenige, die dem Beginne der Bildung des sie
spater bedeckenden Losses vorhergegangen ist. Infolgedessen mussten
diese Boden die Merkmale der Regenerierung des Tschernosioms aufweisen, die sich wahrend dieser trockenen Phase naturgemass entwickelten.
Einige Hinweise in dieser Richtung habe ich in den begrabenen degradierten Boden gefunden. So habe ich z. B. im rotbraunen karbonatlosen
prismatischen Horizont der begrabenen Boden hier und da einzelne Anhaufungen von Karbonaten beobachtet, haufig in einer an ein Myzelium erinnernden Form (Pseudo-Myzelium gegenwartiger Boden). Ich werde weiter
unten darauf hinweisen, dass eine solche Erscheinung in den heutigen
Steppen mit dem Prozess der Regenerierung des Tschernosioms verbunden
ist. Haben wir es hier bei den begrabenen Boden vielleicht mit denselben
Erscheinungen wie bei den heutigen Boden zu tun? Dann würden diese
Merkmale auf die Übergangsphase vor der neuen Lössbildung hinweisen.
1

Dem widerspricht aber die Tatsache, dass man in den Steppen am Schwarzen Meere
begrabene Laterite findet. In Bessarabien z. B. haben meine Mitarbeiter und ich solche
mehr als einmal gefunden; sie liegen zuweilen an der Oberflache und nehmen an der
Bildung der gegenwartigen Boden (an Abhangen) Anteil. Ubrigens ist noch der Beweis
zu erbringen, dass die Verwitterung sich in diesen Fallen tatsachlich im Sinne des Laterittypus entwickelt hat. Die begrabenen Laterite sind in Rumanien wahrscheinlich ziemlich weit verbreitet. Prof. Murgotschi wendet allgemein die Bezeichnung terra rossa
für begrabene Boden an. Tatsachlich haben wir hier wahrscheinlich drei Typen: (a)
die begrabenen hellgrauen Lehme der Waldsteppen mit rotbraunem Horizont, (b) die
begrabenen rotbraunen Losse mit verharteterBieloglaska und (c) die begrabenen Laterite.
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VII
Die kartographische Darstellung der Verbreitung der begrabenen
Boden gibt uns die Möglichkeit, noch eine andere wichtige Schlussfolgerung zu ziehen. Leider haben wir heute erst ein wenig reichhaltiges Material zur Verfügung. Dasselbe macht indessen bis zu einem gewissen
Grade den Eindruck, als ob die Verbreitung der begrabenen Boden einen
zonalen Charakter habe und im allgemeinen derjenigen ahnlich sei, die wir
bei den heutigen Boden antreffen. So f and ich z. B. in den Gebieten der
südlichen Steppenstreifen, im südlichen Teile Bessarabiens und im Gouvernement Cherson, überall begrabene Boden vom Typus der hellgrauen
Tschernosiome mit einem Horizont von erharteter Bieloglaska (Weissauglein). Im Gouvernement Kiew dagegen traf ich sehr oft neben dem
Tschnernosiom stark degradierte Boden (das Profil von Zwenigonodka
und das von Mironowka im Gebiet der Versuchsstation der früheren
ZuGkerraffinerien sind in dieser Beziehung sehr lehrreich). Endlich fand
ich in den Gouvernements Podolien und Wolhynien und im nordlichen
Teile Bessarabiens und der Bukowina scharf ausgepragte begrabene
Podsolböden. Das erweckt den Eindruck, als ob das Gebiet Podoliens
und Wolhyniens wahrend der vorhergehenden Vereisungen früher von
Waldern erobert wurde als die wei ter südlich und östlich gelegenen Gebiete.
Dasselbe Bild bietet uns auch die Verbreitung der heutigen Boden.
Wenn also die Verbreitung der heutigen Boden uns zeigt, dass das Vordringen der Walder in die Steppen am Schwarzen Meere sicher durch
Podolien und Wolhynien vor sich ging und dass der Weg dieses Vordringens von den Karpathen nach Osten und Süden führte, dann wurde wahrscheinlich auch in den früheren Interglazialzeiten derselbe Weg eingeschlagen. In diesem Falie können wir schliessen, dass die das Vo'rdringen des Waldes bedingende geographische Verbreitung orographischer
und klimatischer Elemente in den früheren Interglazialzeiten ungefahr
dieselbe war wie in der Gegenwart. Dadurch erhalten wir einen weiteren
Beweis dafür, dass die gegenwartige Sachlage in bezug auf diese Elemente
das Erbe einer weit zurückliegenden Vergangenheit ist, und dass diese
Elemente sogar bis in ihre kleinsten Einzelheiten ein praglaziales Alter
haben.
VIII
Endlich möchte ich noch darauf hinweisen, welche Schlussfolgerungen
man aus dem gesamten Tatsachenmaterial in bezug auf die gegenwartige
Zeit ziehen kann. Die Verbreitung der gegenwartigen Boden an der
Oberfiache der jetzigen und der früheren Steppen ist in dieser Hinsicht
sehr lehrreich. Diese Verbreitung wird vorzugsweise durch den Verlauf
des Kampfes zwischen Wald und Steppe, diesen sich in einem ewigen
Kampfe befindenden beiden Pflanzenformationen, bestimmt. Ich habe an
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verschiedenen Punkten der Steppen am Schwarzen Meere die Grenzlinien
des Kampfes zwischen Wald und Steppe untersucht, wo beide Formationen miteinander in Berührung treten. Wir haben die folgenden drei
Falle vor uns:
1. An der Front kommt der Sieg des Waldes klar zum Ausdruck, indem
er seinen Vormarsch fast ungehindert und ununterbrochen fortsetzt.
Gewöhnlich haben wir an diesen Stellen einen zentralen, von Podsolen und
Boden des fünften und vierten Degradierungsstadiums bedeckten Bezirk.
Dann gehen von diesem Bezirk konzentrisch oder in einer bestimmten
Kichtung—ich fiihre die Tatsachen hier nur schematisch aus und vereinfache die in Wirklichkeit viel kompliziertere Erscheinung—die Bodenstreifen des dritten, zweiten und ersten Degradierungsstadiums aus, und
endlich folgt der Bodenstreifen des ununterbrochenen Tschernosioms. In
dem letzten Streifen haben wir zuweilen von Lichtungen unterbrochene,
doch grosse und machtige Eichenwalder; ferner treten hier Boden auf, die
keine Spuren des Degradierungsprozesses aufweisen (wenigstens keine
morphologischen).
2. An der Front siegt die Steppe. Gewöhnlich haben wir hier dieselbe
Bodenverteilung; aber an einer bestimmten Stelle hat die Steppe die
Front durchbrochen und ist in das Waldgebiet eingedrungen. Auf dem
Durchbruchsstreifen haben wir eine schnellere und nicht so planmassige
Veranderung der Bodentypen; dabei treten oft die sogenannten regenerierten Tschernosiome auf. Der Streifen ist mit der Steppenformation bedeckt, und nur die Boden lassen uns die Vergangenheit dieses Streifens
erkennen. 1
1

Es ist bemerkenswert, dass der Wald sich vor den vorwartsdringenden Steppen in
derjenigen Anordnung zuriickzieht, die seinem Vordringen in die Steppe entspricht.
Nach dem Grade der Degradierung der in verschiedenen Waldarten befindlichen Boden
könnte man glauben, dass die Eiche beim Vordringen der Walder in die Steppe den
Vortrupp bildet. Der Boden ist in diesen Fallen sehr wenig degradiert und zeigt sogar
zuweilen überhaupt keine Degradierungserscheinungen. Oft kann man sogar die
Anwesenheit so feiner Merkmale, wie es das Einsickern der Karbonate oder die Zerstörung der körnigen Struktur ist, nicht fetstellen; oder anders ausgedrückt: ein grosses
Gebiet der Eichenwalder hat zuweilen fast dieselben Tschernosiome, die in der benachbarten Steppe vorhanden sind. Erst nach der Kraftigung der Eichenbestande im Steppengebiet beginnen auch Ulme, Ahorn, Linde usw. vorzudringen; weiter folgt dann
Carpinus und endlich Fagus. Scheinbar verlauft der Rückzug des Waldes aus den
Steppen in umgekehrter Reihenfolge, d. h. derart, dass dieselbe Eiche, die zuerst in die
Steppe vorgedrungen ist, das Kampffeld jetzt als letzte Baumart verlasst. Jedenfalls
habe ich im Rückzugsgebiet des Waldes im Gouvernement Kiew und in Bessarabien
waldlose Gebiete mit Resten von Eichenwaldern, und sogar mit grossen Eichenwaldern
mit regeneriertem Tschernosiom beobachtet. Der letztere hat einen machtigen rotbraunen Horizont, dessen Entwicklung man nur unter der Annahme erklaren kann, dass
der Boden unter dem dauernden Einfluss des Waldes stand. Mit anderen Worten: der
Tschernosiom hat nicht nur die Eichenphase des Vordringens durchgemacht, sondern
auch andere Phasen, als andere Waldarten von ihm Besitz ergriffen. Aber dann begann
die Periode des Rückzuges des Waldes; die Steppenflora drang vor; die degradierten
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3. Endlich haben wir Falle, wo die Frontlinie sich seit langem im
Buhezustande befindet. Der Podsol liegt hier in unmittelbarer Nachbarschaft des Tschernosioms. (Nach der plastischen Ausserung von
Prof. Dokutschajew kann man mit einem Fuss auf Podsol und mit dem
anderen auf Tschernosiom stehen.) Podsol und Tschernosiom sind mit
alien ihren Merkmalen scharf ausgepragt. Da keine Übergangsstreifen
zwischen Wald- und Steppengebiet vorhanden sind, gewinnt man den
Eindruck, dass zwischen den beiden kiimpfenden Parteien seit langem
Friede geschlossen ist, und dass dieser Friede sehr, sehr lange Zeit nicht
gestort wurde.
Der zweite Typus stellt eine seltene und rein lokale Erscheinung dar,
insbesondere im Gouvernement Kiew.1 In Bessarabien habe ich diese
Erscheinung öfter angetroffen; doch ist es mir nicht gelungen, grosse
Flachenraume, die für diesen Typus charakteristisch sind, aufzufinden.
Das am meisten charakteristiche Merkmal dieses Typus ist die Erscheinung
der Tschernosiomregenerierung. Diese Erscheinung besteht darin, dass
der Boden einen sehr machtigen und scharf ausgepragten rotbraunen
Horizont neben dem machtigen humusreichen Humushorizont und eine
für den Tschernosiom typische körnige Struktur hat. Gleichzeitig hat
dieser Tschernosiom in seinem rotbraunen Horizont hier und da einzelne,
von der gesamten karbonatlosen Masse des rotbraunen Horizonts isolierte
Karbonatnester. Diese Karbonate haben zuweilen die typische Form
des sogenannten Pseudo-Myzeliums, die gewöhnlich durch eine vom Steppenklima beeinflusste Verwitterung hervorgerufen wird. Wir haben hier
also einen Tschernosiom, aber mit dem rotbraunen Horizont der podsolierten Boden.2 Ein solches Zusammenfallen einander ausschliessender Merkmale können wir nur dadurch erklaren, dass der rotbraune Horizont das Eelikt einer früheren Phase ist, in welcher der Boden von Waldern bewachsen war.
Boden regenerierten sich und als Zeugen dieser Erscheinung haben wir sowohl die stark
veranderten Boden als auch Reste von Eichen. In denselben Eichenwaldern können
also sehr verschiedene Bodentypen vorkommen, welcher Umstand da von abhangig ist,
ob wir es hier mit einem Vordringen oder einem Rückzuge des Waldes zu tun haben.
1
Ich spreche hier freilich nicht über jene waldlosen Raume zwischen den Waldern,
die durch den Eingriff des Menschen in das Leben des Waldes hervorgerufen wurden und
die mit der natürlichen Entwicklung der Walder nichts zu tun haben. Diese Erscheinungen sind jüngeren Datums und zeigen keine Spuren der Regenerierung der Boden.
2
Infolge dieser Umstande erinnern diese Boden auf den ersten Blick an Wüstensteppentschernosiom mit rotbraunem Horizont mit Bieloglaska, und einige Autoren machen
zwischen beiden tatsachlich keinen Unterschied. Das ist aber ein grosser Fehler, da die
beiden Phanomene fundamental verschieden sind. Es ist nicht meine Aufgabe, diese
Frage hier eingehend zu behandeln, und ich beschriinke mich daher nur auf den Hinweis,
dass der regenerierte Tschernosiom neben dem Horizont der R203-Anhaufung auch einen
Horizont der Si02-Anhaufung in der oberen Schicht hat, wahrend die Wiistensteppenböden niemals diesen letzteren Horizont aufweisen.

COMMISSION V—SOIL CLASSIFICATION

417

Haufiger ist der dritte Typus; 1 aber 'auch er stellt in Wirklichkeit
keine verbreitete Erscheinung dar. Der erste Typus herrscht durchaus
vor, wie ich bereits früher ausgeführt habe.
Die Steppen befinden sich also gegenwartig sozusagen in der Phase des
Zusammenschrumpfens; sie ziehen sich auf bestimmte Gebiete zusammen,
wobei sie die scharf ausgesprochene Tendenz erkennen lassen, in den
trockenen Gebieten des südöstlichen Russlands und Zentralasiens vor dem
siegreichen Vordringen des Waldes Schutz zu suchen.2 Man kann sagen
dass ein grosser Teil Rumaniens, ein bedeutender Teil der Ukraine und
ein Teil des Lössgebietes in Asien von dem für das Vordringen des Waldes
in die Steppe typischen Degradierungsprozess ergriffen ist. Diese Gebiete stellen kein permanentes Waldgebiet dar. Sie waren früher Steppe
und erst in einer spateren Phase haben die Walder von ihnen Besitz
ergriffen. Dass sie früher das Stadium einer Steppe durchlaufen haben,
beweisen nicht nur a priori Erwagungen, dass diese Phase stattfinden
musste—und zwar nach Beendigung der Lössbildung—sondern auch die
direkte Beweisführung: ihre Boden haben den Charakter der typischen
Waldsteppenböden, indem sie dabei sehr mannigfaltige Übergange von
den Podsolen zu weniger degradierten Bodenarten oder sogar zum
Tschernosiom zeigen.
Es scheint übrigens, dass ein bedeutender Teil Mitteleuropas dasselbe
1

Es ist augenscheinlich, dass diese Erscheinung nur dort möglich ist, wo lokale Veranlassungen und Anregungen irgendwelcher Art sie begunstigen. In Bessarabien dient
als solche Veranlassung eine gewisse Veranderung des Untergrundes. So ist z. B. der
Loss in den Gebieten, wo Loss und tertiarer Lehm an der Oberflaehe vorkommen, mit
alten Podsolen und der danebenliegende Tertiarlehm mit typischem Tschernosiom
bedeckt. Die gute Erhaltung des Tschernosioms auf den tertiiiren Lehmen kann man
nicht ausschliesslich dadurch erklitren, dass die tertiiiren Lehme einen ungiinstigen
Untergrund für die Walder darstellen, da diese Lehme an anderen Stellen desselben
Bessarabiens mit scharf ausgepragten Podsolen bedeckt sind. Und wenn sie wirklich
weniger für Walder geeignet sind als der Loss, so bildet dieser Umstand in Bessarabien
nur eine Veranlassung für die Verhinderung des Vordringens der Walder. Dabei
besteht seit langem zwischen den Lösswaldern und den Steppen auf den tertiiiren Lehmen Friede. Die für den Wald ungünstigen Eigenschaften spielten also in Bessarabien
eine gewisse—aber nur sekundiire—Rolle für die Herstellung dieses Gleichgewichts. Die
Grundursache aber steht mit dem allgemeinen Verlaufe der Naturerscheinungen mit
alien ihren Tendenzen in der gegenwartigen Zeit in Verbindung.
2
Diese Erscheinung ist so stark ausgeprilgt, dass durch sie sogar einige Forscher zu der
Annahme veranlasst worden sind, dass der Wald eine starkere Formation sei als die
Steppe. Es ist hier aber eine andere Erkliirung anzuwenden. Der Wald ist seiner Organisation nach nicht starker als die Steppe, sondern die neuen klimatischen Bedingungen sind gunstiger für den Wald als für die Steppe, ebenso wie sie früher für die Steppe
gunstiger waren als für die Walder. Damals herrschte die Steppe und zwang die Walder
in gewissen Bezirken zum Rückzuge, wo die Walder in Erwartung günstigerer Lebensbedingungen eine schwere Zeit durchmachten. Die gegenwartige Phase aber bietet
andere Bedingungen; der Wald hat daher sein Vordringen beginnen und den Sieg an
vielen Fronten erringen können, wodurch er den Eindruck einer starkeren Formation
erweckt.
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Bild des Besitzergreifens früherer Steppen durch die Walder bietet. Es
hat den Anschein, dass der Grad an Degradierung sich in der Kichtung
von der westlichen Grenze Europas nach Osten zu vermindert; der Prozess
nimmt allmahlich an Starke ab, bis er endlich im Gebiet der gegenwartigen
eigentlichen Steppen vollkommen verschwindet. 1 Als Beispiel zur
Erlauterung dieses Gedankens gebe ich hier die Verbreitung der Steppenformation in verschiedenen Phasen der Eiszeit, und zwar die Verbreitung

FIGUR 2.—Bodendeckung Europas wahrend der Maximalvergletscherung.
(nach Eckardt) etwa 1:80 Millionen.

irmrmti Vorwiegend Waldrand
It *. v | Vorwiegend Steppen- oder Tundrengebiete
] Teils Wald-, teils Steppen- oder Tundrengebiete
der Vegetationsformationen nach Eckardt wahrend der Glazialphase der
maximalen Vereisung Europas (Figur 2), die—auf Grund der Verbreitung
1

Der Gedanke, dass das Klima der gegenwartigen Epoche feuchter ist als das der
früheren Phase wird auch durch Untersuchungen anderer naturwissenschaftlicher Zweige
in den Steppen bestatigt. So ist z. B. bekannt, dass viele Vertreter der Steppenflora und
-fauna, die frtiher—d. h. in der Steppenphase der Postglazialzeit—in Westeuropa angetroffen wurden, in jiingster Zeit gezwungen waren, dieses Gebiet zu verlassen, wobei
einige jetzt Europa bereits verlassen haben, um in die zentralasiatische Steppe auszuwandern. Andere befinden sich noch auf der Wanderung dorthin. Denselben Gedanke
heben auch viele Erforscher der Fauna des Schwarzen Meeres hervor. So sind z. B.
Ostrea und Pecten im Asowschen Meer ganz verschwunden und sogar Cardium edule, das
gegen die Verminderung des Salzgehaltes weniger empfindlich ist, wurde gezwungen, sich
aus dem nordöstlichen Teile des Meeres zuriickzuziehen (s. Sokoloff, Sur 1'histoire des
steppes prés de la mer Noire depuis 1'époque tertiaire).
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der Degradierungserscheinung—angenommene Ausdehnung der Steppen
wahrend der Steppenphase der Postglazialzeit (Figur 3) und annahernd

FIGUR 3.—Wahrscheinliche Ausdehnung der Steppen wahrend der Steppenphase
der Postglazialzeit. Mafistab etwa 1: 80 Millionen.
das Gebiet der Verbreitung der gegenwartigen Steppen (ungefahr nach
Ramann) (Figure). 1

FIGUR 4.—Ausdehnung der gegenwartigen Steppen (ungefahr das aride Gebiet
nach Ramann) 1: 80 Millionen.
1

Es ist sehr wichtig zu bemerken, dass der Wald sich in den nördlichen Breiten
Osteuropas, wo er einen Kampf mit der Moorflora zu bestehen hat, im Gegenteil in der
Phase des Rückzuges befindet, indem er den stark entwickelten Mooren das Feld iiberlasst (s. Tanfilief, Die polare Grenze des Waldes in Russland). Vom Standpunkt der hier
vertretenen Ansicht aus ist das erkliirlich: der Sieg des Moorbildungsprozesses ist ebenso
eine Folge der grosseren Feuchtigkeit des Klimas wie der Sieg des Waldes über die Steppe
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Dabei ist der Umstand in Betracht zu ziehen, dass das Vordringen des
Waldes in die Steppe nicht eine Einzelerscheinung ist und nicht nur in der
Postglazialzeit stattfand, sondern sich in allen Interglacialphasen wiederholte (diese Eroberung der Steppengebiete durch Walder hat sich damals
vielleicht nicht in starkerem Grade abgespielt als jetzt. 1
Wenn man alle diese Tatsachen berücksichtigt und von der Pramisse
ausgeht, dass das Ende der Glazialzeit—die Zeit der Lössbildung—trocken
und die Interglazialzeit feucht gewesen ist, dann mussen wir mit mehr oder
weniger Wahrscheinlichkeit schliessen, dass unsere Zeit, die schon die
Wüstensteppenphase der Lössbildung und die Steppenphase der Tschernosiombildung durchgemacht hat, sich jetzt in der eigentlichen Interglazialphase befindet, doch vielleicht schon nicht mehr an ihrem Beginn,
weil es dem Degradierungsprozess bereits gelungen ist, eine bedeutende
Entwicklungsstufe zu erreichen.
Bei Annahme anderer Pramissen gelangt man natürlich zu anderen
Schlussfolgerungen.
Welche Erklarung wir uns aber auch zu eigen machen, es bleibt doch
der Schluss zweifellos bestehen, dass wir es jetzt im Vergleich zu früheren
Zeiten mit einem Feuchterwerden des Klimas zu tun haben; denn das
Überwiegen des Waldes über die Steppe in der Gegenwart ist eine Tatsache. Wir kennen natürlich die Ursache dieser Veranderung nicht; doch
kann man sich fragen, ob sie nicht mit den für die letzte Vereisung so
charakteristischen Nachzuckungen in Verbindung steht, die unsert Gebiet
auch früher so stark beeinflussten.
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in sudlichen Breiten. In bezug auf den Wald kommt diese Ursache natürlich in entgegengesetztehi Verhalten im Norden und Süden zum Ausdruck: in nördlichen Breiten
stirbt der Wald aus, in südlichen nimmt er an Ausdehnung zu.
1
Übrigens sind die begrabenen Boden in bezug auf ihren Typus wenig untersucht.
Das nötige Tatsachenmaterial fehlt und wir sind daher nur auf Vermutungen angewiesen.

SOIL INVESTIGATIONS IN THE SWISS ALPS
H. JENNY

Eidg. Technische Hochschule, Zurich, Switzerland
INTRODUCTION
The Swiss National Park, situated in the southeast corner of Switzerland (in the famous valley of Engadine), gives absolute protection to
animals and plants. It is open to the public only in a limited measure.
But it is the meeting place of a great many scientists. Every branch of
science, viz., geology, petrography, geography, climatology, botany,
zoology, etc., sends a number of investigators there during the summer
months in order to gather scientific data from various points of view.
It is very unusual for so many different scientists to work together in
such a small district. The following pages report the soil investigations
of the Swiss National Park and the Central Alps in general.
CLIMATE
Low temperature and high precipitation are the characteristic features
of the Central Alps of Europe. The valley of Engadine (with the world
wide known resort St. Moritz) has a mean annual temperature of 32° F.
(0° C.) or even less. Snowfall occurs nearly every month. Precipitation
shows a great variation in the Alps, this being sometimes as high as 3000
mm. (about 120 inches). Humidity-factors after A. Meyer (mean annual
precipitation divided by the absolute mean annual saturation deficit of
the air) rise frequently up to 2000. As a comparison it may be said that
the Great Basin in the United States has very low humidity factors,
namely 50 to 100, in spite of similar altitudes.
T H E INFLUENCE OF Low

TEMPERATURE UPON SOIL FORMATION

When the soil is frozen, practically no chemical or biological reactions
take place. In the Alps the soil is often frozen during 8 months, thus
limiting the activity of the microorganisms, which are rather abundant,
as shown by M. Dueggeli. A great accumulation of humus (organic
matter) is the natural consequence. This fact is clearly illustrated in
Table 1, where the frequences of various amounts of humus are given
(99 samples analyzed).
Thus, the humus content of the analyzed samples has its greatest
frequency between 20 and 40 per cent of humus, where humus includes
all organic matter which is more or less decomposed.
421
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TABLE 1.—Frequences of percentages of humus

Per cent humus Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent
0-10
in the soil
10-20 20-30 30-40 40-50 50-60 60-70 70-80
1

Frequences

8

36

28

11

10

5

0

T H E INFLUENCE OF THE HIGH PRECIPITATION UPON SOIL FORMATION

High precipitation accompanied by low evaporation (due to the low
temperature) tends to leach the soil to an extreme degree, forming a
product poor in bases and rich in hydrogen ions. In Table 2 are given the
reactions of 224 alpine soils (surface soil) grouped according to their
geological origin.
TABLE 2.—Acidity and geological origin of alpine soils
Geological origin
Silicate rocks (98 samples)
Limestone (126 samples)

Alkaline reaction
pH>7

Neutral reaction
pH=7

Acid reaction
pH<7

0 per cent
13 per cent

0 per cent
7 per cent

100 per cent
80 per cent

Soils derived from silicates are acid without exception. Those from
limestones are 80 per cent acid, the remaining 20 per cent being very
young and immature soils.
Not only actual acidity but also a great potential acidity is typical for
alpine soils, especially for the humus soils. Two examples are presented
in Table 3; the buffer values obtained with the method of W. Brenner,
using 10 g. soil + 3 0 cc. distilled water + 1 cc. of 0.1 A7 NaOH.
TABLE S.—Buffer action of alpine sous
Soil

Humus layer (Ai)
Gray horizon (A2)

Reaction in distilled
water

Reaction after adding
1 cc. of 0.1 N NaOH

pH
5.5
5.5

pH
5.6
6.6

Both soils have the same actual acidity and both soils are buffered
against alkali; but the humus horizon has such a great potential acidity
that adding 1 cc. of 0.1 N NaOH has practically no influence upon the
pH. The total acidity (G. Daikuhara) of alpine humus soils runs as high
as 72.18 cc. of 0.1 N NaOH per 100 g. soil. The calculated lime requirement would be 14,000 kg. per ha., or 126,000 lb. per acre. It should be
mentioned that alpine humus soils are by no means peat soils, since they
are well drained.
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SOIL REACTION AND VEGETATION
In connection with the soil investigations Dr. Braun-Blanquet undertook an exhaustive study of the vegetation within the same district,
giving special attention to the succession of different plant associations.
It could be demonstrated that the progressive degradation of the soil is
followed by very definite alterations in plant life. Table 4 gives the plant
successions on limestone. One hundred thirty-two plant associations
were carefully examined and the many hundred pH determinations were
subjected to statistical methods using the formula y = —7=e —h2x2.
VTT

TABLE
Plant associations
Soil reaction average value

4-—Plant succession and soil development
Firmetum

»

Elynetum

>

Curvuletum

alkaline
p H = 7.19±0.04

slightly acid
p H = 6.05±0.07

very acid
pH=4.82±0.03

Magnitude of variation for
every 100 assoc.
pH—Latitude

pH = 7.7-6.7
1.0 pH

pH = 7.0-0.0
2.0 p H

pH = 5 . 4 - 4 . 2
1.2 p H

Total acidity (cc. of 0.1 N
NaOH per 100 g. soil)

0.00 cc.

12.80 cc.

72.18cc.

Limestone rock

Rendzina

Podsol and humus
soil

Soil character

Firmetum is a typical calciphilous association and prefers alkaline
reactions. It grows only on slightly decomposed limestone rocks. As the
leaching increases, the Firmetum is gradually replaced by the Elynetum.
Elynetum being a transition link may grow on alkaline soils as well as on
soils of acid reaction. On strongly acid soils, however, the Elynetum is
replaced by the typical acidiphilous association Curvuletum.
T H E PROCESS OF SOIL FORMATION IN T H E ALPS
Table 5 gives a scheme of the soil formation on silicate and limestone
rocks. The nomenclature is the same as used by H. Stremme.
TABLE

Parent material

Silicate rock
Limestone rock

5.—Scheme of soil formation in the Alps

Soils with translocution
of lightly soluble
material, including
the carbonates
Brown soils (Ramann) >
Rendzina

Soils with transformation of
sesquioxides
(Fe 2 0 3 +Al 2 O s )

Soil climax
(Terminal
phase)

Alpine humus soil
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According to this scheme the podsol is not the soil climax in the higher
altitudes of the Alps, but it occurs frequently in the lower regions, where
the temperature is somewhat higher. The alpine humus soil, which is the
climax, probably belongs to the same group as the tundra soils and black
meadows.
The main phases of soil formation in the Alps are:
(1) Physical weathering of the rocks by frost and heat. Small leaching
of lightly soluble salts and carbonates by rain water and water of melting
snow and ice (hydrolysis and bicarbonification).
(2) Plant growth and humus formation. The relatively good decomposition of organic matter on limestone furnishes a constant C0 2 -evolution,
which brings a considerable amount of carbonates into solution as bicarbonates. The larger part of univalent and bivalent ions is leached out.
(3) The soil becomes acid. The decomposition of organic matter
stops at an early stage, thus forming humus colloids which have a protective action and prevent the inorganic colloids from flocculation. Colloidal clay, colloidal iron hydroxide and aluminium hydroxide move
downward, leaving behind a gray or white layer, the A2-horizon of the
Podsol.
(4) Further increase of leaching and further accumulation of undecomposed organic matter. The profile is characterized by a predominating
layer of black and acid humus.
The following pages give a more detailed description of the soil development on limestone.
SOIL FORMATION ON LIMESTONE
SKELETON SOIL

On steep slopes no weathering products accumulate. The surface is
covered with limestone particles of various sizes. Sometimes great masses
of these particles move slowly downwards to the bottom of the valleys
like a glacier. Firmetum is the pioneer plant association in these regions. The pH varies from pH 7.5 to 6.9, influenced only by the carbon
dioxide of the water, as shown by the formula of G. Wiegner
pH = 7 . 4 7 - f logC0 2 .
RENDZINA

Rendzina soils in the Alps are an intermediate phase and are very
fertile soils. They contain a considerable amount of alumino silicates
which are residual products of the limestone decomposition; they have a
more or less neutral reaction, contain a high amount of adsorbed plant
nutrients and bear an abundant vegetation. (Elynetum, Seslerieto-semperviretum, Festuca violacca-Trifolium Thalii-assoziation.)
The acidity varies from pH 7.2 to 5.5 depending upon the degree of
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leaching. The thickness of the horizons varies much, and is relatively of
considerable magnitude, as shown by the following data:
Horizon A = Humushorizon : 12-25 cm.
B = accumulation of weathering products
4-40 cm.
leaching zone of carbonates
C = parent material, up to many thousands of meters.
The great variation of the Rendzina B-horizon (A2 according to H.
Stremme) is due to differences in the age of different profiles.
The data given in Table 6 illustrate the great chemical transformation
processes to which the Rendzina is subjected.
TABLE 6.—Transformation of calcium carbonate in the Swiss Rendzina
Soil

Parent rock
Weathered material

CaCO,

Humus
(organic
matter)

Reaction

per cent
82.01
0.68

per cent0.00
17.58

pH
7.6
6.9

Reaction after addition of
1 cc. of O . l i V H C l
(Buffer effect)
pH
7.6
5.5

Nearly all carbonates are leached out. In a few years the soil will
become acid and the Rendzina will lose its typical properties. Note the
high humus content.
T H E PODSOL

Acid humus colloids offer the conditions to form a podsol. The protective action of the humus allows the sesquioxides to move down. A
new horizon develops, grayish, sometimes almost as white as snow. This
so-called A2-horizon is very low in plant food, has no adsorption complex
and is buffered weekly. On the other hand the subjacent rust-brown Bhorizon contains a certain part of the leached material from the upper
horizons and is the most fertile layer in the whole horizon. Table 7 gives
an idea of the magnitude of the different horizons.
TABLE 7.—-Thickness of the horizons of alpine podsols
Altitude
Horizons
Below 2000 m. (6560 ft.) Above 2000 m. (6560 ft.)

Aj = Humus layer
A 2 = white horizon
B =redbrown horizon
tion of iron)
C = parent rock

cm.
8-15
4-15

cm.
2-3
2-11

10-30
>100

3-8
>100

(accumula-

426

FIRST INTERNATIONAL CONGRESS OF SOIL SCIENCE

As a matter of fact the whole profile is not very deep (10-60 cm.),
first, because of the continuous denudation in the mountains, and second,
because of the low temperature which retards the weathering process.
However, the formation of the different horizons is pronounced. The data
given in Table 7 refer to silicate podsols. Similar values are reported by
0 . Tamm for Sweden. Podsols on limestones are less abundant and the
thickness of the light colored A2-horizon is only 2 to 5 cm. Some analytical data with reference to the migration of the soil constituents are to
be found in Table 8.
TABLE

8.—Analysis

of podsol profiles in the Swiss

Alps.

(Solubk in HCl sp. gr. =1.16)
Soil constituents

FejOs+AhO, CaO

MgO

co2

Humus

pH

P*0 6

per cent

per
cent

per
cent

per
cent

per
cent

(1) Ironpodsol
(1500 m. altitude)
A 2 = leaching zone
B = accumulation z.
C = parent material

3.99
17.00
9.70

0.24
0.50
10.90

0.34
0.37
3.73

0.00
0.00
3.21

2.87
3.51
2.68

6.4
6.8
7.2

0.00
0.07
0.00

(2) Humuspodsol
(2520 m. altitude)
A2 = leaching zone
B =• accumulation z.
C = parent material

1.79
4.56
2.91

0.22
0.74
0.29

0.00
0.00
0.00

0.00
0.00
0.00

4.61
11.22
6.12

5.4
5.4
6.3

0.00
0.10
0.10

(3) Rendzinapodsol
(2570 m. altitude)
A2 = leaching zone
B = accumulation z.
C = parent material

11.18
13.50
1.39

0.30
0.25
33.58

0.30 0.00
0.00 0.00
0.54 28.40

0.51
2.95
0.00

5.7
6.5
• 7.8

0.11
0.24
0.00

per
cent

The humus horizon, Ai was not analyzed. Its humus content and pH
value are as follows:
Profile (1).
Profile (2).
Profile (3).

Ironpodsol: Humus 28.85 per cent, pH 6.0
Humuspodsol: Humus 27.50 per cent, pH 5.5
Rendzinapodsol: Humus 22.43 per cent, pH 5.0

Typical of the Ironpodsol is the great accumulation of iron compounds in
the B-horizon, which gives to the profile the distinct redbrown color.
The main feature of the humuspodsol is the extreme humus accumulation in the B-horizon, giving it a chocolate color.
B. Frosterus indicates that the fennoskandinavian humuspodsols
contain humus up to 12 per cent in the B-horizon (The Swiss humuspodsol mentioned contains 11.22 per cent humus). He also states that
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ironpodsols contain less than 3 per cent humus in the B-horizon, while
the Swiss ironpodsol indicated in Table 9 has 3.51 per cent humus and
another ironpodsol which is not tabulated contained 2.68 per cent humus
in the B-horizon.
The agreement of northern and alpine podsols, both in the thickness of
the horizons and their chemical composition, is an excellent proof of the
theory of climatic soil types.
T H E AGE OF THE PODSOLS

The humuspodsols are found in the Val Sesvenna, not far from the
Sesvennaglacier. Considering the retreat of the glacier the age of the
profile may be estimated to be approximately 1,000 years. In the north
of Sweden where the climate is not so extreme, 6,000 to 7,000 years are
needed to form 15 cm. of the A2-horizon and 10 to 30 cm. of the Bhorizon (after O. Tamm). It takes much more time to develop a podsol
on limestone because of the preceding leaching out of the carbonates.
From physical-chemical data we are able to calculate how much time
it takes in order to dissolve a certain amount of calcium carbonate (as
bicarbonate). For the rendzinapodsol, Table 8, we calculate that about
1,000 years are needed to leach out the carbonates to a depth of 50 "cm.
under optimum conditions. Professor A. Volkart, 1 in Switzerland,
carried out lysimeter experiments which are of interest in this connection.
Calculating from his data it can be shown that the formation of the rendzinapodsol mentioned required about 1,400 years. Calculation and experiment lead to the conclusion that it takes at least twice as much time
to develop a podsol on limestone as it does on silicate rocks.
T H E ALPINE HUMUS SOIL

The Alpine humus soil is the climax of soil formation above the tree
limit. It consists of more or less decomposed organic matter and wind
TABLE 9.—Features of alpine humus soils (Swiss National Park)
Altitude
Annual precipitation
Annual temperature
Amount of wind dust (annual)
Organic matter
Actual acidity
Total acidity
Thickness
Vegetation
Underlying rocks
Drainage
1

above 2,000 m.
1,000 mm.
0°C.
1.6 kg. perm.2
20 to 40 per cent
pH 4 to 5
up to 72.2 cc. of 0.1 N NaOH per 100 g. soil
5 to 100 cm.
Caricion curvulae, exclusively
Limestone or silicate rocks
Well drained

The author is much indebted to Prof. A. Volkart, Director of the Swiss Agr. Exp.
Station, Zurich, for the use of unpublished data.
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dust. It is to be found on all kinds of geological formations and as a true
climatic type, it is independent of the geological origin of the underlying
rock. Table 9 presents some features of the alpine humus soil as it
occurs in the Swiss National Park.
The rule holds that the humus layer is the greater the older the profile.
LITERATURE CITED
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THE SOIL COLOR FIELD
T . M . BUSHNELL

Purdue University, U. S. A.
INTRODUCTION
Color is one of the outstanding physical characteristics of soils as well as
of everything else which is visible. It is one of the chief means of identifying objects, yet in most cases a "color determination" is simply the dictum of an observer. Observers look—then decide about colors, with confidence in their own decisions, assuming that their eyes are perfect, that
their vocabularies are adequate, that the meanings of their words are
clearly understood, that all people understand the attributes of color, and
"BLUE- "PU^PL E

6*EEN

YELLOW-GHEEN
" YELLOW

FIGURE 1.—Color World and Soil Color Region. Shaded body shows approximate
extent of soil colors in hue, value and chroma

that observations of color under different conditions are comparable.
Such assumptions are often unwarranted and great confusion prevails in
color questions. This fact is brought out by the preliminary announcement, and the statistical report of a questionaire by the Committee on
Color Terminology, in the program of the tenth annual meeting of the
Optical Society of America.
Descriptions of soil colors are inconsistent and do not convey the meanings desired from mind to mind (Reference: Vocabularies of Soil Color
Terms, pp. 93-96, Bulletin VII, American Soil Survey Association). Dif429
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ferent words are used for the same color, and the same word means different colors to different people. A given word will mean one color when
applied to paint and a different color when applied to soils, even to an
individual observer.
The present cloud of confusion may be dispelled when research in pure
science explains, and instrumentally measures all attributes of color; when

FIGURE

2

Dlf|GT\F)M OF HUE-CH^OMf] FJTTR1BUTES.
—— Outline of entire Color World
- S o i l C o l o r 'Region
'brown n e u c / e u s o f Soil Colors.
• soil c o l o r ' n o m e n c l a t u r e halo.'
„ '" F/auret l o c a t e Soil Color Standa-rd
Samples.

a uniform terminology is adopted for color in general, and is followed consistently in descriptions of color in applied sciences; and when workers in
applied sciences understand color better and use instruments instead of
eyes in color determinations.
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Eyes are, at best, not perfect optical instruments and about one man
out of 25 is said to be seriously color blind.
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COLOR STANDARDS AND T H E I R USE
Attempts have been made to set up standards for colors and color nomenclature. Ridgeway's standards have been helpful although the names
hardly fit the needs of soil color nomenclature.
The Munsell color system provides charts of standard colors like Ridgeway, and also presents a nomenclature which shows the relationships
between colors as to their three principal attributes—"Hue, Value and
Chroma."
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The Committee on Color Standards of the American Soil Survey Association made more or less use of Ridgeway when they examined many
air-dry soil samples and by eye selected 30 samples which represent the
range of colors. These 30 standard samples were named, for the most
part, according to common soil survey usage.
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give combinations for many different colors. Soil hues are chiefly gray,
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white, olive, drab and purple. Different values may be indicated by very
light, light, medium, dark and very dark. Three degrees of "chroma"
might be indicated by such words as "bright, neutral and dull." Out of
more than 300 possible combinations of these color descriptive words, less
than 150 are likely to occur, and even that number of colors are more than
a field man can consistently distinguish by eye.
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which represents a certain hue. The principal hue names are red, yellow,
green, blue and purple. Each is subdivided into 10 segments. Number 5
is used f or the principal hue and Number 10 f or intermediate hue names. The
wedge shaped sectors extending from each hue segment to the gray central
axis represent the variations in chroma f or the different hues. Inother words.,
the wedge represents the transitions from a pure spectral hueto a neutral gray.
Figure 1 shows the color world as a whole and the soil color region.
Figure 2 shows a projection of the hue-chroma attributes of the color
world on a plane perpendicular to the value axis, together with the location of the 30 soil color standard samples.
Figure 3 shows projections of vertical cross sections of the color world
through each principal hue, the gray axis and the complementary colors,
on a grid representing chroma-value. The locations of the standard
samples are shown.
Figure 4 shows a projection (like a Mercator projection) of a portion of the
color world on a hue-value grid, with each standard sample located thereon.
These graphs indicate that dry soil colors have the following relationships to the color world:
1. Soil color volume is 6 per cent of volume.
2. Soil hue range is 16 per cent of all hues.
3. Soil value range is 80 per cent of all values.
4. Soil chroma range is 60 per cent total chroma.
Doubtless wetting soils increases the actual range of all attributes of color.
It is seen that the " b r o w n " (numbers in circles) constitute the nucleus
of the soil color region.
It is noteworthy that the nomenclature of the soil samples extends like
a halo around the region of physical facts. Name-words are used which
are inaccurate, because the eyes can sense many differences in the restricted soil color region for which we borrow names from colors entirely outside the range of soil colors.
Instrumental measurement of soil colors can be made in several ways.
Soils may be compared to colors obtained by spinning calibrated Maxwell
discs, and defining the colors by the proportions of each disc exposed. This
method is being used by the Color Standard Committee of the A. S. S. A.
A spectrophotometer is another instrument by which soil colors can be
studied. With it the light reflected from a soil is compared to that reflected from a " w h i t e " body. The readings show relative per cent of
light reflected at given wave lengths and may be represented by a curve.
Dominant wave lengths, etc., can be calculated from these curves.
Reflection curves of a red, yellow and gray soil are shown in Fig. 5.
The spectrophotometer may be used not merely as an instrument to aid
in establishing standards for descriptive purposes, but as a means for
studying soil colors and their significance in matters where there are now
assumptions rather than determined facts.

IRON ACCUMULATION IN SOILS OF THE COASTAL
PLAIN OF THE SOUTHEASTERN UNITED STATES
E. D. FOWLER

United States Department of Agriculture, U. S. A.
LOCATION AND E X T E N T OF T H E REGION
A careful study of the parent material and soils of the Southeastern
United States has been in progress, with the special object in view of ascertaining more facts concerning the nature, origin, occurrence and
significance of the indurated iron oxide zones which occur as marked
features within this region. An intensive study of soil profiles was made
in southwestern Georgia and these observations were compared with
those of a less intensive but careful study of the Coastal Plain of Georgia,
southeastern Alabama, northern and central Florida, and southwestern
South Carolina
DESCRIPTION OF T H E REGION
Climate.—This region has an average annual rainfall of approximately
50 inches, moderately well distributed throughout the year; an average
winter temperature of about 50° F. and a summer average of approximately 80° F.
The topography is essentially that of a gently southeastward and southward sloping plain mostly undulating to rolling owing to solution basins
and stream dissection.
Vegetation.—The vegetation varies greatly over an area so large but
this is primarily a timbered region consisting of a mixture of evergreen
and deciduous trees and shrubs with a rather sparse growth of grasses
especially on the sandy uplands. Long leaf yellow pine (P-palustris),
short leaf yellow pine (P-echinata), slash pine (P-Caribaea) and
scattering oak and hickory predominate on the better drained uplands.
However, the important fact to note here, is, that vegetative remains are
rapidly depleted and only minor quantities are retained in the upper soil
layer in a finely divided state, merely associated and not incorporated
with the mineral particles.
Superficial Deposits.—The superficial deposits or parent material from
which most of the soils are derived consists chiefly of an unconsolidated
deposit of clayey sands and sandy clays with the sand and clay particles
thoroughly mixed instead of assorted. The chief constituents are fine
clay particles, crystalline quartz fragments and scattering flakes of mica.
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The largest per cent of the total mass is composed of angular quartz sand
grains varying from coarse in some localities to medium or fine in others.
The intimate association of sand and clay suggests an original deposit
of much coarser and partly disintegrated fragments of quartz, mica, feldspar, etc., which altering in situ gave rise to the sand and clay as it occurs
in the present state. No other satisfactory explanation was found to account for this intimate association of sand and clay. Water, wind, ice
and gravity impart certain definite characteristics to their deposits which
are not present in these deposits except where they have been reworked.
Their rather porous nature, together with the fact that the agencies of
soil formation are active almost continuously, has resulted in the alteration of these beds to great depths, reaching 50 feet and more in many
places. The upper portion is conspicuously marked having an intricate
network of reddish, grayish and yellowish colored streaks and splotches
with the red and yellow shades predominating in the upper few feet and
the gray in the lower part. The color association is invariably that of
gray shades grading through yellow to the red or vice versa.
Separate analysis of the gray and the red colored materials in samples
from the " C " layer of Greenville pebbly sandy loam taken at 23 to 45 feet
below the surface, shows the iron content of the red to be 6.3 per cent and
that of the gray to. be only 0.71 per cent. Thus it appears that a concentration of iron salts in definite seams or veins takes place at considerable depths within the parent material long before it becomes a part of the
" B " layer. Further data is necessary to prove whether this concentration in the red material is due to a segregation locally or to deposition
from other parts of the profiles.
Normal Soil.—The well developed soil profile is characterized by a
comparatively light textured surface horizon " A " and a heavier textured
horizon " B " which are similar in many respects to the normal " A " and
" B " horizons of the humid timbered region of the eastern United States.
But the " C " horizon of parent material, as a rule, is altered to much
greater depths than even the soils of the older glaciated regions.
The " A " horizon is normally very high in Si0 2 averaging 90 per cent or
more. It is strongly acid, quite thoroughly leached of soluble material
and the finer clay particles have been removed.
In the few samples analyzed the " B " horizon contains at least 10 per
cent less Si0 2 , considerably more fine clay particles and a much larger
percentage of P 2 0 5 , A1203 and Fe 2 0 3 than the " A . " The percentage of
iron oxide (Fe 2 0 3 ) decreases rapidly with depth below the " B " and " C i "
horizons, but the P 2 0 6 and A1203 content is approximately twice that found
in the " B " layer. The percentage of silica in the " C " horizon averages
25 per cent less than in the " A " horizon.
A marked feature of the older and better drained soils is the occurrence
of indurated bodies of impure iron oxide occurring in the form of hardened
pebbles, seams, ledges, and surface coatings or crusts.
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The pebbles or so called concretions occur much more extensively than
any of the other forms. Their most extensive development is found in
southwestern Georgia, in parts of Mitchell, Colquitt, Brooks, Worth,
Turner, Tift, Crisp, Dooly, Sumter, Lee, Terrell, Dougherty, and Randolp
Counties with outliers and isolated areas occurring scatteringly over the
entire region observed, but thinning out rapidly from this central area.
They are developed in soils occupying the ridges, knobs, knolls and higher
divides which are naturally well drained, both externally and internally.
The ground water level occurs at an average depth ranging from 5 or 6 feet
to 50 feet or more.
They are principally developed in the Tifton soils which have a grayish
colored surface and a yellowish colored heavy layer and in the Greenville
soils having a reddish colored profile. Other associated upland soils in
which they occur in varying quantities are the Ruston, Orangeburg, Norfolk, and Marlboro series. They are also poorly developed in very limited
areas in some of the soils of the old high terraces along the Flint River in
southwestern Georgia, and along the Chattahoochie River bordering
Alabama and Georgia. However, pebbles are only rarely found in the
terraces of the region and then always on a slight knoll or break ranging in
extent from a fraction of an acre up to 2 or 3 acres.
FORMS OF INDURATED IRON OXIDE
Iron Oxide Pebbles.—The following observations of a Tifton sandy loam
profile in southwestern Mitchell county, Georgia, reveals the important
facts regarding the origin, development and occurrence of the iron oxide
pebbles. Immediately below the " B " horizon of yellow friable sandy
clay, in which numerous rounded pebbles are concentrated, occurs a reddish yellow and yellowish gray friable compact sandy clay zone 10 to 12
inches in thickness having numerous red and dark red seams and splotches.
This zone is referred to as " C i " in this paper. It is the zone of transition
from " B " to " C " and represents the field of action in which the " B "
layer encroaches upon the parent material by downward invasion. In
this zone parts of the red seams or splotches are cemented in varying
degrees of hardness. When invaded by the " B " layer percolating waters
pass around the cemented and harder parts isolating them as partially indurated fragments. Gradually they become firmer and smoother under
the influence of the higher temperatures and probably the freer air and
water movement within the " A " and " B " layers until finally erosin,
cultivation or other agency exposes them at the surface as polished,
rounded, or nodular pebbles.
The first stage of isolation is indicated by a slickened film of fine clay
particles around the hard portion of the red colored material in the "C,i"
zone, apparently representing the course of percolating water.
Examination of the interiors of a great number of pebbles invariably
revealed some of the quartz sand particles, presumably a part of the
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original red sandy clay seam. Many pebbles have a thin zone of dense
metallic material around their exteriors which is evidently due in some
cases to additional deposits of iron salts from solution after the pebbles
were isolated in the " B " layer. In other cases it appears to be a zone of
weathering.
In situations where the " C " layer has been subjected to abnormally
high temperatures and free aeration as in fresh road cuts, sharp peaks or
around burned pine tree roots, the process of induration of the red material has been accelerated, resulting in the formation of numerous hard
irregular shaped fragments similar to the normally developed pebbles in
their early stage of development.
In the examinations made over the entire region studied, the facts regarding the development and occurrence of the pebbles were found to be
essentially the same as in the Tifton, regardless of the soil series. They
ranged in size from Y% inch in diameter to 3 or 4 inches but the larger number ranged from % to Yi inch in diameter. The largest ones occur in the
heavier textured soils, such as the pebbly phase of the Greenville clay
loam. A few true concretions occur in the Greenville and Blakely soils
forming along the line of small ravines. These concretions range up to 10
inches or more in diameter.
In a normally developed soil the pebbles accumulate as hardened bodies
in the " B " and lower " A " horizons and, therefore, in undisturbed virgin
areas they do not appear on the surface or in the " A i " layer, except very
scatteringly. The zone of greatest concentration is the lower two-thirds
of the " B " horizon and the greater the thickness of the sandy " A " horizon the more definitely are they concentrated in lower " B . " They
invariably occur in various stages of development in the " C i " zone
but were never found below this extreme upper portion of the parent
material.
The following chemical analysis of profile samples of pebbly Greenville
and Tifton soils indicates that these pebbly soils have a definite zone of
iron oxide accumulation in the " B " and " C i " layers. In the Greenville
the percentage is approximately three times greater in " B " and upper
" C " (9 inches to 11 feet) than in either the material above or below to a
depth of 45 feet.
In the Tifton sample the percentage of iron oxide (Fe 2 0 3 ) in the " B "
layer (17 inches to 46 inches deep) is more than 6 times the average content found in any of the 3 layers of the " C " horizon to a depth of 110
inches.
More analyses are needed to prove conclusively that all these pebbly
soils have a definite zone of iron oxide accumulation, though the data obtained to date indicates this to be a fact. Apparently the concentration
is due to the gradual accumulation of the iron oxide pebbles as the " B "
horizon invades the " C . "
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1.—Chemical analysis of four samples of Tifton fine sandy ham from Georgia,
special
Analyst, G. Edgington.

Date, April 23, 1927

S. S. No. 34005 S. S. No. 34006 S. S. No. 34007 S. S. No. 34008
Lab. 3282
Lab. 3280
Lab. 3281
Lab. 3283
72-90 in.
90-110 in.
17-46 in.
46-72 in.

Chemical analysis"

per cent
53.28
0.69
23.62
15.28
0.05
0.01
7.22
1.08

Si0 2
Ti0 2
Fe 2 0 3
A1203
CaO
MgO
Ignition loss
H 2 0 at 110°

per cent
73.76
0.66
5.65
13.00
0.08
0.01
5.55
0.72

per cent
75.35
0.71
3.42
14.85
0.16
Trace
5.22
0.58

per cent
73.68
0.69
3.61
15.98
0.08
0.02
5.65
0.56

»These analyses were performed on the unsifted sample. Sample No. 34005, however, appeared to be the only one containing concretions.
34005 17 to 46 in. Tifton fine sandy ham, x/% mile north of Laney in S. E., Mitchell
24006 46 to 72 in.
Co., Georgia.
24007 72 to 90 in.
24008 90 to 110 in.

TABLE

2.—Chemical analysis of six samples of Greenville sandy loam from Georgia,
special
Analyst, G. Edgington.

Chemical analysis"

S. S. No. S. S. No. S. S. No. S. S. No. S. S. No. S. S. No.
34047
34044
34048
34049
34045
34046
Lab. 3245 Lab. 3246 Lab. 3247 Lab. 3248 Lab. 3249 Lab. 3250
0-2 in.
9-96 in.
2-9 in.
8-11 ft. 11-23 ft. 23-45 ft.
per cent
89.92
0.30
1.09
2.86
0.30
0.07
5.65
0.84

Si0 2
Ti02
Fe 2 0,
P 2 0 6 +A1 2 0 3
CaO
MgO
Ignition loss
H 2 0 a t 110°
* 34044
34045
34046
34047
34048
34049

0
2
9
96
132
276

to
to
to
to
to
to

2
9
96
132
276
540

Date, April 8, 1927

in.
in.
in.
in.
in.
in.

per cent
90.50
0.43
1.77
4.42
0.12
0.05
2.02
0.42

per cent
80.01
0.66
5.29
9.89
0.12
0.07
3.66
0.63

per cent
78.94
0.71 •
4.51
11.14
0.10
Trace
4.07
0.51

per cent
65.96
0.91
1.02
23.28
0.07
0.13
8.12
0.95

per cent
67.82
0.64
1.94
21.57
0.11
0.12
7.65
0.97

Greenville sandy loam, pebbly, 2 miles north and Y% mile east
of Ducker Station, Dougherty Co., Georgia.
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The formation of indurated seams, ledges and surface crusts or coatings
are evidently due to variations of the processes which form the pebbles.
While pebbles form in the unexposed soil section, these other forms are
confined to the immediate surface of the exposed soil as in cliffs, road cuts,
railroad cuts, old wells, or other excavations which are not recent.
TABLE 8.—Chemical analysis of two samples of Greenville sandy loam from Georgia,
special
Analyst, G. Edgington. Date, April 28, 1927
Chemical analysis"

Si0 2
Ti02
Fe 2 0 3
A1203
CaO
MgO
Ignition loss
H 2 O a t 110°
a

(Gray)
(Red)

S. S. No. 34050
Lab. 3251
23-45 ft.

S. S. No. 34051
Lab.3252
23-45 ft.

per cent
67.83
0.59
0.71
22.73
0.15
0.02
7.87
0.81

per cent
71.54
0.46
6.30
15.69
0.11
0.01
5.64
0.73

34050 276 to 540 in. Greenville sandy loam, pebbly, 2 miles north, and %
34051 276 to 540 in.
mile east of Ducker Station, Dougherty Co.,
Georgia.

Indurated Seams.—Indurated seams form on the streaked and splotched
exposed faces of the upper " C " layer. The more concentrated part of
the red iron oxide seam or streak hardens upon exposure. This resists
erosin and weathering while the softer and less resistant gray and yellow
material is washed away leaving the hard seam projecting from the face
of the " C u t " a distance of 2 or 3 inches in some places. This phenomenon
is not common and only occurs in places where the action of running water
prevents the formation of the surface crusts or so called case hardening.
They were observed on the shoulders and gutters of sand clay roads and in
a few places along Railroad " c u t s " (Central of Georgia By. at Dawson,
Georgia).
This resulting action of heat, moisture and air on certain exposed surfaces suggests that if the same forces could act as effectively in the unexposed " C " layer and to a greater degree throughout the region, the result would be a porous slag-like mass similar to the formation described as
occurring in the humid tropics and universally termed laterites.
Ledges.—The indurated ledges form at seepage planes and, as a rule,
occur at the contact between the " B " and " C " horizons or at the contact
of geological beds within the parent material. Apparently percolating
water reaching a layer which checks the downward movement, flows
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laterally to a point of exit at the face of the cliff and deposits iron salts at
this point which subsequently oxidize and cement the material into a
metallic-like ledge. In places these ledges project 2 and 3 feet from the
face of the cliff and extend into the face approximately the same distance.
A series of 4 such ledges, overlaying each other at intervals of about 12
feet, were observed 7 miles north of Georgetown, Georgia, on the east
bank of the Chattahoochee Kiver.
Case Hardening.—Another form of common and wide spread occurrence
is the surface crust or coatings, sometimes called case hardening, of exposed faces of soil sections. Intermittent seepage water over the face of
an exposure apparently deposits iron salts or other cementing material
and subsequent induration forms a thin crust, which resists erosin, enabling the exposed soil section to stand at nearly vertical angles for long
periods. This crust may form over any or all exposed horizons of the soil
section which are not permanently moist. As a rule, it forms in patches
varying from a fraction of an inch to 3 or 4 feet or more in width.
CONCLUSIONS
In conclusion it should be noted that the principal areas of the pebbly
soils of the region studied," occur at an altitude ranging from 250 to 300
feet above sea level; that the pebbles occur in soils which are well drained
and occupy the divides and higher elevations; and that the accumulation
of iron oxide in the " B " layer probably indicates an advanced stage of
development. This suggests that they are possibly remnants and the sole
remaining representatives of old soils of a former cycle of topographic development. Given sufficient time and the proper ratio between the invasion of the parent material and base leveling, it may be presumed that
any well drained soil with sufficient iron in the parent material would tend
to form a soil similar to one of these pebbly types, when subjected to the
influence of the subtropical climatic conditions prevailing over this region.
In other words, these soils are apparently the northern equivalent of some
of the humid tropical soils, since they developed in a region where soil
forming agencies are similar to those of the humid tropics but are less
intense in their activity.

EFFECTS OF SULFUR AND SULFATES IN ALKALI
LAND RECLAMATION
W. L. POWERS

Oregon Agricultural Experiment Station, U. S. A.
Striking increases in yields of alfalfa have been obtained in many sections of the Northwestern United States as the result of application of
sulfur to basaltic agricultural soils of that region. Good results have also
been secured from heavy applications of sulfur on alkali lands in that section. These suggested an investigation as to the effect sulfur may have on
certain chemical properties of soils.
From a study (1) of the effect of sulfur on the soil solution, it appears
that the element or its combination in a water-soluble salt, effects a marked
increase in calcium ion, and considerable increase in other bases in the
soil solution. Heavy applications of sulfur have effected considerable
change in reaction in the soil toward the acid side. This is found to be
related to an increase of phosphate and iron in the soil solution. However, a large increase in quantity of calcium, liberated from the soil complex, has tended to cause precipitation of phosphates from the soil solution.
Evidence was found of base exchange phenomena associated with the
effects of application of sulfur to the land. This is explained by several
steps: First, in the oxidation of sulfur, resulting in an increase in concentration of hydrogen ion; second, in an increase of other cations by the
process of solution from the soil complex; and third, by the exchange of
hydrogen ion and other cations for other elements of like sign from the soil
complex.
Field and water culture experiments indicate that a concentration of 24
to 48 p.p.m. of sulfate is perhaps most favorable for the growth of young
alfalfa. Further, that calcium and sulfate ions, as a combination, are
well suited to provide these nutrients for growth of legume plants, that the
early growth period is the stage of development when sulfur is required,
that some soils appear to have a sulfate content unfavorably low for the
best growth of alfalfa at such a period; that sulfur applications may improve the reaction of certain arid soils for the growth of alfalfa; that the
effect of application of sulfur which may be beneficial, largely depend on
the soil and crop concerned; that moderate applications of sulfur on arid
basaltic soil, and perhaps on certain other soils high in unavailable calcium
442
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compounds, is probably good practice; that sulfur is a very suitable material for improving the-reaction and permeability of alkali lands.
On alkali land the application of sulfur seems to neutralize and increase
the concentration of calcium ions, which replace the sodium from the soil
complex, and flocculates the soil so that leaching can proceed. Growth
and decay of organic matter and shading afforded by this growth aid
flocculation and lessen the injury from alkali. In experiments at Vale,
Oregon, initiated in the spring of 1921, and maintained since then, sulfur
has been most effectively and economically used in combination with
calcium sulfate, calcium hydroxide, or barnyard manure (2). Sulfur in
these treatments has been the most effective single treatment, and has
given better results than alum, calcium sulfate, or other sulfates used
alone.
The experiment field at Vale, Oregon, was located on virgin alkali land,
supporting wood (Atriplex Nuttellii Wats) and other alkali tolerant plants.
The soil is a heavy loam with high colloidal content, a puddled structure
and compact subsoil approaching the character of hardpan. The soil
contained carbonate soluble in normal ammonium chloride equivalent to
8,107 p.p.m. of soil (3). The replaceable bases total 1.85 per cent of
which 0.83 per cent is sodium, and 0.65 per cent calcium, 0.33 per cent
potassium, and 0.01 per cent magnesium. Alkali determinations were
made from a 1: 2.5 solution with water and the alkali reported as sodium
carbonate, represents the result of titrating with 0.1 N HC1, using methyl
orange as an indicator, show an average initial content of nearly 2,000
p.p.m. sodium carbonate. The calcium: sodium ratio appears less favorable here than in alkali reclamation experiment fields in Utah and
Arizona and the texture is much heavier than at Kearney Park, California. Solution of organic matter and the presence of colloidal materials,
renders such determinations difficult with this soil.
These greasewood lands have been formed under a condition of being
periodically moistened with saline solution. They have also received intermittently a dusting of salty earth brought by the winds from playas
when dry. The land was cleared and checked for irrigation, and a deep
drain ditch was sluiced at one side of the tract. Initial applications of
chemicals were made to half acre plats in the spring of 1921. Early in the
season the land was fallowed and later in the season it was irrigated heavily
and allowed to dry between irrigations. Each fall the tract has been
seeded to rye, sweet clover, and alfalfa. Sulfur, alum, calcium sulfate,
and other sulfates have been used singly at different rates, and to some
extent in combinations or with manure. Progress in removal in the salinity and alkalinity, as well as change in reaction, and progress in establishing growth, are indicated in Table 1.
Leaching alone has been fairly effective in removing the neutral salts,
but has not been effective in removing the sodium carbonate, or improv-
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ing the physical condition of the soil. Plats without chemical treatment
become hard and bare when dry—like a tennis court. Chemical treatments have been found necessary in connection with drainage and leaching, in order to remove the troublesome sodium salts. Initial applications have improved this condition in some cases, and additional amounts
have been added as a further aid to neutralization or to permit treatment
of unproductive spots within the half-acre plat.
TABLE

1.—p.p.m. of sails lost during four-year period

Treatment

Total salts

Na 2 C0 3

pH 5/1/27

Per cent
Crop
5/16/27

Check
1500 lb. sulfur
4000 lb. sulfur
7800 lb. gypsum
13,600 lb. gypsum
20,400 lb. gypsum
3000 lb. sulfur, 5000 lb. gypsum
Manure, 60 T. (sulfur 3000 lb. '26)
Manure, 40 T.; gypsum, 1600 lb.
Manure, 20 T.; sulfur, 250 lb.
Initial alkalinity

3000-5000
5000
5800
5600
7100
5500
5600
5500
5100
8300
7534

500
1900
1000
600
2000
1300
1100
200
100
700
1758

9.5
7.5
6.2
8.0
8.4
8.8
7.0
8.4
7.7
8.3
10.1

0
80
75
50
40
75
75
90
50
50
0

Results indicate that about 3000 lb. of sulfur alone will be effective or
will be required to neutralize the sodium carbonate in the surface sufficiently to secure a good stand of sweet clover or alfalfa. Indications
are that lesser amounts may be used in combinations. The application
of 500 lb. of sulfur with 20 tons of manure per acre, made it possible to
secure a fair yield of rye and a good stand of sweet clover. Combinations
of sulfur and quick-lime; sulfur and gypsum or sulfur and legume green
manure have been found to be advantageous. More than an additive
effect was secured with such combinations. A little free hydrogen ion,
or a little free acidity which may react repeatedly to bring and hold
calcium in the soil solution. With 3000 lb. or more of sulfur the surface
soil has been nearly neutralized, from 25 per cent to 50 per cent of the
sodium carbonate has been eliminated from the soil profile. Fairly good
stands of sweet clover and even alfalfa have been secured.
Five to 7 tons of gypsum per acre have been required to neutralize the
sodium carbonate sufficiently to secure a good stand of sweet clover and
alfalfa on this land. Lighter applications have been ineffective.
Aluminum sulfate has been of rather temporary benefit. Alum has
given better results in laboratory than in field trials with alkali soils.
Barnyard manure has been ineffective when used alone, but has been
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very effective when used in combination with sulfur or gypsum. Green
manure has been more effective than barnyard manure when used alone.
Seeding uncleared, drained grease wood land to a pasture mixture of
grasses and clovers and given frequent irrigation, has proved to be an
economical method of utilizing this hard alkali land. Analyses indicate
that it has afforded partial reclamation. An excellent growth of forage,
including grasses and clovers has been secured which was found to have a
carrying capacity of two cows per acre for four months. Nitrogen and
sulfate ion seem to operate to hold calcium in reacting form, and manure
increases the sulfur oxidizing organism and contributes some temporary
acidity. Slender meadow grass (pucenillia nuccalliana) also called
Zawadka grass and strawberry clover (trifolium frangiferum L.) are under
trial and very promising as green manuring and pasture crops. The
former has been found growing successfully in a soil with a pH value of
10.4.
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LAND CLASSIFICATION AND LAND
PRODUCTIVITY
J. A. WlDTSOE

Salt Lake City, Utah, U. S. A.
INTRODUCTION
A recent investigation, conducted by the Bureau of Reclamation of the
Department of the Interior, has thrown light on the value of the farmer's
judgment in classifying lands according to their productive powers. The
vast areas included, the variety of soils and climatic conditions involved,
and the many persons whose judgments were utilized, make this investigation both unique and important. This study is an incidental and
minor result of an investigation conducted for the purpose of overcoming
economic difficulties that had arisen on the Federal irrigation projects.
Many years may elapse before a similar opportunity arises to test the
farmer's ability to judge the productive power of land with which he is
familiar. We shall continue to judge our soils by scientific methods, but
the farmer's judgment, as all soil students know, is always to be given
respectful consideration.
T H E ACRE INCOME
The United States Bureau of Reclamation, formerly the United States
Reclamation Service, has made it a practice, almost from the first years of
its activity, to make an annual census of the crops produced on the projects. Project employees examined each project-field, usually in the fall,
and estimated, with the help of the farmer, the tonnage of the crop
produced. The price received by the farmer, or prevailing at the customary selling time, was also noted. In this manner the average acre income
of the project was determined. The annual reports of the Bureau give
the average acre incomes, thus secured, for all of the projects.
It was not customary to calculate the income on each tract of land, but
rather to secure the total acreage in each crop and the tonnage produced
on this acreage and then to apply to this total the price per unit. The
sum of the values of all the crops produced became the project income;
this divided by the acreage became the average acre income.
The records were filed, so that at any time, should it be necessary, the
income of each field could be calculated. These records, examined for
special tracts, made this study possible.
The estimates were nearly always made with the knowledge and the
446
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approval of the farmer. No question was raised concerning the validity,
under the methods used, of the successive series of crop estimates, until
Congress enacted a law providing that the farmers should make annual
repayment to the government at the rate of 5 per cent of the acre income
for the preceding 10 years. On some of the projects it was then declared
that the farmers had as a matter of pride made improperly high estimates
of their crop yields and that the project manager had applied prices above
those prevailing on the market. There was a tendency to depress the
figures. However, the evidence points to a high degree of accuracy in the
work, perhaps much higher than can usually be expected in crop census
taking.
CLASSIFYING T H E LANDS
On December 5, 1924 Congress provided that the projects should be
examined with a view of determining what acreages were unfit, permanently or temporarily, for profitable agriculture; and also the classes of
land to which the new law of repayment should be applied. It was
decided to have the classification made by a local cooperative committee
consisting of farmers living on the project, together with the project
superintendent as the government representative. The committee usually employed local men for each district who made the preliminary surveys, followed by a checking by the committee. A soil expert later
checked the results for the benefit of the Board.
T H E RESULTS OF T H E LAND CLASSIFICATION
The work of the local cooperative committees was done very successfully. In few cases was there disagreement between the farmer and the
committee concerning the class in which a piece of land should be placed.
The farmer knew his farm; the committee representatives were familiar
with the section; usually the classification was made with the approval of
all concerned. There were four classes of agriculturally profitable land;
Class 5 included lands now unprofitable, but probably susceptible of
reclamation, and Class 6 contained infertile lands that should be excluded
from agriculture under the plan.
The acreages of the four classes of productive land on eleven of the
projects are given in Table 1. About 579,754 acres were classified as
productive; 148,800 in the first class, 180,512 in the second, 142,327 in the
third, and 108,115 in the fourth.
On one only of the projects (excluded from this study) were the lands
classified according to yields shown by the crop census. On all the other
projects the classification was made without reference to the crop census.
The landowner could not help but have in mind the relative profitableness of his fields, though only in the rarest instances had records been
kept.
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Certainly so large an acreage should give results of very high dependability.
On the basis of this classification Congress took action on May 25,1926,
and allowed large sums to be charged off from the construction costs of
the various projects.
TABLE 1.—Acreage of land classes (survey of 1925)
Acres
State

Colorado
Idaho

Project or division

Uncompahgre
King Hill
Minidoka
South Side Pumping
Huntley
Eastern and Fly
Creek
Milk River
Sun River (Fort,

Montana

Shaw)
Montana-North
Dakota
Nebraska-Wyoming

Nevada
Washington
Wyoming-Montana

Lower Yellowstone
North Platte, Interstate
Fort Laramie
Northport
Newlands
Yakima, Sunnyside
Shoshone, Garland
Frannie

Class 1

Class 2

Class 3

Class 4

28,851
2,060

20,313
2,835

11,990
815

14,630
190

10,945

26,022

8,469

2,501

781
8,700

1,004
10,600

554
17,800

401
17,900

1,459

3,538

4,562

693

12,900

20,940

11,390

2,530

9,163
42,893
3,043
6,621
7,010
11,484
2,890

18,145
30,515
3,194
17,940
10,633
11,676
3,157

23,233
17,778
3,326
17,700
8,608
11,363
4,739

36,503
8,149
2,972
9,406
2,952
3,751
5,537

148,800

180,512

142,327

108,115

ACRE CROP VALUE ON EACH CLASS OF LAND
After the land classification was completed and the data reported to
the Washington office, request was made of the various projects to calculate from the census records the average acre income on each land class.
This meant the separation of the records for all fields placed in the same
class, and a totalling and averaging of their crop values. The work involved was large, but was speedily accomplished with the help of the large
and expert staffs of the Federal irrigation projects.
Eleven of the projects furnished complete data for all productive
classes, and these alone are used in the correlation of the farmers' judgment and the recorded acre values. On the other projects the data were
probably incomplete, and, therefore, are not reported.
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Complete figures are not available, but the information at hand leads
to the conclusion that the distribution of crops was about the same on all
the land classes. In some localities, intensive crops naturally found their
place on the better lands, and therefore tend to increase unduly the acre
incomes of the better lands. However, this effect is slight.
TABLE 2.—Acre crop values on each clans oj land
Average crop value per acre—dollars
State

Colorado
Idaho

Montana

Montana-North
Dakota
Nebraska-Wyoming

Nevada
Washington
Wyoming-Montana

Project or division
Class 1

Class 2

Class 3

Class 4

Uncompahgre
King Hill
Minidoka
South Side Pumping
Huntley
Eastern and Fly
Creek
Milk River
Sun River (Fort
Shaw)

53.90
35.72

39.27
29.72

28.79
29.98

25.03
16.98

51.22

39.54

34.31

26.50

48.88
26.75

43.82
20.26

26.21
14.07

24.68
11.03

26.12

23.48

19.20

14.08

Lower Yellowstone
North Platte, Interstate
Fort Laramie
Northport
Newlands
Yakima, Sunnyside
Shoshone, Garland
Frannie

26.47

20.40

16.15

14.28

54.34
27.69
24.90
50.20
78.04
36.29
23.20

32.98
16.27
9.41
41.12
53.57
27.21
18.61

19.64
14.94
12.41
37.20
51.69
23.68
14.96

16.21
20.35
7.60
32.20
43.24
19.18
14.40

THE FARMER'S JUDGMENT
In Table 2 is shown the average crop values in dollars per acre for each
class of productive land of the eleven reporting projects.
The correlation is well nigh perfect. Although the acre income of
Class 1 lands varied greatly—from $78.04 to $23.20—yet in nearly every
instance there was a steady diminution of acre income on the less productive classes. In three cases only was this regularity violated. On the
King Hill project the acre income was $0.26 larger on Class 4 than on
Class 3 lands. On the-Fort Laramie division of the North Platte Project
the acre income on Class 4 lands was larger than on Class 2 and Class 3
lands. On the Northport division of the North Platte Project the acre
income of Class 3 lands was larger than on Class 2 lands. That is, out of
56 cases only 3 failed to obey the correlation of the farmer's judgment
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with earlier crop estimates. While the differences are not always large,
they are very distinct and not accidental.
TABLE

3.—Acreage and acre crop values of land classes
(Summary Tables 1 and 2)

Acres
Crop value per acre

Class 1

Class 2

Class 3

Class 4

148,800
34.23

180,512
27.50

142,327
20.84

108,115
17.35

The data for the eleven projects are summarized in Table 3. The
acre income decreases with the decrease in land productivity as determined by the experience of the practical farmer. On Class 1 lands there
was an average production of $34.23, decreasing through $27.50 and
$20.84 to $17.55 on Class 4 lands.
When it is considered that the method of estimating the crops and of
classifying the lands did not require the use of the refinements employed
in the laboratory, the occasional small differences and the few irregularities could well be expected. The evidence of honesty runs through the
work.
TABLE

4-—Percentage distribution of lands in productive classes
Percentage

State
Colorado
Idaho

Montana

Montana-North
Dakota
Nebraska-Wyoming

Nevada
Washington
Wyoming-Montana

Project or division
Class 1

Class 2

Class 3

Class 4

Uncompahgre
King Hill
Minidoka
South Side Pumping
Huntley
Eastern and Fly
Creek
Milk River
Sun River (Fort
Shaw)

38.1
34.9

26.8
48.1

15.8
13.8

19.3
3.2

22.8

54.3

17.7

5.2

28.5
19.3

36.6
1.3

20.2
39.6

14.6
39.8

14.2

34.5

44.5

6.8

Lower Yellowstone
North Platte, Interstate
Fort Laramie
Northport
Newlands
Yakima, Sunnyside
Shoshone, Garland
Frannie

27.0

43.8

23.8

5.3

10.5
43.2
24.5
12.8
24.0
29.8
17.7

20.8
30.7
25.7
34.7
36.4
30.3
19.3

26.7
17.9
26.0
34.3
29.5
30.2
29.0

41.9
8.2
23.9
18.2
10.1
9.7
33.9
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These results speak well for the farmer's judgment of lands that he
knows. This has been long understood, but probably never before illustrated so well by the use of dependable statistics. In our soil work, the
practical tiller of the soil might be a valued adjunct in making suggestions
for the guidance of the soil expert.
TABLE 5.—Annual acre valuefluctuationsby land classes
State
Oregon

Washington

Wyoming-Montana

Nebraska

Montana-North
Dakota

Idaho

Project or
division
Umatilla (East)
Class 1
Class 2
Class 3
Umatilla (West)
Class 1
Class 2
Class 3
Yakima, Sunnyside
ClaBS 1
Class 2
Class 3
Tieton
Class 1
Shoshone, Garland
Class 1
Class 2
Class 3
Class 4
North Platte,
Interstate
Class 1
Class 2
Class 3
Class 4
Lower Yellowstone
Class 1
Class 2
Class 3
Class 4
King Hill
Class 1
Class 2
Class 3
Class 4

1915 1916 1917 1918

1919

1920 1921 1922 1923

1924

31.30 41.33 62 07 67.16 89.09 57.56 32.68 38.16 24.53 27.46
26.74 62.45 53.67 61.46 68.08 46.64 27.62 35.11 32.27 24 49
18.40 32.05 47.41 57.37 66.02 39.44 23.52 27.88 26.15 19.11
89.70 64.09 86.51 55.30 33.29 54.30 46.03 44.09
45.50 48.14 71.72 58.06 32.02 44.82 41.30 29.90
32.40 65.90 45.20 36.28 43.22 38.70 29.50
34.18 47.26 79.10 97.52 109.57 96.47 93.73 70.13 56.40 96.13
33.85 31.44 59.37 69.14 86.59 60.49 59.68 42.50 46.92 47.72
22.64 35 -12 60.12 64.60 98.74 64.82 49.84 44.20 41.25 35.30
20.24 30.19 57.11 74.14 122.05 90.63 81.70 62.96 61.35 130.16
19.19
16.03
13.83
11.25

26.54
20.01
17.65
12.69

42.42
32.75
28.59
21.93

53.66
41.51
35.15
30.21

62 24
48.43
45.16
35.68

38.03
25.90
22.02
19.26

25.92
17.00
15.35
10.36

29.05
20.56
16.31
12.86

37.67
25.58
20.82
16.42

25.67
19.31
16.81
13.61

68.58
47.36
32.02
28.86

78.79
52.07
27.07
22.48

47.08
28.22
17.87
12.85

37.66
19.76
11.54
11.30

37.58
22.01
13.81
10.99

51.93
59.89
15.60
11.54

41.36
31.61
29.33
31.26

29.44
24.25
20.55
19.60

15.16
13.61
11.65
10.24

18.67
14.06
11.91
12.64

25.48
17.78
12.28
11.36

31.02
23.35
16.07
13.36

25.93
20.95
26.00
13.45

33.69
35.39
28.12
16.60

38.11
29.71
33.16
18.91

43.54
32.19
32.91
17.86

PERCENTAGE DISTRIBUTION OF PRODUCTIVE CLASSES
In Table 4 the land classification is expressed as the per cent of the total
productive area in each land class. Class 1 lands vary from 43.18 per
cent to 10.52 per cent; Class 2 lands, from 54.28 per cent to 1.33 per cent;
Class 3 lands, from 44.49 per cent to 13.81 per cent, and Class 4 lands,
from 41.93 per cent to 3.22 per cent. No regularity was discernable in the
proportional distribution of productive land classes on the projects re-
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ported. Such a result was expected, for the manner in which soils are derived and laid down would make it extremely improbable to find regular or
related variations among the percentages of productive land classes on the
different projects.
ANNUAL FLUCTUATIONS OF ACRE VALUES
The acre values used in this study are averages of the annual acre values
over a period of 10 years, or of all years of record, if fewer than 10 years.
Did the annual acre incomes on the four productive classes vary alike; or
did one class lag behind another? Table 5 shows these annual fluctuations
by land classes for four of the projects. It is clear that the annual acre
income on the four classes of productive land varied with considerable
uniformity. That is, the effects of climate and markets were felt alike
by all classes of land, as reflected in the annual acre income.
PERCENTAGE OF SUSPENDED LANDS
It was not expected that the per cent of suspended lands, those now
unfit for profitable cultivation but probably susceptible of reclamation,
would follow any general law. Table 6 showing these variations is inserted for the purpose of recording the proportion of lands suspended on
the projects. The percentage varied from 23.8 to 0.6. In some cases the
lands under this heading were fertile enough, but without water and therefore incapable of profitable agriculture.
TABLE 6.—Percentage of suspetided lands (Class 5)
State

Project

Per cent

Colorado
Idaho

Uncompahgre
Minidoka—S. S. Pumping

21.4
0.4

Montana
Do
Do and North Dakota
Nebraska and Wyoming
Do
Do
Do
Nevada
Oregon and California
Do
Do
Washington
Do
Wyoming and Montana
Do

Huntley (Eastern and Fly Creek)
Sun River (Fort Shaw)
Lower Yellowstone
North Platte
Interstate
Fort Laramie
Northport
Newlands
Klamath (Main)
Langell Valley
Horsefly
Yakima
Okanagan—Sunnyside
Shoshone—G arland
Frannie

23.4
23.8
18.0
22.8
7.2
17.0
7.8
1.21
0.6
1.3
1.0
6.0
8.1
8.8
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PERCENTAGE OF E L I M I N A T E D LANDS
Table 7 gives the percentage of lands found permanently unfit for reclamation. There is, of course, no regularity; but the proportions are
often fairly large. It is most surprising that such large acreages of infertile lands should have been included in irrigation projects. The percentage varies from 48.22 to nothing.
TABLE
State
Colorado
Montana

Montana and North Dakota
Nebraska and Wyoming
Nevada
Oregon
Oregon and California
South Dakota
Washington
Wyoming

7.—Percentage of eliminated lands
Project or division

Per cent

Uncompahgre
Huntley (Eastern and Fly Creek)
Milk River
Sun River (Fort Shaw)
Lower Yellowstone
North Platte, Interstate
Newlands
Umatilla, East
West
Klamath (Main)
Belle Fourche
Okanagon, Yakima
Sunnyside
Shoshone, Garland
Frannie

19.7
10.3
2.0
14.4
2.3
0.5
0.7
29.32
0.5
0.1
8.4
27.6
0.2
8.7
48.2

ACRE INCOME ON CLASS 5 LANDS
It became interesting to learn what acre income justified the designation of unproductive lands. The reported figures permitting such a study
were few, since only three projects reported acre incomes from Class 5
lands. Table 8 shows these three acre incomes, and also the corresponding acre incomes on Class 1 lands. On the Okanogan project with a first
class acre income of $153.00, the suspended lands had yielded only $6.00
per acre; on the Garland division of the Shoshone project, with a first class
TABLE

S.—Relation between Class 1 and. Class 5 lands (Class 5—suspended
infertility)

for

Acre crop value
State

Washington
Wyoming and Montana

Project or division

Okanogan
Shoshone, Garland
Frannie

Class

Suspended
(Class 5)

$153.00
36.29
23.20

$6.00
14.64
9.34
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acre income of $36.29, lands that had yielded $14.64 were placed in the
suspended class; and on the Frannie Division of the Shoshone project,
with a first class acre yield of only $23.20, an acre income of $9.34 placed
the lands in the suspended class. Reference to Table 2 will show that on
only one project, the Northport division of the North Platte project, was
the acre income on Class 4 lands under $14.00. This investigation indicates that when lands in western America produce less than $14.00 per
acre, under the average conditions of the last 10 or 15 years, they are not
suitable for profitable production. Under certain conditions, even a
higher income may not justify the placing of lands in the profitable class.
VARYING PRODUCTIVITY OF CLASS 1 LANDS
Class 1 lands naturally yield the highest profits to the husbandman.
Probably from the first class lands come the profits that help make
TABLE 9.—Acreage and varying -productivity of Class 1 lands
State
Washington
New Mexico
Do
and Texas
Arizona and California
Washington

Utah
Washington
Arizona
Nebraska and Wyoming
Colorado
California
Idaho
Oregon
Nevada
Montana
Oregon
Colorado
Idaho
Wyoming and Montana
Idaho
Nebraska and Wyoming
Montana
Do and North Dakota
Montana
Nebraska and Wyoming
Wyoming and Montana
Oregon and California

South Dakota

Project or division
Okanogan
Carlsbad
Rio Grande
Yuma
Yakima (Sunnyside)
Strawberry Valley
Yakima (Tieton)
Salt River
North Platte, Interstate
Uncompahgre
Orland
Minidoka, S. S. Pumping
Umatilla (West)
Newlands
Huntley, Eastern and Fly
Creek
Umatilla (East)
Grand Valley (Garfield Gr.)
Minidoka, Gravity
Shoshone, Garland
King Hill
North Platte, Fort Laramie
Milk River
Lower Yellowstone
Sun River (Fort Shaw)
North Platte (Northport)
Shoshone (Frannie)
Klamath (Main)
Horsefly (Bonanza Spr.)
(Langell Valley)
Belle Fourche

Acreage

Crop value

2,879
24,040
155,000
53,120
7,010
2,859
28,968
215,430
9,163
28,851
12,420
10,945
1,260
6,621

$153.00
97.10
93.34
84.80
78.04
75.00
73.06
59.81
54.34
53.90
51.30
51.22
50.47
50.20

781
4,457
12,950
68,395
11,484
2,060
42,893
8,700
12,900
1,459
3,043
2,890
14,436
7,281
6,776
15,400

48.88
46.90
44.52
37.99
36.29
35.72
27.69
26.75
26.47
26.12
24.90
23.20
20.00
20.00
20.00
19.37
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agriculture a desirable pursuit. It is interesting, therefore, to note in
Table 9 the great variation in acre income from lands that on different
projects are accounted as of Class 1. Naturally, the land classification
performed in this investigation was relative. On each project, the best
land was placed in Class 1, and only the land which could not be farmed
with profit was placed in Classes 5 and 6. Variations in the acre income
would therefore be expected. But the incomes vary from $150.00 to
$18.00 per acre. Clearly, the productive powers of the projects are inherently different. To obtain any equality of income, the man on a
project with inherently low productive power, must either farm more
acres, with correspondingly greater expenditures of energy, or he must sell
his crop at a higher price by feeding it to live stock. The aid to be given
farmers should, it would seem, be based upon the productive power of the
lands.
Meanwhile, the term, first class land, means little in any locality, unless
the earning power of the land is known.
CONCLUSION
The correlation between the farmer's judgment and relative acre income is interesting but of little practical value. The work done in this
investigation is so vast and unique, that a correlation of the productive
classes with the chemical, physical, and other properties of the soils
classified, might lead to conclusions of high scientific and practical value.
Soils surveys have been made of nearly all the projects. The data, published or in manuscript, could well be worked over for the purpose of explaining the variation of crop yield on the different classes of land. It is a
field needing much investigation.

A COMPARISON OF THE DEVELOPMENT OF
SOILS FROM ACIDIC AND BASIC ROCKS
W. B. COBB

North Carolina State College, U. S. A.
A study of the development of soils from acidic and basic crystalline
rocks in Piedmont North Carolina shows that the younger soils from the
two rock groups differ rather widely in chemical composition and physical
properties and that the older or ultimate soils from each group of rocks
are very similar in composition although there are differences by which
they can be distinguished.
In these studies a series of three soils from each group was considered
as well as the average composition of the fresh rock and of the decomposed rock beneath the B horizons of the two younger soils. The soils
from the acidic rocks, mainly granite and gneiss, are the Durham sandy
loam, Appling sandy loam, and Cecil clay loam. Those from the basic
rocks, mainly diorite, gablro, diabase, and hornblende gneiss, are the
Iredell loam, Mecklenburg clay loam, and Davidson clay loam.
All soils in the Durham series are sandy loams. They consist of a gray
sandy loam Ai horizon 3 to 5 cm. deep underlain by a pale grayish-yellow
sandy loam A2 horizon which extends to an average depth of about 25 cm.
where it passes into a yellow friable sandy clay B horizon. The upper
portion of the C horizon is encountered at from 70 to 90 cm. and consists
of gray weathered rock usually slightly marked with yellow and light red.
The Appling soils consist of gray sandy loam Ai horizons 3 to 5 cm.
deep, slightly brownish-yellow A2 horizons extending to a depth of from
20 to 25 cm., and yellowish-red or mottled yellow and red moderately
friable clay B horizons extending to a depth of from 75 to 90 cm. The
upper C horizon consists of weathered rock, gray, yellow, and red in color,
fragments of quartz, feldspar, mica and kaolinized feldspar showing
distinctly.
The Cecil soils range from sandy loam to clay in the texture of their
surface soils. The surface or A horizons of the sandy types are grayish
brown to yellowish-brown in color while those of the clay loam and clay
types are red to reddish-brown. The clay loam is used in this study. It
consists of \}/2 to 3 cm. of brown sandy loam to clay loam rich in organic
matter with a brownish-red clay loam A2 horizon extending to a depth of
from 8 to 15 cm. where it is underlain by a compact, brittle heavy red
clay which contains some quartz and mica fragments. The upper C hori456
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zon appearing at from 90 to 110 cm. consists of a light red crumbly decomposed rock, grains of quartz, altered feldspar and mica being noticeable.
The Iredell loam is the younger soil from the basic rocks. It consists
of a dark grayish-brown Ai horizon 2 to 3 cm. deep, underlain by a brownish-gray loam or sandy loam A2 horizon extending to a depth of from 15
to 25 cm. The B horizon is a plastic, tenaceous, impervious clay which is
yellow or brownish-yellow in color and extends to a depth of from 60 to 75
cm. This is underlain by a crumbly greenish-gray mass of disintegrated
basic rock made up of gray, green and black mineral fragments. Both
the A and B horizons contain black concretious ranging from about 2 to
8 mm. in diameter which are shown by qualitative tests to contain iron
and manganese.
The Mecklenburg soils vary from loam to clay loam in texture, the
clay loam being selected for study. The Ai horizon consists of a dark
brown loam or clay loam 2 to 3 cm. deep. The A2 horizon is a reddishbrown clay loam extending to a depth of from 15 to 20 cm. The B
horizon may be throughout a dull red clay streak with black from decomposing concretions or it may consist of two subhorizons, the upper or Bi
horizon being a red clay and the lower or B 2 a yellow clay similar to the
B horizon of the Iredell loam. The C horizon, encountered at from 75 to
95 cm., consists of a yellow to greenish-yellow weathered rock material
somewhat streaked with red.
The Davidson clay loam consists of a dark brown Ai horizon from 1 to
3 cm. deep and a dark red clay loam A2 horizon about 12 to 15 cm. deep.
The B horizon consists of a smooth, heavy, dark red or maroon-red clay.
This extends to a depth of from 100 to 150 cm. where reddish- and brownish-yellow highly decomposed rock occurs. Where the parent rock is fine
TABLE 1.—Average mechanical analyses
A Horizon

B Horizon

Acid rock series

Durham sandy loam
Appling sandy loam
Cecil clay loam

Sands*

Silt*

Clay»

Sands

Silt

Clay

68.4
75.5
44.5

23.5
19.1
22.9

8.1
5.4
32.6

45.1
41.6
21.2

23.3
20.3
26.2

31.6
38.1
52.6

30.2
29.0
11.6

25.9
25.3
30.0

43.9
45.7
58.4

Basic rock series
Iredell loam
Mecklenburg clay loam
Davidson clay loam

63.8
52.8
24.0

26.5
16.8
43.9

9.7
30.4
32.1

* Sands range from 2.00 to 0.05 mm.
Silt
Do from 0.05 to 0.005 mm.
Clay
Do below 0.005 mm.
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grained and dense, rounded boulders may occur throughout the soil
profile.
Table 1 shows average mechanical analyses of the soils studied. Except
for the A horizon of the Appling sandy loam which is low in clay there is
a gradual increase in clay content in progressing from the younger to
the older soils.
TABLE

2.—Average analyses of soils from acid rocks (Granites and gneisses)
Durham sandy loam Appling sandy loam

Cecil clay loam

Rock
A

PA
K20
CaO
MgO
Si0 2
Al2Os

(12)*
0.13
3.75
1.50

3.57

Na20
Ti02
MnO

2.99
0.61
0.07

a
b

C

A

B

(2)
(8)
(8)
(5)
0.06 0.07 0.035 0.10
2.50 3.21 2.35 2.21
1.20
0.322 0.38
0.60
(2)
(2)
(1)
0.04 0.18
1.00
0.18
(3)
(3)
65.34 69.23 88.86 51.44
19.73 16.48 5.27 27.77
(1)
6.34
1.41
3.68 2.71 1.36
(2)
(2)
(2)
1.02
1.21
2.10
1.30
1.35
0.39 0.39 0.24 0.44 0.64
0.02 0.02 0.04 0.008 0.008

(5)
0.07
3.06
0.556
(2)
1.13
0.13
(3)
70.47 79.76
14.58 10.44

Fe,0,b

B

C

A

B

C

(2)
0.10
2.01
0.20
(2)
1.25

(10)
0.10
0.82
0.40
(4)
0.49

(10)
0.08
0.54
0.33
(3)
0.45

(2)
0.45
2.35
0.32
1.58

64.87 60.57 46.70 47.27
21.04 19.85 27.13 25.82
4.22

6.83 12.20 10.25

1.48 0.26
0.37 2.19
0.015 0.16

0.40
1.37
0.04

0.48
1.41
0.11

Number of analyses averaged for each constituent below until change of number.
All iron figured as sesquioxide.

Tables 2 and 3 show the chemical composition of the rocks and soils
used in this study. Averages of a number of analyses are used rather
than individual analyses. The analyses are taken largely from the
publications of the United States Bureau of Soils, the United States
Geological Survey, the North Carolina Experiment Station, and the
North Carolina Geological Survey.
In order to show more clearly the chemical changes taking place in the
development of soils from the rocks studied, calculations of losses and
gains in the B horizons of each of the more important constituents were
made. These calculations were made by applying the formula' used by
Geo. P. Merrill in his book, Rocks, Rock-Weathering and Soils. The " C "
of the formula derived from the percentage of alumina in the fresh rock
1

A
T . v <-•< = ^> Where A = the percentage of any constituent in the residual material,

B = t h e percentage of the same constituent in the fresh rock, and C = the quotient
obtained by dividing the percentage amount of alumina of the residual material by
that of the fresh rock, and X x 100 = the percentage of the original constituent retained.
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TABLE 3.—Average analysis of soils from basic rocks (Diorite, diabase, etc.)
Iredell loam

Mecklenburg loam

Davidson clay loam

Rock

P2Os
K20
CaO

(18)*
0.34
1.84
8.06

MgO

5.99

B

C

A

B

C

A

B

C

(8)
0.048
0.32
3.70
(2)
2.82

(8)
0.046
0.25
2.44
(2)
2.79

(2)
0.35
0.97
6.82

(1)
0.24
0.48
1.44

(1)
0.25
0.41
1.48

(1)
0.25
0.27
3.09

(3)
0.17
0.50
0.51

(3)
0.13
0.54
0.46

(3)
0.30
0.35
0.28

7.51

0.93-

1.76

2.04

52.37 63.32 45.79 44.38 46.41 43.30 46.70
15.72 9.30 24.70 21.23 21.85 25.02 25.21
9.88 12.49 10.93 11.48 17.14 15.29 12.87
3.28 0.31 1.16 2.29 1.20 0.89 2.04

Si0 2
A1203
Fe 2 0 3
NajO

1.24
0.15

Ti0 2
MnO
a

A

1.29
0.36

0.61
0.12

0.39
0.35

3.18
0.46

2.03
0.21

0.03
0.16

0.61 0.59 0.26
(2)
(2)
52.23 45.94 39.73
17.34 21.29 20.98
15.96 19.31 29.38
0.20 0.13 0.39
(1)
2.15 1.92 4.49
0.43 0.37 0.04

Number of analyses averaged for each constituent below until change of number.

and weathered rock was used in applying the formula to the soils from
each group of rocks, since there is an increase in alumina in the B horizons
by infiltration from above.
Tables 4 and 5 show the results of these calculations for the B horizons.
TABLE 4-—Changes in chemical composition between fresh acid rock (I), weathered rock
beneath the B horizon of Durham sandy loam {II C) and the B horizon
of Durham sandy loam {II B), Appling sandy loam
{III B) and Cecil clay loam {IV B)

I
PJO.
KJO

CaO
MgO
SiÖ2
AUOs
FisOü
NaiO
TiO,
MnO

Per cent of each constituent
retained

Chemical composition

Constituent
0.13
3.75
1.50
1.13
70.47
14.58
3.57
2.99
0.61
0.07

IIC
0.07
3.21
1.20
1.00
69.23
16.48
2.71
2.10
0.24
0.04

II B
0.06
2.50
0.60
0.18
65.34
19.73
3.68
1.21
0.39
0.02

IIIB

IVB

0.10
0.08
2.21
0.54
0.38
0.33
0.18
0.45
51.44 46.70
27.77 27.13
6.34
12.20
1.35
0.40
0.64
1.37
0.008 0.04

IIC
47.6
75.7
70.6
78.1
36.9
100.0
67.2
62.1
84.8
50.6

IIB
40.8
59.0
35.4
14.9
82.1
119.7
91.2
35.8
56.6
25.3

IIIB
68.0
50.2
22.4
14.9
64.6
168.5
157.1
40.0
92.9
10.1

IV B
54.4
12.7
19.4
35.2
58.6
164.6
302.4
11.8
198.8
25.3

Per cent of entire rock lost
IIIB

IVB

IIC

1111

0.07
0.91
0.44
0.25
9.23
0.00
1.07
1.13
0.40
0.03

0.08
0.06
1.54
1.87
0.97
1.16
0.96
0.96
12.61 24.95
2.87» 9 . 9 9 '
0.31
1.04»
1.92
1.79
0.26
0.04
0.05
0.06

0.06
3.27
1.21 .
0.62
29.16
9.42»
7.23»
2.64
0.60»
0.03

Total Loss
Gain»

13.53
.00

18.70
2.87

30.89
11.03

31.00
17.25

Net Loss

13.53

15.83

19.86

19.75

» Gain.

Since the amount of P 2 0 5 , in soils is so small as to cause high probable
errors in determinations and since so few of the analyses include determinations of MnO and T i 0 2 these constituents will not be discussed.
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TABLE 5.—Changes in chemical composition between fresh basic rock (I), weathered rock
beneath the B horizon of Iredell ham (II C), and the B horizon of
Iredell ham (II B), Meckhnburg clay loam (III B)
and Davidson clay ham (IV B)

PsOs
K20
CaO
MgO
SiO,
AUOa

FejOj
NaiO
TiO,
MnO

Per cent of each constituent
retained

Chemical composition

Constituent
I

IIC

0.34
1.84
8.06
5.99
52.37
15.72
9.88
3.28
1.24
0.15

0.35
0.97
6.82
7.51
44.38
21.23
11.48
2.29
0.39
0.35

Per cent of entire rock lost
IIIB

IV B

III B

IV B

IIC

II B

IIIB

IV B

IIC

II B

0.046 0.25
0.41
0.25
2.44
1.48
1.76
2.79
45.79 43.30
24.70 25.02
10.93 15.29
0.89
1.16
2.03
0 61
0.21
0.12

0.13
0.54
0.46
0.59
45.94
21.29
19.31
0.13
1.92
0.37

75.6
39.0
62.7
92.9
62.3
100.0
88.2
51.7
23.3
175.7

10.0
10.0
22.4
34.5
64.8
116.4
84.5
26.2
36.4
60.1

54.5
16.5
13.6
21.8
61.2
117.9
118.2
20.1
121.3
105.1

28.3
21.7
4.2
7.3
65.0
103.3
149.3
2.9
114.7
185.2

0.09
1.12
2.89
0.43
19.50
0.00
1.08
1.58
0.95
0.11-

0.30
0.06
1 65
1.54
6.25
6.96
3.92
4.69
18.45 20.30
2.58» 2.81»
1.75»
1.48
2.42
2.62
0.26»
0.49
0.01»
0.06

Total Loss
Gain»

27.64
.11

29.42
2.58

36.17
4.83

36.47
5.17

Net Loss

27.53

26.84

31.34

31.30

II B

0.24
1.44
7.72
5.55
18.34
0.05»
4.72»
3.18
0.18»
0.12»

» Gain.

The changes in potash content in the two groups of soils is of interest.
In the soils from acidic rocks there is a steady decline in percentage of
potash until a minimum is reached in the older soil. In the basic rock
series on the other hand there is an early loss followed by a subsequent
gain. This is shown graphically in Fig. 1.
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FIGURE 1.—Graphical representation of changes in potash content of acid and basic
series of soils
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As shown in Fig. 2 there is a steady decline in content of lime as the
soil ages in each case.
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FIGURE 2.—Graphical representation of changes in lime content of acid and basic series
of soils

The changes in magnesia follow the trend of lime in the basic rock series
but in the acidic rock series there seems to be a minimum reached in the
soils of intermediate age followed by a gain, probably due to absorption
of the magnesia. Fig. 3 illustrates this.
Figure 4 indicates a steady decline in Si0 2 as development proceeds.
There is a steady increase in alumina in the acidic rock series and very
little change after the initial weathering of the rock in the basic rock
series. The ratio of alumina to silica in the case of the Appling sandy loam
is higher than would be expected. This is probably due to an abnormally
high clay content in one of the samples, the analysis of which was used in
making the averages. Figure 5 shows the trend of changes in alumina in
the two soil groups.
The case of Fe 2 0 3 is of considerable interest. In each case there is an
initial loss followed by noticeable gains. This increase in content of
ferric oxide in the B horizons of soils as they increase in age is attributed
to both chemical and mechanical leading from the A horizon and concentration in the B horizon, much of the iron found in the B horizon of older
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FIGURE 3.—Graphical representation of changes in magnesia content of acid and basic
series of soils
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soils having come from overlying layers of soil which have been removed
by erosion. The Fe 2 0 3 content of the Davidson clay loam seems abnormally high. This might prove to be lower if more analyses were available
for study.
In the case of soda there is a fairly steady decline with only smaller
amounts appearing in the older soils. The younger soils which are high
in content of soda have a noticeable tendency towards deflocculation.
There may be some correlation between this tendency and the soda content but this has not yet been definitely proved.
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FIGURE 5.—Graphical representation of changes in alumina content of acid and basic
series of soils

Contrary to the general belief the total losses from the basic rocks are
no greater than from the acidic rocks, and in neither case are the losses as
great as have frequently been estimated. Estimates which show great
losses, frequently as high as 75 per cent have been based on the employment of Fe 2 0 3 as the constant and have ignored gains of this constituent
as well as of other constituents l .
The basic rock series shows a heavy initial loss followed by relatively
1

Additional papers going into greater detail concerning the development of these soils
and explaining fully my methods of calculating quantitatively the losses and gains of
chemical constituents during progressive weathering are being prepared and it is hoped
that they will be published in the near future.
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slight changes while the acidic rock series shows comparatively little loss
in earlier stages with a steady increase in losses as weathering proceeds.
There is a remarkable similarity in the chemical composition of the ultimate products of the weathering of the two rock groups. The only noticeable differences are that the Davidson clay loam has a higher ratio of
ferric oxide to alumina than the Cecil clay loam and a much higher content of MnO.
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THE MAPPING OF SOILS IN SMALL AREAS
G. W. ROBINSON

University College of North Wales, Bangor, Wales
A considerable measure of agreement has already been reached with regard to the principles on which a world classification of soils should be
made. Although no final decision has yet been made with regard to the
actual primary groups which shall be distinguished, it seems clear that the
mature profile must be taken as the basis and that such distinctions must
be utilised as, for example, that between soils with A, B, and C horizons
and soils with A and C horizons. Perhaps the most pressing need at
present is for the accumulation of more data, particularly from southern
Asia, Africa, Australasia, and South America.
In the present paper it is proposed to discuss the detailed classification
and mapping of soils in small areas, because for many workers this is a
more pressing problem than the primary classification. Except in great
countries such as the United States and Russia, the number of primary
divisions encountered in a single country will be very small, whilst in the
provinces for which individual workers are responsible, perhaps only a
single primary type may be present. It will of course be necessary, even
in a limited region, to ascertain precisely the primary type or types, and
to delimit their extent, if more than one are present; but for practical as
well as for scientific purposes further subdivisions must be made.
One way in which these subdivisions can be made is by classification
according to the degree of maturity of the soil profile. Taking a small
country such as Wales, as an example, and premising that the whole of it
falls into the podsol class, we might classify soils as (1) mature, (2)
partly mature, (3) originally mature but with the original profile obliterated by human interference and (4) immature or agenetic soils, such as
coastal sands or recent alluvium. This subdivision would, however, only
be an extension of the primary classification and although it would have a
considerable scientific value, it would not bring us much closer to an understanding of the actual properties of the soils of the country or province.
Inasmuch as the number of kinds of soils is almost infinite, it seems certain that every soil map must be a generalization from a more detailed
map. It is the writer's contention that the considerations to be observed
in making detailed maps of small areas will be of a different character from
those observed in the construction of maps of larger areas. For example,
in mapping an individual farm it will be permissible and desirable to make
466
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use of methods and to entertain considerations which would not be applicable to the classification and mapping of the soil of a country or
continent. The general principles underlying such classification will,
however, have this in common with the principles of the primary classification, namely, that the material should be arranged in such groups and in
such an order as shall best conduce to the remembering of their general
properties. The actual type of classification must depend on the area.
In some areas, classification according to the parent material will prove
most satisfactory. Such was the case in the earlier work of Hall and
Russell in southeast England. We have also found in the soil survey of
Wales that the lowland soils of Glamorgan and Monmouth are most conveniently classified according to the geology, due regard being paid to
variations in lithological character within the same formation. Accordingly, our soils are most naturally grouped as Lias soils, Triassic Red
Marl soils, Liassic Alluvium soils, Red Marl Alluvium soils and so forth.
These types are all distinguished by color, texture and general agricultural properties. It may happen, however, that in other areas geological
considerations are recessive. This is the case in parts of North Wales
with strongly marked topographical features. In such cases, the natural
classification appears to demand the use of topographical considerations
and we arrive at such classes as alluvial flats, lowlands, hill slopes and uplands. Here the topographical distinctions appear to be more important
than distinctions based on the geology, although the geology has an effect
on the physical features.
We have no great areas of alluvium in Wales, but in mapping such areas,
one would naturally seek for the property which would best express the
important distinctions. Texture might form a good basis for the classification of alluvial soils in this country. In some countries, the most useful
classification might depend on salt content, or for some purposes, on
hydrogen ion concentration.
There is no soil property which might not, under certain circumstances,
form the basis of a system of classification, and although in arriving at the
great primary classification, the nature and succession of the soil horizons
must be used, in the examination of individual areas those properties of
the soil or circumstances of its occurrence must be selected which will best
characterize the differences observed.
In maps of small areas, it will be possible to introduce practical considerations to a degree which would be impossible on the maps designed to
show the primary divisions. These maps should also carry in symbolic or
abbreviated form all field notes as to surface, character, water conditions,
stoniness, texture, etc.
One would, therefore, recommend the recognition of two classes of maps.
In the first class, the big primary groups are to be shown, possibly with
subdivisions to denote the degree of maturity. For the maps of this
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class, it will be necessary to ensure that there is complete international
agreement on the details to be observed. Such maps would be mainly of
scientific value, although they would give information of the highest importance with regard to the economic possibilities of virgin lands. With
regard to the second class of maps, whilst international agreement may be
desirable as to the data to be collected, the actual classification to be
adopted will be mainly governed by local and practical considerations.
Maps of this kind will serve to furnish detail for maps of the first class.

DIE BODENKARTE DER STEPPE VON
SÜD-BESSARABIEN (BUGEAC)
P. ENCULESCU

Institutul Geologic al Romaniei, Bucaresti, Romanie
Der Boden Bessarabiens hat bereits vor langer Zeit die Aufmerksamkeit
der russischen Forscher auf sich gezogen; da es sich aber bei ihren Forschungen nur um flüchtige Ausflüge in die zwischen Prut und Nistru
gelegene Moldau handelte und die eingehend untersuchten Punkte im
allgemeinen zu entfernt von einander lagen, so standen auch die verschiedenen von ihnen erhaltenen Ergebnisse oft in schlechter Übereinstimmung.
Die von mir in Süd-Bessarabien ini Auftrage der agrogeologischen
Sektion des geologischen Institutes von Rumanien in den Jahren 1921 (1)
1922 (2) und 1924 unternommenen Studiën beruhen auf der eingehenden
Untersuchung einen grossen Anzahl nur von solchen (möglichst tiefen)
Bodenprofilen, die den Bodentypus der Region vertreten, unter Ausschaltung aller jener Profile, die lokalen Bodenveranderungen entsprechen.
Parallel zu den Bodenaufnahmen wurde auch die spontane Vegetation der
sudbessarabischen Steppe eingehend studiert.
Auf Grund dieser Untersuchungen ergibt sich, dass diese Gegend eine
typische Steppe ist, nicht allein durch ihre Morphologie, sondern auch
durch ihren Boden und ihre spontane Vegetation, welche des Steppenklima
zum Ausdruck bringen.
Gemass der kontinuierlich von SS-E. nach N und NW anwachsenden
Feuchtigkeit, lasst sich eine vollstandige und geniigend regelmassige
Reihenfolge samtlicher Bodentypen der Steppenzone feststellen. Die
Reihenfolge lasst sich besonders von S nach N leicht erkennen und tritt
weniger von E und W gegen den zentralen Teil des Bugeac in Erscheinung,
wo die Bedenserien an einigen Stellen mit dem hellfarbigen, an anderen
mit dem kastanienfarbigen Steppenboden beginnen.
Dort wo die Reihenfolge vollstandig ist, beginnt sie mit dem hellfarbigen
Steppenboden, der vorzugsweise den südlichsten Teil von Bessarabien
zwischen dem Prut und dem Liman Chitai einnimmt. Weiter nach Osten
verschwindet der hellfarbige Boden; an dessen Stelle trift ein besonderer
kastanienfarbiger Boden auf. Dieser hellfarbige Boden geht allmahlich
in einen kastanienfarbigen Boden über, dem in gleicher Weise der chokoladefarbige Tschernosiom folgt. Der letztere geht unter gleichfalls
kontinuierlicher Anderung in den eigentlichen Tschernosiom über.
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Zum Unterschied von den erwahnten ersten drei zonalen Haupttypen,
die sich alle auf einer machtigen Schicht von Loss gebildet haben, erscheint
der eigentlichc Tschernosiom, der den nördlichsten Teil des zentralen
Bugeac bedeckt, in den Gebieten, wo der Loss durch Mergel ersetzt ist.
Wahrend die drei zonalen Bodentypen, der kastanienfarbige Boden, der
chokoladefarbige und der eigentliche Tschernosiom, die alle die waldlose
Steppe charakterisieren, im westlichen Teil des Bugeac alle ihre wesentlichen Merkmale aufweisen, zeigen alle diese Typen im zentralen und
östlichen Teil einen gut ausgebildeten, sowohl durch seine Struktur als
auch durch seine Farbe wohl charakterisierten Horizont B und ergeben
sich daher als regradierte Typen (3).
Die Reihenfolge der Bodentypen schliesst in nördlicher Kichtung mit
einen in verschiedenen Stadiën der Degradierung begriffenen Tschernosiom ab, der sowohl über dem eigentlichen als auch über dem chokoladefarbigen Tschernosiom zur Entwicklung gelangen kann. Der degradierte
Tschernosiom charakterisiert eine Waldsteppe (oder Vorsteppe) und
bildet den weiteren Übergang zum Waldboden und zum Podsol, zwei
Typen, die in der weiter im Norden gelegenen Region der sogenannten
" C o d r i " (Walder) herrschen.
Diese regelmassige Reihenfolge der Bodentypen des Bugeac ist einigermassen durch das Vorkommen eines Stückes von degradiertem
Tschernosiom gestort, welcher die Höhen entlang dem Prut bedeckt, in
seinen verschiedenen Teilen Degradierungen verschiedener Starke zeigt
und in seiner Ausdehnung einige Flecken von Steppenboden und in der
Gegend der "Codri Tigheciului" auch je einigen Flecken Waldboden und
Podsol einschliesst.
Gleichfalls als Flecken jedoch von kleinerer Ausdehnung und im allgemeinen geringerer Degradierung, kommt der degradierte Tschernosiom
auch in einzelnen isolierten Punkten der eigentlichen Steppe vor.
Ausser den erwahnten Bodentypen kommen in der Steppe von Bugeac
auch folgende intrazonale und azonale Boden vor:
(1) Marine Salzböden und salzige oder nich salzige Seesande, letztere
oft als bewegliche oder halbbewegliche Dünen, die sich langs der flachen
Seeküste oder den Kusten einiger jetziger oder alter Limane befinden.
(2) Kontinentale Salzböden, die als grössere oder kleinere Flecken,
besonders den Boden und die steileren Abhange, die die grosseren im
Mergel eingeschnitten Taler begrenzen, bedecken.
Auf den Abhangen, manchmal soger auf den Kammen der Hügel trifft
man Rendzina-Böden, die dem Vorkommen von Kalk und Mergel entsprechen. Besonders auf dem letzteren Gestein trifft man neben typischer
Rendzina alle Stadiën der Bodenbildung von der Rendzina bis zum
eigentlichen Tschernosiom an, eine Tatsache, die zeigt, dass die Rendzina
unter den in der Steppe herrschenden Bedingungen kein stabiler Bodentypus ist, sondern eines der ersten Stadiën der Bodenbildung darstellt.
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Der Typus den der Mergel im Steppenklima anstrebt ist der eigentliche
Tschernosiom.
Auf den Abhangen, namentlich auf den steilen, trifft man auch Skelettböden an, die aus frischem oder wenig veranderten Loss, Sand, Kalkstein
oder hauptsachlich aus Mergel bestehen. Die Skelettbóden sind oft von
den zwei oben zuletzt erwahnten Bodentypen begleitet.
Ferner findet man in den breiten Talern der Donau, des Nistru und des
Prut, seltener auf dem Boden der bedeutenderen Taler, die die Steppe
durchqueren, Alluvionen, die von grosseren und kleineren Flecken von
moorigen Boden (Sumpfböden, Lacoviste) begleitet sind.
Die Alluvionen, die in den wenigen den Bugeac durchquerenden Talern
vorkommen, weisen sehr oft einen Beginn von Bodenbildung auf; die
meisten sind aber Anschwemmungen ausgesetzt die den Talboden stetig
erhöhen und dadurch einen Ausgleich der Niveaudifferenzen bewirken.
Der enge Zusammenhang, der zwischen dem Boden und der Vegetation,
die beide von Klima abhangig sind, existiert, hat sich auch in dieser wie in
allen unseren übrigen Arbeiten gezeigt. Wir gestatten uns daher den
Wunsch auszusprechen, überhaupt alle Bodenkarten durch Vegetations
karten zu erganzen.
(1) Enculescu, P. 1927. Contributiuni la studiul agrogeologic al Besarabiei de Sud
(Bugeacul). Dari de seama ale sedintelor Institutului Geologie. X.
(2)
. Ibidem. XI.
(3)
•. 1924. Le climat comme facteur de variation des types de sol. Memo. sur
la nomenclature et la classification des sols. Comité international de pédologie p.
259. Helsingfors.

DIE BODENKARTE DER DISTRIKTE BRASOV UND
FAGARAS
P. ENCULESCU

Institutul Geologie al Romaniei, Bucaresti, Romanie
Um den Versuch einer detaillierten Bodenkartierung auch im humiden
Gebiet durchzuführen, unternahm ich im Jahr 1925 das Studium der
Distrikte Fag&ras, und Brasov.
In diesem verhaltnissmassig ausgedehnten Gebiet, unterscheidet man
deutlich 3 orographische Einheiten und zwar:
(1) Das Gebiet der'Berge; (2) der Hügel und (3) der Taler.
So mannigfaltig die Gegend in orographischer Beziehung ist, so eintönig
ist sie in bodenkundlicher Hinsicht.
Diese Eintönigkeit wird durch das herrschende verhaltnismassig recht
humide Klima bedingt, welches die Entstehung von Podsol begunstigt.
Tatsachlich bedeckt der Podsol fast ganzlich das bewaldete Gebirge,
wo man ihn als Skelett-Podsol antrifft. Dieser Boden wechselt hier ab
mit grosseren oder kleineren Flecken von SkelettrBoden (zerbröckeltes
Gestein, Gesteinstrümmer und Felsen) mit Flecken von Moorböden,
selbst mit kleinen Flecken von Torf, die alle zu feuchten Stellen bedecken.
An den Stellen des Gebirges, wo Kalkstein, oder auch andere kalkreiche
Gesteine auftreten, wechselt der Podsol, der hier im allgemeinen tonig ist,
oft mit Flecken von pulver- oder auch nicht pulverförmigen schwarzen
Boden vom Typus der Rendzina ab, die in ihrer Masse sehr viele Fragmente von Kalkstein einschliessen, weiter mit Flecken von braunen, rotbraunen und selbst roten Boden, die arm oder selbst frei von solchen Fragmenten sind. Alle diese mit Hinsicht auf ihre Farbe verschiedenen Boden
sind nichts weiter als verschiedene Stadiën der Bodenbildung auf Kalkstein. Die Rendzina entsprache dem ersten, der Podsol dem letzten
Stadium, wahrend die anderen Boden Zwischenstadien darstellen.
Podsol von heller (weisser) charakteristischer Farbung in dessen Masse
man viele Fragmente unveranderten Gesteins sieht, bedeckt die machtigen
Schotter-Ablagerungen der Terassen der Fagarascher und der Burzenlander Ebene (Tara Barsei).
Denselben Bodentypus, der meistens durch den typischen Podsol
vertreten ist, trifft man auch in der Gegend der Hügel an, im Norden des
Olttals. An den seit langer Zeit kultivierten Stellen wird er sehr oft
teilweise oder ganzlich weg geschwemmt, so dass das Profil entweder nur
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zum Teil erhalten ist oder die ganze Bodendecke überhaupt bis zum
Grundgestein weggeführt worden ist.
Sowohl im Gebiet der Gebirge als auch in jenem der Hügel, wechselt der
Podsol mit grosseren oder kleineren Flecken von Waldboden, mit Skelettböden namentlich auf den Abhangen, mit Sumpfböden und Moorböden,
die die feuchtesten Stellen bedecken, mit Rendzinen die mit Kalk zusammengehen u.s.w. ab. In Beziehung zum Mergel kommen sogar kleine
Flecken von mehr oder weniger degradiertem Tschernosiom vor, die in
dem Gebiet der Hügel bemerkt worden sind.
Eine kleine Verminderung der Feuchtigkeit, die in der Ebene von
Brasov vorkommt, hat die Verdrangung des Podsols durch einen braunen
Waldboden, der merklich rötlich und manchmal sogar podsoliert ist, zur
Folge.
Die Boden, die auf einer starken Schicht von Schotter, der stellenweise
bis zur Bodenoberflache gelangt, liegen, weisen sehr grosse Schwankungen
auf, in dem sie auf oft kleine Entfernungen die Merkmale eines typischen
Waldbodens oder die eines Bodens der in noch geringerem Masse oder
überhaupt nicht degradiert ist, zeigen. In dem letzteren Fall zeigt sich
nicht selten das CaC03 in einer sehr kleinen Tiefe; manchmal zementiert
es den oberen Teil des Schotters zu einem Konglomerat.
Besonders in der Ebene von Brasov, weniger in jener von F&g&rasch
erscheinen Sumpfböden, moorige Sumpfböden selbst Torfböden.
Eine eigene Zone bilden in dem aufgenommenen Gebiet, die Boden die
im hoch gelegenen, unter alpinem Klima stehenden Gebiet des Gebirges
vorkommen. Unter diesen unterscheiden. wir die Skelett-Torfboden,
welche das Gebiet dominieren und die Skelettböden (zerbröckeltes Gestein
und Felsen), die auch haufig vertreten sind.
Ausser diesen Bodenarten begegnet man grosseren oder kleineren
Flecken von Torf, der an allen genügend feuchten, der Moosbildung
günstigen Stellen gebildet wird.
Die Anzahl der erwahnten Bodenarten in den Distrikten Brasov und
Fügaras wird erganzt durch rezente Alluvionen, die durch Schotter, Sande
und Tone vertreten sind und die man besonders in dem breiten Olt-Tal
entrifft, ferner durch ganz unbedeutende Flecken von Salzböden, welche
die Salzquellen begleiten.

KARTE DER HOLZVEGETATION DER SUDBESSARABISCHEN STEPPE (BUGEAC)
P. ENCÜLESCU

Institutid Geologie al Romaniei, Bucaresti, Romanie
Zugleich mit dem sehr detaillierten Studium der Bodenverhaltnisse der
Bugeac-Steppe, wurde auch die Erforschung ihres natürlichen Beaktivums, also ihrer spontanen Holz—und Grasvegetation in Angriff genommen.
Auf Grund dieser parallelen Studiën von Boden und spontaner Vegetation, konnten im Bugeac die zwei Subzonen der Steppe unterschieden
werden, und zwar:
(1) Die Subzone der eigentlichen Steppe, oder der waldlosen Steppe.
Diese Subzone, zu der der grösste Teil der Steppenzone gehort ist in
pflanzengeographischer Hinsicht sowohl durch das vollstandige Fehlen
des natürlichen Waldes, als auch durch die Art ihrer Gras-und Holzvegetation charakterisiert.
Was die Holzvegetation anbelangt wurde das Fehlen des Waldes vom
Menschen so schmerzlich empfunden, dass schon seit langer Zeit versucht
wurde, diesem Mangel auf künstliche Art vorzubeugen, indem im Umkreis
fast aller Ortschaften dieser Gegend grössere oder kleinere Pflanzungen
verschiedener Baume und Straucher angelegt wurden, in welchen fast
überall die Akazie vorherrscht.
Diese Pflanzungen, welche heute zum weitaus grössten Teil von Menschenhand zerstört sind, haben durch ihren geringen Erfolg gezeigt, dass
der damit verfolgte Zweck hier, wo sich die Natur so ungünstig für den
Baumwuchs zeigt, bei weitem nicht erreicht wurde.
Wahrend der natürliche Wald fehlt und der künstliche in der Steppe des
Bugeac nicht erhalten werden kann, so findet man hingegen haufig dichte
Gesellschaften, die aus verschiedenen Straucher- und Dornstrauchergebüschen vertreten sind.
Das geographische Auf treten dieser Zwergwalder oder der Gesellschaften
von Halbstrauchern ist, so wie auch in den anderen Steppen nicht ein
regelloses, sondern steht in enger Verbindung mit der Verbreitung der
verschiedenen Bodenarten.
Gesellschaften, welche sowohl was die Grosse der Verbreitungsflache als
auch die Grosse der einzelnen Individuen betrifft zu einem Minimum
reduziert sind, finden sich, sehr selten in den Depressionen des hellfarbigen
Bodens; in der Zone des typischen Kastanienfarbigen-Bodens, und
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besonders in der des Tschernosiom, werden sie haufiger und ausgebreiteter,
die Individuen grosser.
Wie immer die Verteiling dieser Gesellschaften in der Steppe des Bugeac
sein mag, so bestehen sie doch ent weder nur aus Individuen die zu derselben Strauchart gehören, oder aus Individuen verschiedener Arten, welche
sich in verschiedenen Mengenverhaltnissen vermischen.
Unter diesen Gesellschaften stehen an erster Stelle jene welche von
Prunus spinosa L., gebildet werden, dann jene von Amygdalus nana L.,
welche besonders auf einigen regradierten Bodentypen sehr haufig vorkommen. Seltener findet man Gesellschaften von Cerasus chamaecerasus
Lois.
Was die Gesellschaften von Caragana anbelangt, so scheinen diese die
Zone des chokoladefarbigen Tschernosiom und vor allem diejenige des
echten Tschernosiom zu bevorzugen; sie siedeln sich immer auf mehr
tonigen Boden an.
Zu diesen kommen noch hinzu Gesellschaften von Ephedra distachya L.,
welche sich auf einigen Sanden im Litoralgebiet des Meeres ansiedeln und
sie auf diese Weise verfestigen.
Aus der Mitte einiger dieser Gesellschaften von Strauchergewachsen
erheben sich hie und da vielverzweigte Individuen von Rosa canina L.,
Crataegus monogyna Jacq., Rhamnus cathartica L., oft ziemlich haufig in
einigen Teilen der Steppe; sogar Ulmus campestris L., kommt vor, welche
manchmal allein kleine dichte Zwerg-Büsche bildet.
Was Rubus caesius L., anbelangt, so finden wir ihn sowohl als Bestandteil der verschiedenen Gesellschaften, wo er seine langen und dunnen
Stamme zwischen den anderen Individuen der Gesellschaften ausbreitet,
als auch in den Depressionen des hellfarbigen Bodens, wo er oft allein
Gesellschaften bildet und so dem Auftreten höherer Straucher vorausgeht.
(2) Die Subzone der Antesteppe, oder der Waldsteppe.
Zur Antesteppe, die eine viel kleinere Oberflache als die Steppe aufweist,
gehören alle jene Teile des Bugeac, wo im Zusammenhang mit den klimatischen Verhaltnissen der Boden irgend eine Degradation erlitten hat,
die das Aufkommen des Waldes in Form von grosseren oder kleineren
Flecken, erlaubt.
Diese Walder der Antesteppe sind nicht nur durch die Art und kleine
Zahl der Holz-Elemente, welche sie bilden (Baume, Straucher und Halbstraucher) und durch ihre Grasvegetation charakterisiert, sondern besonders auch durch ihr spezielles Aussehen als lückenhafte Walder.
Dieses ganz eigenartige Aussehen der Walder der Antesteppe verschwindet
sofort, wenn wir in die Waldzone gelangen.
Ohne eine Verbindung mit der so charakteristischen Vegetation der
Bugeac Steppe zu haben, finden wir in den Auen der Donau, des Nistru
und des Prut, mehr oder weniger ausgedehnte Walder von Weiden, Pappeln, etc., welche manchmal auch mit harteren Holzarten vermischt sind.
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Diese Walder bestehen dort Dank den günstigeren Feuchtigkeitsbedingungen die in den Aucngebieten herrschen. In den sumpfigen Teilen
hingegen, und in dem Überschwemmungsgebiet (Balta) herrschen weitausgedehnte Gcsellschaften von Phragmites und anderen Wasserpflanzen
vor.
Der Enge Zusammenhang der zwischen dem Boden und der Vegetation,
die beide vom Klima abhangig sind, existiert, hat sich auch in dieser wie in
allen unseren übrigen Arbeiten gezeigt. Wir gestatten uns daher den
Wunsch auszusprechen überhaupt alle Bodenkarten durch Vegetationskarten zu erganzen.

DIE BODENKARTE VON RUMANIEN, 1:1.500.000
T. SAIDEL

Institul Geologic al Romaniei, Bucaresti, Romanie
Die Vorarbeiten zu dieser Bodenkarte bilden die unter der Leitung des
Professors Murgoci in den Jahren 1906-1909 aufgenommenen und im
Jahre 19091 veröffentlichten Karte von Alt—Rumanien (1:2.500.000) und
die in den Nachkriegsjahren von den Mitgliedern der agrogeologischen
Sektion aufgenommene Bodenübersichtskarte von Transilvanien, Bessarabien und Bucovina. 2
Die so zu Stande gekommene und nachtraglich noch erganzte und
berichtigte Karte ist 1924 als Manuskript von dem 1925 verewigten Prof.
Murgoci der IV. Konferenz in Rom vorgelegt worden. Nach der
Erganzung jenes Manuskriptes mit alien Angaben, welche die Feldaufnahmen seither geliefert haben, ist die Karte im Juni 1927 in Druck erschiencn
und auf dem I. Kongress für Bodenkunde in Washington vorgelegt
worden.
Die Angaben dieser Bodenkarte werden wohl jedem Pedologen, der mit
der russischen Bodenklassifikation vertraut ist, ohne weiteres verstandlich
sein.
Die Bodenkarte von Rumanien, die sich in guter Übereinstimmung mit
der Vegetationskarte 3 befindet, bedeutet eine für die Klima—und Bodenverhaltnisse Rumaniens erfolgreiche Anwendung der Lehren der russischen Schule.
Wie man aus dem Vergleich mit einer Höhenkarte ersehen kann, sind
die Klima- und Bodenregionen Rumaniens im wesentlichen durch die
orographischen Verhaltnisse bestimmt.
Es ist ferner aus der Karte ersichtlich, dass sie ein ziemlich eingehendes
Bild der Bodenvorkommnisse des Landes gibt. Es war möglich nicht nur
die Regionen der fünf Steppenbodentypen, des Waldbodens, der zwei
Typen des Podsols sondern auch einige verhaltnissmassig wenig oder zum
Teil sehr wenig verbreitete Bo.denvorkommnisse wie die Sanddünen,
Salz-, Torf—und Rendzinaböden darzustellen.
1
Dr. G. Murgoci. C. R. de la lère Conf. Agrogeol. Budapest. 1909. Seite 313 —
und Dr. G. Murgoci.—Die Bodenzonen Rumaniens. Anuarul Institutului Geologie, IV
Bd, 1910.
2
Dr. P. Enculescu, Dr. Th. Saidel si Em. I. Protopopescu-Pake.—Privire generala
asupra solului din Ardeal Bucovina si Basarabia. Anuarul Inst. Geologie, Vol. XI, 1925.
3
Dr. P. Enculescu.—Zonele de vegetatie din Romania. Memoriile Inst. Geologie,
Vol. I, 1924.
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Erwahnt mag noch werden, dass die in der Legende vorkommende
Bezeichnung " P l a u r " 1 ein rumanisches Wort ist, für eine im DonauDelta und im benachbarten südlicher gelegenen Uberschwemmungsgebiet
(rumanisch: Balta) vorkommende aus Pflanzenresten bestehende Bildung,
die die Oberflache der Seen bedeckt.
1
Dr. Gr. Antipa.—Regiunea inundabila a Dunarii, 1910, S. 262; Wissenschaftliche und
wirtschaftliche Probleme des Donaudeltas. An. Inst. Geologic Vol. VII, 1913, S. 35.

GENERAL PRINCIPLES FOR SURVEYING THE
SALTY AND ALKALI SOILS
A. A. J. DE'SIGMOND

University of Technical Science, Budapest, Hungary
The aim of the surveying of salty and alkali soils may be different.
We may want to know the general character of the salty area or the origin
or the reclaiming possibilities and finally the extent of the various classes
of salty soils. The principles of the survey may be accommodated to these
different purposes.
If we want to know the general character of the soil, it may be sufficient to take one whole profile of each typical occurrence and determine
all the properties, which are required for the complete characterizing of the
soil. In most cases by this investigation we may also obtain the basis for
the genetic exploration, besides we may collect those agrogeological data
which might explain and support the characteristics of the soil already
determined. The next step leads us to the study of the possibilities of
reclamation. If, by the foregoing determinations, we come to soil types
already well defined the way of reclamation may follow automatically.
If, however, we meet with unknown conditions, the problem of reclamation needs particular experimentation and study.
In this way by surveying and analyzing the above-mentioned typical
soil profiles we will be able to determine all those features and factors
which are necessary for general grouping and classification of the soil
types of a given salty or alkali area, as I have recommended in my
introductory paper.
When, however, we want to know the extent of the different classes,
especially from the standpoint of reclamation, we need more careful
surveys. Namely, we want to know, in this case, the approximate or
the exact extent of each salt or alkali class. Here again we must distinguish between general mapping and special mapping. The former will
cover most large areas for the purpose of getting a general sketch of larger
reclamation work. But before starting the actual reclamation we need a
special map of the respective tract as detailed as possible.
The surveying and making of such special maps are to be discussed
more closely.
The greatest difficulty, in surveying salty or alkali soils for mapping,
consists in the very fact that the distribution of the water-soluble salts is
widely variable both in their horizontal, as well as in their vertical sec479
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tions. Therefore, we cannot collect just average samples as in other
cases, but we must test each plot and each horizon separately. Many soil
experts have accepted the scheme to divide up the whole area to be
surveyed in equal squares and by taking one or two or more samples on
one square and in different depths, the average results of the analyses
can be used as basis for the salt classification. This method is the more
reliable the smaller the units of the rectangular squares accepted. But in
this case we have to deal with larger samples, when the surveying will
take too much time and work, or the salt map will interfere very much
with these conditions.
It seems to me more reliable and easier to accommodate the sampling
of the soil according to the native vegetation or the cropped culture plants and
their cropping conditions. If we sample the soil of similar vegetation or
cropping conditions, the analyses of the same belt or areas may serve as a
good guide for the classification and the outlines of the different salt
classes on the map can be drawn according to distribution of the vegetation. I made some salt maps in this way and as an example I shall show
the salt maps of the irrigated alkali tract at Békés-Csaba, Hungary, surveyed in 1903 (2). (The respective maps will be demonstrated at the
meeting.)
It is not necessary in any case to know or to determine the correct association of the plants. An active soil expert must have enough practice
to detect the characteristic plant-association without being a botanist at
the same time.
I t is, however, very useful to determine for each surveyed area the
principal plants, which may indicate the salty character (qualitatively
and quantitatively) of the soil. Because, if we want a more detailed
survey this phenological survey may serve us as well as chemical analyses.
In this way we did, last summer, the general surveying of the Hungarian
salty soils. At the same time the botanists have made their phenological
survey and as a result of this we will know the leading plant associations
for a special class and type of salty soil in Hungary. Certainly, this plant
association may be different for different countries. But if once we have
determined the leading salt- or alkali-plants of a given area, the special
surveying of single farms may be conducted rapidly and, for practical
reclamation, satisfactorily. By these means we may reach the end, that
Hilgard recommended in his book on soils (1): " I t is obvious, he says, that
if these characteristic plants were definitely observed, described and
named, while also ascertaining the amount and kind of alkali, they indicate
as existing in the land, lists could be formed for the several regions, which
would indicate in a manner intelligible to the farmer himself the kind and
degree of impregnation with which he would have to deal in the reclamation work; thus enabling him to go to work on the basis of his own judgment, without previous chemical examination." Although I have some
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doubt about the last sentence, and also about the exact concordance of
plant-associations and soil quality, because other factors may influence
the observations, nevertheless, I agree with Hilgard in so far as the botanical survey is a very useful guide in soil surveying and may save much
analytical work.
As regard the analysis of soil samples, in most cases, the total salt content of the most determinant salts is all that is required, for the most practical classification of the soil. A complete analysis of the water-soluble
salts, as well as of the soil itself, is not required in each case. It is sufficient to do this at some typical points of the surveyed area. Because the
slight variations which may occur in this respect, are not determinant for
the general character. In Hungary we used to determine the total salts
by electrical conductivity and the Na 2 C0 3 by titrating with acid-potassium sulfate, with phenolphtalein indicator. Both determinations may
be approximate but sufficiently exact for practical classification. And, as
it is very difficult to get clear filtrates of our alkali soils, a more exact
chemical analysis would require too much work and time. Besides, it is a
question whether we can better approximate concentration which exists
in the natural soil.
Besides, the water-soluble salts we have to determine, at least approximately, the CaC0 3 content. A quantitative determination is not
required; by the quality of effervescence we may evaluate whether the soil
is poor, medium or rich in calcium carbonate. Similarly we look for the
occurrence of gypsum crystals. For general orientation we should never
fail to determine the pH value of each sample, namely in water-, and also
in N KCl-suspension, electrometrically. This map may be combined
with the soda map and include also the distribution of calcium salts.
As regards the chemical reclamation of alkali soils we need to know the
degree of alkalization. Because this may be determinant, as regards the
quantity of the chemicals required for reclamation. We have worked
out in our laboratory a method by which we may determine in one figure
the total quantity of exchangeable cations, and with another the exchangeable alkali cations. Now if we calculate the latter in per cent of
the total, we might get a numerical expression of the rate of alkalization.
At the same time we may calculate the amount of Ca, Al or Fe cations required to replace the alkali cations and render the soil permeable, as I
have shown in my other paper on alkali reclamation.
If the alkali soil is unsaturated, as the degraded or solotized alkali soils
are, then besides the determination of the degree of alkalization we may
determine also the rate of unsaturation (100-V), as worked out in our
laboratory, which may serve as a guide to the calculation of CaO required
for neutralization.
It may be mentioned, that Dr. E. Scherf, chemist at the Hungarian
Royal Geological Institute, Budapest, Hungary, and my secretary in
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Commission II, is using a method to test the amount of CaC03 required
to coagulate the dispersed soil colloids, with the aim to determine the
quantity of CaC0 3 for reclamation.
I t is sometimes necessary to note the water level in the substrata and
the composition of the ground water. In case of the irrigation plan we
should never omit the analysis of the source of water which we intend to
use for irrigation because sometimes the inadequate chemical composition
of the irrigation water may cause more damage than benefit (3).
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A GENERAL DISCUSSION OF THE CHEMICAL AND
PHYSICAL PROPERTIES OF ALKALI SOILS
W. P. KELLEY

University of California, U. S. A.
The important researches of the last ten or fifteen years show the
necessity for considerable modification of the old views on alkali soils.
Whereas the pioneer investigations of Hilgard placed the chief emphasis
on the soluble salts such as the chlorides, sulfates and carbonates, the
more recent studies place the emphasis on the relatively insoluble
base exchange components. From the standpoint of their chemical and
physical properties and the consequences growing out of them in connection with practical reclamation methods, these base-exchange constituents are often more important than the soluble salts. We now know
that the mere removal of the soluble salts will not necessarily suffice to
convert an alkali soil into a normal soil, as was held by Hilgard, nor will
it necessarily bring about conditions that are favorable to plant growth.
Indeed with certain large areas of alkali soil the leaching out of the soluble
salts tends to intensify the already adverse condition. Furthermore,
relatively large areas occur in certain places, notably in Hungary, where
the soluble salts have been leached out by natural processes and yet the
soil is still alkali soil and quite unsuited to plant growth.
The fact that soils in general contain constituents which react with
soluble sodium salts by base exchange has been known for three-quarters
of a century and the broad general outlines of the subject were drawn
several decades ago. It is only within comparatively recent years,
however, that the importance of this phenomenon has been appreciated
by students of alkali soils. The extensive researches on base exchange
during the past few years have shed new light on the alkali problem.
The chief replaceable base of productive soils is calcium. When this
base is replaced by hydrogen the phenomenon of soil acidity manifests
itself. When sodium replaces the calcium, as in the case of many
alkali soils, a series of chemical and physical consequences arise that are
of the greatest importance. In practical alkali reclamation it is necessary
not only to remove the soluble salts; it is also necessary to convert the
sodium-exchange components into calcium components.
Among the chemical properties of sodium zeolites and sodium organic
substances an important one is their tendency to undergo hydrolysis.
This tendency becomes pronounced only when the concentration of
483
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soluble sodium salts is reduced to a comparatively low level. The soluble
product of the hydrolysis is sodium hydroxide; hence soils which contain
any considerable amount of sodium in replaceable form are generally
alkaline. The hydrolysis being prevented by a high concentration of
soluble sodium salts, leaching promotes the hydrolysis and, therefore,
increases the pH value of the soil, sometimes very markedly.
However, notwithstanding the manifest hydrolytic tendency of the
sodium zeolites, the extent of the hydrolysis at any one moment is usually
relatively small. To conclude, as has been done by certain writers
recently, that these constituents undergo complete hydrolysis when
water is added in the ratio of 5 to 1 is indeed erroneous. If a carbonatefree-sodium-saturated soil is leached with water, the soil will become
acid when only a small proportion of its sodium has been replaced by
hydrogen ions. Dr. Gedroiz has shown that the so-called "soloti" type
of Russia represents alkali soil in which a part of the sodium has been
replaced by hydrogen as a result of natural weathering processes, and
Professor de'Sigmond has shown that the leached type of Hungary is
similar. In each case these soils still contain much replaceable sodium.
They may be properly designated as base-unsaturated alkali soils and,
as Professor de'Sigmond has shown, such alkali soils may have a pH
value considerably less than 7.
It is the relative ease with which zeolitic sodium is replaced by calcium
that is perhaps most responsible for the alkalinity that is developed by
leaching an alkali soil. When calcium carbonate is present, which is
usually but not always the case, leaching may bring about a marked rise
in the alkalinity. This increased alkalinity is apparently due, in considerable part at least, to the interaction between calcium carbonate and
the sodium-exchange components, as a result of which sodium is replaced
and C0 3 is brought into solution. In our investigations we have noted
that the alkalinity of a sodium-saturated soil, prepared by leaching a
carbonate-free soil with a solution of sodium chloride, was markedly
increased by mixing it with pure calcium carbonate. This reaction is an
important one in connection with the formation of sodium carbonate in
natural alkali soils, as was first pointed out by Dr. Gedroiz in 1912. It
is responsible for the fact that leaching frequently produces an increase
in the apparent content of sodium carbonate. On the other hand, a
non-alkali soil that is free from carbonate may become only slightly
alkaline when the bases are replaced by sodium.
The ratio of soil to water profoundly influences the extent to which
the sodium is replaced by calcium. It is because of this fact that the
various methods now in use for the determination of sodium carbonate
gives such variable results. It is doubtful whether we are any longer
justified in assigning a quantitative value to the content of sodium
carbonate, since the amount found will depend largely on the method used
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in its determination, especially as regards the ratio of soil to water. As
far as the soluble constituents are concerned, the total concentration and
the relative concentration of the various ions are the important considerations, and, as already indicated, the relatively insoluble sodium components are more fundamentally important than the soluble salts. With
many alkali soils the content of replaceable sodium is vastly more important than the content of soluble C0 3 .
Although the accurate determination of sodium carbonate is difficult
and uncertain, it would be a mistake to conclude that sodium carbonate
is never present in natural alkali soil. For example, the soil solution
obtained by displacing a sample drawn from our experimental area at
Fresno, California, was found to contain more than 5000 p.p.m. of C0 3 .
Moreover, the large amounts of sodium carbonate known to occur on
the surface of extensive areas in different arid regions could not possibly
be present there if the soil solution contained no sodium carbonate.
Another interesting chemical property of alkali soils also hinges on
the readiness with which sodium can be replaced by calcium. Reference
is made to the solubility of phosphate. It has been frequently observed
that the solubility of phosphate is increased by treating the soil with
neutral sodium salts. That this is not due entirely to the solvent effect
of the sodium salts is shown by the fact that the phosphate solubility
may be markedly increased by leaching out the soluble sodium salts.
Upon lowering the concentration of the sodium ions the sodium zeolites
that have been formed by base exchange react with calcium phosphate
and possibly other slightly soluble phosphates, with the resulting formation of sodium phosphate. Where calcium carbonate is present in excess
this effect is not so pronounced owing to the influence of calcium carbonate
on the equilibrium.
When alkali soils which contain sodium zeolites are thoroughly leached,
a loss is sustained in the valuable organic constituents owing to the
solubility and high dispersion of the organic substances in the alkaline
solutions that are formed. Moreover, the high dispersion of the inorganic-exchange components also causes them to be partially transported into the lower layers when heavy leaching is practiced. For these
reasons the leaching method of reclamation, so widely recommended on
the basis of the older views of alkali soils, may cause a substantial loss in
several very valuable soil constituents.
Calcium carbonate plays an extremely important part in alkali soils,
especially in connection with their reclamation. As suggested already,
the sodium zeolites can be slowly converted into calcium zeolite by leaching the soil in the presence of calcium carbonate. As was alluded to in
a previous publication, we have been able to effect a complete substitution of the sodium by calcium in several alkali soils merely by leaching
them with distilled water. Calcium carbonate was the effective agent
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in bringing about this change. Since calcium carbonate has a low solubility, particularly in alkaline solutions, the application of any material
which increased its solubility may be a substantial aid in reclamation.
It is in this connection that sulfur is an especially effective treatment.
Sulfur undergoes biological oxidation in soils and the end result is the
transformation of the sodium zeolite into calcium zeolite at the expense
of calcium carbonate. Carbon dioxide may also bring about the same
result through its effect on the pH of the system. The effectiveness of
organic manures depends very largely on the chemical transformation
which they produce on the sodium-exchange components. The value of
growing alkali resistant crops in connection with leaching is due to the
same fact. Iron sulfate and alum also induce similar changes where
calcium carbonate is present. With all of these materials the important
change which takes place involves the conversion of sodium zeolite into
calcium zeolite. Obviously this result may be secured directly by the
use of soluble calcium salts, such as gypsum, which was recommended
long ago by Hilgard. Calcium is, therefore, an extremely important
element in alkali soils and it would be difficult to overemphasize this
fact.
In an important sense the end to be attained in the treatment of an
alkali soil is the same as with an acid soil, namely the conversion of the
zeolitic constituents into calcium compounds. In the latter case it is
the hydrogen ion that must be replaced and in the former it is sodium.
Unless calcium carbonate is present, the application of sulfur and other
acid forming substances will not bring about the needed changes in alkali
soils.
American alkali soils generally contain more or less calcium carbonate.
It is because of this fact that acid-producing substances, such as sulfur and
ferrous sulfate, are effective in their treatment. As a result of recent
researches in our laboratories, Dr. Arany has shown quite conclusively
that the pronouncedly beneficial result we have obtained by the application of sulfur, iron sulfate and alum is due in each case to the conversion
of sodium zeolite into calcium zeolite and that this change was brought
about through the intermediate action of calcium carbonate.
If calcium carbonate is absent we would assume, on the basis of our
present knowledge, that lime should be applied rather than an acidproducing substance. It is interesting in this connection that Professor
de'Sigmond has verified this assumption in his important researches on
the leached type of alkali soil of Hungary. This type contains no calcium
carbonate. Formerly the exchange complex of these soils was sodium
saturated, but natural leaching processes have brought about a partial
replacement of the sodium by hydrogen ions, with the result that these
soils are now base-unsaturated. Although they still contain much replaceable sodium, thev are approximately neutral or acid in reaction.
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The application of sugar beet lime is found to be a very effective treatment
with these soils.
From the chemical standpoint there are, therefore, at least two important objectives to be attained in alkali soil reclamation. These are
the removal of the excess of soluble salts and the conversion of sodiumexchange components into calcium compounds. If possible economically,
the latter transformation should be effected, in part at least, before the
soil has been subjected to extreme leaching. Where the soluble salt
content is high, more or less leaching may be necessary at the outset for
the reason that the necessary transformation in the zeolites cannot be
effected in the presence of a high concentration of sodium salts. In the
end, however, the salts should be removed, otherwise the reclamation
will not be fully complete.
Various workers have noted that certain types of alkali soils remain
toxic to plants even after practically all of the soluble salts have been
leached out. Several years ago Sharp found that a highly productive
soil was made distinctly toxic to barley by adding an excess of neutral
sodium salts and then removing the same by leaching. Similar observations have been made in our laboratories at Riverside, California. The
toxicity thus developed has been attributed either to the resulting effect
on the hydroxyl ion concentration or to the extremely colloidal condition
that is produced. In my opinion neither of these theories is adequate.
For example, we have found that a carbonate-free soil was made extremely toxic to barley by replacing the calcium with sodium notwithstanding the fact that the hydroxyl ion concentration did exceed pH 7.8.
Since barley plants will grow vigorously in various kinds of media whose
pH is 8 or more, the alkalinity could hardly account for the toxicity.
When barley seeds are loosely placed in moist sodium-saturated soil and
allowed to germinate without adding water, we have noted marked
peculiarities in the root development. The roots that were formed
never became more than a few millimeters in length and they were very
coarse and stubby. The appearance of the roots suggests a highly toxic
condition. Investigation showed that the soil solution was entirely
non-toxic. The toxic factor was, therefore, not present in the liquid phase.
I am inclined to believe that the injury to the plant was produced
through the pronounced avidity of the sodium-exchange complex for
calcium. The germinating seedlings contain a small amount of calcium
derived from the seeds. This calcium upon diffusing into the developing
roots is possibly absorbed by the sodium zeolites of the soil. The result
is that the growing seedling is not only unable to secure calcium from the
soil but the seedling is actually robbed, so to speak, of a portion of the
calcium that is supplied by the mother seed. The consequence is severe
injury to the plant. Various investigators have noted that calcium
performs a vitally important function in root development.
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From the foregoing discussion it is evident that we can no longer
adequately define an alkali soil in terms of its content of soluble salts.
The sodium-exchange components produced by the action of the soluble
salts must also be considered.
In recent years the impermeability of alkali soil has been much discussed. Many investigators have noted that the permeability is often
greatly reduced by leaching. Various theories have been proposed to
explain this fact. When viewed under the microscope the particles of a
sodium-saturated soil present an appearance vastly different from that
of a normal soil. The clay particles no longer occur as aggregates or as
a film adhering to the surface of sand grains. The forces which control
the cohesion of the particles of sodium zeolite are very weak, or absent
entirely, and the adhesive power of these particles is of a low order. Their
cataphoretic power is also relatively great. The chemical and electrical
behavior of these substances suggest that the alumino-silicate part of the
complex occupies the inner and the bases the outer part of the so-called
electric-double layer. Owing to the inherent electronic differences
between sodium and calcium atoms, the base of the sodium zeolitic
particle lies farther out in the outer shell of the electric-double layer than
is the case with calcium zeolite. In other words the sodium zeolites tend
to ionize and hydrolize more readily than calcium zeolite. Since the
sodium ion is a relatively highly hydrated ion, pronounced swelling takes
place. In this case the so-called micelle of the colloid chemists must
include the alumino-silicate part, the replaceable sodium and the water
of hydration.
By virtue of the inherent electronic constitution of the calcium atom
calcium zeolites tend to form aggregates, to build up submicroscopic
crystals, etc., and to attach themselves to foreign bodies like sand. On
the other hand, the sodium zeolite particles are quite the opposite.
Their particles are more or less individual. When the electrolyte content of an alkali soil is lowered below a critical level these particles diffuse
into and fill up the pores of the soil. This, together with the pronounced
swelling incident to hydration, produces a state of high impermeability.
The high dispersion of the leached alkali soil is not easily overcome.
In addition to replacing the sodium by calcium the element of time seems
to be important. With certain alkali soils a state of pronounced deflocculation still remains after the sodium-exchange components have
been converted into calcium compounds. This seems to be due to the
fact that the particles when once dispersed do not re-assemble into
aggregates at once. In this connection it is well known that to overcome
the deflocculated condition produced in normal soil by mechanical means
may require considerable time. The formation of aggregates may be
likened unto the formation of loose submicroscopic crystals, which in a
medium such as soil must be relatively slow. Allowing the soil to dry
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out and the use of flocculants may therefore be very helpful in the
reclamation of an alkali soil.
Since the base-exchange reaction is governed by the principles of mass
action and chemical equilibrium, both the total concentration and the
composition of the soluble salts are matters of importance in alkali soils.
If considerable amounts of soluble calcium salts are present, the soil may
not contain much replaceable sodium, even though a high concentration
of sodium salts is present. When this condition prevails reclamation is
much less difficult. W'ith this class of alkali soil the chief consideration
is to lower the concentration of soluble salts.
From the foregoing brief general survey it must be apparent that our
knowledge of alkali soils has advanced substantially since the time of
Hilgard. The idea still widely taught in agricultural texts that an
alkali soil is simply a normal arid soil containing an excess of soluble salts
is not adequate. The chemical transformations in the base-exchange
components wrought through the action of the soluble salts are of farreaching consequence. The resulting effects are frequently more difficult to overcome than the soluble salts themselves. Although the soluble
salts are important and must ultimately be leached out, the conversion
of the sodium-exchange components into calcium compounds is equally
necessary and unless this is done the removal of the soluble salts will not
result in conditions that are favorable to plant growth. The problem of
alkali reclamation is, therefore, primarily a chemical problem.
The practical importance of reclaiming the vast areas of alkali soil in
America and other arid regions of the earth, demands that advantage be
taken of all available information. It is necessary to approach the subject in a new way. In this work success will depend, as Professor
de'Sigmond has recently pointed out, on cooperation between the engineer, the chemist and the farmer. With few exceptions the point of
view of the engineer has dominated previous alkali reclamation work in
America. Much of this has not been successful. With the advantage
of the more recent researches, there is every reason to expect better
success in the future.

THE LABORATORY EXAMINATION OF ALKALINE
SOILS
A. F. JOSEPH

Sudan,

Africa

INTRODUCTION
The object of this paper is to invite discussion as to the methods which
should be used in the laboratory for the examination of alkaline soils.
The important question of field sampling is not now under consideration,
but it may be pointed out that alkaline soils are often of considerable
depth involving the use of deep pits if the profile is to be examined
properly.
As a result of the discussion, it is hoped that a number of methods will
be subjected to cooperative critical examination with a view to their
adoption at the next Congress of a standard procedure.
No attempt has been made to compile a list of all the methods which
have been used or are in use for soil examination, but those have been
included which are of greatest importance to the worker on alkaline soils.
In order to avoid waste of space, details given in the papers presented
to the Rome Congress are not repeated here. For the same reason, the
references given are few in number, but will be sufficient as a guide to
the remaining literature.
The laboratory examinations are designed to give information of two
kinds (A) the ultimate physical and chemical composition of the soil and
(B) its proximate properties, which should be more nearly allied to those
it exhibits in the field. Thus, under (A) would come the ordinary
mechanical analysis carried out by a method involving as complete
dispersion as can be obtained by the use of agitation and deflocculants,
whilst under (B) such a test as the Keen and Puri dispersion test, which
uses only water, might give a picture of the soil under its " n a t u r a l "
conditions without breaking up the soil aggregates.
Ultimate examinations are often elaborate and many of them can only
be carried out on a few samples; on the other hand, agronomic work
requires the use of methods in which accuracy may have to be sacrificed
to speed to permit a large number of samples being examined. The
principal methods which require discussion are as follows:
A. Ultimate Examinations
(i) The amount and nature of the water-soluble constituents
(i.e., salts).
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(ii) The amount and nature of the alkali-soluble constituents
(principally humus),
(iii) The amount and nature of the dilute-acid-soluble constituents
(principally carbonates).
(iv) The separation of the mineral portion into the usual fractions,
and the ultimate chemical analysis of each (i.e., complete
mechanical and chemical analysis),
(v) The nitrogen (total, nitric, nitrous and ammoniacal).
B. Proximate Examinations
(vi) The easily-soluble electrolyte content.
(vii) The alkalinity (pH).
(viii) The degree of dispersion,
(ix) The colloidal properties,
(x) The permeability and pore space,
(xi) The moisture content.
(xii) The moisture properties (i.e., hygroscopic coefficient, rate of
evaporation, moisture equivalent).
(xiii) Exchangeable bases.
A. ULTIMATE EXAMINATIONS
Very little is required to be said as to the methods under A. The
only difficulty in connection with (i) lies in deciding the conditions
under which the water-soluble constituents are to be extracted, and this
will be referred to under (vii).
The determination of humus requires careful consideration, but
should be taken up as a general problem by Commission II. It need
only be said here that many alkali soils contain much clay and little
humus, so that (even for approximate results), methods based on the loss
of ignition of the whole soil are useless.
Carbonates need not be referred to in detail; beyond pointing out that
alternative methods are required for the soils containing much or little
of these constituents.
With regard to (iv), methods for ultimate mechanical analysis have
been recently under consideration by Commission I. A number of
tropical laboratories are now using the sodium carbonate method devised
by Beam and used in the Sudan, and it has been found that this simple
procedure gives results which agree very well with the more elaborate
English or Hissink methods.
The chemical examination of the fractions was sufficiently described
in the paper presented to the Rome Congress (Proceedings, Vol. I l l ,
page 401).
Satisfactory methods exist for the estimation of nitrogen in all its
forms: attention may be drawn to the need of adding water to heavy
soils when making Kjeldahl determinations (2).
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B. PROXIMATE EXAMINATIONS
(vi) The rapidly soluble electrolyte content is one of the most important determinations to be made in alkaline soils. Large local variations render it essential to take many samples, and investigations on
irrigated land, which often involve the examination of the same field
many times during the season, demand the use of an extremely rapid
method. There appears to be few cases in which anything more is
required than a measure of the total electrolyte content, so that methods
based on electrical conductance appear most serviceable. It is not
necessary to repeat what was written in the communication to the Rome
Congress. As has been stated, the details of the method of extraction
are very difficult to settle, as the following factors affect the results of
the conductivity determinations:
(a)
(b)
(c)
(d)
(e)
(f)

The age of the sample.
Method of drying.
Proportion of water.
Time of extraction.
Method of shaking (if any).
Temperature.

All these require to be fixed in laying down a standard procedure.
(vii) The determination of the pH of alkaline soils similarly requires a
standardized technique for the preparation of the soil-water mixture.
The following factors may affect the result:
All those enumerated in the last paragraph and
(g) The presence or absence of the soil particles. Reference in this
connection may be made to the paper by Barnette, Hissink
and Vanderspek presented to the Rome Congress (3).
Billman's quinhydrone electrode is now largely used for many soils on
account of its ease of manipulation; at first it was thought that this method
was not applicable to alkaline soils whose pH exceeded 8, but Professor
Trénel claims that this difficulty has now been overcome and his portable
apparatus permits of rapid determinations being made in the field up to
any degree of alkalinity likely to be met with.
(viii) The degree of dispersion may be studied by the method of Keen
and Puri (7). Possibly a method of mechanical analysis by Robinson's
method but without chemical treatment would be sufficient.
(ix) The Colloidal Properties. These are due to the humus or the clay.
As far as is known, there is only one kind of humus, but clays differ very
greatly and possess colloidal properties in a degree which seems largely
dependent on chemical composition. It is most desirable that the clay
separate of a soil type should be studied in detail both physically and
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chemically. The properties which lend themselves to the laboratory
examination of large numbers of samples are:
(a) Shrinkage or swelling.
(b) Heat of wetting.
(c) Plasticity—moisture content.
(b) would appear specially suitable for rapid work. The papers of
Bouyoucos (4) and Anderson (1) deal with this.
(x) Permeability. It is most desirable that a standard method should
be devised for testing the permeability of a soil measured either by direct
percolation or capillary rise. The difficulties in packing the tube in a
uniform manner or in one which imitates field conditions are considerable:
results of value can certainly be obtained when working on soils of the
same nature. Possibly the use of a "standard soil" for comparison would
eliminate many difficulties.
(xi) Moisture Relationships. The most important determinations
which are to be made and which require standardization are
(a) Moisture content: the time and temperature of drying and the
precautions necessary to avoid re-hydration. The electrical
method of Görz (5) would be of great interest for field work.
(b) Hygroscopic coefficient, and as an expansion of this, the rate
of drying out.
(c) The moisture equivalent.
Of these, the last named has been examined in detail by various
workers in recent years and is recommended for general investigations.
The high cost of the apparatus may prevent its coming into general use.
(xii) Exchangeable Bases. The determinations in alkaline and saline
soils are very unsatisfactory at present, and special cooperative work is
required before any procedure can be recommended. Dr. Hissink's
standard method as set forth in the Transactions of the Faraday Society
(6) has been widely used for non-alkali soils and it is necessary to discuss
the modifications required in the presence of soluble sodium and calcium
salts.
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THE DESIRABILITY OF MAPPING SPECIFIC SOIL
PROPERTIES 1
A. F. LEBEDEFF

University of Rostov on Don, U. S. S. R.
The viewpoint one has on soils naturally finds its expression in his
method of soil mapping. If one considers soils from the geologic point
of view, the soil map reflects this view; if the applied agronomic point of
view predominates in one's mind, the soil map reflects the practical idea.
With the development of the genetic school of soil science (the school of
V. V. Dokuchaiev) which looks upon soils as a natural historical body,
the idea of the development of soil becomes just as a natural function as
the idea of the orthogenetic and philogenetic development of plants and
animals; the soil map is then a reflection of this point of view and gives
us the conception of the distribution of this or the other "type of soil."
The geologic point of view is at present so antiquated that there is no
reason to analyze the system of soil mapping based on this point of view.
The agronomic tendencies in soil science are still strong and there is
hardly any reason to minimize them. For that reason the tendency to
have maps which differentiate soils on the basis of agronomic characteristics deserve our attention and improvement. However, looking into
the agronomic characteristics more closely, one may easily note that
they coincide practically with one or the other physico-chemical properties of soils, such as the amount of humus, mechanical composition
(heavy, light and sandy soils), salinity, etc. The correlation between
the agronomic characteristics and the physico-chemical and biological
properties of soils is not always so clear, but this should not minimize the
desirability of agronomic tendencies in soil mapping. On the contrary,
the elucidation of the correlation between agronomic properties of soils
and their genetic peculiarities should comprise one of the fruitful problems
of present day soil science.
Since the problems of agronomic soil science coincide with the suggestions of this paper, it is the opinion of the author that there is no reason
for a detailed treatment of this question.
From the standpoint of the genetic school of soil science the most
complete soil map is the one which gives the soil types and their variations.
The author has no reason to contradict this justified thesis, but it seems
that it requires some supplementary elucidation. This consists in the
1
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necessity of mapping the specific physico-chemical and biological characteristics of soils. We shall briefly analyze the basis for this.
Soil type is a very complex idea; it summarizes the conception of the
investigator on the process of soil formation within a series of various
soils which have several general properties. Not all the components of
this idea are of the same order. On the one hand we have the chemical
and mechanical composition of soils, soil horizon, structure, volumeweight, moisture, temperature, natural flora, etc. These are facts which
may be observed by one or another method. On the other hand the
"idea of soil t y p e " comprises a large number of conceptions the aim of
which is to establish the genetic relation between the above mentioned
specific characteristics of soil—and understanding of the processes of
soil formation, and this idea is naturally more or less different among the
different investigators. More than that, the understanding of the
processes of soil formation changes from time to time with the development of our knowledge about soils, with the development and establishment of new ideas and facts in chemistry, biology, etc. Thus, for instance,
for the last 10 or 15 years several processes of soil formation received a
new interpretation, thanks to the application of the ideas of colloid chemistry to soil science. In constructing the idea of soil type the inferences
of logic play an important role. Such a proposition is generally not dangerous but it creates a basis for various points of view. Usually this is
the source of misunderstandings between investigators and, of course, the
"points of view" do not coincide. With the so-called distinct types, such
as podsol, chernozem, latterite, the soil scientist does not encounter any
difficulties in relating the given soil to one or another type. It is different,
however, when the properties of the soil are not sharply expressed, as
for instance in podsolized and forest soils, in forest and degraded chernozem, in degraded and retrograded chernozem, in soils located on a
plateau and on a small incline, in southern chernozem, brown earths and
alkali, etc. In these cases nature does not give any sharply defined
characteristics and logical inferences which have no solid foundation in
observations may work in various directions with the various investigators. This brings about a placing of one and the same soil in various
subtypes and soil variations. A cursory acquaintance with the soil
maps of the various investigators is sufficient to convince oneself of the
truth of the aforesaid. Comparing soil maps prepared by different
investigators of districts adjoining each other, one may easily see how
sharply these distinctions appear. Those who compile general maps of
large regions or countries know very well these difficulties. The difficulties in combining maps of bordering soil variations are based on the fact
that the various investigators take as a basis for division all the soil
variations and not the same properties of the soils or even a combination
of these properties. And besides very often these properties are not
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expressed quantitatively but qualitatively. Therefore it is sometimes
difficult to recognize the one and the same soil from the various descriptions.
Under such conditions a map which describes the distribution of soil
variations (subtypes) departs from nature and gives only a very arbitrary
picture of the geographic distribution of the soil as a natural historical
body. The prevalence of the logician's point of view in present day soil
mapping is undoubtedly dangerous, for his view leads to a loss of the value
of the map or to an erroneous understanding, especially with the changing
conceptions of the processes of soil formation and with the changing
personnel of soil scientists. Since in "soil t y p e " maps the material on
the specific soil characteristics is hidden behind the logical construction,
then the change in conception about the soil type may lead to a distortion
of the characteristics.
In order to avoid undesirable results which appear from conditions
just described, it would be very appropriate to recognize as useful not
only the mapping of the soil types and their variations, but also the specific
soil characteristics. Such a suggestion was made 30 years ago by
Nefedov, but it was accepted by nobody. Only in the years 1912 to 1920
A. L. Nobokikh made an attempt to develop the idea of Nefedov and apply
it in extensive soil investigations in the southwestern portion of European
Russia. Death cut short the work of Professor Nabokikh. As far as we
are aware only Florov accepted the ideas of Nefedov and Nabokikh,
while the greatest number of soil scientists either ignored it or were
negatively inclined to the suggestion of mapping the specific soil properties.
It seems to the author that not only because of critical reasons but also
because of the value of mapping the specific soil properties, it is necessary
not to limit oneself with a mapping of the types only. The reasons are:
1. One maps the simple facts of nature, for instance, the content of
N, Po05, humus, depth of humus horizon, depth of leaching of carbonates,
mechanical composition, maximum hygroscopticity, maximum molecular
moisture holding capacity, horizon of compactness, pH, etc. Such
characteristics may be quantitatively expressed with an indication of
the methods for their determination and, therefore, they cannot be lost
or distorted with the evolution of the viewpoint on soil forming processes.
2. With the development of soil science, with the discovery of new
characteristic soil forming processes, a supplementary map of them is
possible. Since in general these characteristics will not be connected
with the type map and, therefore, no re-valuation of all the mapping will
be necessary. For instance, with the development of the idea of pH one
may give a map with this characteristic, which of course will not coincide,
with the type map; neither will it coincide with a series of the other
characteristics but may coincide with some.
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3. One may have certain combinations of these or the other characteristics which characterize the soil from different angles. For instance, it
is possible to separate a certain group of characteristics which are closely
allied with the moisture properties of the soil; another group may be
combined with the aeration of the soil; a third one, with the reaction, etc.
Under such conditions this or the other group of characteristics will not
always be connected with a given variation of the soils (according to the
type characteristic) and often the different variations of the soil will have
in common either this or other characteristic.
4. It is possible to compile correlation maps between the specific
characteristics of soils or their groups (paragraph 3) with the agricultural
properties of the soils. For instance, the mechanical composition of the
soil and the conditions of tillage; the mechanical composition, amount
of nitrogen in the soil and the nitrogenous fertilizers; the P2O5 content in
soils, reaction and the quality and quantity of phosphoric acid fertilizers,
etc. The compiling of such correlation maps would be of great value to
agriculture. The existence of a map based on the specific characteristics
of the soils would give a chance to analyze critically the given region not
only to the investigators of that region but also the other specialists who
would have the material for their own judgment and they would be in a
position to judge the value of such a map. More than that, they will
be able to give their own interpretation of phenomena observed in nature
not being in accord with the viewpoint of the compiler; they could suggest
a new map or corrections. In a word, the mapping of the specific characteristics would give material for criticism and improvement of the type
map.
On the basis of the aforesaid considerations, it would be very desirable
to recognize the value of compiling soil maps according to their specific
characteristics. This is especially important for the investigation of
problems which are closely connected with soil problems in practical
agriculture.

SOIL CLASSIFICATION PROBLEMS IN RUSSIA
J. AFANASIEFF

1

Agricultural Academy, Gorki, U. S. S. R.
The guiding spirit of the Russian school in solving the problems of
soil classification were the views of Dokuchaiev on the nature, genesis
and geography of soils.
The soil properties and the laws governing soil formation make the
soil an independent nature-historical body with a distinct realm in the
same manner as the realm of plants, animals, minerals and native rocks.
The soil is a product of the weathered parent material formations in
situ, formed by the combined agents of the atmosphere and biosphere.
The soil is a simple function of the soil formers; it attains its fundamental features in process of formation and in this respect it differs
fundamentally from the plant and animal kingdoms which obtain their
distinctive features from germoplasm and by inheritance. The basis for
the systems of classification and methods used is an outgrowth of this
view.
The genealogy and the distinctive characters of the morphological and
chemical properties of the soil are determined by the condition of soil
formation in the sense of a definite combination of soil forming elements:
climate, vegetation and animals, parent material, relief, ground waters
and time.
"According to the quantitative and qualitative modifications of the
soil formers we may place soils in their proper genetic series" (Sibirtzev).
The chief soil formers—climate and biosphere—are distributed all
over the earth's surface (valleys and mountains), in more or less regular
belts or zones which correspond to the zonal soil types with definite
morphological and chemical properties.
On the basis of the law of zones Dokuchaiev-Sibiertzev established a
series of fundamental zonal (or climatic) soil types distributing them in
the order of climatic belt changes for the Russian valley (horizontal
soil zones).
In the mountains, in the higher belts, similar soil zones appear (vertical
zones). (Dokuchaiev, Glinka, Zakharov, Neustruev, Prasolov.)
The general scheme is as follows:
(1) Tundra soils, (2) for the forest region—podsolized soils, (3) the
forest steppe soils, which blend into (4) steppe chernozem; toward the
1

Translated from the Russian by J. S. Joffe, N. J. Agr. Exp. Station.
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south we find a series of zones of (5) the arid steppe, (6) semi-deserts and
(7) deserts: the soils are chestnut, brown and gray in color. The zonal
types of the humid subtropical and tropical soils as they appear in zones
from the southern toward the northern latitudes were formulated by
Glinka, Afanasieff and Gedroiz. Here one may note a special series of
zonal types: laterites, red soils, yellow soils, brown soils—Ramann
(Glinka) or yellow podsolized (Afanasieff), gray podsolized and tundra.
The development of these ideas brought about the conception of the
"zonal system of soils" for regions with either continental, marine or
transitory types of climate (Afanasieff).
Alongside of the zonal soils (typical zones or micro zones) groups and
series of soils were established. In their habitat and chemistry, these
depart somewhat from the zonal mode of soil formation because of the
relief, moisture régime, parent material, etc. In the classification scheme
of Dokuchaiev such soils are expressed in the idea of change from transitional to zonal soils. Sibirtzev names them intra-zonal (solonetz,
solonchak, rendzina and marsh soils). Later on an attempt has been
made to express the relation and genealogy of intra-zonal (transitory)
and zonal types with the idea of analogous formations and analogous
series (Visotzkii, Afanasieff, Vilenskii).
Since the majority of these soils are distributed according to the
micro-relief it is possible to accept them as morphologically analogous.
In the same time it is permissible to combine into one conception the
attributes of the soils of a given zone into zonal complexes or zonal
combinations (Afanasieff and Neustruev).
With such a view and interpretation all the components of the zonal
complex will change according to climatic belts giving in each successive
zone its analogous formations (Afanasieff).
In his latest classification Glinka summarizes all the various soil forms
into five fundamental types of soil formation:
1.
2.
3.
4.
5.

Laterite.
Podsolized.
Steppe (chernozem, chestnut, brown, gray).
Solonetz.
Solonchak (in reality solonchak and marsh soils).

Dokuchaiev in his soil classification presented, in 1886, based on the
origin of soils, pointed out besides the more clear-cut morphological
attributes—color—also certain chemical properties such as humus and
zeolitic clay. It turned out that both, the morphological (geographicgenetic) and chemical attributes, run parallel depending on the zones.
Sibirtzev formulated this parallelism as follows: In arranging the chief
soil groups one must detect the types of processes of soil formation and
soil origin. One must formulate those combinations of natural conditions
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which in general lead the soil forming process in a definite direction to a
definite and constant resultant.
All the later investigations have corroborated this thesis. However,
a series of experiments was undertaken in order to construct a soil classification by its internal properties only, namely its chemical properties.
A suggestion has been made to group the soils according to their
reaction. As a result of this we have the designations like humus,
podsol, solonetz, etc.
Recently (1925) Gedroiz advanced a new principle: classification of
soils on the basis of the soil complex capable of base exchange. Following
this suggestion the author has thus far established five fundamental
types of soil formation:
A. Soils saturated with bases;
1. Chernozem types; the complex is saturated with Ca and Mg.
2. Solonetz; the complex is saturated with Na.
3. Solonchak; the complex is saturated with Na in the presence of
free electrolytes.
B. Soils saturated with bases: the complex contains H ions.
4. Podsolized type.
5. Lateritic.
In 1926, Neustruev published "An experiment on the classification of
soil processes." Each type of soil formation the author subdivided into
a series of elementary soil processes. All soils in this respect are combined
into two fundamental divisions. Autogenic and hydromorphic.
A further characterization and subdivision of the soils according to the
soil processes very closely coincides with the scheme of Gedroiz.
The characters of the parent material and the mechanical composition
of soils have been considered in relation to the classification and soil
mapping. These two elements have been taken as supplementary
characters (according to specific schemes) since each soil type may
originate from any one parent material and be of any mechanical composition.
Whenever the chemical composition of the parent material favors
specific processes and types of soil formation (salinized with Ca, rendzina,
solonchak and solonetz) the classification problem found a solution in
some other way; either by separating out specific divisions and types of
soil formation (endodynamorphic—Glinka, solonetz—Gedroiz) or the
saline régime by itself was taken in as a factor and considered as a special
ordinate of the classification series. (For example: chernozem, chestnut,
carbonate, brown and others; they may be carbonates, normal or solonetz
—Afanasieff.)
Supplementing the above, other elements of soil formation were
distinguished, such as the influence of man (virgin soils, tilled), erosion
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(mature soils, immature, washed and untouched), time (phase of soil
formation, young soils, completely formed), etc. Such subdivisions may
be related to any one zonal or intra-zonal type.
Thus the classification problem is one, but formally and historically
it has been solved by the Russian school of soil science from the days of
Dokuchaiev by three genetic methods: geographic, morphological and
chemical with supplementary characters such as parent material, mechanical composition, etc. Apparently each element is not only justified,
but is indispensable for the complete characterization of the moments of
soil formation which are to give an exhaustive idea of the soil.
The classification, as a philosophical system, even though the methods
are different, will lead to one aim: With a logical scheme soil science
strives to picture the many sided nature of soils.
From this point of view any one system of classification or soil mapping
cannot be given preference even by selecting the most important attribute
and the discussion of this question is superfluous and has no significance.

DER BODEN. ALS LANDSCHAFTSELEMENT
B . POLYNOV

Polytechnischen Hochschule, Leningrad, U. S. S. R.
Die Forschungen Dokutschajevs, seiner russischen Anhanger, vieler
deutscher und anderer westeuropaischer Forscher haben schon langst
bewiesen, dass die Probleme der Bodenkunde sich nicht allein auf landund forst wirtschaftliche Fragen beschranken, sondern ein selbstandiges
weites wissenschaftliches Gebiet bilden, welches vielfach geologische und
geographische Fragen berührt.
Es befremdet daher keineswegs, wenn eine verhaltnismassig junge
Abzweigung der Geographie, die Landschaftslehre, ebenfalls mit den
Problemen der Bodenkunde in Verbindung tritt und diesen, wie es schon
früher mein Freund Prof. A. Borsov in Moskau ausgesprochen hat und
wie es die letzten Arbeiten Possarges zeigen, eine wesentliche Holle
zuweist.
Daher mag der vorliegende Versuch diese Holle zu beleuchten oder
sie mindestens einer Betrachtung zu unterwerfen, zeitgemass erscheinen.
Die Aufgabe der Erforschung einer Landschaft zerfallt in zwei Teile:
(1) Untersuchung der Eigenschaften jedes einzelnen Landschaftselements
und (2) Feststellung einer Gesetzmassigkeit in den Verhaltnissen, die
zwischen den Landschaftselementen bestehen und sie miteinander
verbinden.
Der erste Teil dieser Aufgabe lasst sich mehr oder weniger erfolgreich
mittels einer Reihe naturwissenschafthcher Disciplinen lösen: der
Geologie, Petrographie, Botanik, Zoölogie u. s. w., da ja jedes Element der
Landschaft, wie geologischer Bau, Gesteine, Pflanzengemeinschaften,
animalische Bevölkerung u. a. einzeln genommen bekanntermaassen
Forschungsobjekte jeder einzelnen der genannten Disciplinen darstellt.
Es ergiebt sich von selbst, dass inmitten dieser naturwissenschaftlichen
Disciplinen auch die Bodenkunde teilnehmen muss, insofern der Boden
ebenfalls ein Element der Landschaft bildet.
Bevor wir aber zur Klarlegung dieser Teilnahme übergehen, ist es
notwendig, um möglichen Missverstandnissen vorzubeugen, einen bestimmten Gesichtspunkt festzustellen von dem aus die Bodenkunde als
Wissenschaft und der Boden als ihr Forschungsobjekt betrachtet werden
muss. Dieses ist notwendig, weil in dieser Hinsicht bis heute noch kein
Übereinkommen zwischen den Pedologen verschiedener Richtungen und
Lander erzielt wurde.
TJnter Boden verstehen wir jene Oberflachenteile der Gesteine die nicht
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nur mechanischer Zerstörung, sondern auch chemischen und organishen
Verwitterungsprozessen (Hypergenese) unterworfen werden. Da die
Prozesse der Hypergenese wesentlich von den klimatischen Verhaltnissen
abhangig sind, so können wir die einst von Dokutschajev gegebene
Definition des Bodens hiermit wiederholen: der Boden ist eine Funktion
mehrerer Variabeln, wie Klima, Muttergestein, Oberflachengestaltung,
Organismen und Zeit.
Augenscheinlich ist jetzt, dass nach unseren Ansichten Fluss-,
Gletscher-und Windablagerungen, so wie Sand, Lehm, Ton und Loess
keine Boden sind. Aber auf jeder dieser Bildungen kann sich bei günstigen Verhaltnissen ein bestimmter Boden bilden (Tschernosem, Podsol,
Braunerde u. s. w.). Auf diese Weise divergieren wir in der Definition
des Bodens mit einigen Autoren (Ramann, Possarge) ebenso wie wir mit
vielen anderen in der Auffassung der Bodenkunde nicht übereinstimmen.
Die Bodenkunde betrachten wir nicht als Teil der landwirtschaftlichen
Wissenschaft, sondern als naturwissenschaftliche Disciplin, deren Aufgabe
es ist, die Eigenschaften, die Bildung und Verbreitungsgesetze der Boden
zu erforschen. Die Bodenkunde verhalt sich also zur Landwirtschaft
eben so wie die Petrographie zur Bergbaukunst.
Wenn wir uns jetzt der Frage des Bodens als Landschaftselement
wieder zuwenden, so können wir leicht jenes wesentliche Merkmal
feststellen, das den Boden aus der Reihe der der übrigen Landschaftselemente hervorhebt. Jedes Element der Landschaft mit Ausnahme
des Bodens, hat mehr oder minder seinen durchaus selbstandigen, von
der Landschaft selbst unabhiingigen Ursprung und nur der Boden ist
durchweg Produkt der übrigen Landschaftselemente.
Gestatten Sie mir dieses durch Beispiele zu erlautern.
Granit, Lehm und Sand können, gleich jeder beliebigen Albagerung,
sich an den mannigfaltigsten Landschaften wie des aussersten Nordens,
so auch der Tropenlander beteiligen, und überall und allerorten werden
diese Gesteine selbst ihren Einfluss auf die Landschaftsformen ausüben.
In der gleichen Lage befinden sich auch jene Formen der Oberflachengestaltung die durch endogene Kriifte hervorgerufen wurden. In viel
grösserer Abhangigkeit von der übrigen Elementen der Landschaft
befinden sich die Organismen; trotzdem ist auch ihre Verbreitung
bekanntermassen nicht nur vom Klima, den Gesteinen und der Oberflachegestaltung abhangig, sondern auch von den Eigenschaften ihrer
inneren Organisation in Verbindung mit historisch-geologischen Ursachen.
Aus diesem Grunde dürfen auch Pflanzen und Tiere durchaus nicht
immer als typische Merkmale einer bestimmten Landschaft oder einer
bestimmten Landschaftsgruppe gelten. Es genügt beispielweise auf die
Landschaften des Amurgebiets in Asien hinzuweisen, wo die Weintraube
merkwürdigerweise neben der Larche (Larix) auskommt und die weisse
Polareule neben dem Tiger.
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lm Gegensatz dazu ist der Boden, wie wir ihn auffassen, jeglichen selbstandigen Anfangs bar—er erscheint nur als Ergebniss der Wechselwirkungen, die schon in der Landschaft selbst entstehen und ist darum
für die Landschaft weitaus bezeichnender als jedes andere Element.
Ein Begriff der bestimmten Bodenart (z. B. degradierten Tschernosem
oder sandiger Grauerde u. s. w.) genügt schon um dem Assoziationsgesetz gemass die Vorstellung ganz bestimmter Landschaften hervorzurufen. Die russischen Bodenforscher wissen überdies ganz genau, dass die
Bodenforschung eines Gebiets in wesentlicher Weise auf die Erforschung
seiner Landschaften zurückzuführen ist und dass eine Bodenkarte in
umso grosserem Masse mit der Karte der natürlichen Landschaften
übereinstimmt je genauer und detaillierter sie ausgearbeitet ist.
Allein noch wichtiger und wesentlicher erscheint die Bolle des Bodens
bei der Lösung des zweiten Teils der Landschaftsforschungsaufgabe—
bei der Feststellung der Gesetzmassigkeit in den zwischen den Landschafts-Flementen bestehenden Verhaltnissen.
In Fallen, wo sich eine ausgesprochene Abhangigkeit der Landschaftselemente von einander beobachten lasst, wie z. B. viele Sumpfbildungen
bei sehr feuchtem Klima, oder tief zerschnittene Oberfiachen beimachtiger Erosionstatigkeit u. drgl., erscheint uns die Gesetzmassigkeit dieser
Verhaltnisse einfach und grell ausgepragt und die Landschaft zeigt sich
als harmonisch vollendetes Ganzes. Allerdings darf an einer weitgehenden Verbreitung solcher Landschaften gezweifelt werden. Möglich
ist, dass sie eben mehr in unserer Vorstellung, als tatsachlich existieren.
Lassen sie mich Ihnen einige konkrete Beispiele anführen.
Die hochgelegene mongolischen Steppen, die gegen Süden an die
Kentei-und Hangoimittelgebirge stossen und nördlich sogenannte
Gobiwüste umgrenzen, lassen uns vielfaltige und scharfausgepragte
Merkmale der Erosionstatigkeit beobachten Diese Merkmale erscheinen
in Form eines komplizierten wohlgebildeten Systems von Flusstalern,
zahlreicher von reissenden Stromen durchgrabener Schluchten, machtiger an ihren Mündengen sich haufender Schuttkegel und mannigfacher
Flussablagerungen. Jedoch befïnden sich heute diese Formen im
Zustande der Leblosigkeit. Die Flussgewasser stromen nicht mehr
durch die Taler, in vielen Stellen sind die Talwege dieser Schluchten und
Taler, sowie die Schuttkegel von Gras überwuchert und die geringe
Menge atmospharischer Niederschlage vermag nicht die Ströme zu
beleben, die sich einst durch diese schluchten gruben.
Somit stimmen die durch intensieve Erosion bedingten Oberfiachenformen hier nicht mit den gleichzeitig bestehenden physisch-geographischen Verhaltnissen überein und erscheinen als Keliktformen, zurückgeblieben aus der Zeit, da die physisch-geographischen Bedingungen,
Klima und Bewasserung des Landes, durchaus anderer Beschaffenheit
waren. Es ergiebt sich von selbst, dass die sogenannte Moranenland-
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schaften ebenfalls die von der Eiszeit zurtickgebliebenen Reliktoberflachenformen darstellen. Auch kónnen die Reliktelemente der Landschaft anderer i^rt sein.
Inmitten weiter waldloser Steppen im Süd-Osten des Europaischen
Eusslands sind mitunter Sandterrassen mit sparlichen Birkenwaldchen
anzutreffen. Diese Waldchen sind von dem gegenwartigen Areal der
Eirkenverbreitung weit fort nach Süden gerückt und weisen alle Merkmale
allmahlichen A ussterbens auf. Unsere andauernden Forschungen haben
klargelegt, dass sie ebenfalls als Eelikt aus einer Epoche der posttertiaren
Zeit herübergekommen sind, wo sie bei für ihre Entwicklung günstigen
Verhaltnissen eine weite Verbreitung nach Süden hin erfuhren.
Andernorts sind uns dagegen progressive Landschaftselemente bekannt.
Solcherart sind zum Eeispiel die heute in unsere südlichen Steppen durchdringenden Eichenwalder, worauf in zahlereichen pedologischen und
pf.anzengeographischen Werken hingewiesen wurde.
Somit kann mann, wie es mir in einer meiner Arbeiten schon gelang,
eine Landschaft auf folgende Elemente vertheilen; (1) Konsernative oder
mit den zeitgemassen Verhaltnissen iibereinstimmende Elemente, (2)
Reliktelemente, zurückgeblieben von früheren durch andersgestaltete
physisch-geographische Verhaltnisse genanntzeichneten Epochen und
(3) Progressive Elemente, verbunden mit jenem Abanderungen in dor
Landschaft, die in der Gegenwart oder wenigstens in spaterer Zeit eintraten.
Wenn wir jene vielfaltigen Umwandlungsprozesse in Rücksicht nehmen, welchen jedes Landschaftselement unterworfen ist und welche mit
vielen geologischen, biologischen und geographischen Forschungen (z. B.
von Davis) schon langst festgestellt sind, so wird es begreiflich sein, dass
die Reliktelemente der Landschaft wie auch die progressiven keinen
Ausnahmefall bilden und es lasst sich annehmen, dass sie viel haufiger
auftreten, als wir bis heute wissen.
Es versteht sich aber von selbst, dass die Bestimmung und Hervorhebung solcher Elemente eine unumgangliche Bedingung für Erforschung
und Verstandnis der Landschaften abgiebt. In diesem Falie kommt der
Geographie wiederum die Bodenkunde zu Hülfe.
In meinem Bericht über russischen Arbeiten auf dem Gebiete der
Falaopedologie habe ich schon Beispiele solcher Bodenbildungen angeführt, die Merkmale früherer physisch-geographischer Verhaltnisse
aufweisen.
Wenn die Bodenumwandlungsprozesse mit Wechsel der allgemeinen
klimatischen Verhaltnisse, oder mit Verschiebung der Waldzone, oder
mit Senkung des Grundwassersniveaux vor sich gehen, so haben wir
gesehen, wie jeder dieser Umwandlungsprozesse einen bestimmten Weg
verfolgten, dessen Erforschung er uns in vielen Fallen maglich macht,
aus den Merkmalen und Eigenschaften des Bodens die Verhaltnisse
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wiederherzustellen, unter denen dieser Boden in der vorhergehenden
Epoche sich befand. Nun ist es leicht begreiflich, dass solch eine Wiederherstellung mit der Bestimmung und Hervorhebung der Reliktelemente
der Landschaft, als auch der progressiven eng übereinstimmt.
In der Tat wissen wir ja auch, dass das Eindringen der Eiche in unsere
Steppen in Verbindung mit dem Übergang des Tschernosembodens in
den Zustand der Degradation verbunden ist, dass die obigen reliktmassigen
Birkenwaldchen in unseren südosteichen Steppen sich auf Boden mit
Merkmalen des Podsolbildungsprozessen befinden, und dass die entsalzten
Boden der Flüssterrassen deutlich auf die frühere Epoche einer hochgelegeneren Erosionsbasis hinweisen.
Die kurz bemessene Zeit gestattet mir keine weiteren Ausführungen
und ich kann nur noch darauf hinweisen, dass die russische geographischpedologische Litteratur bereits Versuche kennt die Evolution einiger
Landschaften auf Grund der Bodenerforschung zu beleuchten. Auf
diesen Versuchen fussend, komme ich zu folgenden Schlüssen:
(1) Die Bodenforschung eines Landes bringt uns der Vorstellung von
den dortigen Landschaften wesentlich naher, als die Erforschung jedes
beliebigen andern Landschaftselements, da die Bodenbeschaffenheiten
alle übrigen Elemente der Landschaft wiederspiegeln.
(2) Die Aufgaben der Bodengeographie und diej enigen der Landschaftskunde fallen in ihren wesentlichen Teile zusammen.
(3) Die Landschaftslehre wird nur dann festen Fuss fassen, wenn sie
sich in engstem Zusammenwirken mit der Bodenkunde entwickeln wird.
In diesem meinem Bericht habe ich nur die natürlichen Landschaften
behandelt. Es unterliegt aber keinem Zweifel dass der Bodenkunde eine
nicht geringere Holle auch in der Erforschung der Kulturlandschaften
zufallt.

CHEMICAL AND PHYSICAL PROPERTIES OF
FINNISH SOILS
B. AARNIO

National Institute of Soil Science, Helsingfors, Finland
INTRODUCTION
Geographically and geologically Finland belongs to a united and sharply
limited region which is generally called Fennoscandia. The bedrock
consists mostly of eruptive rocks and crystalloid slates and constitutes
the oldest part of the soil surface which was formerly deeper lying. Of
the bedrock 52.2 per cent is granite, 8.5 per cent slates, 8 per cent basic
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FIGURE 1.—Mechanical composition of soils

rocks and the rest veined gneiss and migmatites. The bedrock contains
only 0.1 per cent of limestone and dolomites.
Finland's subsoils have been formed during the Glacial Period and in
the period following, and are mostly sedimentary formations. Consequently they are more or less assorted, so that the elements of different
coarseness are separated from each other. The only subsoil that is
507
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composed of particles of different size, is the moraine gravel which has
been formed during the Glacial Period, and in which there are blocks,
stones, sand, silt and clay, in rather various proportions. Usually sand
is the governing element, whereas the finer matters are present in smaller
quantities. The clay percentage in the moraine varies from 1 to 10 per
cent; moraines richer in clay percentage are comparatively few. The
moraine is generally rather stony, only in small districts of the inland
part where stoneless moraine is found.

FIGURE 2.—-Moraine

All the other subsoils are more or less assorted and, depending upon
whether the coarse grains predominate in them, the subsoils are called
gravel, sand, silt and clay soils.
All subsoils with the exception of the youngest, viz., those that have
been formed in the so-called Litorina Period, have formed a sediment in
fresh water; for the so-called Baltic Sea, in which the subsoils of
the post-Glacial Period formed in layers, was free from salt. Thus the
here stratified clays have received their special structure, in which the
matter has settled according to its coarseness, whereupon the clay has
been stratified. Only in southwest Finland the glacial clay is indistinctly
stratified; the reason for this phenomenon is unknown.
As to their mechanical composition the stratified clays differ very
much, from a coarse silty clay to a rather stiff one.
The youngest of all or the Litorina clays that appear on the shores of
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TABLE 1.—Mechanical composition of the Moraine
Size of
fractions
mm.
0,002
0,002-0,02
0,02-0,06
0,03-0,2
0,2-0,6
0,6-2,0
2,0-5,0
5
Total

Kauhajoki,
W. Finland

Iisalmi,
Central
Finland

Kortesjarvi,
W. Finland

Keuru,
Central
Finland

Soini,
Central
Finland

9,32
16,43
21,32
16,85
35,42

9,69
13,78
13,44
31,76
24,64
2,33
3,60
0,50

2,47
18,72
24,99
28,67
24,93

1,75
9,04
16,48
19,76
28,01
5,42
19,70

0,08
0,29
0,56
7,26
3,61
17,28
68,30

99,34

99,74

99,78

100,16

97,38

TABLE 2.—Mechanical composition of Ose gravel and sand
Coarse sand

Ose-Gravel
Size of
fractions

Periiseinajoki
W. Finland

MyniiKorsnas
maki
W. FinS.W. Finland
land

mm.
0,002
0,002-0,02
0,02-0,06
0,06-0,2
0,2-0,6
0,6-2
2-5
5

per cent

per cent

2,90
8,50
11,00
77,60

0,16
1,29
21,93
12,76
33,34
30,36

Total

100,00

99,84

per cent

17,10
23,70
59,20

100,00

Medium sand

per cent
0,49
2,42
42,20
33,92
16,60
4,37
100,00

Fine sand

Ilmajoki
W. Finland

Alajarvi
Central
Finland

Lapua
W. Finland

Mynamaki,
S.W. Finland

per cent
2,00
2,60
6,79
74,80
12,85

per cent
3,57
3,29
4,41
8,10
75,83
5,37

per cent
5,25
15,18
37,98
39,70
0,94

per cent
0,32
1,36
3,84
87,44
5,60

99,04

100,57

99,05

98,56

I

TA BLE 3.—Mechanical composition of silt
Size of fractions

Jalasjarvi,
West
Finland

Soini,
Central
Finland

mm.
0,002
0,002-0,02
0,02-0,06
0,06-0,2
0,2-0,6
0,6-2

6,69
13,32
69,12
7,86
1,32

6,12
42,68
28,10
21,17
1,50

Total

98,31

99,57
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FIGURE 3.—Heavy clay
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TABLE 4.—Mechanical composition of clay
Very heavy clay
Size of
fractions

mm.
0,002
0,002-002
0,02-006
0,06-0,2
0,2-2,0

Total

Paimio,
S.W.
Finland

Heavy clay

Silty clay

PirttiMietoi- MusIisalmi,
kyla,
nen,
tiala,
Central
S. Fin- W. FinS.W.
Finland
land
Finland
land

Light clay

AlaMynaIsojarvi,
maki,
kyrö,
W. Fin- W. FinS.W.
land
land
Finland

Vehmaa,
S.W.
Finland

per cent per cent per cent per cent per cent per cent per cent per cent per cent
89,84
85,17
46,6
55,82
36,68
32,70
34,10
19,29
38,46
11,62
24,7
6,0
32,89
58,69
25,68
29,36
59,84
32,12
18,2
2,78
2,37
8,99
23,04
21,60
4,47
1,60
26,65
0,93
2,9
1,52
15,60
28,24
0,75
2,97
0,64
3,02
0,98
0,56
2,7
0,60
1,94
99,55

99,91

95,1

99,82

98,76

100,77

100,25

99,40

99,05

the Finnish and the Bothnian Gulfs, have been stratified in salt water
and are rather coarse-grained; they are known as light clays.
A common property of the clays is their plasticity which distinguishes
them from silt soils that are only very little permeable by water.
Sand soils consist of coarse and fine matters in varying proportions.
Sand soils are divided, according to whether the prevailing element in
them is coarse, medium coarse or fine sand, into coarse sand soil, medium
coarse sand soil and fine sand soil.
TABLE 5.—Chemical composition of Moraine and sand
Moraine

Sand

Constituent

Kaiihajoki,
W. Finland

Teerijarvi,
W. Finland

Pihlajavesi,
Central
Finland

Someroniemi,
S. Finland

Soini,
Central
Finland

Si0 2
Ti0 2
A1203
Fe 2 0 3
FeO
MnO
CaO
MgO
K20
Na20
P206
S03

75,36
0,41
11,42
0,84
1,72
0.025
1,80
1,02
2,80
2,84
0,41

76,00

74,00

77,50

10.lis

11,23

10,48

3,03

2,39

2,00

2,75
1,06
1,83
3,44
0,18

3,25
1,32
2,33
3,39
0,13

2,10
1,23
3,02
1,99
0,11
0,03

70,75
0,48
12,64
0,40
2,30
0,04
2,12
0,84
2,07
3,14
0,29

H20
Humus

0,027
1,34
0,52

1,05
7,03

0,30
1,37

0,80
0,23

2,39
3,24

Total

100,532

107,05

99,71

99,49

100,70

s
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Ose gravel is composed of gravel and coarse sand. It is a subsoil
permeable by water, in which there are generally no fine constituents.

FIGURE 4.—Silty clay

The placement of the different subsoils in Finland is clearly shown in
the map.
Tables 5 and 6 show the chemical composition of Finland's subsoils.
Stiff clay is characterized by a low percentage of silica and a comparatively
high percentage of aluminium. The medium clay has a high percentage
of silica, but a low percentage of aluminium. The light, post-glacial clay
is characterized by a large amount of phosphoric acid and sulfur, as well
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as by organic matters to a large degree. The moraine and the sand
contain a high percentage of silica and a low one of aluminium, and as to
their composition they approach the medium composition of Finland's
stony rocks.
TABLE 6.—Chemical composition of clay
Medium clay

Heavy clay

Constituent

1
i 3

ól
0 £

•*
S •

00

53,27
0,67
17,55
5,27
3,16
0,08
1,21
3,24
4,11
2,04
1,41
trau
0,04

49,00

44,90

20,27
10,61

17,65
10,30

s

1,88
4,07
3,06
1,37
0,62
0,49
0,32

1,48
3,71
2,44
1,92
0,11
0,02

CI
H.O
Humus

7,66
1,03

17,07
0,21

7,99
0,53

Total

100,38

99,81

100,57

SiOz
TiOs
AlsOi
FtsOi
FeO
NnO
CaO
MgO
KsO
NaaO
PIOL

SOa

OS ~Z
•~
a

•a .5
£ as

. •0

f

g h

62,70
0,82
14,65
6,55

66,93

2,14
2,19
2,87
3,36
0,30
0,20

2,82
2,17
3,09
3,37
0,38
0,09
0,04

4,97
100,75

Light clay
-a

c §

•» a
^ to

0 B

.a-3

'S E

as a*

32

56,03
0,50
12,13
7,66

0,02

61,33
0,56
14,81
2,56
3,16
0,06
1,21
2,19
2,98
2,22
0,45
0,27
0,07

1,45
0,35

3,88
2,20

5,84
3,08

100,04

100,59

100,79

14,86
4,49

64,13
0,33
14,09
2,88
2,58

. -3

••a c
'S c

1,93
1,89
3,12
2,91
0,63

0,04
0,98
1,87
3,37
1,25
0,23
0,61
0.11

Mud

-d

«1
•61

gl

= e

'0 s

0 l*)

57,17
13,47
8,47

1

S-i

-a ™
> IS
03

56,65
0,67
14.59
3,99
2,87

46,60
0,65
10,14
8,22

2,74
3,12
2,42
1,99
0,96
0,23
0,51
0,02

1,33
2,34
3,88
1,77
0,45
0,56

0,07
1,35
2.36
2,77
1,33
0,80
2,16
0,91

9,33
5,20

8,03

7,56
3,74

12,33
10,48

99,31

99,13

100,40

100,17

SOILS
Climate.—The average temperature of the country is about 1.5° C ,
in northern Finland it is 0 to 1°, in central Finland 1 to 2°, and in southern
Finland 3 to 5°. In January the average temperature varies from — 2°
in southern Finland, to —13° in northern Finland, and in June from
+ 16 to +11° C. The maximum and minimum temperatures of the year
vary from +36° to - 5 1 ° C.
In summer the absolute moisture is 9 to 11, in winter 2 to 9 g. of steam
to the cubic meter. The relative moisture is about 80 per cent.
The rainfall (precipitation) is comparatively heavy, i.e., about 550 mm.
a year. In southern Finland it may rise to 700 mm. (see maps).
From Finland's climate and subsoils it follows that the soil kind is,
to the greatest part, that of the podsol soils, with profiles characteristic
to these. When, on account of the temperature, the climate is comparatively moist and the subsoil, in its composition, of granite, i.e., of a poor
base, then on the surface of the earth an insatiable layer of humus forms
itself, which is characterized by its water-solubility. This property is
further influenced by the circumstance that the vegetation consists
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FTOT-RE 5.—Yearly rainfall.

By Korhonen
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mainly of pine-forests whose falling needles do not carry bases to the
surface layer in the same degree as do forests of deciduous trees. The
water-soluble humus further the formation of the disintegration products
of the earth's surface layer, from which arises a three horizon level of soil
characteristic of podsol soils; the topmost, or a, layer, contains humus,
beneath it a pervious layer of white earth, followed by an enriched layer
into which have been precipitated chiefly aluminium and iron oxides,
silicic acid and humus matter. The latter is in a colloidal state and
contains a certain amount of bases.
The Finnish podsol soils are divided into iron and humus podsols and
into soils of gleipodsols. Ironpodsols are formed in places where the
humus is less soluble in water. They are characterized by a b layer in
which humus-matter, A1203, Fe 2 0 3 and Si0 2 have been precipitated.
Humuspodsol soils form themselves in places where the humus is very
water-soluble; they are characterized by a b layer into which humus
matter and AI2O3 are precipitated, whereas Si0 2 , and especially Fe 2 0 3 ,
have accumulated. This disparity among these different podsol soils
leads to the humus matter preventing the iron oxides from being precipitated from the pseudo-solution, if there is present in the solution at
least three times as much humus matter as iron oxides; thus the humus
matter influences the iron oxides as a protecting colloid whose degree of
precipitation limit is:
1 Fe 2 0 3 : 0, 2 humus

1 Fe 2 0 3 : 2, 8 humus.

For the aluminium oxide the corresponding degrees of precipitation
limit are:
1 A1203 : 1 humus
1 A1203 : 30 humus. 1
If the aluminium oxide in the colloidal state thus demands 30 times
more humus, before it protectingly influences the aluminium oxide, we
understand why the aluminium oxide precipitates under all circumstances,
for such concentrated humus solutions do not usually exist in nature.
Thus it follows that we encounter iron-podsol formations as a rule in
places where the ground-water is not near the surface and where the
vegetation too has the effect of preventing raw humus from forming; on
the other hand, humus podsols are formed in places where the moisture
of the soil and the vegetation produce raw humus.
These podsol formations prevail in Finland's sand and gravel soils.
Iron-podsol is a general type, whereas humus podsol is only to be found as
a local phenomena.
Colloidal pseudo-solutions are not able to accumulate in the finegrained silt and clay soils and consequently we do not encounter the
1
B. Aarnio, Ueber die Ausfallung des Eisenoxyds und der Tonerde in finne. Land,
und grusboden, Helsinki, 1915 (Dist.)
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above-mentioned types in these soils. In silt and clay soils a kind of
glei-podsol soil is generally formed, whose characteristic is that the disintegrating products precipitate into the walls of root-ducts and of crevices. The precipitated iron oxides dye, therefore, the earth various
speckled browns. This type of soil is, therefore, general especially in
clay subsoils.
TA BLE !.—Water-soluble salts
Isokyrö,
W. Finland "

Depth cm.

Constituent
Si0 2
A120;)
Fe 2 0 3
CaO
MgO
K20
NajO
SO,.
CI
Total

0-10

25-35

45-55

per cent
0,0011
0,2(50
0,028
0,f>10
0,035
0,010
0,360
1,220
0,020

per cent

per cent
0,029
0,00S

0,034
0,101
0,015

0,029
0,024
0,003
0,016
0,109
0,007

2,449

0,200

0,225

0.007
0,028
0,015

Salt Soils.—Notwithstanding
Finland's humid climate we encounter
salt-soils there. They are formed on the shores of the Finnish and Bothnian Gulfs, where the youngest sediments having been stratified in salt
water, are prevalent. In places where the ground-water is near the surface, the salts are not washed away, for the reason that in a watersaturated soil there occurs no movement downwards, on the contrary it
occurs upwards under the influence of evaporation, whereupon the salts,
upon the evaporation of the water, concentrate at the soil surface. The
salts increased at the surface are Ca, Na, Mg aluminium sulfate.
The
latter is soluble in water and hydrolyzes in water-solutions when free
sulfuric acid is formed, which renders the soil solution more acid.
Southern Finland
Horizon of soil-kind

A,
A2
B
G
C

Glacial clay
(Depth mm.)
0 - 25
2 5 - 45
4 5 - 55
60-150
215-240

Hygroscopicity

Plasticity

5,14
2,58
7,17
9,42
14,82

5,85
24,00
26,74
43,24
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From Finland's subsoils and climate it follows that the soils are poor
in electrolytes, and that they contain but few elements of plantfood.
From the earth's surface-layer the soluble electrolytes have not failed to
be washed out, but even the fine mineral particles are mechanically
washed away with the water from the superficial strata. For this reason
we find in cultivated ground, especially when it is composed of grit or
gritty clay, a hardpan formation that is of coarser grains than the
substratum, as the data on the opposite page shows.
Plantfood material is to be found in southern Finland in stiff and silty
Clays I.and in western Finland in light Clays II on the average:
Soluble in 4 per cent HCl
I

Culture layer
Hardpan
Subsoils

II

CaO

K20

P206

CaO

K20

Pa06

per cent
0.28
0.23
0.35

per cent
0.15
0.11
0.17

per cent
0.11
0.07
0.08

per cent
0.28
0.14
0.14

per cent
0.08
0.10
0.15

per cent
0.15
0.14
0.15

TABLE S.—Hygroscopicity and plasticity
Depth cm.

•

5-9
18-25
30-40
40-50
50-65
3-8
8-16
16-35
35-50
0-10
26-40
40-50
0-15
40-49
50-60
10-35
35-50
100-110
5-35
35-46
46-74

Soilhorizon

A,
A,
B,
Bo

C
A,
Aj

B
C
A
15
C
A
B
C
A
B
C
A
B
C

- Hygroscopicity
per cent
3,31
0,22
1,92
1,06
0,45
3,37
1,54
1,92
1,84
3,56
2,99
2,94
4,53
8,70
6,99
10,05
11,78
12,42

Subsoil

Plasticity

Sand

Silt

Siltv ciav

Medium clav

13,2
12,3
11,2
16,2
26,0
26,0

Stiff clay

Stiff clay

27,2
37,9
43,2
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The soils are also generally poor in types and demand heavy fertilization with nitrogenous manure.
Hygroscopicity depends, as we know, upon the subsoils' degree of fineness, moreover it is also influenced by the humus proportion in the superficial layers. The hygroscopicity of Finnish soils varies in sand < 1, in
grit 1 to 4, in gritty clay and in light clay 3 to 6, and in stiff clay 8 to 15.
In mud clays the hygroscopicity is generally large: 8 to 12 per cent. If
we examine the subsoils in a vertical cut, we find that the hygroscopicity
is greater in the soil level, in sand and in grit, whereas in clay it is considerable larger in the unvarying c level.
As already mentioned, Finnish soils are poor in electrolytes and
become easily deflocculated. Therefore, the air capacity of cultivated
soils is rather slight, especially in fine-grained soils. ,As the capacity for
air may be regarded as a measure of the physical state of cultivated soils,
the following examples show that in general it is unfavorable.
TABLE 9.—Water-capacity, specific weight, volume-weight, total porosity and
air-capacity
Water-capacity
«Subsoil

Soilhorizon

Depth
Volume

Weight

Specific
weight

Volume
weight

Total
porosity

Aircapacity

2,60
2,67
2,68

1,33
1,58
1,48

48,85
40,82
47,77

10,74
3,11
7,54

Sand

A
K
C

em.
5-8,5
25-28,5
50,5-54

Silt

A
B
C

5-8,5
28,5-32
58,5-62

42,57
47,44
39,85

30,67
38,84
23,12

2,57
2,68
2,70

1,19
1,40
1,42

53,69
47,76
47,40

11,12
0,32
7,55

Clay

A,
A2
C

5-8,5
29,5-33
75-78,5

43,14
4(5,40
38,97

32,75
33,33
24,63

2,57
2,73
2,69

1,32
1,39
1,65

48,67
49,08
38,66

5.53
2,68

per cent per cent
38,11
28,71
37,71
20,03
37,23
25,13

The following graphs show the hygroscopicity, the natural percentage
of water, the capacity for water and the total porosity of the different
subsoils.
SOIL REACTION
Finland's subsoils may be divided, according to reaction, into two
main groups; viz., subsoils that in their natural state are neutral, and
those that are acid. To the former belong subsoils poor in electrolytes,
that have formed in fresh water during the Glacial and post-Glacial
Periods, moraine and hogback gravel, glacial sand and glacial clays, to
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the latter, on the other hand, belong litorina formations that are rich in
electrolytes. The acid reaction of the latter in the whole is led by
aluminium and iron sulfates that hydrolytically evaporate, forming
sulfuric acid.' As to reaction the peats are very irregular, varying from
rather acid to even neutral ones. Raw peats are generally acid (pH
5.5-6.0), brown-moss peats are usually neutral and carex peats come
in between.
Cultivated soils of good productivity are generally slightly acid
(pH 6-7), but there are also cultivated soils that are more acid. Such
soils are partly on the shores, in litorina districts and partly in inlandsoils also that are newly tilled fields or poorly tended ones.
1
B. Aarnio, Om alvtypes, Geolog. Komm. Geotekn. Meddel. No. 30. Helsinki.
1921. p. 30.

THE EFFECT OF SULFUR, GYPSUM AND FERROUS
SULFATE ON ALKALI SOIL
E. E. THOMAS

Citrus Experiment Station, Riverside, California
INTRODUCTION
In our study of the alkali problem of California special attention has
been given to the soils which contain sodium carbonate. Such soils are
known in America as black alkali soils.
Laboratory studies have been conducted with the use of various
neutralizing substances the results of which have been published by
Kelley and Thomas (1). Carefully conducted field experiments have also
been made near Fresno, California, on an area so impregnated with alkali
salts as to be almost barren of vegetation. The soil is a fine sandy loam,
and contains both white and black alkali. It is possible to remove
practically all of the neutral salts by prolonged leaching, but this process
is greatly hindered by the deflocculated condition of the soil, especially in
certain areas, which contain an appreciable amount of sodium carbonate.
The results indicate that it is impracticable, and in certain portions of the
area, impossible to reclaim all of this soil by ordinary leaching. The chief
reason for this fact is that the soil contains a considerable amount of
sodium in the replaceable form (2). Some special treatment must,
therefore, be added to supplement the leaching.
Our experiments have centered on a study of effects produced by the
most efficient and practical neutralizing materials that could be used to
reclaim this land. Eight different materials have been used, and the
three which have proven most satisfactory to date are elemental sulfur,
gypsum and ferrous sulfate. This paper gives a summary of the results
produced by the application of these materials.
FIELD E X P E R I M E N T S
Experiments with elemental sulfur and gypsum were begun in the
summer of 1921 on plots 100 x 260 feet in area. Thirty-six hundred
pounds of uninoculated sulfur per acre was added to one plot and 10 tons
of gypsum per acre (which contained approximately the same amount of
sulfur, as sulfate) was added to the other plot. The material was spread
on the surface of the soil and was then plowed under.
The sulfur plot was irrigated and kept in a moist condition during the
remainder of the summer in order to hasten the oxidation process. The
524
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. soil was leached four months after the sulfur was applied. The gypsum
plot was thoroughly leached within a month after the material was
applied.
At this stage of the experiment the soil of the gypsum plot was more
permeable than that of the sulfur plot and absorbed the irrigation water
the more readily. Consequently the leaching was more effective on the
gypsum plot, especially on certain parts of it, than on the sulfur plot.
Two plots were treated with ferrous sulfate, one in the summer of 1922
and the other in the autumn of 1925. The former plot is 50 x 150 feet
and the latter 50 x 200 feet. The material was applied at the rate of
9J^ and 4J4 tons per acre, respectively. The ferrous sulfate was broadcast and then incorporated with the soil by discing. The plots were
immediately flooded and leached.
The soil in the various plots was carefully sampled before the treatments
were applied. The samples were drawn with a two inch soil auger at
intervals of 10 feet throughout the length of each plot and in foot sections
to a depth of 4 feet.
Subsequent samples have been taken from places 6 inches away from
the original sample holes. As pointed out by Kelley (3), alkali soils are
exceedingly variable. Consequently the different sets of samples were
drawn from places as close together as possible.
Water extracts were prepared by shaking a portion of the soil sample
with distilled water in the ratio 1:5 for 30 minutes and filtering the solutions through Pasteur-Chamberlane tubes. The extracts were analyzed
by methods used in the chemical laboratory of the Citrus Experiment
Station (4).
Analysis of the samples taken before the experiments were begun shows
that the first foot of the soil in the experimental plots contained from 90
to 600 p. p. m. of water-soluble normal carbonate (C0 3 ). The soil also
contained a considerable amount of bicarbonate, chlorid and sulfate. We
are especially interested in the C0 3 and H C 0 3 as these ions are exceedingly difficult to remove from the soil. As already stated, the chlorid and
sulfate are readily removed by leaching, providing it is possible to percolate water through the soil.

EFFECT OF SULFUR ON THE SOIL
The soil of the sulfur plot was leached 4 months after the material was
applied. A comparison of the analyses of soil samples drawn immediately after the soil was leached, with the analyses of those taken before
the experiment was begun, shows that a portion of the sulfur was oxidized.
This is indicated by the fact that the concentration of soluble C 0 3 was
decreased in all but two of the first foot samples, and that the CO3 was
entirely neutralized in 6 of the samples. The H C 0 3 was partially neutralized in several of the samples. The effect of the treatment was also
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noted in the second foot, since with a few exceptions there was a reduction
in the soluble C0 3 . The chlorid and sulfate were very materially reduced
by the flooding and leaching process, showing that the water had percolated through the soil. Only a portion of the sulfur was oxidized by this
time and consequently the effect of the treatment was not very marked.
A comparison of the analyses of the samples taken in December 1926,
53^ years after the sulfur was applied, with the analyses of the samples
taken before the experiment was begun, shows a very marked change in

FIGURE 1.—Sulfur plot showing barren areas, also growth of vegetation on spots which
were least impregnated with alkali. Photographed April 20, 1921, before application of
sulfur

the alkali content of the soil, especially in the first three feet. The soluble
C0 3 was entirely neutralized in all but one of the 25 samples that represented the first foot. It was entirely neutralized in more than one-half of
the second foot samples and was greatly reduced in all óf them. In the
third foot the concentration was also materially decreased. In the fourth
foot, however, the amount was increased somewhat in many of the samples.
The concentration of H C 0 3 was reduced in all of the first, second and
third and in a majority of the fourth foot samples. The chlorid and
sulfate content of the soil was greatly reduced in practically all of the
samples.
Determination of the pH shows that the surface soil became slightly
acid in a few small areas.
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The surface soil in one area had a pH of 6.6, but the average pH of the
25 first foot samples taken in December 1926 was pH 8.2, whereas the
original samples averaged pH 10.2.
E F F E C T OF GYPSUM ON T H E SOIL
Comparison of the analyses of samples taken from this plot in December
1926 with the analyses of those taken before the treatment was applied
shows that the soluble C0 3 was entirely removed in 14 of the first foot

FIGURE 2.—Sulfur plot, same as Fig. 1., showing growth of alfalfa. Photographed October 28, 1926, five years after the sulfur was applied to the soil

samples and partially so in the remainder. The soluble C 0 3 was removed
from 3 of the second foot samples and decreased in many of them. We
find, however, that the C 0 3 was decreased in only 2 of the third foot and
1 of the fourth foot samples. In many of the samples representing the
third and fourth feet the content of soluble CO., was actually greater than
at the beginning of the experiment.
The concentration of HCO«, CI and S0 4 was substantially reduced by
the treatment throughout the greater part of the profile of this soil.
E F F E C T OF SULFUR AND OF GYPSUM ON CROP YIELDS
Barley was grown the season before the application of the neutralizing
materials and the area which was later to become the sulfur plot yielded
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at the rate of 145 lb. of hay per acre. This was produced on a few spots
where the soil was least alkaline. The area which was later to become the
gypsum plot yielded at the rate of 430 lb. of hay per acre. This also was
produced on spots which were least impregnated with alkali salts. These
yields indicate that at the time the materials were applied, the gypsum
plot was slightly less affected with alkali than the sulfur plot.
The plots, sown to barley in the winter of 1921, 6 months after the
application of the neutralizing agents, gave the following yields of barley

FIGURE 3.—Gypsum plot showing barren areas and growth of vegetation.
April 20, 1921, before application of gypsum

Photographed

hay: Sulfur plot, at the rate of 300 lb. per acre; Gypsum plot, at the rate
of 1820 lb. per acre.
Cowpeas were grown immediately after the barley harvest of 1922 and
plowed under as a green manure. Those areas which produced a good
yield of barley also produced a good growth of cowpeas and those portions
of the plots which produced a small yield of barley, likewise produced but
a small growth of cowpeas.
Melilotus indica was grown in 1923 and this crop was also turned
under as a green manure.
The plots were seeded to alfalfa in the spring of 1924 and, although a
record of the yields was not kept for the first part of the year, the September cutting gave the following yields of hay: Sulfur plot, at the rate
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of 4000 lb. per acre; Gypsum plot, at the rate of 1500 lb. per acre. In
1925, the second season of the alfalfa, 6 cuttings were made and the following yields were obtained: Sulfur plot, at the rate of 18,467 lb. per acre;
Gypsum plot, at the rate of 12,833 lb. per acre. The 1926 yield was as
follows: Sulfur plot, at the rate of 23,653 lb. per acre; Gypsum plot, at the
rate of 14,368 lb. per acre.
From these data we see that, although the gypsum plot produced the
largest crop before the soil was treated and for two seasons thereafter, it

FIGURE 4.—Gypsum plot, same as Fig. 3, showing growth of alfalfa. Photographed-October 28, 1926, five years after the gypsum was applied to the soil

has produced only two-thirds as much alfalfa hay as the sulfur plot during
the last two seasons.
Several adjacent plots, some of which have been treated with sulfur and
others with gypsum, have given results similar to those cited above and
they indicate that it is possible to reclaim this alkali soil with the use of
gypsum but that the amount required will be large.
E F F E C T OF FERROUS SULFATE ON T H E SOIL
The ferrous sulfate plots were sampled in the same manner as the
sulfur and gypsum plots, one set of samples being taken before the treatment was applied and another after the soil had been treated and flooded.
Comparison of the analyses of the samples taken before the experiment
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was begun with the analyses of those taken 4 months later shows that the
soluble C 0 3 was entirely neutralized in more than one-half of the first foot
samples and the concentration was greatly decreased in all of them. The
content of C 0 3 was also reduced in all of the second foot samples and was
completely removed from four of them. The concentration was also
decreased in several of the third and fourth foot samples. The concentration of HCO3 was decreased in about half of the samples and was unchanged or increased in the others. The chlorid content was reduced in
all of the first and second foot samples, in one-half of the third foot samples

FIGURE 5.—Ferrous sulfate plot showing growth of alfalfa.
1926

Photographed October 28,

and in 4 of the fourth foot samples. The sulfate, however, was reduced
in only a few samples and was increased in most of them especially at
depths below the first foot level. This indicates that the soil had not
been thoroughly leached. The analyses show, however, that the soil was
greatly improved and a large part of the soluble COj removed.
EFFECTS OF FERROUS SULFATE ON CROP YIELD
Before the experiment was begun the soil in this plot supported only the
most alkali resistant plants, Atriplex bracteosa and Tissa salina. In fact,
the soil was almost entirely barren. Barley was sown for two seasons
after the treatment was applied and an excellent germination resulted in
each case. The plants made good growth for some time but finally be-
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came stunted which may have been due in part at least to the fact that
the soil was deficient in nitrogen. A large portion of the original nitrate
of the soil must have been removed by the leaching. This plot was
seeded to alfalfa in the spring of 1926 and an excellent yield of alfalfa hay
was obtained. The plants made a vigorous growth and were of a dark
green color.
The other ferrous sulfate plot which was treated in October 1925 was
seeded to alfalfa in the spring of 1926 and it produced at the rate of 13,000

FIGURE 6.—Check or untreated plot showing meager growth of alfalfa. This plot has
had the same cultural treatment as the ferrous sulfate plot illustrated in Fig. 5. Photographed October 28, 1926

lb. of alfalfa hay per acre during the first season. Adjacent check or untreated plots, which were seeded to alfalfa at the same time, were practically bare. One of these untreated plots yielded at the rate of 45 lb.
of alfalfa hay per acre during the season.
DISCUSSION
The sulfur applied to the soil in the field underwent reasonably active
oxidation, only occasional lumps being visible here and there after a
period of two years.
As was noted in our laboratory studies of the soil samples, the oxidation
of sulfur in the field takes place in the presence of comparatively high
concentrations of NaCl, Na 2 S0 4 and Na 2 C0 3 .
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The C 0 3 and H C 0 3 were neutralized simultaneously and the products
resulting from the oxidation of the sulfur have neutralized all of the
soluble C0 3 in a large portion of the treated soil to a depth of two feet.
By referring to the tables it will be seen that no calcium was made
soluble until practically all of the soluble C 0 3 had disappeared. However, after the C0 3 had disappeared an appreciable amount of calcium was
found in the water extract.
The physical nature of the soil in the treated plots has greatly improved.
Instead of being in a badly defiocculated condition it now has a granular
structure and absorbs water readily.
TABLE

1.—Composition of soil drawn from sulfur plot in April 1921S
twenty-five samples analyzed individually

Constituent

First foot

Second foot

Third foot

Fourth foot

CO.,
HCO,
CI
SO,
Ca

p.p.m.
346
574
544
315
Trace

p.p.m.
179
394
440
200
Trace

p.p.m.
158
418
248
92
Trace

p.p.m.
127
351
174
59
Trace

0

TABLE

Average of

Before the material was applied to the soil.

2.—Composition

of soil drawn from sulfur plot in December 1926.
twenty-five samples analyzed individually

Average of

Constituent

-First foot

Second foot

Third foot

Fourth foot

CO,
HCOa
CI
S0 4
Ca

p.p.m.
0
173
36
47
28

p.p.m.
16
202
30
37
18

p.p.m.
109
222
40
46
7

p.p.m.
204
259
55
81
3

TABLE

S.—Composition of soil drawn from gypsum plot in April 1921.»
twenty-five samples analyzed individually

Average of

Constituent

First foot

Second foot

Third foot

Fourth foot

CO„
HC03
CI
S04
Ca

p.p.m.
221
685
491
314
Trace

p.p.m.
162
437
376
175
Trace

p.p.m.
127
432
264
116
Trace

p.p.m.
64
421
201
75
Trace

a

Before the material was applied to the soil.
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TABLE 4.—Composition of soil drawn from gypsum plot in December 1926. Average of
twenty-five samples analyzed individually
Constituent

First foot

Second foot

Third foot

Fourth foot

CO,
HCOa
CI
S04
Oa

p.p.m.
16
255
31
34
21

p.p.m.
106
233
36
31
4

p.p.m.
235
267
53
39
Trace

p.p.m.
273
271
93
67
Trace

TABLE 5.—Composition of soil drawn from ferrous sulfate plot in May 1922* Average
of fourteen samples analyzed individually
Constituent

First foot

Second foot

Third foot

Fourth foot

CO,
HCO„
CISO*
Ca

p.p.m.
313
388
349
151
Trace

p.p.m.
95
182
204
44
Trace

p.p.m.
50
164
134
82
Trace

p.p.m.
27
190
86
13
Trace

a

Before the material was applied to the soil.

TABLE 6.—Composition of soil drawn from ferrous sulfate plot in November 1922. Average of fourteen samples analyzed individually
Constituent

First foot

Second foot

Third foot

Fourth foot

C03
HCO,
CI
SO,
Ca

p.p.m.
20
310
69
249
32

p.p.m.
21
180
78
193
3

p.p.m.
51
160
117
306
Trace

p.p.m.
16
159
138
257
Trace

These experiments show that the beneficial effects of sulfur do not
manifest themselves until the lapse of a period of time after it has been
applied. On areas which contain rather large amounts of black alkali, an
appreciable improvement may be seen in one year's time, but a greater
length of time will be necessary to produce a profitable crop.
The application of gypsum has removed a large part of the soluble
C0 3 in the first foot of this soil and has precipitated some of it in the
second foot. However, the C0 3 has not been removed to as great an
extent by gypsum as by the products of sulfur oxidation. This is shown
by analysis of the soil and also by the crop yield. Certain portions of the
gypsum plot are still quite impervious to water.

•
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A number of other plots in the same field have given similar results and
they indicate that it is possible to reclaim this alkali soil with the application of large amounts of gypsum supplemented by leaching.
An adjacent check or untreated plot is exceedingly impervious to
water, only a portion of the irrigation water applied being absorbed by the
soil. The soil in this part of the check plot supports only the most alkali
resistant plants. This plot has received the same cultural treatments as
the treated plots but no neutralizing substance has been applied to aid in
the removal of the alkali.
The action of the ferrous sulfate is very much the same as that of the
products of sulfur oxidation.
An excellent germination of alfalfa seed was obtained a few months
after the ferrous sulfate was applied and as already stated, the yield of
alfalfa hay was exceptionally good the first season after the treatment
was made.
In spite of the fact that an excess of soluble ferrous iron is considered to
be extremely toxic to plants, we have been unable to find any injury
caused by the use of ferrous sulfate on this black-alkali soil. The soil was
flooded and leached so that any excess of iron was leached into the lower
levels where it assisted in overcoming the alkalinity of the subsoil. I t is
also probable that the iron has been oxidized with the formation of the
less toxic ferric compounds.
The effects of sulfur and ferrous sulfate were very pronounced. The
yields of alfalfa hay that were obtained as a result of applying these materials are the more remarkable when we consider that before the soil was
treated, these plots were almost devoid of vegetation, and that adjacent
untreated plots are still in that condition, even though they have been
given exactly the same cultural treatment.
SUMMARY
Sulfur oxidation products in conjunction with leaching have neutralized
practically all of the soluble COa in the first two feet of soil in field plots.
The physical character of the soil was greatly improved by the s u l f oxidation products.
Gypsum reduced the concentration of soluble C 0 3 and improved the
physical condition of the alkali soil, but in certain areas it is necessary to
add large amounts of this material in order to produce the desired results.
With the amounts used, the sulfur has given much better results than
the gypsum. The CI has been removed to a similar degree in the two
plots showing that leaching has been equally effective in the two cases.
Ferrous sulfate either partially or completely neutralized the soluble
C0 3 and decomposed a portion of the H C 0 3 in the first two feet of soil.
No calcium was made soluble until practically all of the soluble C 0 3
had disappeared.
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An especially good yield of alfalfa hay was obtained on the plots
treated with sulfur or ferrous sulfate. Adjacent untreated plots are still
almost barren.
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UEBER DIE GENESIS DER BODEN VON CHILE
A. MATTHEI

Chile, S. A.
An der Entstehung der Boden von Chile haben verschiedene dynamische Prozesse teilgenommen, unter welchen in erster Linie die klimatologischer und geologischer Natur zu erwahnen sind.
Die grosse Andenkordillere, welche das Eückgrat des südamerikanischen
Kontinents bildet, und der kalte Humboldtstrom, welcher an der südpazifischen Kuste entlang lauft, haben einen grossen Einfluss auf die
Genesis der Boden Chile's ausgeübt: die Andenkordillere durch ihre
grosse vulkanische und glaziale Tatigkeit, der kalte Humboldtstrom durch
seinen entscheidenen Einfluss auf Temperaturwechsel, vorherrschende
Windrichtungen und Regenperioden.
Die sechs grossen klimatologischen Regionen, in welchen typische
Bodencharakteristika anzutreffen sind, sind folgende:
I. Die erste Eegion umfasst vom 19° s. Br. bis zum Copiapófluss. Sie
zeichnet sich durch das fast ganzliche Fehlen von Regen und durch ihre
hohe Temperatur aus, was die Bildung grosser Wüsten gestattet hat, in
welchen die grauen und roten Farben in den Boden vorherrschen. In dem
schmalen Küstenstreifen wird eine mittlere Jahrestemperatur von 17° C.
und eine jahrliche Niederschlagsmenge von nur 6 mm. registiert. Nach
dem Inneren zu hort der Niedreschlag vollstandig auf und gleichzeitig
steigt die mittlere Jahrestemperatur. Dichte Nebel ("camanchacas")
charakterisieren den westlichen Streifen dieser Gegend, welche an einigen
Stellen, zusammen mit der manchmal geringen Teife des Grundwasserspiegels, eine edaphische Vegetation zweier Prosopisarten (tamarugos und
algarrobos) gestatten. Ein Teil des Grundwassers steigt durch Kapillaritat hoch, die oberen Horizonte stark mit Salzen anreichernd. Da die
Verdunstung sehr stark ist, kommt es oft vor, dass sich Effloreszensen an
der Oberflache bilden, welche, über grosse Flache verteilt, unter dem
Namen "salares" bekannt sind.
II. Die zweite Region umfasst die Zone zwischen dem Copiapófluss und
dem Aconcaguafluss. lm Küstenstreifen dieser Zone ist eine mittlere
Jahrestemperatur von 15° C. und eine jahrliche Niederschlagsmenge von
127 mm. zu verzeichnen, was die Entstehung einer sehr sparlichen expontanen Vegetation gestattet: algarrobilla (Caesalpinia brevifolia), guayacan
(Porliera higrometrica) und chanar (Gourliera chilensis). Der Rest der
Zone wird durch eine bedeutend hohe Temperatur und eine sehr trockene
536
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Atmosphare gekennzeichnet, Unstande welche nur eine Steppenvegetation
herausgebildet haben. In dieser Gegend herrschen die grauen Farben
vor, sind aber auch schon kastanienbraune Boden anzutreffen.
III. Die dritte Region umfasst den Abschnitt zwischen dem Aconcaguafluss und dem Maulefluss. In der Kuste sind 13° C. und 500-700 mm.
Niederschlagsmenge zu verzeichnen. Das Langstal, welches südlich vom
Aconcaguafluss anfangt, zeichnet sich durch die relative Windstille aus:
die vorherrschenden Sommerwinde sind kalte Südwinde, welche den
Regen verhindern, und die vorherrschenden Winterwinde sind warme
Nordwinde, welche die seltenen Regen verursachen, welche in dieser Zone
fallen. Die Gebirgsengen, welche diese Zone in verschiedene Abschnitte
teilen, sind die Ursache merkbarer klimatologischer Verschiedenheiten.
So ist im Aconcaguatal und in der Ebene von Santiago, von dem Bergabhang von Chacabuco bis zur Gebirgsenge von Paine 15° C. und 200-400
mm. Regen zu verzeichnen; in der Ebene von Rancagua, welche bis zur
Gebirgsenge von Eigolemo reicht, 14,5° C. und 400-600 mm. Regen; und
südlich von diesem Abschnitt bis zum Maulefluss 14° und 600-800 mm.
zu verzeichnen. Es ist die Zone der Buschlandschaft, da in ihr vorwiegend Büsche expontan wachsen, als espino (Acacia cavenia), quillay (Quillaja saponaria), peumo (Cryptocaria peumus), litre (Litrea caustica), boldo
(Boldoa fragans), mayten (Maytenus boaria) u.s.w. In dieser Zone
herrschen die kastanienbraunen Boden vor, doch habe ich vereinzelt auch
schwarze Boden feststellen können.
IV. Die vierte Zone umfasst das Gebiet vom Maulefluss zum Lajafluss.
von welchem ab sie den Streifen des Langstales bis zum Llanquihuesee
umfasst, um auf der Ostseite der Insel Chiloé wieder hervorzutreten. Die
vorherrschenden Winde kommen von Norden und Nordwesten. In dem
Abschnitt zwischen dem Maule und dem Lajafluss sind 14° C. und 8001000 mm. zu verzeichnen, von dem Gebiet der Frontera bis zum Llanquihuesee durchschnittlich 12° C. und 1250 mm. Niederschlagsmengen. Der
Eüstenstreifen und der Andenkordillerenstreifen, welche zu beiden Seiten
des Langstales bleiben, zeichnen sich durch beinahe doppelt so hohe
Regenmengen aus, und können daher nicht in diese Gruppe eingereiht
werden. Ihre Boden sind auch viel starker ausgewaschen und daher auch
weit armer, als die des Langstales. Est ist zu bemerken, dass die Osthange der Andenkordillere trocken sind, die Westhange dagegen feucbt,
und zwar feuchter als die Küstenkordillere, und diese wiederum feuchter
als das Langstal. So kann man z. B. in einem Querschnitt im 41° s. Br.
folgende Regenmengen konstatieren: Punta Corona 2000 mm., westlicher
Teil der Ebene von Osorno 1755 mm., Osorno 1350 mm., Westhang der
Andenkordillere 2200 mm.
In dem ersten Abschnitt dieser Region, also zwischen dem Maule- und
dem Lajafluss trifft man die Parklandschaft an, der zweite Abschnitt bis
zum Llanquihuesee hat hingegen Waldvegetation mit vorherrschend
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Nothofagusarten: rauli (N. procera), roble (N. obliqua) und ausserdem
laurel (Laurelia aromatica) und eine Bambusart, die quila (Chusquea
quild). In der ganzen Zone herrschen die Braunerden vor.
V. Die fünfte Zone umfasst den Kiistenstreifen von der Cordillera de
Nahuelbuta (Provinz Arauco) bis zur Cordillera de Hueyusca (Provinz
Osorno), dann den andinen Streifen vom Lajasee bis zum Villarricasee und
von hier bis zum Llanquihuesee, ausserdem die Westseite der Insel Chiloé
und vom Llanquihuesee südwarts das ganze Territorium bis zum Cabo de
Hornos. In der Zone von Arauco haben wir 13° C. und 700-1800 mm.,
in der Zone von Valdivia 11° C. und 2700 mm. jahrliche Niederschlagsmenge, auf der Westseite von Chiloé bleibt die Niederschlagsmenge stets
über 2000 mm. und erreicht sogar an einer Stelle (bei Melinka) 3400 mm.
jahrliche Niederschlagsmenge.
Ueber die patagonische Zone existieren wenig klimatologische Daten,
doch man kann von der Grundlage ausgehen, dass die Niederschlage nach
Süden zu allmahlich abnehmen, wahrend die Temperatur nach Siiden
zu sehr schnell sinkt, bis die durchschnittliche Jahrestemperatur 6° C. in
der subarktischen Fegion erreicht hat.
In dem andinen Streifen ist die durchschnittliche Jahrestemperatur 9°
C. in der Höhe von Lonquimay mit 2000 mm. Niederschlagsmengen, una
siidlich vom Feloncavifjord auf 7° zu sinken.
Die Grenze der Waldregion reicht im andinen Gebiet bis 1750 m. über
dem Merresspiegel. Am Fuss der Anden ist. die vorherrschende Baumvegetation coihue (Nothofagus dombeyi), welcher dann allmahlich von
zwei anderen Nothofagussorten verdrangt wird: nirre und lenga, welche
bis zu 3000 m. über dem Meeresspiegel reichen können. Zwischen 3000
und 4000 m. sind nur noch Krauter und harte Graser anzutreffen, hauptsiichlich coiron und coironcillo.
In dem Küstenstreifen dieses Gebietes sind viele moorige und sumpfige
Boden zu verzeichnen, welche manchmal grosse Flachen einnehmen, wie
die Vega larga nördlich von Valdivia bis Afquintue, und auch südlich vom
Reloncavifjord. Es sind dann Baumsorten anzutreffen wie alerce (Fitzroja patagonica), maniu und lleuque, zwei Podocarpusarten, cipres de las
Guaitecas (Libocedrus tetragonia) und mayten (Maytenus magallanicus).
In dem übrigen Gebiet herrschen die grauen Waldböden und die
Podsolböden vor.
VI. Eine sechste Eegion umfasst den atlantischen Abschnitt des
Territoriums von Magallanes, das Gebiet um den Fjord Ultima Esperanza, den südlichen Teil der Insel Dawson, sowie den nördlichen Teil von
Feuerland. Dieses Gebiet zeichnet sich durch ein kaltes, trockenes
Klima aus: 6,5° C. und 345 mm. Niederschlag, was nur die Entwicklung
harter Graser und einiger perennen Krauter gestattet hat. Die Boden
dieser patagonischen Pampas, sind denen der kastanienbraunen Steppen
analog.

DIE MOORE VON DEUTSCHLAND
W. W O L F F

Preussische Geologische Landesanstalt, Berlin, Deutschland
Wahrend in Nordaraerika die Moore noch fast unberiihrt daliegen und
ihre wirtschaftliche Ausnutzung in den ersten Anfangen steht, sind die
deutschen Moore seit Jahrhunderten zur Torfgewinnung, zum Wiesenbau
und teilweise auch zur Beackerung herangezogen. Ein sehr grosser Teil
von ihnen ist allerdings auch gegenwartig noch Oedland, aber dieses
Oedland zeigt nur noch selten ursprüngliche Vegetation und unveranderte
Wasserverhaltnisse. Man hat deshalb von den wenigen im Naturzustande erhaltenen Mooren, die sich besonders im Waldhügellande verstreut
finden mehrere zu Naturschutzgebieten gemacht. In den holzarmen
Marschen des Nordseeküstengebietes gab es bei Beginn der mittelalterlichen Kultivierung recht bedeutende Nieder- und Hochmoore.
Ungezahlte Quadratkilometer der dortigen Hochmoore sind nach und
nach verschwunden, indem man den grössten Teil des Torfes zu Brennmaterial zubereitete und mit dem Rest den Boden vermischte bezw.
bedeckte, sodass er in Wiesenland umgewandelt werden konnte. Die
Moore des deutschen Binnenlandes sind überwiegend Flachmoore. Sie
bildeten ursprünglich versumpfte Wiesen und Bruchwalder und sind
jetzt zum grössten Teil in Kulturland übergeführt. Die Hochmoore in
der weiteren Umgebung der Nordsee, besonders in Ostfriesland und
Oldenburg, wurden schon frühzeitig in geringem Umfange zu einer primitiven Art von Ackerbau ausgenutzt, indem man im trockenen Frühjahr
die Oberschicht abbrannte und in die Asche Buchweizen sate. An ihren
Randern wurden auch diese Moore .von altersher zur Gewinnung von
Brenntorf abgegraben. So sind auch sie mehr oder minder stark entwassert und in ihrem natiirlichen Wachstum lahmgelegt.
Man schatzt die Gesamtf'ache der deutschen Moore auf etwa 23 GOO
bis 27 000 qkm., also 4,2 bis 4,9% des Reichsgebietes vor 1918; davon
entfalien auf das norddeutsche Flachland schatzungsweise 24 000 qkm.,
auf das Alpenvorland mehr als 1400 qkm. und auf das deutsche Mittelgebirgsland ein kleiner Rest, dessen Mass schwer zu schatzen ist. Die
grössten zusammenhangenden Moorflachen finden sich einesteils in der
Umgebung der Nordsee, andernteils auf den grossen Schotterterrassen an
der Donau und Isar; von bedeutender Ausdehnung ist auch das Flachmoorgebiet des havellandischen und Rhin-Luches nicht weit westlich von
Berlin. Die erste brauchbare Uebersichtskarte der Moorgebiete im
540
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Deutschen Reiche wurde im Masstab 1:1 800 000 vom Verein zur Förderung der Moorkultur im Deutschen Reiche (Berlin) 1913 bearbeitet und
herausgegeben. Im Frühjahr 1928 wird eine neue Uebersichtskarte im
Masstabe 1:800 000 von der Preussischen Geologischen Landesanstalt
durch den Gea-Verlag in Berlin veröffentlicht werden. Vortreffliche
Spezialkarten hat das bayerische Moorkulturamt in München von den
bayerischen Mooren aufgenorhmen (unveröffentlichte Karten 1:5000.
veroffentlichte Uebersichtskarten Regierungsbezirke Oberbayern, Niederbayern, Schwaben 1:400 000). Die Preussische Geologische Landesanstalt hat einen grossen Teil der norddeutschen Moore auf ihren geologisch-agronomischen Kartenblattern 1:25 000 dargestellt und einigen
grosseren Hochmoorgebieten Sonderdarstellungen gewidmet. Im Jahre
1921 begann die Moorversuchsstation in Bremen eine grosszügige Aufnahme der nordwestdeutschen Moore und Oedlandereinen im Masstab
1: 25 000, an der sich in den folgenden Jahren auch die Preussische Geologische Landesanstalt beteiligte. Leider musste diese Aufnahme bereits
1924 aus Mangel an Mitteln wieder eingestellt werden. Hire Ergebnisse
sind handschriftlich bei den beiden genannten Anstalten niedergelegt und
einigen Kulturbehorden mitgeteilt.
Eine genaue Statistik und Darstellung samtlicher deutscher Moore
fehlt noch.
Um die wissenschaftliche Erforschung, die Kultivierung und die
technische Verwertung der deutschen Moore hat sich besonders die
Moorversuchsstation in Bremen verdient gemacht. Sie verfügt über
einen unvergleichlichen Schatz an wissenschaftlicher Kenntnis und praktischer Erfahrung. Daneben haben sich zahlreiche Einzelforscher und
wissenschaftliche Institute auf dem Gebiete der Moorkunde betatigt.
AUFBAU UND E I N T E I L U N G DER MOORE
Man pflegt die deutschen Moore genetisch zu gliedern und einzuteilen.
Dies ist besonders von Prof. C. A. Weber in Bremen in wissenschaftlichen
und popularen Veröffentlichungen durchgeführt. Alle unsere zutage
liegenden Moore entstammen der Postglazialzeit; keines greift in seiner
Entwicklung über diese Zeit hinaus. Das hat den einfachen Grund, dass
die lange, ziemlich trockene Kalteperiode der letzten Eiszeit allen friiheren
vegetativen Prozessen ein Ende machte und in einem grossen Teil
Deutschlands einen völlig neuen Boden schuf, in den übrigen Teilen aber
den alten Boden reinigte und mehr oder weniger stark umwandelte, sodass
das Ende der Eiszeit den Anfangstermin für eine neue Vegetation bedeutete. Dieser Termin liegt etwa 15-20 000 Jahre vor der Gegenwart.
Alle alteren, diluvialen Moore liegen, soweit sie noch erhalten sind, unter
einer mehr oder minder machtigen mineralischen Bodendecke verborgen,
und nur die postglazialen Moore sind offene Moore im engeren Sinn.
In den meisten Gebieten erfolgte die Moorbildung in flachen Gelande-
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mulden mit hohem Grundwasserstand oder gar Wasserbedeckung. In
letzterem Fall verlandeten Tumpel und Seen durch Anhaufung von
Kalkfaulschlamm—zuweilen über spatglazial Ton mit arktischer Flora—
Humusfaulschlamm und Vordringen der Ufervegetation (Schilf- und
Seggengürtel) und des Sumpfwaldes. Es bildeten sich Schwingrasen,
offene Moore der verschiedensten Art und Waldmoore, und wenn die
Humusanhaufung einen genügenden Grad erreicht hatte und das nahrstofïreiche Wasser der Vegetation immer ferner blieb, so wurden die
anspruchsreicheren Pflanzengesellschaften zunachst durch eine Uebergangsvegetation (Uebergangsmoor) und schliesslich durch eine reine
Moos- und Krautvegetation verdrangt, die sich mit den Niederschlagen
begnügte und diese wie ein Schwamm festhielt. So entstanden auf der
Grundlage alter Verlandungs- und Niedermoore zahlreiche Hochmoore,
die sich oft bis 5, ja 9 m. über die umgebende Ebene emporwölben.
Selbstverstandlich war dieser ganze Vorgang sehr stark vom Klima
abhangig. Die Hochmoore sind im Wesentlichen beschrankt auf die
norddeutschen Küstengebiete und das niederschlagsreiche Voralpengebiet.
Die Entwicklung der Moore hat ferner nicht bloss verschiedene okologische Stadiën durchlaufen, sondern unterlag auch den bedeutsamen Einflüssen ausgedehnter Klimaschwankungen in der Postglazialzeit, die
grade durch die Untersuchung der einander ablösenden Pflanzenvereine
in den Moorschichten, insbesondere durch Pollenanalysen festgestellt sind.
Nach der Ansicht namhafter Moorforscher sind es besonders zwei Klimaperioden der jüngeren Postglazialzeit, die sich im Profil unserer Hochmoore auspragen: die atlantische und die subatlantische Periode. Die
warm-feuchte atlantische Periode, welche eine bedeutende Meerestransgression im Nord- und Ostseegebiete begleitete, erzeugte den machtigen
"alteren Mosstorf" unserer norddeutschen Hochmoore, und die feuchtkiihle subatlantische Periode, die von etwa 500 v. Chr. bis in die Gegenwart hineinreicht, erzeugte darüber den lockeren "jüngeren Moostorf."
Zwischen beide schiebt sich die kontinentale Warmeperiode der Subborealzeit ein, wahrend welcher im Wachstum der Hochmoore eine Unterbrechung eingetreten sein soil. Der sogenannte Grenzhorizont, der
vielfach eine Bedeckung der Moore mit Heide (Calluna vulgaris) oder gar
Kiefernwald dokumentiert, gilt als Erzeugnis dieser Zeit, die mit der
archaologischen Periode der jüngsten neolithischen Kultur und der
Bronzekultur zusammenfalien soil.
In den Gebieten mit stark ausgepragtem See- oder Gebirgsklima
erfolgte die Hochmoorbildung vielfach ohne vorangegangene Flachmoorbildung unmittelbar auf dem mineralischen Boden. Voraussetzung daf ür
war Ebenflachigkeit und stark ausgelaugter saurer Bodenzustand; es
handelt sich stets um Eegionen intensivster Podsolierung. Im Nordseeküstengebiet hat in diesen Fallen gewöhnlich eine starke Rohhumusbildung durch Calluna vulgaris die Vermooring eingeleitet. Auch die Moore
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der höheren Gebirgslagen z. B. im Schwarzwald und Erzgebirge haben sich
auf Ebenen, auf fiachen, quelligen Gehangen oder in Bodenmuiden über
nahrstoffarmen Gesteinen mit sauren Verwitterungslehmen entwickelt.
Flachmoore, die ihren Ursprung nicht aus der Verlandung von Seen,
Teichen, Altwassern von Fliissen, Strandlagunen und dergleichen genomraen haben, finden sich besonders in Talebenen mit hohem Grundwasserstand und geringem Gefalle. Ihre Miichtigkeit erreicht wohl niemals
diejenige der Hochmoore und halt sich im Durchschnitt zwischen 1 und
2 m. Einige bedeutende Flachmoore haben sich auf denjenigen Teilen
der grossen glazialen Schotterfelder des Voralpengebietes entwickelt, wo
infolge abnehmender Schottermachtigkeit und zunehmender Nahe des
wasserdichten Untergrundes bedeutende Grundwasserströme an die
Tagesoberflache treten.
KULTIVIERUNG DER MOORE
Die Kultivierung der Moore hat in Deutschland schon im frühen
Mittelalter begonnen, aber erst in der Neuzeit ist sie planmassig durchgefiihrt; die neueste Epoche der Moorkultur datiert seit dem Weltkriege.
Die Flachmoore dienen überwiegend dem Wiesenbau, in geringerem
Umfang auch dem Ackerbau. In den meisten Fallen hat man sie einfach
durch I egulierung der Entwasserung nutzbargemacht; gelegentlich ist
aber auch der Moorboden mit einer Sanddecke überfahren. Viele kleine
Brücher im norddeutschen Hügelland sind einiach mit Lehm oder Sand
von den benachbarten Abhangen zugepflügt worden.
Bei der Kultivierung der Hochmoore hat sich neben der anfanglichen,
von Holland übernommenen Fehnkultur, die im Vortreiben von Entwasserungskanalen, Abgraben des Hochmoores und Einrichtung von
Kulturland auf dem mittelst der "Bunkerde" (pflanzentragende oberste
Moorschicht) eingeebneten Untergrunde besteht, eine besondere deutsche
Hochmoorkultur entwickelt. Diese deutsche Hochmoorkultur, die erst
durch die Produktion der künstlichen Düngemittel ermöglicht wurde,
lasst die Substanz des Hochmoores unverringert. Das Moor wird lediglich bis zu einer gewissen Tiefe entwassert, wobei es sich bedeutend setzt
und verdichtet, und seine Oberkrume wird alsdann maschinell umgebrochen, zerkleinert und gewalzt. Die so vorbereitete Oberflache erhalt
eine kraftige Mineraldüngung zur Entsauerung und zur Anreicherung mit
den notwendigen Pflanzennahrstoffen. Man erzielt auf diese Weise
vorzügliche Gras- und Kleeweiden, Roggen-, Hafer-, und Kartoffelacker.
Die Düngung wird spaterhin als Ersatzdüngung fortgesetzt. Vorbildlich
für die Hochmoorkultur haben die Versuchswirtschaften der Bremer
Moorversuchsstation, z.B. im Königsmoor bei Tostedt Kreis Harburg
gewirkt. In neuester Zeit ist teils durch die Gemeinden und Kreise, teils
durch staatliche Organisationen ("Dökult") ein sehr grosser Teil der
norddeutschen Hochmoore in Kultur genommen, um dem auf engeren
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Rauni zusammengedrangten deutschen Volke neue Ernahrungsmoglichkeiten zu erschliessen. Die grossen bayerischen Moore sind in analoger
Weise unter den Auspizien des Moorkulturamtes in München und seiner
Unterorganisationen der Kultivierung unterworfen. Auf diese Weise
spielen die ursprünglich wüsten Moore gegenwartig eine bedeutsame
Rolle in der deutschen Landwirtschaft.
TECHNISCHE NUTZUNG DER MOORE
Uralt ist die Nutzung der deutschen Torfmoore zur Herstellung von
Brenntorf; kulturgeschichtliche Funde in Schleswig-Holstein deuten
darauf hin, dass die Torfgewinnung schon in altgermanischer Zeit bekannt war. Welche grosse Rolle der Torf in den waldleeren Marschen
von jeher gespielt hat, wurde schon erwahnt. Wer heute die Marschlandschaft Hadeln zwischen Elb- und Wesermündung, gewisse Teile der Wilstermarsch, Dithmarschens oder der ostfriesischen Marsch durchfahrt,
vermag es kaum zu fassen, welch riesige Moorflachen dort im Laufe der
Jahrhunderte abgegraben und durch den Schornstein gewandert sind.
Auch im Binnenlande sind zahlreiche Hochmoore fast ganz verschwunden;
an ihrer Stelle dehnen sich jetzt Wiesen und Weiden aus. Der Torfgewinnung sind auch unzahlige kleine Moore des Moranenhügellandes von
Holstein bis Ostpreussen zum Opfer gefallen. Dieses Hügelland war
ursprünglich bewaldet, und die kleinen Brücher. zwischen den Hügeln
enthalten meistens viel Holz, oft auch ganze Baumstamme. Sie eignen
sich deshalb nur zur Torfgewinnung im Kleinen und haben seit der Entfernung des Waldes die Brennstoffversorgung unzahliger Bauernhofc
ermöglicht.
Zur Torfgewinnung in grosseren Massstabe (Maschinentorf) eignen
sich am besten unsere Hochmoore. In ihnen ist es namentlich der
"altere Moostorf" oder "altere Hochmoortorf" (schwarzer Torf, Stichtorf), der wegen seiner gleichmassigen, holzfreien Beschaffenheit und
starken inneren Zersetzung ein vorzügliches Material zur Herstellung von
hochwertigem Torf darstellt. Seit dem Kriege hat der Abbau der Hochmoore durch Maschinen einen riesigen Umfang angenommen und die
Verbesserung der Maschinen sowie des Produktes hat bedeutende Fortschritte gemacht. Die Versuchsanstalt für technische Moorver wertung
bei der Technischen Hochschule in Hannover unter der Leitung von Prof.
Keppeler hat daran wesentlichen Anteil. Alljahrlich wird in der Hauptversammlung des Vereins zur Förderung der Moorkultur im deutschen
Reiche (Berlin SW 11 Bernburger Strasse 13) über die Fortschritte der
Torftechnik Bericht erstattet. Das Hauptproblem ist gegenwartig die
maschinelle Entwasserung und künstliche Trocknung des Torfes. Obwohl in dieser Richtung grosse Fortschritte gemacht sind, ist die Torfgewinnung doch noch Saisonarbeit geblieben. Sie beschrankt sich auf die
Zeit von Ende April oder Anfang Mai bis Mitte August.
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Ein zweites Problem ist die Umwandlung des Torfes in höherwertige
Produkte. Da der Torf bei verhaltnismassig geringem Gewicht ein
grosses Volumen besitzt, also ungewöhnlich grossen Frachtraum erfordert,
so ist sein Absatz auf ziemlich enge Zonen um die Gewinnungsstellen
beschrankt. Seine Heizkraft ist gross in Bezug auf die Gewichtseinheit
—guter Brenntorf hat bis zu 4200 Cal. je kg.—aber klein für die Volumeneinheit. Für die Bewertung eines Brennstoffes ist aber seine "Warmedichte" (Keppeler), d. h. die Anzahl der Kalorien in einem geschüttelten Kubikmeter massgebend. Man ist daher zur Erzeugung von
Torfbriketts nach Analogie der Braunkohlen- und Steinkohlenbriketts
übergegangen, doch hat die Brikettierung bisher nur geringen Umfang.
Ebenso steht es mit der Verkokung von Torf. Meines Wissens sind
gegenwartig nur zwei Torfkoksfabriken in Betrieb, obwohl der Torfkoks
wegen seines geringen Schwefel- und Phosphorgehaltes als Edelkoks gilt
und in der Feineisenindustrie, beim Rotguss u. dgl. gern genommen und
sogar der Holzkohle vorgezogen wird.
Grossere wirtschaftliche Bedeutung hat die unmittelbare Verwertung
des Brenntorfs zur Erzeugung elektrischer Kraft in den Hochmoorbezirken. Gegenwartig sind zwei grosse Kraftwerke dieser Art in Betrieb, das
ein in Wiesmoor bei Aurich in Ostfriesland, das andere in Ilühle bei
Meppen im Emsmoor. Die Abwiirme des Wiesmoorwerkes wird nebenbei
zur Frühgemüsezucht in ausgedehnten Gewachshausern benutzt.
Sehr grosse Bedeutung hat die Torfstreufabrikation, zu welcher nur der
lockere sogenannte "jüngere Moostorf" der Hochmoore verwendbar ist,
der aus fast unzersetzten Sphagnum-Fasern besteht. Die Torfstreu findet
in der Landwirtschaft ausgedehnte Verwendung wegen ihrer fakalaufsaugenden Eigenschaft. Sie ist zugleich antiseptisch, isoliert in lufttrockenem Zustande vortrefflich gegen Kalte und Warme und gibt infolgedessen ein begehrtes Verpackungs- und Konservierungsmittel ab, z.B.
für den Bananenversand.
Endlich ist es gerade der Moostorf, der zur Herstellung von Warmeschutzplatten, Isolierplatten und gewissen anderen Baumaterialien dient.
Nach diesem kurzen Ueberblick möchte ich für diejenigen Leser, die
weitere Information wünschen, die wichtigste Literatur über die deutschen Moore anführen:
Bertsch, K. 1924. Palaobotanische Untersuchungen im Reichermoos. Jahreshefte d.
Vereins f. Vaterland. Naturkunde Württemberg, 80: Stuttgart.
Bulow,-K. v. 1920. Moorkunde. Sammlung Göschen, Berlin u. Leipzig.
. 1927. Die deutschen Moore. Jahrb. Preuss. geol. Landesanstalt 48: (orientierende Schrift mit Literaturverzeichnis).
Gams, H. u. Nordhagen, R. 1925. Postglaziale Klimaanderungen und Erdkrustenbewegungen in Mitteleuropa. Landeskundl. Forsch. Geogr. Gesell. München H. 25.
Ilausding, A. 1921. Handbuch der Torfgewinnung und Torfverwertung. Berlin, P.
Parey.
Hoering, P. 1915. Moornutzung u. Torfverwertung. Berlin, J. Springer.
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Keppeler, G. 1922. Moomutzung und Torfverwertung. Halle a.S., Wilh. Knapp.
Potonié, H. 1908. Die rezenten Kaustobiolithe und ihre Lagerstatten. Abhandl.
Preuss. geol. Landesanstalt N. F. 55: I.
. 1911. Ibid II.
. 1912. Ibid. III.
. 1915. Ibid. Ilia.
Puchner, II. 1920. Der Torf. Stuttgart, Ferd. Enke.
Rudolph u. Firbas. 1924. Die Hochmoore des Erzgebirges. Beiheft z. Botan.
Zentbl. 41: Abt. 2, H. ]/2. Dresden.
. 1927. Die Moore des Riesengebirges. Ibid. Abt. 2, H. %. Dresden.
Sauer, Canz u. Schickler. 1920. Die Ausnutzung der Torfmoore. Stuttgart, Konr.
Wittwer. (Behandelt die württembergischen Moore).
Steinert, F. Torfveredlung. Halle a. S., Wilh. Knapp.
Stoller, G. 1924. Geologie der Moore Deutschlands. Eine allgemeine Uebersicht.
Jahresber. Niedersachs. geol. Vereins 17: Hannover.
Tacke, B. u. Lehmann, B. 1912. Die norddeutschen Moore. Bielefeld u. Leipzig,
Velhagen u. Klasing.
Tietze, O. 1912. Zur Geologie des mittleren Emsgebietes. Jahrb. Preuss. geol.
Landesanstalt 33: 2. (Darstellung des Bourtanger Moores).
Weber, C. A. 1902. Ueber die Vegetation und Entstehung des Hochmoores von
Augstumal im Memeldelta. Berlin, P. Parey.
. 1926. Grenzhorizont u. Klimaschwankungen. Abhandl. Naturwissenschaftl.
Vereins zu Bremen 26.
Mitteilungen des Vereins z. Förderung der Moorkultur im deutschen Reiche.
Berlin SW 11, Bernburgerstr. 13.
Protokolle der Zentral-Moor-Kommission 1876-1926. Berlin, Preuss. Landwirtschaftsministe rium.
Jahrbuch der Moorkunde, Bericht über die Fortschritte auf alien Gebieten d.
Moorkultur u. Torfverwertung. Herausgegeben von B. Tacke; Hannover, M. & H.
Schaper. Erscheint seit 1912.

HUMUS- UND BODENKARTE DER SÜDLICHEN
HALFTE BESSARABIENS
N.

FLOROV

(leoloyisches Institut, Bukarest,

Rumanien

Eine der wichtigsten Aufgaben der gegenwartigen Bodenkunde ist die
Feststellung der Gesetze der Bodenbildung und der Bodenverteilung auf
der Oberflache der Erdkugel. Die Untersuchung der grossen Flachenraume der Erdkugel ist ein der bedeutendsten Hilfsmittel dazu. Aber
auch die einzelnen kleinen geographischen Bezirke kónnen zuweilen bei
einer sorgsamen Auswahl und ausfiihrlichen Untersuchung ein wichtiges
Hilfsmittel für die Entscheidung und Lösung desselben Problemes der
Bodenkunde liefern. Wir haben namlich oft in solchen Bezirken örtliche
Faktoren, welche ihre Tatigkeit mit der Tatigkeit des allgemeinen Faktors
der Bodenbildung vereinigen. Als Ergebnis erscheint eine Resultante
aller dieser Krafte; und die sorgsame Analyse dieser Resultante gibt die
Möglichkeit die einzelnen Faktoren zu bestimmen und sie zu klassifizieren,
wodurch die Rolle der allgemeinen Faktoren und Gesetze der Bodenbildung noch besser hervortritt.
Bessarabien bietet in dieser Beziehung ein ausserordentlich grosses
Interesse dar. Wie bekannt, steht der Hauptfaktor der Bodenbildung
und der Bodenverteilung in der Steppe am Schwarzen Meer in strengstem
Zusammenhang mit dem Faktor, welcher seinerseits durch den Gang des
Kampfes zwischen dem Wald und der Steppe hervorgerufen ist. Das
Vordringen des Waldes in die Steppe, sein Sieg über die Steppe—das ist
die Haupttatsache, welche die gegenwartige Phase unserer (Curasischen)
Steppen kennzeichnet.
Bessarabien stellt einen schmalen Streifen vor zwischen zwei grossen
und verschiedenen Gebieten: dem Karpatengebiete der W aider einerseits,
und dem Gebiete der Steppen der Ukraina, anderseits. Hier, wie in einem
Fokus, kommen verschiedene naturhistorische Motive, wie Strahlen,
zusammen, welche von verschiedenen Zentren ausgehen. Diese dem
Charakter nach verschiedenen und zuweilen diametralentgegengesetzten
Strömungen, sind hier, auf dem kleinen Flachenraum, zusammengestossen, in gegenseitige Wirkung getreten, indem sie eine Resultante von
Kraften geschaffen haben und diese Resultante ist zuweilen ebenso
kompliziert, wie die Krafte selbst. Für die Analyse einer solchen Resultante kann ein solches Gebiet, wie Bessarabien, ein unschatzbares Material
geben.
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Bessarabien stellt also eine typische Waldsteppe vor. Dabei haben
wir einerseits hier Ursteppen, welche niemals von den Waldern besetzt
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EIGÜR. 1.—Bodenkarte des Kodri-Gebietes Bessarabiens

waren, und anderseits sehr alte Walder. Ich lege hier die Humus- und
Bodenkarte der südlichen Halfte Bessarabiens bei.
Infolge des prinzipiellen Unterschiedes zwischen Steppen- und Waldgebiet, muss bei ihrer Untersuchung ein verschiedenes Vorfahren angewandt
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werden, was ich auch tue, gleichwie ich es bei der Untersuchungen in der
Ukraina getan habe.
Was das Steppengebiet anbetrifft, so wandte ich hier die Methode der
Untersuchung der verschiedenen Varianten des Tschernosioms auf Grund
der Untersuchung und Kartographierung seiner einzelnen Merkmale an.1
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Boden m'it2-3%Hi/miispehciltTscheriioè/om jfcr/>
] erodïerhrSeziPjje, abgeschwemn-ite fsehemostwnitftgt
Boden derflbhdnyeimd Bielosiom
•^j] TschernmcmundBietosiommil-i'itHiiiniisyehti/t
Tschernosiom mif

J

i-5%Hitmiyeh3lf

l oêess&nabiens.

f'1

••

•"

f-6ï

"

\

•H

„

„

<s-ZZ

v

VZn D'jffLofiov:

Hcilbsnmpfige i/nd ein wenitf salzige 8oden
h'ïord/erBezipfóFli/sster/wjse/i und der
Zlèerj chwe wmiincf .itisypjetztpr* J&rrd.

Nakstab

I '. 1,000,000 (ilnjejïlirj

FIGUR. 2.—Kartogramme des Humusgehaltes in den südlichen Steppen Bessaiabiens

Dabei habe ich folgende Kartogrammen ausgeführt: (1) Des Huniusgehaltes, (2) der Tiefe des Aufbrausens, (3) der Verteilung der verschiedenen Karbonatformen, (4) der Mtichtigkeit der Huniushorizonte des
Bodens ( A + B ) und (5) der mechanischen Zusammensetzung.
Der Sinn und der Zweck dieser Kartogrammen sind folgende: (1) Sie
nxieren einen bestimmten Moment in der Natur; infolge dessen bewahren
sie ihren Wert und Bedeutung, sogar wenn auch die allgemeinen Kon1

Ebenso wie bei meinen Untersuchungen in den Steppen der Ukraina. Siehe meine
Arbeit: "Uber die bodenkartographischen Arbeiten in der Ukraina," État de 1'étude et
de la cartographie du sol, collection de mémoires de différents auteurs, prés. a la 4éme
conférence intern, péd. de Rome, pag. 247.
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zeptionen und Vorstellungen in der Bodenkunde sich verandern. (2) Die
Summierung und die Vergleichung dieser Kartogrammen gibt die Möglichkeit die am haufigsten vorkommenden und wichtigsten Kombinationen der Merkmale zu bestimmen und eo ipso die Varianten des Tschernosioms festzustellen.
Wie es aus der Humuskartogramme zu sehen ist (s. Figur. 2), kann
man inbezug auf Humusverteilung in den Steppen Bessarabiens zwei
wesentliche Momente hervorheben.
(A) Die verschiedenen Varianten des Tschernosioms entsprechen den
verschiedenen Formen und Elementen des Eeliefs. Dabei wird fast
überall die Gesetzmassigkeit beobachtet, dass das wasserscheidende
Plate.au reich an Humus ist, wahrend die Abhange zum Flusse hin immer
armer an Humus werden.
(B) Die verschiedenen Varianten des Tschernosioms hangen von der
geographischen Lage ab. Die Mitte und der nordöstliche Teil des Steppengebietes haben einen besonders typischen, machtigen und dunklen
Tschernosiom, aber in der Bichtung nach Westen und Südwesten hin
wird der Tschernosiom immer heller und an Humus armer; zugleich tritt
der Horizont der Karbonatablagerungen im Profil immer naher an die
Oberfiüche und der Boden erhalt den Charakter des Belosioms.
Nun gehe ich zur Betrachtung des Waldgebietes Bessarabiens über, der
sogenannten " K o d r i " (s. Figur. 1).
Hier habe ich dieselbe Methode angewandt wie auch bei der Untersuchung der Kiewschen Waldsteppe, namlich diejenige der Fixierung
und der Kartographierung der verschiedenen Stadiën der Degradierung
des Tschernosioms x und gleichzeitig der Kartographierung der einzelnen
Bodenmerkmale.
Die Untersuchung der " Kodri" erklarte eine Keihe von Fragen, welche
immer bei der Untersuchung des Waldsteppengebietes auftauchen.
Ich werde sie kurz berühren:
(1) Die " K o d r i " sind kein Urwald. Die Walder kamen hierher aus
dem Karpatgebiet. Dabei kann man folgende drei Momente aufweisen,
welche den ersten Stoss zum Vordringen des Waldes in die " K o d r i "
geben: (a) Die Höhe über dem Meeresspiegel, welche in diesem Kodrigebiet grosser ist, als in den benachbarten Steppen; (b) die Menge der
Niederschlage, welche hier auch grosser, als in den Steppen sind; und (c)
die Abwesenheit des Losses auf der hohen Wasserscheide, wo der durch den
Sand ersetzt ist. Dieser letzte Umstand spielte eine besonders grosse
Rolle. Überall, wo der Loss von den hohen Wasserscheiden in den
" K o d r i " weggeschwemmt wurde und der Sand (baltischer Sand) nach
oben hervortrat, begiinstigte dieser Sand das Eindringen des Waldes und
seine Einwurzelung. Diese Sande auf der Wasserscheide bilden also die
' Diese Stadiën habe ich ausführlich in meiner Arbeit: "Über die Degradierung des
Tschernosioms in den Waldsteppen" beschrieben.

COMMISSION V—SOIL CLASSIFICATION

561

alleral testen Waldinsel und darum ist hier der Tschernosiom stark podsoliert.1 Urn diese Insein herum finden wir konzentrische Streifen des

DieFëpm in Qostiiyeni
Oezir/j von iyo ffeyfétr rrn Centrum
c/es
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j3oc?engd/>fe.
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3/
>
» 3,t•tyj Dey/vdiprfer
Tschernosiom.
Sj Duntfelgraupr wenig podsoh'prter
Ifihm c/er Wd/ds(~enpen
§' Gröuerpodso/iertrr
/ehm der
Wd/cfsreppen.
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fllluv/j/bod?n
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FIGUR. 3.—Die Ferm in Kostiujeni. Bezirk von 170 Hektar im Zentrum des KodriGebietes Bessarabiens. Bodenkarte. Die Ziffern an dem Enden der Kurven zeigen die
Hohe iiber dem Meeresspiegel

spater eingedrungenen Waldes; und darum ist hier die Degradierung
geringer; sodass je weiter man sich von den Waldinseln entfernt, desto
1

Langs dem Prut drangen die W alder weit nach Süden vor, wo sie beinahe die Zone des
südlichen Belosioms erreichten. Es ist zweifellos, dass der starksandige Charakter dea
Losses langs dem Ufer des Pruts diese Erscheinung begünstigte.
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geringer ist die Degradierung, bis man endlich zu dem Boden kommt, der
von der Degradierung nicht berührt ist und den reinen Tschernosiom

Riefèr/n irmos/iiijeni
Jjez/rjf von7?o ïïeyfcir)m2enfr/im c/as
fjoc/ri-Ge-b/eteJ ^Besarcib/ens.
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der*7'fvmhtsverte}//in(/
cfuf ofer Oberf/ciche
1j poefen

mtt

4.s-4%rtiiii?iisQehti/h

v

V
*

••

3.s-3%

3 -

i'/c

^Takstab 1:17000.

FIQUR. 4.—Die Ferm in Kostiujeni. Bezirk von 170 Hektar im Zentrum des KodriGebietes Bessarabiens. Kartogramme der Humusverteilung auf der Oberflache

vorstellt. Der Wald schreitet also hier in der Richtung von dem Gipfel
der Wasserscheide zum Fusse des Abhanges, und nicht umgekehrt, wie
es in der Kiewschen Waldsteppe der Fall ist.
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(2) Wenn man die Grenzlinie, wo der Wald und die Steppe miteinander
in Berührung kommen, untersucht, so sieht man, dass der Sieg des Waldes
klar zum Ausdruck kommt, indem er seinen Vormarsch fast ungehindert
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FIGÜK. 5.—-Die Ferm in Kostiujeni. Bezirk von 170 Hektar im Zentrum des KodriGebietes Bessarabiens. Kartogramme der Tiefe des Aufbrausens
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fortsetzt,—eine Tatsache, welche auch für das ganze Gebiet der Waldsteppen in der Ukraine von mir festgestellt ist.1 Gewöhnlich haben wir
hier ein von Podsolen oder Boden des fünften und vierten Degradierungsstadiums 2 bedecktes Gebiet. Von hier aus gehen konzentrisch (oder in
einer bestimmten geraden Richtung) Bodenstreife des dritten, zweiten
oder ersten Degradierungsstadiums und weiter hinter ihnen folgt ein
Bodenstreifen des ununterbrochenen Tschernosioms. Es ist möglich an
der Front auch ein anderes Bild zu treffen, zum Beispiel: die Steppe und
nicht der Wald bleibt Sieger; oder die Frontlinie befindet sich seit lange
im Ruhezustande und der Sieg bleibt unentschieden. Aber diese Falle
sind eine Ausnahme.
(3) Für die Charakterisierung einer solchen Frontlinie und für die
Orientierung in dieser Frage habe ich die Methode der ausführlichen
Untersuchung der einzelnen kleinen und typischen Bezirke in dem Waldsteppengebiet angewandt. Als ein Beispiel führe ich hier die Kartogramme und Bodenkarte eines solchen Bezirkes bei dem Dorf Kostiujeni,
welcher sich im Zentrum der " Kodri" befindet und einen kleinen Flachenraum nur von 170 Hekt. hat. Ich lege hier für diesen Bezirk die Kartogramme bei: (a) Des Humusgehaltes; (b) der Tiefe des Aufbrausens; (c)
der Höhen über dem Meeresspiegel; und (d) der Bodentypen (s. Figur.
3, 4, und 5).
Eine solche Untersuchung gibt die Möglichkeit kleine Einzelheiten der
Bodenbildung zu beurteilen und muss als methodologisches Hilfsmittel
betrachtet werden. So zum Beispiel, in Kostiujeni hat die Untersuchung
gezeigt, dass wir der Frontlinie in Wirklichkeit einen sehr bunten Komplex-charakter der Boden und eine sehr rasche Abwechselung verschiedener Bodenvarianten haben; und zwar haben wir hier an der Obenflache
von 170 Hekt. neue Bodenvarianten. Indem wir alle Ergebnisse der
Untersuchung zusammenstellen, bekommen wir die Möglichkeit die Rolle
der lokalen Faktoren zu erklaren, wie zum Beispiel in Kostiujeni die
Rolle des Reliefs, der Abhange (der nordliche Abhang ist von Podsolen
bedeckt, aber der südliche stellt einen echten Tschernosiom dar) der
Grundwasser, (in dem nordwestlichen Teil des Bezirkes haben wir die
Salzböden, welche die Verbreitung der Walder gehindert haben), u. s. w.
Wenn man eine Reihe solcher gut ausgewahlter und ausführlich untersuchter Punkte zur Verfügung hat, so kann man sich auf sie fussen um
sich in dem allgemeinen Bilde der Waldsteppe—dieser komplizierter
Naturerscheinung—zu orientieren.
1

Siehe meine Arbeit: "Über Lössprofile in den Steppen am Schwarzen Meer."
•* Nach meiner Klassifikation. Ich zerlege den Degradierungsprozess in fünf Stadiën,
die ich in meiner Arbeit "Über die Degradierung des Tschernosioms in den Waldsteppen"
beschrieben habe.

THE MINERALOGY OF CLAYS'
C. S. Ross
United States Geological Survey, U. S. A.
INTRODUCTION
Much of the entire sedimentary section of the earth's surficial layers is
made up of soils, clays and shales, whose basic material is a group of
substances known under the general name clay. Therefore, the geologist,
mineralogist, soil specialist and ceramist are vitally interested in the
identity of the clay minerals and the chemical and physical properties of
the different mineral species. Reference to any standard mineralogy will
show that kaolinite is about the only definitely characterized mineral
listed in the clay group although it is now known to be one of the least
important. Most of the other clay minerals given in the text books arc
poorly characterized and of doubtful validity.
The last few years have seen very rapid advances in the sciences of
mineralogy and petrology and the technique of the study of minerals and
mineral grains, and a large number of workers including many practical
oil geologists are now engaged in detailed studies of sedimentary materials
and their mode of formation. The science is rapidly expanding and the
mineralogical information in the text books does not fully represent the
present state of the science. Petrologists and mineralogists have perfected methods that enable them to study the relations in the fine grained
mineral aggregates that constitute clays and in many cases to isolate the
pure clay minerals, to recognize the specimens that represent a single pure
clay mineral, and to determine the optical properties of the samples that
have been found homogeneous and pure enough for analysis. The work
is exacting and time consuming, but with modern research methods the
difficulties may be overcome and the clay minerals brought within the
realm of organized knowledge. The United States Geological Survey
has been conducting such an investigation of the mineralogy of clays for
some time, with the cooperation of Earl V. Shannon and William F.
Foshag, mineralogists of the National Museum, and of Dr. Paul F. Kerr,
of Columbia University, who is a specialist in the x-ray study of minerals.
The study of the clay minerals has at all times been guided by examinations under the petrographic microscope. The indirect methods of study
through the response to physical or chemical manipulation has been
verified and interpreted wherever possible in the light of microscopic
1

Printed by permission of the Director of the United States Geological Survey.
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observation since it is obvious that direct observation has a higher order of
validity than can be secured by indirect methods.
Most of the clay-forming materials of shales and soils are definitely
crystalline minerals with definite chemical and physical properties, although they may be somewhat modified in chemical composition by
adsorption and base exchange. This complicates their study but does
not change the fact that they are definite minerals which can usually be
studied and compared by direct observation and which have a more
constant chemical composition than the micas, for instance. Even when
they do have a colloidal degree of dispersion they have a definiteness that
separates them from amorphous gels. Most of the clay minerals are
composed of definite crystal grains and their crystallinity can usually be
observed with moderate magnification. There is only one clay mineral
that is not visibly crystalline, and it gives a definite and characteristic
x-ray diffraction pattern which is identical with the pattern of a clay
mineral that occurs in large, well-defined crystals.
DETAILS OF CONDUCTING RESEARCH INVESTIGATIONS
The study of the clay minerals has involved much work on the best
methods of preparing materials for microscopic observation. It has
been found possible to impregnate and harden, and then grind thin sections
of all clays, sand, and most soil materials, and friability, incoherence and
susceptibility to disintegration on contact with water does not prevent the
preparation of thin sections that retain the original structure perfectly.
Examination with a petrographic microscope reveals many essential facts.
It tells much about the nature of the clay mineral present and may serve
to identify it positively. It tells the relative purity, whether the clay
occurs as films around the other mineral grains, forms pellets of nearly
pure clay, or forms bedding lamellae, and it commonly shows the size and
habit of the individual clay crystals. It tells much about mode of origin
of the clay mineral, and of the shale or soil itself. Thus many of the
problems that concern clay, shales and soils are the kind that can best be
solved by mineralogical and petrographical methods, and in fact many
important factors can only be determined by their use. Clay minerals
with their easy cleavage are fragile and so may become subdivided during
mechanical analysis and give a false impression of the original size of the
clay crystals. The sedimentary petrologist is primarily interested in the
mineral relations within a shale or other sedimentary material and the
evidence that they may give about mode of origin. That is, the sedimentary material in its natural state contains important information
that he cannot afford to neglect, and for these reasons he finds it necessary to check results by the use of the microscope.
Clay minerals are definitely crystalline and are all characterized by
a perfect cleavage and by a micaceous habit that allows them to separate
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into very thin crystal scales with comparatively great breadth. Dr.
Wherry, of the Agricultural Department, has described this condition as
a one-dimensional colloid (5), meaning that the thickness but not the
breadth may be of colloidal dimensions. Thus the crystalline clay
particles have very large surface area in comparison to their mass, and
calculations cannot be based on an assumption of equidimensional
grains. The quartz, feldspar and similar mineral grains, even though of
clay size will settle at one rate, and the platy clay particles with equal mass
but vastly greater surface area and a maximum surface tension effect
will settle at an entirely different rate. For this reason Stokes' law and
all other mathematical expressions of rate of sinking that neglect physical
form will fail completely to give a correct value when applied to a mixture
of such unlike materials. The equidimensional grains that are chiefly
of silt size or larger will give one curve when rate of sinking is plotted
against mass, and the clay portion which is largely made up of claymineral plates will give an entirely different type of curve.
CLAY GROUPS
Some of those who have considered clays from the standpoint of the
ceramist have postulated colloidal films around each mineral particle,
but there is no evidence for such films in most clays made up purely of
mineral matter, although clays which contain organic material, ferric
hydroxides, etc., may have them.
The chemical composition, the platy crystal form, the large surface
area, the resulting power to absorb large proportions of water, the high
tension under which that water Is held, and the relatively large contact
surface that one clay particle may present to another, are the essential
relations that explain the physical properties that characterize clays.
In materials with this physical structure adsorption and related surface
phenomena are not confined to particles with colloidal dimensions, but are
manifested by comparatively large grains of the clay type.
Mineralogically the clays seem to be divisible into two distinct groups.
One may be designated as the kaolin group and includes the mineral
species kaolinite, anauxite which has not heretofore been recognized as a
valid species, halloysite, and possibly leverrierite although the validity
of the latter is not fully verified. The minerals of the kaolin group show
the greatest tendency to form definite crystals. These have approximately hexagonal cross-section where the shape is determinable, are
optically biaxial, have low double refraction and probably belong to the
monoclinic crystal system. They have much less easy cleavage than
the next group and are less easily dispersed in water. Their total water
content is less and the proportion of water lost at 100° is much less.
The second group may be called the montmorillonite group and includes montmorillonite (3), beidellite—a name recently proposed by
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Larsen and Wherry (1), nontrite, the iron equivalent, and a clay
mineral referred to as crystalline halloysite. These minerals are more
easily dispersed in water than those of the other group, the total water
content is usually higher and the capacity for water adsorption is higher.
Crystal form cannot usually be recognized but they are optically biaxial
and probably monoclone like the other group. The double refraction is
much higher than for the members of the other group, and is nearly
equal to that of the micas.
Several clay minerals that are probably valid species are not included
in this grouping, but they appear to have little importance as shale and
soil-forming components, and so will not be considered here.
The chemical compositions of the members of the kaolin group are as
follows:
Kaolinite
Al 2 0 3 .2Si0 2 .2H 2 0
Anauxite
Al 2 0 3 .3Si0 2 .2H 2 0
Halloysite, although described as amorphous, is submicroscopically
crystalline and may be either kaolinite or anauxite, or possibly leverrierite.
Leverrierite has been assigned the formula 2Al 2 0. 3 5SiQ 2 .5H 2 0 (4),
but it may prove to be the same as anauxite.
The chemical compositions of the members of the montmorillonite
group are as follows:
Montmorillonite
Beidellite
Nontronite
" Crystalline halloysite "

(Ca,MgO).Al 2 0 3 .5Si0 2 .5H 2 0 =
Al 2 0 3 .3Si(\+.4H 2 0±
Fe 2 0 3 .3Si0 2 +.4H 2 0 =
Al 2 0 3 .2Si0 2 + .3H 2 0

Practically all the water in the minerals of the kaolin group appears
to be essential to the chemical composition of the mineral and is only
lost at high temperatures. The water in the minerals of the montmorillonite group is partly essential, but the larger part is adsorbed.
Therefore the proportion of water indicated is only approximate and will
vary under different conditions. Part of the adsorbed water, especially
in montmorillonite, may be displaced by various bases with potash the
most likely one. The indices of refraction of the minerals of the kaolin
group are about like those of kaolinite, i.e., a = 1.561, 7=1.567. The
larger water content of the montmorillonite group gives them lower
indices of refraction, which are about a =1.495, 7 = 1.520 when the
minerals are iron-free, but become much higher in the iron-rich beidellite
and in nontronite.
Kaolinite and anauxite commonly occur as crystals that are twisted
or warped into worm-like (helminth-like) forms, with very perfect cleavage perpendicular to the greatest elongation of the crystals.
The minerals of the montmorillonite group commonly form irregular
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aggregates of crystals without distinct crystal form. Montmorillonite in
bentonite forms groups of crystal plates that usually lie perpendicular to
the margin of the volcanic glass fragment from which they are derived.
Beidellite in shales often resembles small crystals of sericitic mica that
have a breadth about 8 times their thickness. In other specimens it
forms irregular smear-like aggregates of almost pure clay mineral.
The crystals have high double refraction when viewed perpendicular to
the cleavage under a petrographic microscope and very low double
refraction when lying on their cleavage face. In very pure beidellite
shales the minute crystal plates tend to lie parallel to the bedding plain.
The beidellite crystal aggregate shows a high double refraction when the
thin section is cut perpendicular to the bedding of the shale, and a low
double refraction when cut parallel to the bedding. Some beidellite
shales extinguish under crossed Nicols almost as sharply as a mica, and in
fact have the appearance of a light colored biotite crystal.
Halloysite appears to be amorphous under the microscope, but the
x-ray diffraction pattern shows its identity with one of the other members
of the group. It is the dominant mineral in much of the so-called kaolin.
Both groups contain clay minerals with the same silica-alumina ratio.
Thus kaolinite corresponds with the unnamed mineral in the montmorillonite group in having a 1 to 2 silica-alumina ratio, and anauxite
corresponds with beidellite with a 1 to 3 ratio. The reason for the
existence of different minerals with the same ratio of silica to alumina is
probably connected with the way the essential water is held, but the
investigation on this phase of the work is still incomplete. The chemical
studies tend to indicate that bases of the MgO, CaO type are essential to
montmorillonite, but they do not always give sharp ratios with silica and
alumina, and the role they play in the chemical composition is not altogether clear.
The investigation of the clays and the work of Doctor Larsen, of Harvard University, and Doctor Steiger, of. the United States Geological
Survey, on nontronite have shown the complete isomorphism of beidellite
and nontronite. 1 That is, an aluminous clay-forming mineral may contain any proportion of the chemically analogous ferric-iron silicate, and
iron may thus be present in a true clay-forming mineral as well as in the
form of admixed iron oxide. It is interesting to note that the color of the
resulting iron-bearing clay mineral is usually yellowish-green notwithstanding the fact that the iron is present in the ferric condition.
PROBLEMS OF RESEARCH
The first and one of the most difficult problems that has presented itself
in the investigations has been to discover or isolate pure clay minerals
of the various types before they could be analyzed and studied. The
1
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identity and properties of the pure minerals must be known before the
study can be extended to mixtures such as compose most soils, clays and
shales. For the same reason intensive studies have not been made on
the more complex aggregates. Nevertheless, some important information has been gained on the relative importance of the various soil-forming
minerals. The distinct mineral kaolinite is a comparatively rare mineral
in nature. It is usually if not always the result of the action of hot
mineral-charged solutions that escape from cooling igneous masses, and
can be almost completely eliminated as a possible soil or shale component.
Anauxite and possibly leverrierite in the crystalline form have commonly
been mistaken for kaolinite and are far more abundant than kaolinite.
Halloysite may be in part kaolinite but most of it is probably anauxite or
leverrierite. These two minerals, namely anauxite and leverrierite, in
their normal crystalline form and in their submicroscopically crystalline
form called halloysite, make up most of the material that is commonly
called kaolinite. Soils and shales so far as it has been possible to determine never contain kaolinite. Some anauxite may be the result of the
action of hot solutions, but it is usually due to the type of profound
weathering that produces laterites and is rrïost often observed from the
southern states.
Montmorillonite is most common as the characteristic mineral of
bentonites, but it is also the clay mineral of much of the fuller's earth,
and it has been formed by alteration of older minerals in some pegmatites.
The dominant soil and clay-forming mineral seems to be beidellito
which is often iron-bearing. The merest inspection with a petrographic.
microscope shows that the clay substance in most soils clays and shales,
is not kaolinite with a very low double refraction, but a mineral with high
double refraction. This at once shows that a clay mineral of the beidellite
type is present.
Clay minerals form in a variety of ways. They may result from the
weathering and partial leaching of certain elements from an older mineral,
from complete replacement of a mineral, from the devitrification of a
volcanic glass, from the crystallization of colloid material, by direct
precipitation from solutions, or by reactions between older minerals and
solutions. The devitrification and leaching away of part of the bases of
a volcanic glass forms bentonite, a rock which is usually composed of the
mineral montmorillonite, and less often of beidellite. Very profound
weathering may produce the same type of mineral from a wide variety of
materials. Thus we have identified anauxite as the result of alteration of
feldspar, augite, or biotits, and by the replacement of quartz. It is a
widespread mineral that occurs in a great variety of clay materials, but
it is seldom a dominant mineral. It is one of the clay minerals in sedimentary "kaolin" and in that formed by alteration of pegmatites. It
has formed by precipitation from solution or by replacement of quartz
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and other minerals in a large variety of detrital materials. It may form
by the recrystallization of some other clay material, or of an older colloidal
material of unknown composition.
The clay mineral called crystalline halloysite has formed in pegmatite
dikes by the action of hot solutions. Beidellite may form in most diverse
ways. Its derivation from volcanic glass has been mentioned, it results
from the alteration of a wide variety of minerals that are unstable in the
zone of weathering, and probably forms by direct crystallization from
solutions. It is the clay mineral most likely to contain essential ferric
iron.
The physical environment that favors the development of the various
clay minerals is almost unknown. It is evident, however, that there is
a relation between the type of clay mineral and the climatic or other
physical conditions under which it is formed. The clay minerals produced
under different conditions have different chemical and physical properties
and it is probable that there is a difference in their capacity for adsorption,
base exchange, and other properties that particularly interest the soil
specialist. Preliminary studies indicate that more aluminous clays are
likely to develop where weathering is deep and profound as in the southern
states, and the more siliceous ones where weathering is less profound. All
this shows that the identity of the clay mineral or clay minerals is one of
the fundamental properties of shales and soils.
Dr. P. F. Kerr, of Columbia University, is securing some very significant
results from his x-ray work. The clay minerals all give good x-ray
diffraction patterns. This shows true crystallinity of the clay minerals,
and that the observed double refraction is not due to strains in a gel-like,
amorphous substance. Such double refraction strain may be present but
it is subordinate to the double refraction due to crystalline structure.
The clay minerals give very similar x-ray diffraction patterns with the
powder method, but as work progresses it is becoming increasingly evident
that the patterns are distinctly different in essential details. When the
x-ray patterns of the pure soil and shale-forming clay minerals are better
known it is hoped to apply the method to the determination of the clay
minerals of less pure specimens.
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THE USE OF SOIL SURVEYS IN FORESTRY
J. KlTTKEDGE, J R .

Lake States Forest Experiment Station, U. S. A.
The natural vegetation, particularly the forest vegetation, is the integrated expression of the climatic and edaphic factors of the locality.
For each broad climatic zone, there are corresponding broad zones of
characteristic soils and forests. These relationships have been demonstrated in Russia in the work of Wyssotski, Dokutchaeff, Sibirceff, and
Glinka. The northern forests of Pinus, Abies, Larix, Betula, and Populus
correspond with the northern zone of leached podsol soils, the Quercus and
Carpinus forests correspond with the gray soils with some accumulation of
calcium carbonate at certain depths and the forest vegetation is replaced
by grasses and zerophytic herbs on the semi-arid soils. On the red soils of
moist, tropical regions, a characteristic forest of evergreen broadleaf trees
of many kinds is found.
In the United States the correlation becomes evident when the maps
showing the natural vegetation and the soil regions are placed side by side
and compared. The northern coniferous forest is definitely associated
with the brown and grayish gravelly and stony loams. The southeastern
pine forest corresponds with the yellowish sandy loams of the coastal plain.
The alluvial plain of the Lower Mississippi Valley is distinguished both by
its vegetation and by its soil, and the marked change from the forest and
soils of the eastern humid part of the country to the western semi-arid part
recognized earlier by Hilgard and others, is distinguished on both maps by
a line roughly corresponding to the 100th meridian. Many other features
of similarity are apparent in the two maps and it is the absence rather than
the presence of correlation between natural vegetation and soil regions
which is exceptional.
Vilensky has even made one of the major divisions of his proposed classification of soils, the phytogenic, in which the temperate zone forest and
prairie vegetation is the dominating agency in soil formation.
Not only do the broad climatic, forest and soil regions correspond but
within each region the local differences in forest vegetation are closely related to local changes in soil conditions. Hilgard recognized these local
correlations and showed that each of the soil formations which run in
north-south belts in Mississippi are characterized by distinct kinds of vegetation, and in addition that the same species of tree has distinctly different forms if it occurs on different soil belts.
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In Finland the forest types are characterized by the living ground cover;
Calluna, Vaccinium, Myrtillus, etc., typical of each. The different types
are distinct not only in differences in composition of the forest but in differences in the growth of the same kind of forest where it occurs in different
types. The distribution of these forest types has been shown to correspond with that of soils differing in the amounts of lime and nitrogen,
humus content and reaction.
Observation of the forest vegetation on the soil types as mapped by the
United States Bureau of Soils suggests that there is usually a relationship
between it and the soil types. In the Great Lakes region Pinus banksiana
and Pinus resinosa are found on the sandy, droughty, acid soils. In an investigation of the yields of Pinus bariksiana, the best growth corresponding
to the best site was found on soil types where the limestone formation was
present or where lime had been brought in to the area by glacial action.
The peat and muck soils of the swamps have characteristic growth of
Picea mariana, Larix laricina, and Thuja occidentalis.
A large group of productive loam or silt loam soils of high water holding
capacity and high content of lime and nitrogen, are usually occupied by
the important mixed forest of Acer saccharum, Betula lutea, Tilia glauca
and Tsuga canadensis.
Veatch has demonstrated an approximate correlation between soil types
and forest types in Michigan. He suggests that the differences in forest
growth are due to the presence of distinct layers in the soil profiles which
have marked physical and chemical differences in texture, moisture retentiveness and reaction, and which must therefore affect the development of
the trees whose roots obtain water and nutrients from these layers.
The Land Economic Survey in Michigan for the past 4 years has been
mapping both forest cover and soil types. The correlation between them
is evident from even a hasty examination of the forest and soil maps.
Certain types like the aspen are found on more than one soil type. In
other cases like that of jack pine and oak, the two species occur on closely
similar or identical soils and the presence of one or the other is often due
to the frequency and the severity of past fires rather than the soil
conditions.
The existing evidence tends to show that there is a correlation in the
United States and in other countries, first between the broad soil zones or
regions or provinces and the forest regions, and second, that within each
region there is an approximate correlation between the forest types and
sites and the soil types as distinguished by their characteristic profiles representing specific physical and chemical properties. These correlations
are most easily established and most useful in those countries like the
United States and F ussia, which still have much natural forest and where
the forest resources promise to continue to be important factors in the economic life. Moreover, the soils of natural forest areas have been undis-
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turbed for long periods of time so that the soil forming processes have had
opportunity to express themselves. They are, therefore, the most advantageous places for the study of the soil profiles. The opportunity, therefore, for the establishment of the correlation between forest types and soil
types is particularly favorable.
If this correlation can be definitely established, it will have a high economic value in many phases of forest management. Forest management
involves more than any other form of land use the productiveness of large
areas for the supply of industrial units such as sawmills, pulp and paper
plants, etc. An area as large or larger than 5,000 acres is essential for the
permanent operation of even a small wood-using plant. It is essential
that the proportions of the area of different kinds and degrees of productiveness, that is, of the different forest types and sites, be known before
cutting operations can be intelligently planned or the amount of forest
growth predicted. A soil survey and map should afford the basis for determining the areas of different forest types and the productive capacities,
once the correlations with the soil types are established. If at the same
time notes were made by the surveyors of the existing forest growth, the
soil surveys could provide the most essential information for the preparation of forest working plans.
The forester is more in need of and dependent upon this information
which might be obtained from the soil surveys than is the farmer or any
other user of the land, because while the latter can learn from experience
with annual crops about the productiveness of his land, the forester can
only obtain corresponding experience by waiting several generations.
There is another phase of the forest problem particularly in the United
States at the present time which the correlation of forest conditions and
soil types would do much to solve. Our timber consumption is estimated
to exceed production by three or four times. Much of the land which is
not now needed for production of agricultural crops is only partially productive or wholly unproductive. It may be that by making the whole
area of available forest land productive we can just about meet our wood
requirements in the future. The soil surveys should be one of the best
means of determining the potential productiveness of different areas of
land of timber crops when they are converted from their present unproductive condition to one of productiveness by reforestation. The soil survey should indicate the location of those lands which are least suited for
agricultural development and their relative value for the production of
forest crops. It should indicate the location of forest lands and the concentration in areas large enough for the support of wood-using industries
of any given size. It should show the distribution and areas of soils which
are suitable for the growing of different kinds of timber which may be
needed for the supply of one or another kind of industrial unit.
If, in addition to the mapping of the soil types, notes were made at the
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time of the survey of the extent to which the land now supports forest
growth, the soil survey would thereby be made distinctly more valuable
for all those interested in forests and timber.
Future soil surveys will be extended more and more to regions less distinctly agricultural and to soils chiefly suitable for forest growth.
The usefulness of the future soil surveys will depend to a large extent
upon a clear understanding of the relationship between the character of the
different soils and the different kinds of forest that each can best support.
The value of future soil surveys would be greatly increased, therefore, if
they would aim to correlate existing forest growth with recognized soil
types, just as they have been doing for agricultural crops.
Such correlation once established by trained plant or forest ecologists
attached to the soil survey crews would facilitate the future soil survey
work and at the same time provide a sound basis for forest management.
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THE SPECIAL PROBLEMS OE FOREST SOILS
C. G. BATES

United States Forest Service, U. S. A.
INTRODUCTION
This paper attempts only a very broad presentation of the problems of
forest soils. It may not even be considered a scientific presentation. It
pictures some of the problems of forest soils as they have appeared to one
whose actual laboratory study has been very limited, but who has attempted in a multitude of ways to link available knowledge of soils to a
great variety of conditions encountered in the fields and forests of the
United States. Its object is to indicate that while soils are soils, and scientific method is scientific method the world over, the method of approach
to the study of soil problems of the forest must be different from that to
the soil problems of agriculture, else the process will be wasteful of energy
and the desired object may not be attained within reasonable time.
It is rarely possible, in any scientific investigation, to begin at the very
bottom, with the most fundamental of the materials and principles which
the problem may embody. We begin always with a certain array of facts
and hypotheses which are considered reasonably well established, sufficiently firm to build upon. Insofar as these foundations are insecure, the
whole structure raised upon them may soon lean and topple over. That
is somewhat the result which is likely to occur if we accept facts and relationships established in the limited field of agricultural soils, and assume
t hem adequate for the much more extensive and varied field of forest soils.
The outstanding characters of forest soils which make them, when considered as a whole, different from agricultural soils, and hence necessitate
different and perhaps more comprehensive and elastic methods of study,
are their heterogeneity or nonuniformity of physical quality even when
small areas are considered, their youth, their porosity, their general poverty, and the frequency with which their chemical constitution may be unbalanced or deficient because of their simple geological derivation. If,
however, our ideas are extended from the typically poor forest soils to those
which are within or near the margin of agricultural possibilities, we add
the factor of extremely wide range of physical characters, making comparative studies difficult.
When we emerge from the realm of study to the realm of application and
action, there must be added, to make the situation more difficult, the fact
that the nature of the returns from forestry greatly limit the possibilities of
566
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artificial treatment. In the main, the forester must be satisfied with the
characters of forest soils as nature has moulded them, or with simple and
inexpensive treatments. It is, therefore, necessary for the success of artificial treatments, and as well for what may be termed the " silvicultural
treatment" of forest soils, that the nature of any existing soil deficiencies
should be understood with great exactness. For this understanding, the
forester has one very important ally, abundant time to observe the very
slow changes which occur in soils and their effect upon the crop.
We may now observe some of the ways in which these facts may affect
the method of approach to soil study.
SOIL MOISTURE
In forestry, broadly speaking, soil moisture occupies the position of
prime importance as a controllable factor in growth, as in agriculture soil
fertility is the controllable factor in crop-production and hence the matter
to which most critical study is directed. The principal reasons for this
difference in view point are not far to seek. In agriculture the fertility of
the soil may be rather quickly depleted but the nature of the returns makes
it feasible to replenish fertility artificially. The crop is no less at the
mercy of the elements with regard to moisture supply than is the forest,
but crops are not usually planted with the expectation of utilizing the
moisture to the full, since a crop so grown would not mature to the best advantage, nor is the occasional year in which crop failures may occur because of lack of moisture, likely to be ruinous to the undertaking as a
whole.
In nature the available moisture supply limits the density of forests, and
likewise the moisture supply may be controlled by artificially limiting the
density. This discussion, naturally, has no concern with conditions in
which moisture is not a limiting factor.
On the other hand, the forester accepts the fertility situation with complaisance partly because of the general idea that forests build up soils
rather than depleting them, and partly because artificial fertilizing is considered too expensive for the returns it is likely to bring in.
Crops of young trees, as they occur naturally, may be repeatedly snuffed
out by droughts of short duration, which represent nothing more than the
normal hot and dry weather of a summer. This occurs in almost every
climate and naturally is most likely to occur in the first season of growth.
Greater root-depth permits the seedling to withstand greater duration of
drought each year that it survives. Artificially planted forests have
about as much root-depth and hence can stand as great a degree of drying
as natural seedlings of similar age.
Once forest seedlings have established themselves beyond the reach of
normal seasonal drying, they are relatively immune to losses until the occurrence of the true drought which may occur, say, at intervals of 10 to 20
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years. This decimates the seedling population and successive droughts
tend to regulate the density of the forest as a whole. That severe droughts
in forests of mature development are not often drastic in their effects is
clue in part to the earlier elimination of the weaklings, and to a certain
elasticity in the living trees which permits them to assume some degree of
dormancy when water is not available. Probably a certain time element
is necessary to make internal adjustments for such a condition, so that if
drought conditions could appear with great suddenness, the effects would
be more harmful than they usually are.
In considering moisture relations at any stage of forest development,
then, it should be evident that the forester is more critically concerned
with the problem of minimum moisture than with average soil moisture or
total moisture during favorable growing periods, although the latter may
express the productivity of the forest. Occasionally, of course, as in
swamp forests, an excess of moisture may be as definitely limiting to
growth as is a deficiency under other conditions, but this can scarcely influence the character of the present sketch.
To come directly to the point, therefore, the foremost problem of the
forester is to determine what is commonly called the wilting-point or
"wilting coefficient" of soils. As the problem is most directly concerned
with young seedlings, it is evident that the investigator will be most frequently involved with the superficial layers of the soil. However, various
depths must be considered, between which the physical and chemical
composition of a given soil may change very rapidly, while the differences
in composition from one point to another may also be very great. One
has only to visualize the sharp line of demarcation between humus and
mineral soil, in the undisturbed forest, and the great range of humus
depths, to picture the complexity of the conditions and the elasticity of the
method required to meet all of them. The point, then, which it is desired
most strongly to emphasize, is that over such a wide range of conditions as
may be presented, even in any single study, indirect methods for determining the wilting coefficient are, so far, entirely inadequate. 1 It is probable that this is due to the fact that the availability of soil moisture can
not be expressed in physical terms alone. It is fully as much a chemical
as a physical problem, and the varied root-responses of different species to
different soil conditions introduces the factor of moisture conductivity of
soils and makes the entire problem extremely complicated.
From the standpoint of fundamentals, therefore, the forester requires a
very thorough investigation of methods of measuring availability of soil
moisture, both in the realm of wilting coefficients and at higher levels.
The fact is, we all admit at this time that soil moisture percentages are
meaningless when standing alone. We must have not only a measure by
1

We refer to the eentrifugal determination of the "moisture equivalent," and to the
measures of hygroseopic moisture as developed to date.

COMMISSION V—SOIL CLASSIFICATION

569

which to determine the point at which moisture remaining in the soil is
non-existent so far as the tree is concerned, but,—possibly from this same
measure,—a scale of values which expresses the availability of moisture to
the plant at any given time or condition. The difficulty lies in the wide
range of physical, chemical, and osmotic conditions which need be covered
for adequate study of forest soils. The most encouraging leads seem to be
in the field of hygroscopic methods of measurement.
SOIL CLASSIFICATION
Leaving the question of soil moisture with this single example of the
most poignant of the forester's special problems, we may turn to another
subject which similarly brings to the fore the necessity for a wider horizon
than that of the agricultural soil expert to comprehend the more varied
conditions encountered in forest soils.
The great maj ority of agricultural soils fall within the category of'' loams''
which implies a narrow range of fineness, and of clay, silt and humus content, within which profitable crop-production is largely confined. Forest
soils, in contrast, may range from pure peat or muck to pure sand, but perhaps their most important characteristic is the fact that they are often,
very typically, rocky. The rock content, above the size of peas (34 inch
diameter) may often be 30 per cent of the entire volume, and occasionally
as much as 60 per cent, without disqualifying the soil for reasonable forest
production. In fact, as we all know, trees may exist among rocks where
there is very little soil.
The question is, what functions do the rocks in a forest soil perform? A
second question, which is, of course, the theme of this discussion, is whether in
the classification, and in the related physical analyses of forest soils, we can
afford to dismiss the rock content with the statement, for example, that
the soil is a "rocky" or "very rocky sandy loam." This latter question
must be answered very firmly in the negative, though we are unable to give
comprehensive answers to the first. Observation, however, has led to
the belief that while hard and soft rocks obviously play different parts, all
rocks play important parts in the moisture regimen of soils. Kocks imbedded in heavy soils obviously aid in moisture penetration and increase
the moisture content at least to the extent that they decrease the run-off.
Impermeable rocks tend to raise the moisture supply of the intervening
soil masses, and thereby their presence, not infrequently in regions of limited precipitation, raises the moisture content of parts of the soil above the
minimum necessary for tree growth. That rocks always represent a potential source of mineral nutrients can, of course, not be denied. For
these and various other reasons which might be mentioned in any exhaustive treatment, it seems that the forester can not contemplate soil study
without giving to the rock content every consideration which is possible.
The farmer picks up and throws away the smallest rock which may dull
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his plowshare. The forester can do no such thing, but must live with his
rocks in peace and understanding. Our conception of a forest soil must
be broadened to include the rocks in every calculation.
NITROGEN SUPPLY
Although, as I have stated, foresters have ever been inclined to ignore
questions of soil fertility as matters which, even if important, could scarcely
be influenced by artificial treatments at their command, the evidence
continues to multiply that forest trees, like all of the other higher plants,
are strongly influenced,—in fact limited,—in their vegetative activity, by
available nitrogen. It could scarcely be otherwise. Although the main
product of the tree is cellulose, which we never contemplate as being in 'any
large degree nitrogenous, it is of course obvious that during its period of
active development every tracheid in the tree stem is as dependent on protoplasmic activity as every other living cell. The extent to which trees
may require less nitrogen than other plants per unit of growth is evidently
measured by the extent to which the nitrogenous content of mature and
inactive cells may be carried to the younger and growing parts. This
would seem to be in general limited by the wood structure, and of course
differently limited in different species.
It is, then, no longer possible to ignore the fact that the vigor of forest
crops in general is very much dependent on nitrogen, and probably, as has
been hypothecated by Kraus and Kraybill and others, that optimum vigor
is dependent on a balance between nitrogen supply and photosynthesis.
A very interesting aspect of this, though scarcely relevant to the present
discussion, is the evident fact that the tree growing alone; has unlimited
opportunity for carbohydrate production, but perhaps a very limited supply of nitrogen, while as forest stands thicken, up to a certain point, conservation of nitrogen-producing materials in the form of humus increases,
while photosynthesis for the individual tree decreases. This, obviously,
must have very marked effects upon the quality as well as the quantity of
growth in stands of varying density.
This point, however, leads to the considerations which the writer has
thought most important in this discussion, namely the close relation existing between nitrogen supply and humus accumulation in the forest, and
the fact that the humus layer is not subject to artificial mixing with the
mineral soil. Because of the latter,- the forest soil is distinctly layered
with humus materials of varying quality from the top layer of undigested
litter to the rapidly-disappearing material at the bottom. It is evident
that a study of nitrifying activities, for example, is far less simple than in
an agricultural soil where composition and activity are fairly uniform
throughout a considerable depth of soil, perhaps a foot in most instances.
Where shall we study the nitrogen supply of forest soils? In any forest
soil, so layered as suggested, there must be a zone which represents merely
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a storehouse of nitrogenous material, another in which nitrates are being
actively formed or at least liberated, and a third in which movement byleaching is the most important phase. This last is in itself a matter of
no small concern, considering the loose and porous character of many forest soils. This consideration, as well as other considerations of nutrition
and moisture supply may often lead the investigator to great depths, that
is, down to a less permeable stratum, before the forest soil can be properly
mapped.
The writer wishes to inject at this point his own conclusion that tree
roots are practically unlimited in their ramification and penetration when
there is the stimulus of distant food supplies. If, on the one hand, there is
plenty of evidence that root development is limited when there is an abundance of nitrates in a retentive topsoil, it is, apparently, equally true that
a readily leached soil induces great and deep root development in search of
these same nutrients. It is not difficult to explain the stimulus for this in
terms of the carbohydrate-nitrogen ratio.
The special problem presented by forest soils, therefore, from the standpoint of nitrogen supply, lies in their somewhat indefinite, but necessarily
limited, horizon in which nitrifying activity may be expected on theoretical grounds. It may not be amiss to emphasize at this point the general
desirability of studying the various horizons of a forest soil with great
thoroughness from every standpoint. But where shall we stop? To
what depths will necessity take one in special cases? The deeper soil remains practically uninvestigated except by a few ardent workers like
Weaver.
The related problems which are usually considered under the caption
'soil biology" can receive no adequate treatment at the writer's hands.
They will be left with the thought only that in addition to the usual forms
of soil life with which agriculture is concerned, the forest has its mycorrhiza and similar symbioses, which are made possible by the long tenure of
trees upon a given piece of ground. These multiply the problems.
CHEMISTRY AND SOIL REACTIONS
The questions of supply and distribution of nutrients need not be
spoken of farther than has been done in discussing nitrogen, except again
to mention the obvious fact that the direct derivation of many forest
soils from parent rocks of a single class places a definite limitation upon
the mineral contents of such soils and often leads to unbalanced soil
solutions which unquestionably have much to do with forest distribution.
This is often seen in marked changes in forest composition at the line
where two radically different geological formations are in contact. While
the forester may do little to correct an unbalanced nutrient supply by
applications, the investigator may unquestionably find a fertile and
profitable field in discovering the extent to which different species of trees
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have adapted themselves to types of soil showing specific deficiencies.
There is no doubt in the writer's mind that such adaptation has proceeded
in many cases to a practical differentiation, and that in some cases a given
soil may be employed twice as profitably for the use of one species as for
another, even though the latter is not fully prohibited from occupying it.
The growing of forests is a static proposition, in the sense that the
nature of the crop can not be quickly changed to bring it into equilibrium
with any external factors, either natural or economic. Because of the
long tenure of a given soil by trees, which must be contemplated when
they are started, it is of the utmost importance that soil type and tree
species (or perhaps even geographic form) should be well adapted to each
other. There is then, in the writer's opinion, no more important line of
investigation for the forester than the study of the reaction of different
tree species to different soil types, as can be carried on both by short-term
tests under controlled conditions and by field observations. Such practical tests promise, for the present at least, more tangible results than the
chemical analyses of soil ad libitum, but chemical study is none the less
important to make the results of experimental tests more broadly applicable.
It is a strange but very important fact that a given tree species may
have great difficulty in establishing its seedlings upon a given soil,
because of unfavorable surface moisture conditions, and conditions of
fertility, such as nitrogen supply, which react upon the rooting habit of
the tree, whereas the chemical composition of the soil is in no wise unfavorable, and may be decidedly favorable for the later development and
sustained growth of the species. In such studies as have been suggested,
therefore, it is necessary to distinguish clearly between growth reactions
between soil and tree, and what may be broadly called "germination
reactions." The former are far more important in their bearing on
profitable forestry.
A chemical problem hardly less important than that of nutrients itself
is that of soil reaction, since it is now generally admitted that the soil
reaction strongly influences the availability to the plant of the nutrients
which may be present. If there is any special problem of forest soils in
this connection, it would seem to the writer again to be that created by
the long tenure of individual plants upon a given soil, and to be most
clearly expressed by the relation of iron supply to alkalinity. It is a
well-known fact that the total quantity of iron required by any plant is
extremely small, and it is theoretically conceivable that a plant might
subsist for some time, and even perhaps complete its life-cycle, with very
little iron in addition to that which the young plant derived from the seed.
Thus with forest trees which are sensitive to an alkaline soil reaction,
growth, though small in amount, may proceed about normally for one or
even two years from the seed, before a deficiency of iron makes itself
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apparent in chlorosis. If the soil be only mildly alkaline, apparently
normal growth may continue for a much longer time, possibly until the
competition between individual trees becomes so keen as to exhaust the
little iron that is currently available. About all that can be said with
certainty in this connection is that forests often do start with considerable
vigor on soils which, after say 20 years, prove incapable of further supporting them. That this is a situation usually controlled by soil reaction
can not be said with certainty.
The one point which it is desired to make perfectly clear for the benefit
of agricultural soil scientists is that a degree of alkalinity which is known
to be quite harmless to agricultural crops of great variety often proves
inimical to trees (especially the genus Pinus) after a lapse of years, so
that it is evidently necessary in treating forest problems,—this being
especially a problem of semi-arid regions,—to adopt an entirely different
standard or gauge as to the significance of alkalinity.
If some trees show themselves incapable of coping for indefinite periods
with unfavorable soils, it is equally true that other species may never find
these same soils prohibitive, even though they may be far from optimum
for said species. The writer may be poorly-informed on this subject,
but it seems that no one can contemplate these facts without coming to the
conclusion that some species are much more capable than others of controlling the character of intake by their roots, and may even extend this
control to effect chemical changes in the soil which lies in immediate
proximity to the roots. I refer, of course, to the oft-repeated but poorly
substantiated theory of exudations by the roots which may desirably
change the soil reaction.
Be that as it may, it is of course recognized that the tendency toward
acidity in soils is strongly influenced by the character of the leaf-droppings
and other litter, and by the treatment which the forest receives, as affecting light, heat and moisture and the character of decomposition of that
litter. Thus, without going into the problems of acid soils, with which
the writer has had very little contact, it should be apparent that where
forests are already established, the soil reaction is never entirely beyond
control by the artifices of the forester.
The problems of acid soils are special problems of the forester, apparently, only in the sense that they must be met by an entirely different
form of treatment from that practiced in agriculture. Instead of liming
acid soils, the forester must attempt to regulate and alter their tendencies
through heat, light, aeration or whatever may be needed at the source of
the trouble.
SUMMARY
Several facts make the measurement and interpretation of critical soil
conditions of forests more difficult than the similar steps in the study and
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treatment of agricultural soil problems. Forest soils are much more
variable in their physical characters than are agricultural soils, often
representing types which are so extreme as to be unsuited to agriculture.
Thus, broadly speaking, the comparison of different forest soils as to any
particular quality, is more difficult than a similar comparison of agricultural soils, and requires both more comprehensive methods and methods
which are fundamentally sound, not merely approximately correct within
a narrow range of conditions. This is best illustrated in any attempt to
express the comparative moisture conditions of variable forest soils.
Forest soils are, moreover, often in situ, of simple derivation, hence
unbalanced chemically, and extremely variable in physical composition
from one spot to another. They are layered, especially near the surface,
with important distinctions in the functions of the several layers, which do
not exist in soils subjected to cultivation, and seldom exist in transported
or colluvial soils to so marked a degree. Rocks often play important
parts in forest soils especially in the moisture relations, and the deeper
horizons of very porous soils may be as important to deep-rooting trees
as the surface layers. Finally, the long-term nature of the forest enterprise calls for perfect adaptation of the tree species to the chemistry of the
soil, a point which has heretofore not been sufficiently emphasized even
by foresters. This brief enumeration of the difficulties of the forester
should be sufficient to suggest that soil science has so far attacked only the
easiest of the problems and has still far to go. Every fundamental attack
upon a soil problem is a boon to the forester, but the method by which
fundamental knowledge may be applied to the widely varying conditions
of forest soils, is too often left undeveloped.

SILVICULTURE AS A FACTOR IN MAINTAINING THE
FERTILITY OF FOREST SOILS
R. ZON
Forest Experiment Station, St. Paul, Minnesota, U. S. A.
INTRODUCTION
Modern agronomy rests on a knowledge of the soil. In forestry the
connection between silviculture and soils is still only vaguely realized.
Yet it is only in this direction that forestry can develop a science of its
own—a science of forest soils. The conservation of the fertility of the soil
is just as fundamentally important to forestry as it is to agriculture; nay,
it is even more important in forestry than in agriculture. The agronomist
has a great variety of artificial means for increasing the fertility of soils.
He mechanically cultivates the soil; he increases its fertility by fertilizers
or crop rotation; he protects it from drought by special methods of cultivation. The forester cannot, as a general rule, resort to such artificial means
of working his soil. He is thrown back upon the same resources for maintaining the soil fertility as nature does.
The forester must make the forest itself to conserve not only the fertility
of the soil but even improve it. He does it by maintaining a certain
density of stems; by regulating the density of the crown; by creating an
undergrowth; by controlling the composition and the form of the forest.
The mechanical tilling of the soil he assigns to the roots of the forest trees
and the fauna of the soil. The fertilizing of the soil is assumed by the
trees in the stand. They, by shedding their foliage, supply the soil with a
continual reservoir of material from which humus is made. He combats
the drying-out of the soil with the aid of the stand itself. The forester
justly looks upon the forest as an apparatus for the accumulation, conservation, and intelligent use of moisture in the soil.
The forester attains his objects, however, with a different degree of success depending upon not only the soil and climatic conditions but also
upon the composition and especially the form of the stand. The more
complex the form of the stand, the greater the range in the sizes of the
trees, the greater the mixture of species in the stand, the greater is the
perfection with which the forest assures its own well-being. The more
complex the form of the stand, the more effectively can the forest not only
accumulate and conserve, but also use the available moisture in the soil.
The forester must, therefore, clearly understand not only the effect of
the soil upon the composition and form of the forest but also the effect of
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different kinds of forest upon the soil itself. The relation between the
forest and the soil is closer and deeper in forestry than in agriculture.
Aside from the soil the forester must also know the subsoil to much greater
extent than the agronomist because the roots of the forest trees often go
very deep into the ground.
At present, our knowledge of both the influence of soils on different
types of forest and the influence of different types of forests upon the soil
is largely of an empirical nature. Only by creating a forest soil science
can we create a truly scientific foundation for forest practice.

EARLY PRACTICES OF THE FORESTERS
In the past the attention of the foresters, both in this country and
abroad, was directed toward the study of the growth of forest stands. In
this field foresters have done a great deal. The forest experiment stations
have perfected to a very high degree the methods of preparing yield tables.
They have developed even laws of growth, mathematically expressed.
Yet the need of parallel studies of soil and other factors which may account for the difference in growth of the same species but in different regions or on different sites is not yet universally recognized. In forestry
the stand itself, or more accurately, such elements of it as the volume,
average increment, or height are used as a measure of site quality and on
this basis it is customary to recognize five classes of soils.
Very often one finds foresters who look skeptically upon any attempt to
study soil and other conditions affecting growth. They point to the extreme complexity of conditions under which forests grow and the meager
success which crowns such attempts. As a matter of fact, our experience
in this direction is not very great and extremely one-sided. Under the
influence of Liebig, foresters have studied chiefly the chemistry of forest
soils—a factor which is very complex and in many cases less important for
forest vegetation than the study of the physical characteristics of forest
soil.
Another field to which forest experiment stations have given a great deal
of attention, is the effect of different degrees of thinning upon the growth
of stands. Here, as in the case of yield tables, most careful observations
were made as to the changes in the growth of the thinned stands, and
practically no attention was given to the changes which took place in the
soil as a result of the thinning. Much work has also been done on the
study of the effect of this or that method of cutting upon natural reproduction, without, however, attempting to correlate the success or failure of
natural reproduction with the soil conditions, especially the character of
the humus in the stand. Thousands of acres of bare land have been
planted to trees with good and poor success without seeking the reason for
the success and especially of the failure in the character of the soil.
Foresters, even the leaders in the profession both here and abroad, know

COMMISSION V—SOIL CLASSIFICATION

577

but little about soils. As a rule, they have not had any thorough training
in soil science and often have even never studied it at all. Even at the
forest school where the famous soil scientist Ramman gave his course in
soils, the latter was not obligatory to students of forestry. In most other
European forest schools, except Scandinavia and Russia, soils form an
adjunct to the course in geology or some other related subject. The helplessness of foresters in determining the most elementary properties of soils
such as the moisture content, account to a large extent for their turning
over such determinations to soil physicists. It is because of the lack of
knowledge of the most elementary soil qualities that foresters stand often
helpless before many important problems which practice has forced upon
their attention but which they alone cannot solve. On the other hand,
how many soil experts are there, here and even abroad, who understand
the biology of the forest and who could give a course in forest soils to meet
the needs of the foresters? This paper is presented not so much as an
original contribution to forest soils as a plea for closer cooperation between
foresters and soil scientists in attacking many important forest problems,
the solution of which lies locked up in the soil. I shall attempt to mention
only a few problems which worried foresters for a long time, yet which are
easily solved when considered in relation to soil properties.

DEVELOPMENT OF FUTURE PRACTICES OF FORESTERS
The empirical method of determining site qualities by the height of
dominant trees in the stand has had and still has a practical value, yet it
sheds no light on the actual difference in soil conditions. It was Professor
Ramman who, in studying the effect of different vegetative covers upon
the physical properties of the soil, stumbled upon the relation between
forest yields and soils. He found the densest sandy soils with a porosity
of less than 50 per cent under such forest stands as foresters classed as sites
4 and 5—the poorest sites. A medium soil density which ranged between
50 per cent and 55 per cent corresponded to the medium site, number 3.
Soils in the best sites (1 and 2) always had the highest porosity (55 per
cent—60 per cent and over). This was the first indication that there must
exist a definite relation between the yield of the stand and the density of
the soil. And this is not surprising if we stop to think of the important
part which the tilth of the soil plays in the life of a plant.
Another problem which disturbed the peace of mind of foresters was
whether the presence or absence of undergrowth in forest stands is beneficial or detrimental to the growth of the main stand. There was a time
when the presence of undergrowth in the forest was highly recommended
as a silviculturally desirable feature. Soon, however, there developed a
critical attitude and skepticism on the part of some foresters toward the
silvicultural value of undergrowth in the forest. This skepticism was
based on correctly observed but scattered facts of the bad effect of some
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undergrowth on the growth of the main stand. Many foresters fell, therefore, into another extreme and denied altogether any silvicultural value of
the undergrowth. Even famous foresters like Borggreve made no distinction between a beech and spruce undergrowth in a pine forest, and attributed to all arborescent undergrowth the same bad influence upon soil
as exerted by such shrubs as blackberry, heath, and hazelnut. As forest
experience accumulated, it was found that it was impossible to make such
sweeping and general deductions. The thing proved to be more complicated than either the advocates or opponents of maintaining undergrowth
in forest stands had anticipated.
It was found, first of all, that the effect of undergrowth upon the main
stand depended upon the density and the species of the undergrowth, its
combination with the main stand, and upon the character of the soil. An
undergrowth of spruce under a stand of oak was found in the majority of
cases to be injurious to the latter, especially on clay soils. On the other
hand, spruce undergrowth under a stand of pine was found to be, as a
general rule, although not always, beneficial to the pine. An undergrowth of beech under a stand of pine was found again advantageous but
apparently only on the better soils. The foresters while they established
these empirical facts, were, however, at a loss to understand the cause of
them.
Some pointed out that undergrowth competed with the main stand and,
therefore, on the poorer soil must generally have a bad effect upon the
growth of the main stand.
Others thought that undergrowth especially of spruce with its superficial
root system and a dense cover of needles lessens the aeration of the soil,
prevents the penetration of water into the ground, cools the soil, and forms
raw humus. Still others thought that undergrowth robs the soil of water—
dries it out, while others, on the contrary, were attributing to it ability to
accumulate water, or at least better conserve it, that it made the soil loose,
retained its granular structure, killed weeds, and prevented the formation
of injurious crusts.
Where, then, is the truth?
RELATION OF SOIL SCIENCE TO FORESTRY
An answer to this complex problem can be found only in soil science. 11
is again the soil physicist who has thrown light upon the true silvicultural
value of undergrowth in the mature forest. By comparing an undergrowth of beech with that of spruce, it was found that in all cases the soil
in a forest with beech as undergrowth was more porous than in a similar
forest with a spruce undergrowth. In one case the porosity of a sandy soil
under spruce undergrowth was found to be equal to 51.24 per cent and
tinder beech undergrowth 63.23 per cent. In another case the porosity of
the soil under spruce undergrowth was 54.52 per cent and under beech
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undergrowth 59.19 per cent, and finally in a third case under an undergrowth of spruce, 57 per cent and under one of beech 64.25 per cent. The
same was found to be true when an undergrowth of spruce was compared
with one of pine, also on sandy soils. The soil porosity under the spruce
ranged between 45.59 per cent to 46.58 per cent, and under pine between
47.57 per cent and 50.45 per cent.
The compacting of the soil under spruce was found to be due to the
impermeability of the leaf litter of spruce needles to water and air. In leaf
litter of spruce needles there is often formed raw humus and the animal
population of the soil departs. In addition, the thick layer of spruce
needles retains most of the moisture, preventing it from percolating into
the ground. Moisture determinations made at the depth of one decimeter
at different dates during the growing season in a pine forest with and without spruce undergrowth gave a higher moisture content of the soil where
there was no spruce undergrowth than where the undergrowth was present.
TABLE 1.—Moisture content of soil with pine forest and spruce undergrowth
Pine stand

Date

April
May
June
July

14
24
13
2

Spruce undergrowth

No undergrowth

per cent
14.0
10.0
10.2
8.6

per cent
16.7
12.9
14.2
12.3

On the other hand, moisture determinations made in a pine stand with
and without a beech undergrowth at different depths showed:
TABLE 2.—Moisture content of soil with pine forest and beech undergrowth
Pine stand
Depth of sampling

From May to July:
Surface
cm.
2.5-30
.50-55
75-80
From August to September:
Surface
cm.
25-30
•50-55
7.5-80

With beech
undergrowth

No undergrowth

per cent
13.3
6.91
4.49
4.49

per cent
8.48

8.13

6.85

3.33
2.69
2.30

3.82
3.69
3.63

4.93
4.23
.5.02
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(1) That the upper layer of the forest soil in the pine stands with a
beech undergrowth is moister than the corresponding layers in similar
stands without a beech undergrowth.
(2) That the intermediate layers of the soil are moister in the stands
containing the undergrowth than in the same layers in stands without
undergrowth but then only until the middle of July.
(3) That the deeper layers (75 cm. and deeper) are always drier under
the undergrowth than in similar layers in pine stands without undergrowth.
In pine stands with spruce undergrowth the conditions for the decay of
humus were found unfavorable, while in pine stands with beech undergrowth there was never found any raw humus. Not only no raw humus
Is found in pine stands with beech undergrowth but raw humus that
existed in pine stands before beech undergrowth was established, when
the latter was introduced, gradually changed completely into mild humus.
The most remarkable thing is that in pure beech forests without
any undergrowth, in spite of the favorable effect of the beech cover in
general, there may be found some raw humus. The same is true in pure
pine stands, but it never was found in mixed stands of pine and beech or
in pine stands with beech undergrowth. This phenomenon is explained
by the favorable conditions for the decomposition of leaf litter which exist
in such stands. The leaves of the beech are interlaid with the needles of
pine. This assures proper aeration of the leaf litter and is conducive to
rapid decomposition of the litter.
A sandy soil under beech undergrowth in pine stands has a clearly
pronounced granular structure. It is exceptionally mellow. Its cover of
dead vegetable matter easily lets through moisture and air. It abounds
in animal life (mice, earthworms) and is free of weeds.
A few examples may be of interest.
(1) A pine stand 120 years old. The second story is made up of beech
40 to 60 years old. Soil—sandy characteristic of Site II. Ground
cover—dead vegetable matter, loose. Here and there Oxalis acetosclla,
Ananome ncmoralis. Ten earthworms per one square meter. Soil
structure granular.
TABLE 3.—Humidity, loss by burning and porosity of sandy soil trith pine stand, with
undergrowth
Soil layer

0-11 cm.

Soil humidity (wt.)
Loss by burning
Porosity

per cent
6.8
3.9
54.9

20-31 cm. 40-51 cm. 00-71 cm. 80-91 cm.
per cent
2.6
1.0
44.8

per cent
2.2
1.0
45.3

per cent
2.9
0.7
41.1

per cent
2.8
0.4
43.2
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(2) A pine stand without undergrowth. Crown density 0.0. Ground
cover—Aira flexuosa, and mosses (Hypnum and Dicranum). 3-o cm. of
raw humus. Earthworms absent. Lumpiness barely perceptible.
TABLE /f.,—Humidity, loss by burning and porosity of sandy soil with pine stand, with
out undergrowth
Soil layer

Soil humidity (\vt.)
IJOSS by burning

Porosity

0-11 cm.

20-31 cm.

per cent
1.97
1.35
40.6

per cent
4.17
1.0
41.8

40-51 cm. 60-71 cm. 90-91 cm.
per cent
3.8
9.6
37.9

per cent
3.9
0.6
36.1

per cent
4.0
0.3
35.1

Much thought and effort is given by foresters to secure natural or
artificial reproduction under different methods of cutting. A common
method of cutting used in northern Europe is clear cutting in the shape'of
circular openings in the mature stand. These openings of one-half an
acre or more in extent are then either naturally reproduced or planted.
This clear cutting method is often used, for instance, in a pine forest where
the object is to favor reproduction of other species than the ones composing the main stand. Foresters noticed a long time ago that the planted or
natural young growth in such clearings does not grow uniformly in the
different parts of the cleared area. The growth is poorest on the north
side which is exposed to light, and best of all on the south side of the clearing which is shaded. This circumstance especially confused foresters
who with light hearts were accustomed to explain almost everything by
light requirements of the trees. According to silvicultural rules the young
growth should be best developed on the north, exposed to light, side of the
clearing and less developed on the shaded south side.
Soil science again comes to the rescue of this problem. It was
found that on the north and south sides of these clearings there are marked
differences in the quality of the humus as well as in the moisture content
of the soil. The north or exposed to light portions of the clearings were
characterized by the presence of raw humus and dearth of fungi and animal
life, while on the south or shaded portions of the clearing, the humus was
mild and was rich in bacteria and fungi. The moisture content of the
soil was also much greater at all depths on the shaded side than on the
lighted side of the clearing. This may be clearly gathered from the figures on the following page.
The leaf litter or the dead ground cover of needles or leaves affects most
fundamentally the character of the forest soil. The nitrogen transformation or the abundance of available nitrogen, the entire process of formation of podzol depends upon the character of the leaf litter and the conditions of its decomposition. If the earlier foresters attributed to the leaf
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TABLE

5.—Biological complexion of lighted and shaded portion of forest soil
Shaded side

Side exposed to light
Soil I

20,800 bacteria
830,000 fungi

1)04,000
515,000

Soil 11

Xo bacteria
234,000 fungi

35,000
354,000

Xo bacteria
2,550,000 fungi

372,000
3,769,000

Soil III

TABLE

6'.—Moisture content of shaded and lighted portion of forest soil
15 cm.
deep

25 cm.
deep

50 cm.
deep

75 cm.
deep

7.52
11.73

7.05
8.37

4.95
7.05

3.41
5.53

2.89
5.28

2.93
4.76

4.79
7.12

8.31

5.15

3.96

3.01

3.22

2.90

4.42

Surface
Averages from
soil
.May 10 to Sept. 23
Lighted side
Shaded side
Under old pine
stands

100 cm.
Average
deep

litter an important silvicultural value in Liebig's time as a source of direct
nourishment to the trees or as a protection of the soil against evaporation,
the leaf litter, after the classical investigations of Muller, Ramann.
Hesselman, Visotsky, assumed a new importance as a soil builder. The
character of the humus and the conditions of its decomposition, although
they are influenced by climate and character of the soil itself, can also be
vastly influenced by methods of handling the forest. If the relation between the composition of the forest, its form, and method of cutting, on
one hand, and the conditions of formation and the decomposition of the
leaf litter on the other, were fully understood, the forester could place his
forest practice on a truly scientific basis. He could then control the conditions of decay of the leaf litter and the available nitrogen in the soil, and
through them the yield, natural perpetuation, and vigor of his forest
stands.

UBER DIE BESTIMMUNG DER LEICHTLOSLICHEX
SALZE IN ALKALIBÖDEN MITTELS
LEITFAfflGKEITSMESSUNGEN
G. SCHAY

Königl. Ing. Chem. Landesinstitui, Budapest, Hungary
Jüne der wichtigsten Anhaltspunkte zur Beurteilung von Alkaliböden
liefert deren wasserlöslicher Salzgehalt. Für praktische Zwecke genügt
es zumeist, wenn wir ihn nur angenahert bestimmen und da leistet die
Bestimmung der Leitfahigkeit des Bodens, vorzügliche Dienste. Bei
uns in Ungarn, werden die Alkaliböden je nach ihrem wasserlöslichen
Salzgehalt, auf Grund langjahriger praktischer Erfahrungen, in vier
Klassen eingeteilt:
I. Klasse
II.
"
III.
"
IV.
"

0,1
0,25

>0,1 ' ,
-0,25"
-0,5 "
<0,5 "

Die Salzgehalte wurden dabei bisher durchweg nach der von Whitney
und Mean angegeben, von Prof. Dr. A. A. J. de 'Sigmond weiter ausgebauten Methode bestimmt, die ich als bekannt voraussetze.
Nun scheint aber eine neuere, von A. F. Joseph 1 zuerst angegebene
Ausführungsform der Leitfahigkeitsbestimmungen viel bequemer und
für Massenbestimmungen geeigneter zu sein. Auf Anraten Herrn Prof.
Dr. von 'Sigmond's befasste ich mich nun mit der Frage, in welchem
Zusammenhang, die beiden Ausführungs formen miteinander stehen.
und wie die Vorschriften zur Ausführung der neueren Methode zu
pracissieren waren, um zuverlassige und reproduzierbare Ergebnisse zu
bekommen. Letzteres war nötig, da es sich bald herausstellte dass
Joseph's ursprüngliche Angaben nicht genügend eindeutig sind. Nach
ihm selbst sind folgende Faktoren von Einfluss auf die Bestimmungen:
(1) Das Alter der Muster; (2) die Art des Trocknens; (3) das Mengenverhaltnis. Boden zu Wasser; (4) die Zeitdauer der Extraction; (5) die
Art und Weise des Schüttelns und schliesslich; (6) die Temperatur. Die
im Folgenden zu beschreibenden Versuche klaren teilweise diese Punkte.
Joseph's ursprüngliche Angaben enthalten nur für die Punkt 3 und 4
genauere Vorschriften, und zwar Mengenverhaltnis Boden: Wasser = 1: 5,
Kxtractionsdauer ca. 24 Stunden.
1

Editor's note.—This citation was not given.
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Ich stellte meine Yersuche folgendermassen an: Herangczogen wurden
30 verschiedene ungarische Alkaliböden von möglichst abweichender
Kigenschaften, um je allgemeiner guitige Ergebnisse zu erhalten. Die
Muster wurden in lufttrockenem Zustand, durch ein 2 mm.-Sieb getrieben,
verwendet. Von jedein Bodenmuster wurden in 150 cc. fassende weithalsige Glaser mit eingeschliffenem Stopsel je 10, 20, .50 und 100 g. auf der
Handwage eingewogen, mit je 100 cc. destilliertem Wasser versetzt und
dann nach dem Verschliessen kraftig durchgeschüttelt, bis sich auch die
gröberen Bodenteilchen nach Möglichkeit zerteilten. Nach einigen
Stunden, wurde wieder kraftig duchgcschüttelt, dann über Nacht stehen
gelassen und am darauffolgenden Tage, nach ca. 24 Stunden die Leitfahigkeiten bestimmt. Als W iederstandsgcfasse sind die von Leitfahigkeitstitrationen der bekannten Glocken elektroden, mit ca. 0.3
Kapazitat, vorteilhaft zu verwenden, da sie durch den Hals der Glaser
leicht in die Bodenlösungen einzuführen sind. Die Elektrode waren
bei meinen Versuchen platiniert, um gute Minima zu erhalten. Bei der
ersten Messung wurden die Elektroden vorsichtig in die über den abgesetzten Bodenteilchen stehende, mehr oder weniger geklarte Lösung
eingeführt. Nach ausgeführter Messung wurde heftig durchgeschüttelt
und sofort wieder gemessen, diesmal also der Widerstandswert der
Bodensuspension. Bei eincni Teil der Muster wurden beide Messungen
nach neueren 24 Stunden wiederholt. Ausserdem wurde bei allen 30
Mustern der Widerstandswert nach der alten Methode in der Hartgummizelle, wie üblich, bestimmt. Alle Messungen wurden bei 20° C , mit
Abweichungen von höchstens einigen Zehntel Grad, ausgeführt und die
Krgebnisse durchweg auf spezifische Leitfahigkeiten bei 20° berechnet.
Die Versuchsergebnisse und die aus ihnen abzuleitenden Folgerungen
sind die nachstehenden:
1. Die Leitfahigkeiten der Lösungen und Suspensionen stimmen bei
ein und demselben Boden, nur ausnahmsweise überein, zumeist sind sie
mehr oder weniger verschieden. Die Yerhaltnisse sind je nach den
Boden verschieden, bei den einen ist die Leitfahigkeit der Lösung die
grössere, bei anderen die Suspension; bei einigen, leiten bei grosseren
Yerdünnungen die Suspensionen besser, bei Kleineren hingegen, die
Lösungen. Für diese Erscheinungen besteht, meiner Ansicht nach,
folgende Erklarungsmöglichkeit: Die Yerschiedenheit der Leitfahigkeiten
kann durch zwei Einrlüsse bestimmt sein: (1) Die schwebenden Bodenteilchen werden, einfach durch ihre Raumbeanspruchung, die Leitfahigkeit in der Suspension gegenüber der Lösung herabdrücken; dies
wird sich umsomehr geitend machen, je konzentrierter die Suspension
ist; (2) die feinsten suspendierten Teilchen adsorbieren Ionen, und
tragen in der Suspension, infolge ihrer Ladung zur Leitfahigkeit auch bei.
Die beiden Faktoren wirken entgegengesetzt, und je nach den Umstanden
kann der eine oder der andere überwiegen. Diese Auffassung wird

•

COMMISSION V—SOIL CLASSIFICATION

585

dadurch gestützt, dass die Boden bei denen im Anfang die Suspension,
dann aber die Lösung besser leitet, die verdünnte Lösung sich nicht
klart, wahrend dies bei der konzentrierteren schon der Fall ist. Nach
Obigem ware dies so zu deuten, dass in der konzentrierteren lösung die
fcineren Teilchen ausgesalzen werden, wodurch ihre adsorbierende
AVirkung stark herabgedriickt wird, so dass in den konzentrierteren
Suspensionen nur mehr ihre Raumbeanspruchung auf die Leitfahigkcit
von Einfluss ist. Auf jeden Fall muss eine Vereinbarung dariiber
getroffen werden, ob in Lösung oder Suspension gemessen werden soil.
2. Die an den Suspensionen gemessenen Leitfahigkeitswerte, waren
nach 24 und 48 Stunden identisch, wahrend dies bei den Lösungen nicht
immer der Fall war. Überhaupt scheint die Suspension viel einfacher
und sicherer reproduzierbar zu sein, so dass die Bestimmung der Leitfahigkeiten in Suspension zu empfehlen ist. Die Einfachheit und Sicherheit des Verfahrens, ist ja in diesem Falle ein sehr wichtiger Gesichtspunkt. Anderenteils ist auch die alte Methode vielfach erprobt und
von ihr durch besondere Versuche, von Prof. Dr. 'Sigmond und Mitarbeitern erwiesen worden, dass sie in dcr gewiinschten Naherung die
richtigen Salzgehalte liefert—so dass eine Anlehnung an sie durchaus
berechtigt erscheint, und da ist es von vornherein klar, dass die Leitfahigkeitswerte der Suspensionen sich leichter mit ihr in Zusammenhang
bringen lassen mussen.
3. Die an den Suspensionen gemessenen Leitfahigkeiten zusammen
mit denen der Bodenbrei nach dem alten Berfahren, sind in der Tabelle 1
verzeichnet und in der Figur l 1 graphisch dargestellt. Ordinaten sind
die tausendfach genommenen Leitfahigkeitswerte, bei der ersten Abszisse
sind die den 1:10 Suspensionen entsprechenden Werte der Keihe nach
aufgetragen usw. Die Kurven verbinden die ein und demselben Boden
entsprechenden Punkte, die rechts stehenden Zahlen geben die Bezeichnung der Muster an. Man sieht, dass das Verhalten der Kurven bis zu
dem Verhaltnis 10:10 ahnlich ist, obzwar kleinere Abweichungen vorkommen. Diese werden jedoch bedeutend grosser, wenn wir zu den Bodenbreien übergehen. Dies ist nach meinem Dafürhalten auf verschiedene
Umstande zurückzuführen. Erstens sind die gemessenen Werte etwas
unsicher, da bei der Bereitung der Breie subjective Faktoren mitspielen,
ausserdem die verschiedenen Boden bei anderen, nianchmal auch ziemlich
stark abweichenden Feuchtigkeitsgraden, den Brei richtiger Konsistenz
liefern, und schliesslich das Tonminimum des Telephons beim Arbeiten
mit der Hartgummizelle ein sehr schlechtes ist, woran die Genauigkeit
der Widerstandsmessungen leidet. Alles in allem kann, die durch diese
Faktoren bedingte Unsicherheit der Bestimmungen, erfahrungsgemass
auf ca. 10% gesetzt werden. Aber dies berücksichtigt, verbleiben noch
1

Editor's note.—Figures mentioned in this paper were not included by the author
in the manuscript.
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Figur 1, es sind aber nur die Leitfahigkeitswerte der Suspensionen ini
Yerhaltnis 1:5 und die der Bodenbreie darin eingetragen. Ausserdein
bezeichnen die stark ausgezogenen Striche, die Grenzlinien, welche die
eingangs crwahnten vier Bodenklassen voneinander trennen. Aus der
Figur ist zu ersehen, dass Durchschneidungen aus einer Klasse in die
andere, kaum vorkommen, und auch in diesen Fallen liegt wenigstens
einer der beiden Leitfahigkeitswerte ganz in der Nahe der entsprechenden
Grenzo. Die drei Grenzpunkte für die Bodenbrei ergeben sich aus den
Widerstandsgrenzen der alten Methode, die bei der neuen Methode
anzunehmenden Grenzen, wurden auf Grund der Fig. 3 bestimmt. In
dieser bedeuten die Kreuze die Messpunkte bei den 30 Bodenmustern.
Ordinaten sind wieder die tausendfachen Leitfahigkeiten, Abszissen
hingegen die Salzgehalte, wie sie sich nach der alten Methode ergeben.
Wie schon erwiihnt, habe ich die Ergebnisse der alten Methode als
Grundlage angenommen, da diese vielfach erprobt ist. Aus der Figur
ist zu ersehen, dass die an den 1:5 Suspensionen bestimmten Messpunkte.
sich mit der hier zu erwartenden Naherung zu einer Kurve, zusammenschliessen. Diese Kurve (II) wurde so bestimmt, dass sie sich an die
Yersuchsergebnisso nach Möglichkeit anschliesst. Diese Kurve ist das
auf die 1:5 Suspensionen bezüglichen Analogen der Kurve, die sich nach
den Angaben der alten Methode für die Bodenbrei konstruieren liisst,
und aus der die angegebenen Salzgehalte ermittelt wurden. Zum
Yergleich ist in der Figur 3 auch diese letztere Kurve (I) eingetragen.
Aus der Kurve II sind die in der Figur 2 angedcuteten Grenzwerte für
die 1:5 Suspensionen ermittelt.
Hiermit crscheinen von den (lurch Joseph angegebenen, eingangs
crwahnten 6 Fragepunkten die Punkte 3-5 genügend festgelcgt. Was
den Punkt 1 anbelangt, haben wir auch Erfahrungen dafür, dass das Altern
der Muster die erhaltenen Resultate oft ganz wesentlich beeinflusst, was
wohl auf die Einwirkung der Atmospare zurückzuführen sein wird.
Es wird sich daher empfehlen, möglichst frische Muster zu verwenden.
Was die Art des Trocknens anbelangt, habe ich hierführ keine besonderen
Frfahrungen, da ich nur mit lufttrockenen Mustern arbeite. Da aber
diese Art des Vorbereitcns auch für die anderweitigen Untersuchungen
die übliche ist, so wird es wohl am einfachsten sein, sie auch hier beizubehalten. Was schliesslich den Punkt 6, den Einfluss der Temperatur,
betrifft, kann man meiner Meinung nach in der Nahe von 20° mit hinlanglicher Genauigkeit mit einem Temperaturkoeffizienten vom Wert
0,022 rechnen, der dem mittleren Temperaturkoeffizienten der Beweglichkeit der hier in Betracht kommenden Ionen entspricht.
Nach dem Yorangehenden möchte ich zusammenfassend die von mir
vorgeschlagenen Ausführungsform der Leitfahigkeitsbestimmungen wie
f olgt genau festlegen:
Die zu untersuchende Bodenprobe wird nach der Entnahme möglichst
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rasch lufttrocken gemacht (Achtung auf reine Luft), dann durch ein
2 mm.-Sieb getrieben, und von der so vorbereiteten Probe 20 g. in ein
weithalsiges Glas mit eingeschliffcnem Stopsel eingewogen, hierauf mit
100 cc. destilliertem Wasser versetzt. Nach Vcrschluss der Flasche wird
durch heftiges Schütteln, der Boden möglichst gleichmassig verteilt,
nach einigen Stunden und nach ca. 24 Stunden wiederholt durchgeschüttelt und dann sofort die spcz. Leitf ahigkeit der Suspension ermittelt.
Die spez. Leitf ahigkeit wird mit dem Temperaturkoefnzienten 0,022
auf 20° umgerechnet und aus den so erhaltenen Werten der Salzgehalt
aus einer Kurve graphisch ermittelt, deren Verlauf die in der folgendon
Tabelle 2 angegebenen Punkte festlegen:
TABELLE .Ï.—Salzgehalte and ihre entsprechenden spezifisclwn Leitfah iykeileii bei 20° C.
Salzgehalt

K 2 OX10 3

Salzgehalt

KjOXlO 3

0,10%
0,20"
0,25 "
0,30 "
0,40 "

0,295
0,540
0,655
0,775
0,990

0,50%
0,75 "
1,00"
1,50"
2,00 "

1,185
1,605
2,12
3,03
3,9

(Die letzten vier Werte, üher 0,75% Salzgehalt, sind unsicher.)

PRELIMINARY REPORT ON THE ALKALI LAND
INVESTIGATIONS OF THE HUNGARIAN
GREAT PLAIN FOR 192G
P. TREITZ

Budapest, Hungary
INTRODUCTION
The purpose of this report is to give a notion of the very important
fact, that at the survey of the alkali soils the native vegetation can be taken
as an indicator for the value of the alkali soil and for the choice of the
suitable method of reclamation.
In the Great Plain the extent of alkali lands is very great; as much as
1(> per cent of the whole is injured by alkali salts in such a degree that
these territories can only be used as pasture without reclamation. The
solution of the question how many of these territories could be reclaimed
for agricultural purposes is of general importance for our country; for
which the Government ordered the survey of the total territories.
It is well-known fact that the plants indicate the properties of the soil
on which they grow. The native plants tend to group themselves to the
exclusion of nearly all other species. Every special grouping indicates
a particular construction of the soil profile and a corresponding chemical
composition of the horizons. These experiences as to what extent
they could be employed in surveying alkali-districts was the aim of the
survey last year. For this reason the survey was made both by agrogeologists and botanists.
A faithful body of workers busied themselves improving the technic
of this new method of soil survey. The writer of this report was the
leader of the whole survey and the field work; the leader of the chemical
survey was Dr. A. A. J. de'Sigmond, director of the Royal Chemical
Institute, Budapest; the leader of the botanical survey was Dr. A. Degen,
Director of the Royal Seedcontrol Station in Budapest. The surveyors
being: E. Timkó, chief Agro-geologist of the Royal Hungarian Geological
Institute, Budapest; S. Pinkert, Biologist-Chemist of the Royal Hungarian
Geological Institute, Budapest; A. Herke, Director of the Royal Hungarian
Agricultural and Soil Institute, Szeged; I. Hatos, Chief Chemist of the
Royal Hungarian Institute for Plantbreeding, M. Ovar; L. Salacz, Chief
Chemist of the Royal Hungarian Ampelological Institute, Budapest;
J. Galambos, Forest Engineer of the Royal Hungarian Forest Station in
Püspökladany; Dr. A. Arany, Chemist of the Royal Chemical Institute
589
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in Debrecen, Dr. G. Strömpl, Geographer, Dr. G. Moesz, Dr. A. Javorka,
both Section-Directors of the National Museum in Budapest; Dr. G.
Timkó, Botanist of the Hungarian National Museum, Budapest; Dr.
\l. Rapaich, Professor of the Royal Hungarian Agricultural High School:
Dr. Lengyel, Botanist, Z. Zsak, Botanist, both on the Royal Hungarian
Seedcontrol Station, Budapest; P. Magyar, Forest Engineer of the Royal

FICJTJRE 1.—Landscape of origin Szik-soil in the great pasture district: Hortobagy.
the background with Fata-Morgana

In

Hungarian Forest Station, Sopron; Dr. A. Boros, Botanist of the Royal
Hungarian Drug Plant Station, Budapest.
The survey work was organized as follows:
The Great Plain was divided into eight areas, each area being the survey
district of an agro-geologist and a botanist. The agro-geologist and the
botanist traversed each alkali district together and made a botanical
outline map of it; after which they chose a place for digging a hole, where
the native vegetation was the most characteristic for the alkali soil in
question. Before digging the hole the botanist placed a net on the ground,
which had 100 divisions, and made an exact botanical map of the
plot.
By these means they could ascertain the soil profile of every important
leading plant, of the plant associations.
Before giving the details of this survey, we must first deal with the
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climate and the different appearances of the "Szik" lands, that is the
alkali lands of Hungary.

THE "SZIK" LANDS IN THE GREAT CENTRAL PLAIN OF
HUNGARY ("ALFÖLD")
T H E CLIMATE OF THE HUNGARIAN GREAT PLAIN

The climate of the Great Plain belongs to the northern part of the
temperate zone. Two centuries ago the Great Plain was a very humid

FIGURE 2.—Sodium carbonate efflorescence. Patches of Puccinellia limosa and Lepidium
cartilagineum

district, its surface was strewn with thousands of lakes and the atmosphere
always full of vapor. Every evening a thick fog arises from the waters
and spreads out over the surrounding high pasture lands. A heavy dew
falls on the hills and depressions every night.
In the middle of the last century control of the rivers which cross the
Great Plain was commenced and also the drainage of the lakes and the
swamps. As a result of the cultural work the Great Plain was, so to say,
artificially dried, its climate was changed from humid to arid. Now we
can say that the present climate is quite arid, it is a real prairie climate.
The first half-year is humid, because there still remained many lakes in
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the alkali districts, which lay in a rather spread out zig zag line. Their
waters also have a partial overflow, mostly in the direction of the river
Tisza.
The second half-year is an excessively dry period. The distribution
of the annual precipitation is very irregular. In the first half-year we
have many rainy days when the quantity of the daily precipitation is very
small. In this period the dew is an everynight phenomenon. The
turning point of the climate is the harvest time. In the month of June
the showers begin; these rainy days are commonly rare, but the quantity
of the precipitation is remarkable. After the harvest the dew ceases to
fall, except after rainy days. The dryness of the air increases every
month, it attains its climax in August. In consequence of the dry air
the waters of the lakes are evaporated and with the decrease of the water
surface the dryness of the air increases. So the early part of the fall is
also very dry.
A change occurs only at the beginning of the rainy period in the
autumn, September, or October. This is also the season of the autumnal
revival of the pasture.
The most important climatic factor for the formation of the alkali lands
in Hungary is the annual snow covering in the winter. In the Great Plain
the winter is mostly wet, in eight years out of ten the ground is entirely
covered with a layer of snow for more than two weeks at a time. The
slow melting of the snow causes a partial leaching of the soil, therefore, in
the Great Plain an efflorescence of neutral alkali salts on the surface is
never to be seen. In climates such as that of the Hungarian Great Plain
accumulation of alkali salts takes place only in the second layer of the soil
profile, i.e., in clay soil below the ka'rdpan.
Salt efflorescences can only be found developed in sandy soils. In the
sandy territories in the spring the depressions of the valleys are all filled
with salt water and after its evaporation the edge and the bottom of these
watery spots are covered with an efflorescence of alkali salt, on other
places there is no efflorescence to be found at all.
This is the greatest and most characterizing difference between the
Californian alkali lands and those in southeastern Europe, i.e., Hungary,
Rumania, Russia.
California has a kind of climate, where the winter is warm and snowless,
so that orange trees grow in the open and reap their fruit. We can fix
this form of climate as a real orange climate.
In California as a result of climatic influences we find the efflorescences
of neutral alkali salts as a common and general phenomenon, whereas in
Europe we never find such efflorescences on the surface. The accumulation of the neutral alkali salts occurs here exclusively in the second horizon
of the soil profile, below the layer of hardpan. The difference in the
climate causes this distinction in the development of the alkali lands.
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T H E ORIGIN OF THE ALKALI SOIL

In districts where alkali lands occur, the climate is the same over great
areas. Accordingly we would expect that on plains the salt content of
the soil would be the same throughout. In nature, however, this is not
the case. The salt content of the soil varies to a very great extent; strips
of land containing much salt occur sporadically in regions where the soil
generally contains very little salt. Patches of salty soils are quite irregularly distributed in a district with normal and salt-free soil. It is evident
that the cause of irregular occurrence of salty patches is to be sought for
elsewhere. After many investigations, I came to the conclusion that the
cause of the irregular accumulation of salts in the soil is in the exhalations
of gas mixtures, which occur at certain points of tectonic lines of the
"countries.
The survey of the district gave certain proofs that there is an organic
connection between the accumulation of salts and the geological structure
of the region. Along every line of geological importance there are points
out of which mixtures of gases flow. These come from great depths,
force their way through rocks along the cracks and decompose the rocks
and the soil. The products of decomposition differ according to the
climate.
The firm crust of the earth is not so motionless and does not form such
a stable basis, as it is customarily assumed; on the contrary, its entire
mass is in movement. On account of the contraction of the inner nucleus
of the earth the outer crust is in a condition of constant tension. This
tension causes breakages and cracks in hard rocks, the cracks extend
often to the depth where water is turned into vapor at high pressure and
where all rocks are saturated with this vapor. If now a layer, in which
watej vapor exists under high pressure, gains an outlet upwards through
a crack in the rock, the gases from below stream through the opening to
the surface. In case the rupture of the hard crust of the earth is in the
mountains, open channels are formed extending to depths, where water,
on account of the high temperature, is turned into vapor. The high
pressure forces the water and the gases upwards, so that the water rushes
forth as a hot spring. These hot springs are the thermal springs, which
owe their curative properties to the vapor and salts, which they have
brought from the depths of the earth's crust.
Such thermal springs could not be formed in the plains since the plastic
material of the soil of the plains is not favorable to the formation of such
channels through which the water finds an outlet. These fissures, which
usually occur at the point where the tectonic lines cross, are soon blocked
up by the plastic soil of the plain, and so the outflow of the waters is
impeded. Vapor and gases, however, do sometimes reach the surface
in such localities, as is proved by the presence of underground wells, from
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the water of which gas exhalations arise. Such wells are known in the low
lying parts of Hungary as whispering wells.
If artesian wells are bored at such points, it is easy to bore to the layer
in which the water is not saturated with gases and which is under high
pressure. The moment when this layer is reached we get an eruption of
gas and water bursting through the boring. In the case of two borings
for artesian wells at Budapest, the layer containing hot water was reached
in one case at 1000 m. and in the other at 200 in. Water at a temperature
of 62° came from the boring. Two similar cases occurred in the center of
the Great Plain: one at Reformatus-Kov&csegyhaza, where the water
containing layer was reached at a depth of 500 m. The.temperature of
this water was 60° C. The other hot spring was bored at Hajduszoboszló.
The hot water layer was reached at a depth of 1000 m. The hot water
which gushed out of this boring was rich in salts and gases and attained atemperature of 7.2° C.1
Composition of suits and gases in the spring waterIn 1000 g. of water:
Potassium chloride
KC1
NaCl
Sodium chloride
Sodium bromide
Xalir
Sodium iodide
Xal
Sodium carbonate
Na2CO-,
Calcium
Do
CaC03
Magnesium Do
MgCO:,
Ferro
Do
FeCOa
Calcium sulfate
CaSO,
Meta silicic acid
H,Si0 2

grams
0.0460
:J.1507
0.0302
0.0098
1.1170
0.0700
0.0143
0.0010
0.0157
0.0290

grams
Methane
CH 4 85.0
Nitrogen
Nj 7.0
Carbonic acid CO2 5.0
Oxygen
O» 5.0
Heavy
Carbon-nitrogen
1 0
100 volumes

4.4850

The above table shows the chemical composition of the'salt content.
The hot water is carried up by gases, which stream out in great quantities
from the boring. (Methane, carbonic acid, etc.) Gas producing artesian
wells are a very common phenomenon in the alkali districts. It may be
stated, that artesian water from a depth of 100 to 500 m. can only pass
out of the boring tube, when the water is carried up by gases which the
water contained at a great depth.
In arid climates the upper layers of the soil are saturated with those
salts, which are formed when gases and vapors stream upwards and act
upon and decompose the rocks with which they come into contact.
These salts are alkali salts and alkali earth salts (sulfates, chlorides,
carbonates and borates). In the mountain districts where leaching is
1
This follows copy, but probably should be 72°.—EDITOR.
• The analyses were made by Dr. K. Emszt in the laboratory of the Royal Hungarian
(leologieal Survey at Budapest..
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very great, only the end products of decomposition remain at the place
where gas mixtures emerge, thus kaolin, steatite, alophane, magnesium,
and silicates are found. In humid regions water has completely dissolved
the alkali salts, here aluminium salts and iron salts are formed by the
action of expelled gases. Alunite, as a product of post-volcanic action, is
frequently found in Hungarian andesite mountains.
The conclusion to be drawn from all these facts is, that the sporadic
occurrence of salts in the soil is due to the action of geological factors.
The accumulation of alkali salts in the soil is, on the other hand, a result
of climatic factors. The island-like occurrence of salt soils either in arid
or in humid zones, can only be explained as having been caused by geological forces, active in the crust of the earth.
Not only in humid forest regions, and in arid steppe regions, but also
in the desert, do we find that the salt soils occur sporadically wherever
the climate renders possible the deposition of salts in the soil. In Egypt
we find salt lakes also along lines of fracture.
Most of the investigators, who have travelled in other continents, report
that there they have also met with similar geological and climatic conditions for salt lakes and salt soils.
So I found during my travels through Spain, salt lakes and alkali soils
only in districts, where the geological construction of the district was very
disturbed and dislocations occurred in every direction. In districts
where the geological construction of the terrains was simple and withoul
any disturbances, no salt lakes could be found at all.
The most important features of the alkali district are that in the spring,
lifter the melting of the snows, many small ponds or puddles are formed
in the depressions; the second horizon of the alkali soil is impervious
because of the abnormal composition of its clay content. The clay of a
normal soil consists of calcium and magnesium silicates, besides iron and
aluminium, with only a little percentage of alkali metals. This change in
the composition of the clay causes a change also in the properties of the
soils. The calcium clay is pervious to water, the sodium Clay is impervious, because the sodium clay is a sol, the calcium clay a gel.
In the time before the drainage of the Great Plain, there were many
lakes. The water of these lakes was salty, it contained a great quantity
of neutral alkali salts, that is sulfates, chlorides and nitrates. This salt
water soaks through the soil and percolates through the upper layer, it
changed the chemical composition of the soil by the change of the basis.
The earth metals had been replaced by sodium.
In this way the clay content of the soil suffered a total transformation.
The weathering products of the soil, that is the clay, is a real colloid
substance and is governed by the laws of colloidal chemistry. But whilst
the clay of the normal soil is a calcium clay, which in contact with water
will not peptize and liquify, the clay of the alkali soils is a sodium clay,
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which on the contrary, when in contact with water gets peptized and is
transformed into an emulsion.
Concerning the salt content of colloid masses it is generally known,
that by drying out, a soluble salt cannot remain in a colloid mass, it
effloresces on the surface while the center of the mass is salt-free.
A dry colloid mass will only absorb the water of a salt solution leaving
only the salt; in most cases the absorption is so great that the salts
crystallize on the surface. This is the process of formation of the salt
layers below the hardpan, that is the salt-free colloidal layer. The
underground water is always a salt water, it contains from 1.5 to 2.5 g.
per liter of salt.
T H E CLASSIFICATION OF T H E SZIK-SOILS
There are two great groups of alkali soils in Hungary:
I. Alkali soils in the sandy districts.
II. Alkali soils on clay.
I. T H E ALKALI SOIL IN THE SANDY DISTRICTS

The alkali soils in the sandy districts are divided into two parts. In the
center of the Great Plain we have sandy soils, which contain very much
lime. In the northeastern part of the Great Plain there is another great
sandy district: Nyirsèg, the soils of which are lime-free. Both of these
districts are hilly and alkali salt lakes and patches arc formed in the
depressions. The subsoils in the lake surroundings and at the bottom
of the lakes themselves are both sandy marls.
The belts around the salt lakes have a different composition, as regards
the different salt content of their soils.
The chemical composition of this salt mixture is mostly sodium carbonate, but it contains a small percentage of sulfates and chlorides of
sodium, calcium and magnesium as well as traces of iron and aluminium
salts.
The different parts of the depressions bear a typical vegetation, which
indicates the morphological composition of the soil profile and the chemical
composition and salt content indicate the separate horizons.
The first terrace on the border of the depressions contains the least
alkali salts. The pores of the sand are filled with a mixture of calcium,
magnesium and sodium carbonates.
Rain containing carbonic acid dissolves a part of this salt mixture.
The solution of sodium carbonate affects the humus content of the soil,
and tends to form a dark and thick emulsion, which is absorbed by the
upper layer of the soil and gives it its dark color.
These terrace soils around the salt lakes are the most fertile part of the
sandy district, they are the wheat soils of the sandy territory.
The biologically important properties of this soil type and the indicative

COMMISSION V—SOIL CLASSIFICATION

597

native vegetation are given in the following botanical report in Tables
24, 25, and 20. There is no alkali salt at all on the surface, only at a
depth of 30 to 60 cm.
The soil of the low lying part of the depression contains by far more
sodium carbonate than the higher terrace soil. The width of this part
of the depression differs greatly, from 2 to 200 m. and even more. It
can be divided into several belts, the soil containing more or less humus.
At the foot of the first terrace, there is a small belt, the surface of which
is bare the greater part of the year. It contains much water-soluble
carbonate. The indicative native vegetation is Lepidium cartilagineum.
The salt content of the soil is given in Tables 13, 14, 15 and 16 of the
botanical report. The soil contains from 0.2 to 0.4 per cent sodium
carbonate, 1.2 per cent neutral, soluble salts and as much as to 39 per cent
lime.
The next lower lying second belt, is covered nearly every year for a
short time with water; it is by far more fertile than the above mentioned
narrow belt, and is nearly always covered with a verdant growth of grass.
The indicative native vegetation is the association of Agrosti.s alba.
The soil contains only a small percentage of alkali salts because of the
movement of the snow water which covers these parts of the belt for a
short time. The salt content of the soil profile is given in Table 20 of the
botanical report.
The third belt encircles the salt lakes and is generally covered with
water in the spring.
The indicative vegetation of this belt is Puccinellia limosa. The soil of
this belt contains more salt than all of the alkali soil types investigated.
After the evaporation of the salt water a sodium carbonate efflorescence
covers the surface without injuring the vegetation of this association.
The Tables 17, 18 and 19 in the botanical report give the salt content of
the soil.
The fourth part of the depression is the bottom of the lake, and is
covered with salt water in the spring and early summer. When the
evaporation of this water begins both the bottom of the lake and its
immediate vicinity are covered, mostly with the efflorescence of sodium
carbonate. The native vegetation of the lake bottom is the continuation
of that of the surrounding belt, the members of the Puccinellia limosa '
with the difference that the number of the Puccinellia decreases and at
last Sueda maritima remains as the unit plant which can stand the greatest
quantity of sodium carbonate. Sueda maritima grows in the midst of
thick efflorescences of sodium carbonate.
The chemical composition of this salt mixture is mostly sodium car1
The Puccinellia limosa does not only grow in sandy districts, it can be found also in
the clay district on such places, where the moving water has transported the colloidal
substances of the soil, so that at last a thin sand layer covers the surface of the clay soil.
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bonate, but it contains a small percentage of sulfates and chlorides of
sodium, calcium and magnesium as well as traces of iron and aluminium
salts.
All these different parts of the depressions bear a typical vegetation,
which indicates the morphological composition of the soil profile, the
chemical composition and salt content.
II.

T H E ALKALI SOILS ON CLAY

The clay alkali lands should bo divided in two groups according to the
chemical composition of their soils.
(1) Alkali soils of calcareous clay soil.
(2) Alkali soils in districts of clay soil entirely lime-free.
I. Alkali soils of calcareous clay soil agree in many respects with those
in the sandy districts. Their predominant plants are also nearly the
same, particularly the lime indicating Lepidium cartilagineum, is very
common here; and as the formation of the alkali patches are likewise
similar, there is no need of going into details.
The calcareous alkali lands are only of small extent and, therefore, they
had very little significance in our survey.
II. Alkali soils in entirely lime-free clay districts.
Alkali soils in lime-free clay districts occur in two different geographical
situations. We find alkali lands on the high terraces, which arise over
the primeval lowlands, that were once covered with swamps and marshes.
Alkali soils only appeared on the bottom of swamps and marshes after
being drained and dried.
So we can discern two different forms:
Terrace alkali lands.
Alkali lands of former marshes and reeds.
Alkali lands of former marshes and reeds. The bottoms of the drained
marshes are at present nearly all cultivated, therefore, they were not
surveyed, our only duty being to survey virgin alkali lands.
The terrace alkali lands are the driest territories in the Great Plain,
therefore, they could not be successfully cultivated until the present.
They form, for the most part, virgin pastures.
Here the alkali lands always occupy the depressions of the terrace
surfaces on several different levels.
In the terrace alkali lands we can discern four distinct formations.
I. The fertile szik which arise from infertile surroundings, is the highest
surface. There is no indication to be found which would prove that this
soil borders on a real alkali soil.
It is a very important fact that in the immediate vicinity of the alkali soil
we seldom find alkali salts in the upper layers, the soil is, so to speak, salt-free.
Only in the subsoil, at a depth of 50 cm., the sodium carbonate begins
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to show, the content of which increases with Cynodon dactylon and of
Lolium perenne. The salt content of the soil is given in the Tables 1 to 4,
of the botanical report.
II. The low bench szik soils (Padkas szik), meaning slightly raised
island-like fertile patches in the bare alkali surroundings. The alkali
salts begin to show here even in the upper layer but in a very small
quantity. The indicative native vegetation is Pseudovinaetum. Thenare already many alkali-indicating mixed plants, especially: Statice
Gmehlini, Trifolium fragiferum, etc. The salt distribution in the soil
profile is given in Tables 6 to 9. (Table 9 shows a profile of sandy soil,
this is the explanation of the strikingly great content of sodium carbonate;
in sand the plants can stand a far greater quantity of injurious salts than
in clay.)
III. The quite bare alkali surfaces. This part of the alkali soil is covered
with water for a certain time in the spring, the water has an alkaline
reaction but it contains no noticeable quantities of alkali salts. The
indicative native vegetation is Camphorosma ovata. The salt distribution
in the soil profile is given in Tables 10, 11, and 12. The soil contains
appreciable quantities of neutral salts and also sodium carbonate.
IV. The beds of depressions in which the melted snow water tends to
flow, they form sort of inlets, and are covered only a short time with
brown muddy water and this latter contains only traces of alkali salts.
The moving water often carries fertile szik and deposits it in these beds.
The soil is generally salt-free and fertile, notwithstanding the fact that
it is situated in the midst of an infertile alkali district. The indicative
native vegetation is Alopecurus in spring and Bcckmania eruciformis in
autumn. The distribution of the salts is given in Tables 22 and 23 of the
botanical report.
T H E RESULTS OF T H E SURVEY
A practice of more than 30 years shows that some varieties of the
szik soil are very easily reclaimed by liming, especially the szik soil of the
lime-free clay districts. Rut to determine whether a certain szik soil
belongs to the class that can be successfully reclaimed or not, it always
would be necessary to make a detailed chemical investigation of the
particular pasture which is to be reclaimed. Every chemist knows how
difficult and troublesome such analyses are, how much time it requires
and what great expense they involve. Therefore, the fact that the native
vegetation indicates, with such exactitude, the nature of the soil profile is
of immense value because it enables us to judge the soil without the aid of
chemical analysis. The real value of this fact will be made evident when
we consider that the extent of the szik soil to be reclaimed is about 400,000
hectares. The chemical analysis of such a great territory could only be
accomplished in the course of many years.
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The further investigation of this problem is planned. I am convinced
that by detailed field work and analyses we shall be able to attain our
aim, which is to determinate the different kinds of szik soil by means of a
botanical survey of the territory.

BOTANICAL REPORT
THE

INDICATIVE

NATIVE VEGETATION
SOILS I N HUNGARY

OF

THE

SZIK

R. RAPAICS

It was shown by the survey of the alkali soil in the year 192(5 that the
alkali lands of the Alföld are easy to classify in point of view of quality,
by a botanical survey. A single plant is not enough to confirm the quality
of the soil, because the degree of salt the plants can stand and other
properties of the soil, which they indicate, vary to a great extent. At all
events we find some individual plant sporadically in very different plantassociations, and so on different soil types.—-on the contrary the plantassociation always indicates the same soil, the qualities of which undergo
comparatively small change.
The survey and the analysis of soil also showed that the soil can be
judged only by determining all its properties.
From the point of view of the plant life, water is the chief factor on our
alkali lands. Every alkali territory is a basin. Between the levels of
the various formations of alkali soil, there is often only a difference of a
few inches.
Among the szik soils described there are only five forms which have
enough importance to be dealt with here. These are:
I. T H E FERTILE SZIK

The highest levels of alkali land are characterized, by the good, thick
humus-layer, and the absence of alkali salts in it. These soils form the
transition between the non-alkali and the real alkali soil.
The same plant-associations grow.on the fertile szik as on the normal
soils, but certain individual plants, which grow only on alkali soil, are not
to be found growing in the plant-association of the normal soil. The
vegetation of the fertile szik, the Poa pratensis-Cynodon dactylon, also
the Lolium perenne and lastly on sand, Ischaementum and what kind of
soils are characterized by these plants, the following tables will go to
prove.
(1) Cynodon dactylon (Homorog) in which the casual elements are:
Centaurea pannonica, Eryngium campestre, Euphorbia cyparissias, Festuca
pseudovina, Fragaria elatior, Pimpinetta saxifraga, Plantago lanceolata,
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Trifolium pratense, repens. The soil is generally of a reddish color,
the humus layer 35 cm. thick. At a depth of 45 cm. a great quantity of
iron concretions are found and the ground water is at a depth of 2 m.
It is not improbable that this soil was originally a forest soil. The subsoil
is loess. The following table gives the figures of the salt content and
reaction of the soil.
TABLE 1,—Analysis of soil associated ivith cynodon dactylon llomorotj
Depth

CaCO s

cm.
0-10
10-20
20-30
30-45
45-60
(50-75
75-90
90-105
170-190

per cent

3.63
6.41

Total soluble salts
per
^L
Do
Do
Do
Do
Do
Do
Do
Do

cent
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03

NajCOa

Reaction

per cent

pH
5.82
5.83
6.10
6.95
8.20
8.50
8.55
S.45
8.15

(2) Cynodon dactylon Ass. (Kigyós), contains: Achillea collina,
Agropyron repens, Aster punctatus, Bepleurum tenuissimum, Centaurea
pannonica, Ccntaurium umbellatum, Crepis tectorum, Erigeron candense,
Festuca sulcata, Fragaria elatior, Hypericum angustifolium, Lavatera
Ihuringiaca, Prunella laciniata, Scrratida tinctoria, Trifolium arvense,
Veronica proslrata. In this case the soil is slightly reddish, but except
for the red color, it embodies all properties of a real prairie soil. The
ground water is to be found at a depth of 1 m. the subsoil is loess.
TABLE 2.'—Analysis of soil associated with cynodon dactylon, Kigyós
Depth

CaC03

cm.
0-10
10-20
20-30
30-45
45-60
60-75
75-90
90-105

per cent

1.29
9.86

*>
?

Total soluble salts
per
=C
Do
Do
Do
Do
Do
Do
Do

cent
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03

Na 2 C0 3

Reaction

per cent

,,II
5.89
5.85
6.50
6.90
7.90
8.70
8.65
8.65

(3) Lolium perenne Ass. (Zsadany) embodies Achillea collina, Carduus
nutajis, Cynodon dactylon, Euphobia cyparissias, (Jysophila nmralis, Lotux
corniculatus, Pimpinella snxifraga, Plantago lanceolata, Trifolium repens.
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This soil is a chestnut-brown prairie soil type, the humus layer being 40
cm. thick. The subsoil is loess, the ground water at a depth of 4 m.
TABLE 8.—Analysis of soil associated with Lolium perenne, Zsaddny
Depth

CaCO,

cm.
0-10
10-20
20-30
30-45
45-60
60-75
75-90
90-105
105-120
120-135
135-150

per cent
trace
Do

10.25
18.37
18.80
21.57
14.95
12.17

Total soluble salts
per
—
Do
Do
Do
Do
Do
Do
Do
Do
Do
Do

cent
0.03
0.03
0.03
0.03
0.03
0.03
0.93
0.03
0.03
0.03
0.03

Na,C03

Reaction

per cent

pH
5.90
6.25
6.16
6.77
7.64
8.50
8.65
8.58
8.60
8.65
8.65

(4) Lolium perenne (Békés) contains Achillea collina, Ceutaurea
solstitialls, Convolovulus arvensis, Cynoglossum officinale, Eryngiurn
campestre, Euphorbia esula, Lotus corniculatus, Marrubium vulgare,
Medicago lupulina, Plantago lanceolata, Trifolium campestre, fragiferum,
pratense, repens, Verbena officinalis. The soil is a chestnut prairie soil
type, the humus-layer being 40 cm. thick. The subsoil is loess, the ground
water at a depth of 4 m.
TABLE 4-—Analysis of soil associated with Lolium perenne, Békés
Depth

CaCO s

Total soluble salts

Na,CO>

Reaction

cm.
0-10
10-20
20-30
30-45
15 60
60-75
75-90
90-105
105-120

per cent
2.99
4.27
6.41
16.66
25.63
29.48
29.05
22,64
22.21

per cent
0.067
0.041
0.031
0.029
CO.03
DoO.03
0.031
0.067
0.079

per cent

pH
7.85
8.08
8.25
8.22
8.38
8.60
8.70
8.90
8.95

0.029
0.028
0.031
0.064
0.055

(5) Ischaemetum (Tótkomlós) contains Achillea collina,
austriacus, Carduus nutans, Cynodon dactylon, Erodium
Euphorbia cyparissias, Inula britannica, Lotus corniculatus,
lupulina, Plantago lancolata, Salvia nemorosa, Taraxacum
Trifolium repens. The subsoil is loess.

Astragalus
cicutarium,
Medicago
officinale,

COMMISSION V
TABLE

SOU. CLASSIFICATION

603

Ó.—Analysis of soil associated with Ischaemetum, Tótkomlós

Depth

Total soluble salts

Na,CO-,

Reaction

em.
0-12
12-30
30-15
45-60
60-75
75-90
00-105
105-120

per cent
0.04.
0.05
0.05
0.07
0.07
0.07
0.07
0.08

per cent

pH
7.5
7.8
7.8
7.8
7.8
8.8
8.5
8.8

trace
0 07
0.07
0.07

(6) Ischaemetum (Szeged), contains Achillea collina, Blackstonia
scrotina, Cichorium intybus, Coronilla varia, Crepis rhoeadifolia, Euphorbia
cyparissias, Festuca sulcata, Hieracium pilosella, Lotus corniculatus,
Linum perenne, Medicago falcata, Plantago lanceolata, Salvia pratensis,
Silene multt'flora. The soil is sand.
TABLE
Depth
cm.
0-10
10-20
20-30
30-45
45-60
60-75
75-90

6.—Analysis

of soil associated with Ischaemetum, Szeged

Total soluble salts
per
C
Do
Do
Do
Do
Do
Do

cent
0.03
0.03
0.03
0.03
0.03
0.03
0.03

Xa,.CO,

Reaction

per cent

pH
7.6
7.8
8.0
7.8
7.8
7.8
8.2

0.02
0.02

(7) Chrysopogon gryllus (Szeged), contains Agropyron repens, Cichorium
intybus, Festuca arundinacea, psesudovina Holoschoenus vulgaris, Lotus
corniculatus, Senecio tenuifolius, Silene multijlora. The soil is sand.
Fertile sziks can only be found today in small areas, as they have been
successfully cultivated for a long time. The fertile szik is the soil on which
TA BLE 7.—Analysis of soil associated with Chrysopogan gryllus, Szeged
Depth

Total soluble salts

NajCO,

cm.
0-15
15-30
30-45
45-60

per cent
0.14
0.08
0.06
0.05

per cent
0.07
0.06
0.06

pH
8.8
8.8
8.8
8.8
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the hardest wheat grows. Alfalfa can thrive the best on fertile szik. and
the English raygrass becomes perennial.
II.

Low

BENCH SZIK

Its most characteristic plant is the Festuca pseudovina, of which the
family is termed Pseudovinetum.
(8) Pseudovinetum (Tószeg), in it Bupleurum tenuissimuni, Gypsophila
muralis. Hordeum Gussoneanum, Lepidiumruderale, Polygonumaviculare,
Scorzonera cana. The soil has here a crusty-columnal structure, the
humus-layer being 80 cm. thick. The subsoil is loess, the ground water
being in a depth of 3.20 m.
TABLE S.—Analysis of soil associated with Pseudovinetum, Tószeg
Depth

CaCO,

Total soluble
salts

cm.
0-12
15-30
30-40
90-100

per cent
0.41
0.41
0.41
20.46

per cent
d0.03
0.193
1.35
0.29

Na 2 C0 3

Reaction

per cent

pH
6.30
8.22
8.25
9.28

0.155

Colorimetric
pH
'

?
0

•>
10.3

(9) Pseudovinetum (Karcag), in it Achillea collina, Eragostris pilosa,
Gypsophila muralis, Polycnemum arvense, Scorzonera cana. The soil has
a crusty-columnal structure, the humus-layer being 50 cm. thick, the
subsoil clay.
TABLE 9.—Analysis of soil associated with Pseudovinetum, Karcag
Depth

CaCO a

Total soluble salts

Na,CO,

Reaction

cm.
0-15
15-30
50-65
150-165
185-200

per cent

per cent
0.05-0.1
0.15-0.2
0.3-0.4
0.15-0.2
0.1-0.15

per cent

pH
6.2
7.1
8.8
9.0
8.9

0.12
4.51
9.75
1.11

0.07
0.11
0.03

(10) Pseudovinetum (Zsaddny), in it Artemisia monogyna, Gypsophila
muralis, Plantago Schwarzenbergiana, Statice Gmelini. The humus-layer
in this soil is 60 cm. thick, the subsoil loess, the ground water being at a
depth of 2 m.
(11) Pseudovinetum (Békéscsaba), in it Cichorium intybus, Cynodon
dactylon, Lolium perenne, Trifolium fragiferum, repens. The humus-layer
in this 50 cm. thick, the subsoil loess, the ground water being at a depth
of 3 m.
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TABLE 10.—Analysis of soil associated with Pseudovinetum, Zsaddny
Depth

CaC03

cm.
0-10
10-20
20-30
30-45
45-60
60-75
75-90

per cent
0.21
0.21
0.21
0.43
0.43
0.43
9.4

Total soluble
salts
per cent
\0.03
0.154
0.048
0.074
0.089
0.077
1.40

Na 2 C0 3

Reaction

Colorimetrie

per cent

pH
8.15
8.98
9.15
9.33
9.44
9.21
9.27

pH

0.025
0.045
0.048
0.053
0.074
0.167

?

8.9
9.2
9.6
9.7
9.7
10.3

TABLE 11.—Analysis of soil associated with Pseudovinetum, Békéscsaba
Depth

CaC03

Total soluble
salts

NajCO,

Reaction

Colorimetrie

cm.
0-25
25-50
50-75
75-100

per cent
6.91
10.37
19.01
25.56

per cent
0.099
0.209
0.216
0.173

per cent
0.043
0.085
0.072
0 017

I'll
8.75
9.23
9.22
9.05

pH
9.7
9.9
10.0
9.9

(12) Pseudovinetum (Szank), in it Plantago maritime/., Silene muttiflora,
Taraxacum bessarabicum, Trifolium repens. There is sand in the soil,
the humus layer in this soil is 50 cm. thick, the ground water being at
a depth of 1.10 cm.
TABLE 12.—Analysis of soil associated with Pseudovinetum,.Szank
Depth

CaC03

cm.
0-10
40-50
" 60-70

per cent
9.58
12.19
27.43

Total soluble
salts
per cent
0.066
0.134
=0.03

NaaCOs

Reaction

Colorimetrie

per cent
0.056
0.122

pH
9.09
9.47
8.68

pH
10.1
10.3
8.0

111. T H E QUITE BARE ALKALI SURFACES

The vegetation on clay and on sand shows only a slight degree of
difference but the sandy szik is characterized by Lepidium cartilagineum
on the contrary Camphorosma ovata is frequent in both places on this
level. As the examples below will show.
(13) Camphorosma ovata (Békéscsaba), in it Artemisia monogyna,
Polygonum aviculare, Pucdnellia limosa. The subsoil is loess, the ground
water being at a depth of 3 in.
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TABLE
Depth
cm.
0-10
10-20
20-30
30-45
45-60
00-75
75-90
90-105

13.—Analysis

of soil associated with Camphorosma ovata, Békéscsaba

CaC03

Total soluble
salts

Na 2 CO,

Reaction

Colorimetrk;

per cent
1.07
2.36
8.57
11.36
17.14
15.43
22.29
20.57

per cent
0.450
0.790
0.890
0.400
0.245
0.180
0.132
0.127

per cent
0.004
0.132
0.281
0.291
0.249
0.180
0.132
0.114

pH
8.60
9.02
9.27
9.34
9.37
9.30
9.24
9.05

pH
9.3
10.1
10.2
10.1
9.9
9.7
9.9
9.8

(14) Camphorosma ovata (Kigyós), contains Puccinellia limosa.
subsoil is loess, the ground water being at a depth of 1 m.
TABLE

14-—Analysis

The

of soil associated with Camphorosma ovata, Kigyós

Depth

CaCO,

Total soluble salts

Na 2 C0 3

Reaction

Colorimetric

cm.
0-25
25-50
50-75
75-100

per cent
2.14
2.14
5.34
12.86

per cent
1.51
0.79
0.91
0.64

per cent
0.239
0.212
0.175
0.082

pH
9.85
9.90
9.97
9.80

pH
10.3
10.4
10.3
10.1

(15) Camphorosma ovata (Janoshalma), in it Spergularia marginata.
The subsoil is loess, the ground water being at a depth of 1 m.
TABLE
Depth
cm.
0-10
20-30
90-100
TABLE

15.—Analysis

of soil associated with Camphorosma ovata Jdnoshalma

CaCO,

Total soluble salts

Na2CO„

Reaction

Colorimetric

per cent
17.42
18.72
20.50

per cent
0.80
0.75
0.08

per cent
0.484
0.045
0.148

1>H
9. SO
9.75
9.22

pll
10.4
10 0
10.0

lb'.—Analysis

of soil associated with Camphorosma ovata, Dömsód

Depth

CaCO,

Total soluble salts

Na,CO s

Reaction

Colorimetric

cm.
0-30
30-50
50-70
70-90
90-120
120-130

per cent
13.42
22.08
32.90
11.20
21.65
14.72

per cent
1.02
1.06
1.09
0.195
0.097
0.110

per cent
0.449
0.453
0.458
0.118
0.000
0 077

pH
9.89
9.85
9.85
9.55
9.32
9.35

I'll
10.4
10.4
10.5
10.2
10.0
10.0
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(lö) Camphorosma ovata (Dömsöd), contains Puccinellia limosa,
Lepidium cartilagineum. The soil is sand, the ground water being at a
depth of 1.30 m.
(17) Bare szik (Dömsöd). The soil is sand, the ground water being at
a depth of 1.50 m.
TABLE 17.—Analysis of soil associated with Hare szik, Dömsöd
Depth

CaC03

Total soluble salts

Na 2 C0 3

Reaction

cm.
0-30
30-45
45-60
S0-100

per cent
39.06
27.90
16.31
12.02

per cent
1.24
0.68
0.49
0.132

per cent
0.334
0.227
0.171
0.069

PH
9.92
9.90
9.88
9.72

Colorimetric
pH
10.3
10.3
10.2
10.2

(18) Lepidium cartilagineum (Palmonostor), contains Plantage- maritima, Puccinellia limosa. The soil is sand, the ground water being at a
depth of 60 cm.
TABLE IS.—Analysis of soil associated with Lepidium cartilagineum, I'dtmonostor
Depth

CaCOa

Total soluble salts

Na,C03

Reaction

cm.
0-10
30-40
90-100

per cent
20.46
26.99
15.67

per cent
0.41
0.151
0.092

per cent
0.239
0.158
0.055

pH
9.86
9.62
9.47

Colorimetric
pH
10.7
10.5
10.5

(19) Lepidium cartilagineum (Szeged), in it Puccinellia limosa.
soil is sand, the ground water being at a depth of 1.30 m.

The

TABLE 10.—Analysis of soil associated with Lepidium cartilagineum, Szeged
Depth

Total soluble salts

NajCO,

Reaction

cm.
0-12
12-25
25-37
37-50
50-62
62-75

per cent
0.90
0.75
0.64
0.76
0.58
0.61

per cent.
0.46
0.26
0.18
0.28
0.27
0.25

pH
9.59
10.0
9.98
9.98
10.07
9.95

(20) Puccinellia limosa (Nyiregyhaza), contains Aster pannonicus,
Camphorosma ovata, Suaeda maritima. The soil is sand, the ground water
being at a depth of 1.30 m.
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TABLE 20.—Analysis of soil associated loith Fuccinellia limosa, Nyireyyhdzu
Depth

Kfflorescence
em.
0-15
15-30
30-50
100-110

CaC03

Total soluble salts

Na 2 C0 3

Reaction

Colorimetric

per cent
26.54

per cent
100

per cent
14.15

pH
9.98

pH
10.8

0.705
0.331
0.236
0.146

9.84
9.72
9.66
9.23

10.4
10.3
10.3
10.2

12.41
21.83
19.26
5.14

1.69
0.32
0.27
0.159

(21) Puccinellia limosa (Kiskunfélegyhaza).
ground water being at a depth of 80 cm.

The soil is sand, the

TABLE 21.—Analysis of soil associated with Puccinellia limosa Kiskunfélegyhaza
Depth

CaC03

Total soluble salts

Na,CO,

Reaction

cm.
0-10
25-40
S0-100
105-120

per cent
30.06
34.14
15.25
12.64

per cent
0.305
0.440
0.03
0.03

per cent
0.270
0.276
0.064
0.034

pH
9.45
9.70
8.82
8.70

Colorimetric
pH *
10.3
10.4
9.5
8.7

(22) Aster pannonicus—Puccinellia limosa (Nyiregyhaza), contains
Crypsis acideata, Acorellus pannonicus, Camphorosma ovata, Chenopodiuni
(jlaucum, Trifolium fragiferum, Lotus tenuifolius, Plantago maritima,
Taraxacum bessarabicum. The soil is sand, the ground water being at
a dept of 1.20 m.
TABLE 22.—Analysis of soil associated with Aster pannonicus—Puccinellia limosa,
Nyiregyhdza
Depth

CaC03

Total soluble salts

Na 2 C0 3

Reaction

Colorimetric

cm.
0-15
22-35
35-45
45-60
100-110

per cent
2.78
1.50
2.14
9.85
12.84

per cent
0.220
0.118
0.135
0.040
0.043

per cent
0.254
0.122
0.105
0.052
0.042

pH
9.56
9.45
9.44
9.00
8.90

pH
10.4
10.2
10.0
9.2
8.9

IV.

B E D OF THE DEPRESSION WITH REED-GRASS VEGETATION.

The vegetation varies on clay and on sand. The former is characterized by Beckmannia eruciformis, and the latter by Agrostis alba Ass.
(23) Agrostis alba (Kiskunfélegyhaza) contains Alopecurus pratensis,
Achillea nsplenifolin, Centnvrium pulchellum, Silene mvltiflorn, Taraxacum
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bessarabicum, Trifolium fragiferum.
at a depth of 90 cm.
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The soil is sand, the ground water

TABLE .:,$.—Analysis of soil associated with Agrostis alba, Kiskiinfêlegi/hdza
Depth

CaCO,

Total soluble salts

Na 2 C0 3

Reaction

cm.
0-10
30-40
70-80

per cent
27.52
51.17
52.12

per cent
0.077
C O . 03
0.03

per cent

pll
8.68
8.84
8.68

0.036
0.028

(24) Agrostis alba (Nagykörös) contains Achillea asplenifolia, Allium
angulosum, Centaurea pannonica, Centaurium pulchellu?n, Silene multiflora,
Serratula tinctoria, Taraxacum bessarabicum, Trifolium fragiferum, repens.
The soil is sand, the ground water at a depth of 110 cm.
TABLE 24-—Analysis of soil associated with Agrostis alba, Nagykörös
Depth

CaC03

cm.
0-10
30-40
00-70
100-120

per cent
39.39
5.63
.52.81
6.93

Total soluble salts
per cent
0.053
C 0.03
Do 0.03
Do 0.03

Na 2 C0 3

Reaction

per cent
0.016
0.022
0.028
0.022

pH
8.7

s.s
8.9
8.6

(25) Beckmannia eruciformis (Sarkadkeresztur), contains Agrostis alba,
Alopecurus pratensis, Inula britannica, Lotus tenuifolius, Lysimachia
vulgaris, Lythrum virgatum, Mentha pulegium, Potentilla reptans, Rumex
stenophyllus, Taraxacum officinale, Trifolium fragiferum, repens, Veronica
xcutellata. The soil is loess, the ground water at a depth of 4.15 cm.
TABLE 2ö.—Analysis of soils associated with Beckmannia eruciformis, Sarkadkeresztur
Depth
cm.
0-10
10-20 .
20-30
30-4.5
45-60
60-75
75-90
90-105
185-200
300-315

CaCO.,

Total soluble salts

Na 2 C0 3

Reaction

per cent
1.07
0.43
0.43
0.64
0.43
0.64
0.43
0.43
1.5
0.64

per cent
0 079
0.107
0.166
0.174
0.180
0.172
0.159
1.107
0.095
0.034

por cent

pH
6.87
7.35
7.55
7.85
8.29
8.13
8.33
8.43
8.68
8.30
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(26) Beckmannia eruciformis (GuMcs) contains Alopecurus pratensis,
Pon palustris. The soil is clay, the ground water at a depth of 1.5 m.
TABLE

26-—Analysis of soil <issociated with Beckmannia eruciformis,

Depth

CaC03

cm.
0-15
15-30
55-75
150-155

per cent
0.22
0.22
0.22
0.22

INSTRUCTION

Total soluble salts

Reaction

Na 2 C0 3

per cent
CO.03
Do 0.03
0.081
0.120

Guides

per cent

PH
5.59
6.60
6.58
7 08

FOR

T H E CHEMICAL ANALYSIS OF
SOIL SAMPLES
The results in the tables of the Botanical Report have been obtained
by employing the following methods.
The total salt content should be determined by means of electric
conductivity; further, the quantity of soda by titrating with KHSO4, as
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FIGURE 3.—The plant associations of the alkali soils of the Ahold based on the field
surveys of 1926, by It. Ranaics

described by Prof. de'Sigmond in the Comptes Rendus of the First
International Agro-geological Conference in Budapest, 1909. (Published
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by the Koyal Hungarian Geological Survey. Page 239-247.) The
alkalinity found by titrating with KHS() 4 should be considered as caused
by soda, and calculated in this way. The end of the reaction can also
be perceived well enough in very turbid suspensions of soil and those
of dark color, if we observe the change of the phenolphthalein to a pink
color on the foam produced by the mixing of the suspension.
The reaction of the soil (pH) should be determined for every sample in
aqueous suspension. This should be done by the following methods:
7. P s e u d o v i n e t u m
Zsadany.
• « » « ? • '
* i
t i

8.Pseudovinetum
Békés-Csaba.

r'-Ca CO*
; ? » » T> v v'-Ca CO,
v PH
, _ _'
* -. i i * PH
„

S77

9. P s e u d o v i n e t u m
Szank.
i •»

»
?

y

?
»

T

?

«p y*CaCO,
v PH

\

Tsssnd *
: ti n n [S> t>> oh i'i *

fi/g

COj

l O . C a m n h o p o s i n a ovala I L C a m p h o r - o s m a ovata
Ass. B é k é s - C s a b a .
Ass. Kigyós.
» » v ',' ? f y* Ca CO]
' *> f
f
JZjf-CaCOj
'" PH
J PH

1Z. G a m p h o n o s m a o v a t a
Ass.Dömsöd.
_S

5

ï

/W

:i
>

i

---')
i
i

T.SS3PÓ

T.s.ianrf ,
•>'"'<*Ntt,COj

Na,CO3

Key to graphical data
CaC0 3
Total soluble salts

NasCO,
pH
FIGUBE 4.—The plant associations of the alkali soils based on the field surveys of 1920,
by R. Ranaics

(a) In soils with a pH value below 8.0 by means of the electrometric
method, using the quinhydrone electrode.
(b) In soils with a pH value over 8.0 by means of the colorimetric
method, if necessary, clearing up the suspension with BaS0 4 as recommended by S. Kühn.
In the preparing of the solution for the determination of pH, one
part of soil and 2.5 parts of water are to be used (if the soil sample is
dried in the air, the water contained in it must not be taken into consideration). Working with wet, loamy alkali soils, we reduce the quantity
of the water by one-fifth of the weight of the soil.
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The distilled water used should be in equilibrium with the CC_-tension
of the normal atmosphere. The pH value of such water generally proves
to be between pH 5.7 to 6.7 (as shown by Merck's universal indicator).
If the reaction of the water does not show a greater value, either of acidity
or of alkalinity than the limits mentioned above, a previous boiling of the
water is not necessary. The suspension should be prepared in the same
test tube in which the determination is to be carried out. The soil should
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FIGURE 5.—The plant associations of the alkali soils of the Alföld based on the field
surveys of lf)2(i, by R. Ranaics

be shaken together with water until it becomes transformed into a homogeneous mixture, and the tube should be closed by a paraffined cork.
The suspension should be left standing over night and the indicator
should be added the next day (if the colorimetric method is to be employed). Suspensions might be found, which—after having stood for
twelve hours—will show a foamy ring because of the action of bacteria.
This must be observed and carefully noted.
Soils of which the pH value should be determined colorimetrically
are those which after standing one night do not give a suspension cleatenough to allow sure judgment of the color of the indicator, but which
clear with BaS0 4 (pro Röntgen) using the method of S. Kühn. (This
preparation does not contain any soluble salts).—In such cases more

ci::
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water must generally be used for the suspension, in order to get a sufficiently clear column of liquid after precipitation. When taking 3 to 4
times as much barium sulfate as soil and adding 5 times as much water in
most cases the suspension becomes quite clear. The barium sulfate must
always be added to the prepared suspension.
In the case of colorimetric determinations: for the observation of pH
values between 4.0 to 8.5 we use the universal indicator of Merck (No. 1),
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FIGURE 6.—The plant associations of the alkali soils of the Alföld based on the field
survey of 1920, by R. Ranaics

for pH 7.0 to 12.5, the complex indicator (No. 2) prepared and recommended by S. Kühn and E. Scherf.
It is desirable that pH values between 7.0 to 8.5 be determined with
both indicators.
The carbonates contained in the soil should be judged qualitatively in
every sample with 10 per cent HC1.
Scale:
(a)
(b)
(c)
Strong
Weak
Hardly perceptible effervescence.
The quantitative determination of calcium carbonate with the apparatus of Scheibier or Passon is—for the present—only necessary in case of
subsoils in which the total salt does not surpass 0.2 per cent (2 g. per 1 kg.)
and the soda (Na^SO^) remains below 0.05 per cent (0.5 g. per 1 kg.).
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FIGURE 7.—Map of Salt and Szik-Soils in the Hungarian Great Plain

PAPERS NOT SUBMITTED
The following is a list of papers presented before the various sections of
Commission V but which were not submitted for publication. The page
references are those of the Abstracts of the Proceedings of the First
International Congress of Soil Science, unless otherwise indicated.
SOIL COLLOIDS AND THE TEXTURAL CLASSIFICATION
OF SOILS
M. M. McCOOL
Michigan Agricultural Experiment Station, U. S. A.

Page 19
GEOLOGY OF THE PARENT MATERIAL AS A BASIS OF
DIFFERENTIATION OF SOILS INTO
UNITS OR GROUPS
J. O. VEATCH
Michigan State College, U. S. A.

Page 25
THE STUDY OF THE MORPHOLOGY OF SOILS IN RUSSIA
S. A. ZAKHAROV
Leningrad, U. S. S, R.

Page 38
THE PRINCIPAL SOIL TYPES OF THE CAUCASUS
AND THEIR DISTRIBUTION
S. A. ZAKHAROV
Leningrad, U. S. S. R.

Page 4
CHARACTERISTICS OF THE B HORIZON IN
CENTRAL PRAIRIE SOILS
E. B. ENGLE
University of Nebraska, U. S. A.

Page 83
in:,

(U6

FIRST INTERNATIONAL CONGRESS OF SOIL SCIENCE

THESES TO THE REPORT ON SOIL CARTOGRAPHY
L. I. PRASSOLOV
Leningrad, U. S. S. R.

Pago 112
THE CARTOGRAPHY OF SOILS OR SOIL-MAPPING
L. I. PRASSOLOV
Leningrad, U. S. S. R.

Page 122
A TENTATIVE CLASSIFICATION OF THE SOILS OF RIO
GRANDE DO SUL
LUIZ G. G. D B F R E I T A S

Porto Alegre, Rio Grande do Svl., Brazil

Page 124
SYSTEMS OF SOIL CLASSIFICATION
K. D. GLINKA
Leningrad, U. S. S.R.

INVESTIGATIONS ON THE GENESIS OF SOILS
S. NEUSTRUEV
Leningrad, U. S. S. R.

SOIL NOMENCLATURES IN THE VARIOUS COUNTRIES
OF SOUTH AMERICA
A. UK OLIVEIRA
Geological Survey of Brazil. Brazil

TO WHAT EXTENT CAN EXISTING SOIL NOMENCLATURE BE
USED IN DESIGNATING THE VARIOUS CATEGORIES IN A
COMPREHENSIVE SCHEME OF SOIL CLASSIFICATION?
W. B. COBB
North Carolina Agricultural College, U. S. A.

SOIL SCIENCE AND GEOGRAPHY
S. NEUSTRUEV
Leningrad, V. S. S. R.

PAPERS NOT SUBMITTED

617

CONTRIBUTIONS TO THE SUBJECT OF PALEOPEDOLOGf
AND APPLICATION OF METHODS OF SOIL INVESTIGATION TO THE STUDY OF POST-TERTIARY
( QUARTERNARY) DRIFTS
B. POLYNOV
Leningrad, U. S. S. A'.
PROFILES OF SOILS IN GEORGIA
E. D. FOWLER
United States Department of Agriculture, U. S. .1.
SOIL PROFILE CHARTS COVERING THE MONOLITHIC
SAMPLES IN THE KISHINIEV MUSEUM
X. FLOROV
National Museum, Kishiniev, Roumanin
OUTSTANDING RESULTS OF SOIL INVESTIGATIONS IN
UKRAINE
X. FLOROV
National Museum, Kishiniev, Roumania
EXTREME CLAYS OF NORTH AMERICA
O. C. MAGISTRAD
Tela, Honduras
FORMATION AND OCCURRENCE OF ALKALI AND SALTY
SOILS IN EUROPE
P. TREITZ
Budapest, Hungary
THE ECONOMIC IMPORTANCE OF SOIL MAPS WITH
SPECIAL REFERENCE TO AGRICULTURE AND
THE FERTILIZER INDUSTRY
P. KRISCHE
Berlin, Germany
THE SOIL MAP OF THE UNITED STATES
C. F. MARBUT
t'niied States Department of Agriculture, U. S. A.

618

FIRST INTERNATIONAL CONGRESS OF SOIL SCIENCE

A PROPOSED UNIFORM COLOR SCHEME FOR RECONNAISSANCE SOIL MAPS FOR ALL COUNTRIES
J. W. McKERICKER
United Staten Department af Agriculture, U. S. A.
INVESTIGATIONS ON DANISH SOILS
F. WE1S
Royal Agricultural College, Copenhagen, Denmark

CONTENTS
C o n t e n t s of Commission V, p a n e ix a n d x
PAUK

Gross, E. R., Growing crops under sprinkling irrigation
Powers, W. L., Nature, improvement and irrigation requirement of wild meadow
and t ule lands
Rozariski, A., Die heutige Stand der Draintheorie fiir Mineralböden
(lessner, II., Die Ursaohen der Betonzerftörungen in Meliorationsbiïden
.Sohliek, W. J., The results of some studies of the flow of water through soil to
underdrains
Bartel, F . 0 . , Effect of drains upon the groundwater in Coastal Plain soils of North
Carolina
Schildnecht, II., Die mechanische Bodenanlyse und ihre Anwendung in der
Kulturtechnik
Janota, R., Ueber die Wirkung dor Drainage auf die physikalische BeschafTenheit
und den mechanischen Bau des Bodens
Janota, R., Effets du drainage sur l'etat physique et la constitution mecanique du
sol
Janota, R., Ueber die Draintiefen in verschiedenen Bodentypen
Wood, I. D., Control of erosion in the middle west
Bennett, II. II., The problem of soil erosion in the United States
Chapline, W. R., Controlling erosion of range land through range management . . .
Boyd, G. R., The use of explosives in clearing land
Dachnowski-Stokes, A. P., International problems in the study and utilization of
peatlands
Burton, V. R., Soil science in highway engineering
(lazdik, F., Organization of researches in the branch of technical agriculture in the
Republic of Czechoslovakia
Beattie, J. II., Prevention of wind damage to crops on peat soils
McLaughlin, W. \ \ \ , Some physical soil problems in arid reclamation
Sievers, F. J., Muck and peat lands of the Pacific Northwest
Norling, S. A., Laboratory experiments on the effect of "backwater" in various
soils and soil stratifications upon the hydraulic gradient and discharge of
underground water under various heads
Haanel, B. F., Peat investigations in Canada

623
632
635
663
686
701
715
726
733
737
746
748
758
765
771
776
783
791
798
814

816
832

MISCELLANEOUS P A P E R S
Burgess, P. S., and McGeorge, W. T., Soil eomi>ounds involved in base exchange
reactions
Bradfield, 11., The saturation capacity of colloidal clay soils
Manns, T. I"., The influence of accelerators on sulfur oxidation
Ktihn, S., On the colorimetric measurement of the reaction of soils
Winogradski, S., and Mme. Ziemiecka, Y., On a method of controlling the Azotobacter activity in soils and its importance
Kobinson, G. W., The division of the soil into fractions in mechanical analysis.
Report of Rothamsted meeting
Tulaikov, N . M., Russian pedology in agricultural experimental work
Bushnell, T. M., A Key to Soil Profiles in Indiana
619

843
858
869
873
878
883
888
909

COMMISSION VI

GROWING CROPS UNDER SPRINKLING
IRRIGATION
E. R. GROSS
New Jersey Agricultural Experiment Station, U. S. A.
INTRODUCTION
Probably one of the most unique methods of irrigation is that of
sprinkling. The practice of irrigation is not itself new. History tells us
that centuries ago water was pumped from lakes, streams and wells and
applied to the land to water crops during periods of drought. The method
of sprinkling water onto the crops has not been extensively practiced until
recently. It has not been uncommon to use sprinkling devices to water
lawns and small gardens. Now it is being applied to quite large areas, for
instance, one farm in New Jersey has 249H acres under sprinkling
irrigation.
DEFINITION OF SPRINKLING IRRIGATION
Sprinkling irrigation has been found more satisfactory for vegetable
production in New Jersey than surface irrigation. Sprinkling irrigation is
variously called overhead irrigation, spray irrigation or Skinner irrigation.
The name Skinner irrigation is taken from Mr. C. W. Skinner who invented the system which at present is most commonly used. Several dry
seasons previous to 1890' caused Mr. Skinner to investigate the possibility
of irrigating his garden with a limited quantity of water. The first systems were crudely made but by or about 1909 several systems were in use
at experiment stations, in commercial greenhouses and on farms. Since
1909 the number of farms in New Jersey using sprinkling irrigation has
increased steadily and with acceleration during most of this period of IS
years.
The type of sprinkling irrigation in common use consists of lines of pipes
fitted with nozzles at intervals of 3 to 4 feet. These pipes are called nozzle
lines. Water pumped through these nozzle lines is sprayed upon the crop
or land over which the line of pipe is placed. The system may be permanent or movable, depending upon whether the pipes remain in place
after being installed or are moved from place to place to facilitate cultivation and to water a larger area. Movable sprinkling lines may lie on the
ground or they may be supported upon crates, boxes or hampers. Permanent lines are suspended from cables stretched on poles placed usually
<V2:i
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100 feet apart or are supported on wood or iron posts spaced 12 to 16 feet
apart. The height above ground of the lines varies from 4 to 7 feet.
The poles, posts or nozzle lines may furnish some obstruction to cultivating the fields. When placed 6^2 to 7 feet above ground the pipes may
not be an obstruction as horse, man and machine will pass beneath. To
offset this difficulty sprinkling irrigation has advantages over surface irrigation. These advantages may be enumerated as follows: (1) It applies
the water as a spray or mist which does not pack the soil or cause erosion;
(2) it distributes the water evenly and slowly over a considerable period of
time; (3) it may be used on rolling or uneven land; (4) it is very economical in the use of water; (5) it requires little labor to operate; (6) it may be
used to prevent frost injury.
N E E D FOR IRRIGATION
Sprinkling irrigation is comparatively expensive. The first reason
usually advanced for its use is that of protection against drought. While
this is the same reason advanced centuries ago it has become even more
important under modern intensive vegetable growing Under the forcing
methods of intensive production a drought of a few days may materially
reduce the quality of the crop thereby losing for the farmer much or all his
profit in that crop.
The essential parts of a sprinkling irrigation system are: (1) a source of
water, (well, stream, lake or city water); (2) a pumping plant consisting of
an engine or electric motor and a pump; (3) the supply pipe from the
source of water to the field; and (4) the nozzle lines. In the case of city
water under ordinary pressure no pumping plant is needed. More than
10 per cent of the systems in New Jersey use water from city supplies.
The nozzle lines are usually spaced 50 feet apart and are mounted with a
turning union so that the spray may be directed first to one side of the line
and then to the other. Thus a rectangular area including a strip on both
sides of the line is watered. Under the usual pressure of 40 lb. this area
will be 50 feet wide and as long as the nozzle line. The length of pipe
varies from a very short line to 800 feet or more. It is limited by the difficulty in turning so long a line and by the size of pipe necessary to maintain a uniform pressure throughout the full length (see Table 1). Usually
the turning is done by hand but as this involves regular and frequent attention, mechanical turning devices called oscillators are now coming into
use.
To sprinkle one acre at a time requires 60 gallons of water per minute.
To pump this water against a pressure of 40 lb. requires at the least 2Y2.
H. P. AYhen friction in pipes is considered and the lift from well to field
taken into consideration the least power requirement would be 3 H. P.
I n practice usually a 5 or 6 H. P. engine is used, thus allowing some reserve
power. Three resistances must be overcome by the power plant; (1) the
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TABLE 1.—Size of pipes for nozzle lines {Nozzles spoxed Sft. apart)
Feet of pipe
length of line

150
200
250
300
400
500
600

inch

1
inch

IK
inch

IK
inch

2
inch

115
100
00
90
80
75
75

35
100
100
100
100
100
100

60
110
120
120
120

100
120
120

85
185

pressure of 40 lb. in the nozzle lines necessary to provide a satisfactory
spray; (2) the lift from source of water to field; (3) the friction in the pipes
(see Tables 3 and 4). Usually the water is pumped directly into the pipes.
The air chamber in the pump furnishes the necessary cushion to maintain
an even pressure. A relief valve provides an escape for the surplus water
which cannot readily pass through the nozzles. Thus a pump (capacity
(50 gal. per min.) may sprinkle a full acre or only a fraction of an acre.
The excess water passing the relief valve is wasted or more likely is returned to the supply. It is not the purpose of this paper to discuss fully
the details of construction or operation of irrigation systems. Fuller information may be had from Bulletin No. 495, United States Department
of Agriculture or California Extension Circular 4.
TABLE 2.—Size of pipe for main supply line
Water in gallons
per min.
10
20
30
10
50
60
100
200
300
400
500

Ix'ngth of pipe in feet
50

100

200

300

400

500

600

1

1
IK
IK
IK
IK
2
2K
3K
3K
4
5

1
IK
IK
2
2
2K
3
3K
4
4
5

IK
IK
2
2
2
23 2
3
4
4
5
5

IK
IK
2
2
2

IK
2
2
2K
2K
3
3K
i
4
5
6

IK

IK

2
2
2K
2K
3
3K
4
5
5
ti

2
2K
2K
2K
3
3K
4
5
6
O

1M
IK
IK
IK
2
2K
3

3K
4
4

'-",.
3
4
4
5
6
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SPRINKLING IRRIGATION IN NEW JERSEY
In the fall of 1925 the New Jersey Agricultural Experiment Station
conducted a survey of sprinkling irrigation used for vegetable production.
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TABLE

3.—Friction in pipes.

Pressure in pounds lost per 100 feet of pipe
Size of pipe in inches, ] nside diameter

Flow in gallons
per min.
10
20

16 45

no

1

m

VA

2

5.06

2.89
4.80
10.16

0 62
2.25
4.75
8 13

0.22
0.78
1.66
2.85
4.29
6.02

40
50
60
100
200
300
400
500

TABLE

2H

3

0 26
0.56
0.95
1.43
2.01
5.51

0.10
0.23
0.39
0.60
0.85
2.15
7.70

3H

0.17
0.26
0.38
0.96
3.33
7.70

4

5

6

0.15
0.20
0.53
1.91
4.03
6.91
10.40

0.18
0.64
1.36
2.34
3.51

0.24
0.55
0.91
1.37

4-—Gallons pumped per. min. against a
given head for each horse power

Head in feet
100
110
120
130
140
150

Gallons per min.
25.00
22.72
20.83
19.23
17.85
16.66

The work was done jointly by the Department of Vegetable Growing and
the Department of Agricultural Engineering. It was thought best to
gather the information by farm visitation. Some conclusions may be
drawn. Quite complete data were obtained from a large majority of the
356 farms visited. Practically every farmer using sprinkling irrigation
for vegetables was visited. Some outstanding figures are:
Farms growing vegetables under irrigation
Total acreage under irrigation
Total estimated cost of installations
Estimated annual operating cost
Total estimated horse power used
Total estimated capacity of pumps (gal. per min.)

356
2,658
$900,000
$60,000
2,600
36,000

General satisfaction with irrigation is indicated by the survey. Of 295
who answered the question 259 were satisfied while 36 offered minor
complaints. Many said they could not profitably grow vegetables without irrigation.
It seems that growers do not find it convenient to spend much time in
moving nozzle lines. Fully three-fourths of all irrigation is permanently
installed.
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Permanent vs. Movable Irrigation
Permanent
2021 acres
Movable
637 Do
Total

2658 Do

Crops should be watered every week or 10 days during drought. It is
not necessary that the full irrigated acreage should be watered at one time.
Yet the percentage runs rather high.
Average Per Cent of Each Farm which Can be
Watered at One Time
per cent
Permanent irrigation
45
Movable irrigation
25
All irrigation
40

On the farms with small irrigated acreage this per cent ran high while on
farms with a large irrigated acreage it was low. Some can water their
entire irrigated area at one time.
COST OF SPRINKLING IRRIGATION
Since irrigation systems are rather expensive the figures on cost proved
rather interesting. The following table makes several cost comparisons
as affected by the factors indicated.
Costfl-vAffected by the Source of Water
Installation Operating
cost per acre cost per acre
$422.58
493.78
164.73

$17.68
19.84
31.7!)

Permanent vs. Movable
$415.30
124.41

$23.37
30.50

Systems using wells
Systems using surface water
Systems using city water

Permanent irrigation
Movable irrigation

Electric Power vs. Gas Engine
Systems using electricity
Systems using gas engine

$466.87
432.14

$23.91
16.34

Self Installed vs. Contract Jobs
Self installed
Contracted

$332.70
458.41

Little need be said about these figures as they tell their own story. The
average gas engine plant represented 6.53 H. P. while the average electric
plant represented 12.13 H. P. This may have affected the comparative
costs. One item seemed odd, that systems using surface water should cost
more than systems using wells. Especially is this true since the cost of the
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well is included in the figures. Apparently large, long main pipes cost
more than wells. Column two may be studied to note the effect on operating cost. The average operating cost for all irrigation. $24.69 per acre,
may also be of interest.
USE MADE OF IRRIGATION
It was difficult to analyze the data on the number of times the systems
were used annually, the total number of hours irrigated yearly or the time
of day best suited to irrigation. On 209 farms the systems were used an
average of 70 times per year. The spread was from 2 to 200. On these
same farms the average number of hours irrigated per year was 441. The
spread, 75 to 1658. From these two items we may conclude that the
average period of sprinkling was 6.3 hours. The time best suited to irrigation is materially affected by the farmer's other duties. Reports were
made as follows:
Time Preferred for Irrigation
All day
Afternoon
Evening and morning
Time varies with crop

100
133
40
19
392

Other items which may be of interest are:
Average
Average
Average
Average

estimated life of a system of irrigation
annual repair cost
operating pressure
length of nozzle line

21.05 years
$3.44
44.52 lb.
270.87ft.

DISTRIBUTION OF IRRIGATION
The bulk of the irrigation was found in two vegetable sections of New
Jersey. Cumberland County alone has 1225.67 acres and the section including parts of Passaic, Bergen and Essex counties has 863.5 acres.
These two areas have more than three-fourths of all the irrigation in the
state. Cumberland county has more than half of the permanent irrigation. The movable systems are found chiefly in the Passaic-BergenEssex area.
SOILS U N D E R IRRIGATION
It is usually conceded that the rather high cost of sprinkling irrigation
prohibits its use on any but highly productive soils. While this is probably true we find a wide range of soil types under irrigation. Sandy loam
predominates. This is a type of soil which warms quickly in the spring,
takes and yields water and plant food readily. Hence when properly
fertilized it is highly productive.
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Acreages of SoilTypes i"i'li r Irrigation
208.08 acres
Sand
Gravelly sandy loam
175.25 Do
Sandy loam
1222.92 Do
Ix>am
711.75 Do
Clay loam
340 75 Do
2658.75 Do
Total

The survey indicates that men have not selected lands with reference to
soil and topography for the purpose of installing irrigation to grow vegetables. Rather we find that soils suited to vegetable growing have responded to irrigation. Nearness to markets has caused much heavy soil
in the northern part of the state to be used for vegetable production. In
the southern part of the state where sandy soil predominates the lighter
sandy loams have been chosen on account of good drainage, ease of tillage,
and warmth. Topography apparently has had little if any effect on the
use of sprinkling irrigation. The distribution between level and rolling
lands is rather even.
SIZE OF IRRIGATED FARMS
The average size of irrigated farms is small. Of 356 farms visited 219
contained 10 acres or less. There were only 6 farms of over 30 acres.
FERTILIZERS USED WITH IRRIGATION
Since high production is expected on irrigated land we are not surprised
to find heavy applications of manure and commercial fertilizers. Of 271
farms reporting, 84.5 per cent used 11 tons or more of manure per acre.
The average yearly application was 25.4 tons per acre. Some apply as
high as 40 tons. The same men used 7.3 tons on their unirrigated land.
The average application of commercial fertilizer on irrigated land was 1.33
tons per acre. The average amount used on unirrigated was 0.6 tons.
Green manure requires a growing period of 6 weeks or more. This does
not fit well into an intensive cropping program. Green manure is used on
7.7 per cent of irrigated land and on 56.6 per cent of unirrigated.
INTENSITY OF PRODUCTION
Intensive production is the common practice on irrigated farms. Land
should be utilized throughout the season. An average of two crops are
grown on irrigated land. Intensity of production may be summarized as
follows:
Number of Crops per Season on Irrigated Land
One crop or less
More than one and as high as two crops
More than two and as high as five crops

Compare this with cropping on unirrigated land.

Per Cent
of Farms
3.1
64.7
32.2
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Xumber of Crops per Season on Vnirrignted

Land

()ne crop or less
More than one and as high as two crops
More than two crops

Per Cent
of Farms
83. '2
15.2
1 (i

CROPS UNDER IRRIGATION
In the 10 year period since 1909, during which sprinkling irrigation has
been used in New Jersey, farmers have learned much as to the crops most
needing an ample water supply and those responding best to such treatment. The 10 leading irrigated crops with acreages grown are:
lettuce
Spinach
Celery
Beets
Carrots

A rreage of heading Irrigated Crops
String Beans
090.22 A.
495.98
Cabbage
359.55
Onions
352.21
Radishes
.«9.01
Cauliflower

315.91
210.17
178.32
130.28
124.33

\\ bile all vegetable crops will show an increase in yield from the steady
growth which irrigation permits, not all adapt themselves to the intensive
production required under irrigation. Crops selected for irrigated land
are usually, those with a high acre value enabling maximum returns from a
small area, those with a short season of growth permitting two or more
crops per year and with a habit of growth which is benefitted by an abundance of water. This will include crops in which the root, stem, leaf or
green fruit is harvested. A few crops may be hindered by too much
water, for example, the tomato may be delayed in ripening or the quality
of the sweet potato may be impaired by excessive moisture.
IRRIGATION DATA
In the installation of an irrigation system of the sprinkling type certain
data is very valuable. Four important tables with notes and certain
other facts and equivalents are appended.
1
1
1
1
1

foot lift equals 0.434 lb. pressure
cu. ft. of water equals 7.48 gal.
gal. of water weighs 8.33 lb.
acre foot of water is 325,850 gal.
acre inch of water is 27,152 gal.

At 40 lb. pressure, 00 gal. per min. will irrigate 1 acre and will deliver
1 acre inch in approximately 9 hours.
One nozzle will consume about }/{, gal. per min.
The average pressure used in sprinkling irrigation is 40 lb. which is
equivalent to 92.5 ft. head. The total head against which the pump
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works is made up of three parts. The pressure in the nozzle lines (92.5
ft. head); the head due to friction in pipes, and the lift from the water
supply to the field. This total will seldom be less than 100 feet, hence the
table begins at 100.
SPRINKLING IRRIGATION IN OTHER STATES
Sprinkling irrigation is probably used in a majority of the states of the
Union. A letter was sent to all the Land Grant Colleges. While returns
are incomplete, several Experiment Stations indicate an intention of making studies in the near future. It seems reasonable to expect much more
extensive use of this method of irrigation in the growing of vegetables,
flowers and nursery stock.
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NATURE, IMPROVEMENT AND IRRIGATION
REQUIREMENT OF WILD MEADOW
AND TULE LANDS
W. L. POWERS

Oregon Agricultural Experiment Station, U. S. A.
INTRODUCTION
In the intermountain region of the Western states there are several
million acres of wild meadow and tule land. The former is of peaty siltloam character and the latter is peat, mainly of medium depth. Oregon
has over a half million acres of these lands. Wild meadows comprise
nearly one-third of the irrigated area of Oregon (3).
These meadows are located at moderately high elevation, under semiarid climate, and with comparatively short growing season. Their distance from large markets makes them suitable mainly for forage crops
when reclaimed.
The chief vegetation on the peat swamps is tules and flags, mingled with
wire grasses and sedges, some red top, blue bent, and wild clover.
SOILS
Typical marsh or tule lands, as found in the Klamath Basin, consist of a
surface layer of dark brown fibrous peat, changing to a second horizon almost black and of more or less decomposed peat generally extending to
between 20 and 40 inches from the surface and resting on a colloidal clay.
This subsoil horizon varies from 2 to 4 feet in depth and is in turn underlaid by denser dark bluish-gray clay substrata.
In the virgin condition this soil is spongy, unstable, and difficult to
traverse but the surface soon compacts under tillage until it will bear the
weight of teams and tractors.
Tules (Scirpus occidentalis) and some sedges (chiefly Carex aquatilis)
and their ash are the main sources of the peaty material.
The soil from the surface horizon weighs 25 to 40 lb. per cubic foot and is
75 to 90 per cent volatile matter.
The subsoil horizon is a gray, gelatinous, colloidal, diatomaceous earth,
chiefly siliceous shells of the diatom navicula and cahferous remains of
small mollusks (4). This material has formed as a sludge in shallow water
and has concentrated by a decrease in water present. It has an enormous
water holding capacity, the dried, exposed material absorbing 125 to
140 per cent (by weight) of water while the moist clay holds 200 to 500
per cent without seepage (5). When dried, it forms lumps of a tough,
fi32
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horny character, while when wet, it is of a rubbery or cheesy consistency
(2). Repeated wetting and drying does not change these characteristics.
It is very light in weight, dry chunks floating in water until they are nearly
saturated before they sink. This material contains considerable organic
matter, the volatile material driven off by burning being from forty to
fifty per cent of the whole mass.
Reaction of these horizons is usually nearly neutral although sodium
carbonate is found in certain sections, as in parts of Lower Klamath
Marsh (1), while some of the fresh water areas of the deep peat show a
moderate acidity. The total supply of mineral nutrients in these peat
soils is rather low. Alkali is a menace that must be considered on parts of
these areas and adequate provision for leaching must be provided in any
system of irrigation and drainage.
RECLAMATION AND I M P R O V E M E N T
These wild meadow lands in the past have been irrigated by wild flooding for the production of wild hay or native pasture. The substitution of
the strip border method of irrigation and the installation of deep drainage
and storage for irrigation will increase the productiveness of large areas of
these lands and will make possible the production of more valuable tame
grasses and legumes.
Questions relative to irrigation needs led the Oregon Experiment Station to make a study of the water requirement and methods of improvement of these lands. When this study was begun there was no available
data as to the water requirement of these wild grasses. Results of five
years' experiments show that the average water cost of dry matter under
good conditions for wild hay averages about 1000 lb., while for Alsike
clover and timothy, with which it can be replaced where water is controlled,
the water cost has been about 600 lb. per pound dry matter
Results show that an average depth of 18 inches of water applied on the
field could produce a maximum yield of about 3 tons, while an average
depth of 12 inches has given the largest yield an acre inch. The quantity
claimed for the wild meadows has been from 3 to 6 feet.
Coarse swamp vegetation can be replaced by pasture and mowing or by
carefully burning off when the ground is wet. Oats and field peas or rye
are suitable for the first year or two after reclamation. Later permanent
Alsike and timothy meadows can be established. On new land a moist,
firm seed bed and inoculated seed are essential. A twenty-four inch plow
and caterpillar tractor are suitable for plowing this marsh land, and a
double corrugated roller is a good tool for firming peat soil.
Barnyard manure has given a good increase in shallow peat soils.
Potash has given only moderate returns on these intermountain meadows,
although it does pay in Oregon on our deep peat at lower elevations in
connection with truck farming.

634

FIRST INTERNATIONAL CONGRESS OF SOIL SCIENCE

ECONOMIC AND SOCIAL CONDITIONS
Economic and social conditions are such as to make this primarily suitable for forage production in connection with stock raising and extensive
farming. These marshes should be developed in units of a few thousand
acres each and brought into meadow state before additional areas are
started. Holdings should range from 160 to 320 acres and upward. A
reasonable productive value of these lands would be $50 or $60 an acre,
including irrigation, drainage, and preparation of land for meadow.
Dykes will need to be utilized for roadways and domestic water will need
to be piped in or can probably be secured by drilling. There is a fire
hazard which will be reduced by a good system of irrigation. Temporary
hay camps and feeding camps can be established but home sites on the
upland or mineral soil bordering the marsh will be generally more attractive. As far as possible subdivision should be into tracts to permit
inclusion of such building sites on upland.
LITERATURE CITED
(1) Heileman W. II., and Breazeale J. F. 1912. Report on Klamath Marshes. To
U. S. Reclamation Service (Unpublished).
(2) Lapham, H., Powers, W. L., and Shaw, C. F. 1025. Report on the Lower Klamath
Lake Summary in New Reclamation Era.
(3) Powers, W. L.
(4) Scofield, S., and Briggs, L. J. 1911. Preliminary report on the Klamath Marsh
Experiment Farm. U. S. Dept. Agr. Bur. Plant Indus. Circ. No. 8(i.
(5) Shaw, C. F. 1925. Two unusual colloidal soils. Soil Sci. 20: 419.

DIE HEUTIGE STAND DER DRAINTHEORIE
FÜR MINERALBÖDEN
A . ROZANSKI

Kraków, Polen
I. VORWORT
Obwohl die schon den Alten bekannte Kunst der Entwasserung dor
Felder vermittels unterirdischer Kanale wieder um die Mitte des XVII.
Jahrhunderts erneuert wurde und obwohl man schon bei der Mitte des
vorigen Jahrhunderts als die Drainpresse in England erfunden wurde,
Tonröhren zur Entwasserung von Feldern verwendet, so wurde doch
bisher im Bereiche dieser technischen Wissenschaft, besonders mit bczug
auf Mineralböden erst eine ganz geringe Zahl von wissenschaftlichen
Untersuchungen und Feldversuchen angestellt. Man begnügte sich mit
auf nichtexakter Kalkulation basierten Regeln, welche zwar den Bediirfnissen der Praxis geniigten, aber eben dadurch den Fortschritt der Wissenschaft eher hemmten, so dass Prof. Luedecke aus Breslau seinen
Landsleuten mit Recht ernste Vorwürfe machte (33).
Erst jetzt setzt ein rascherer Fortschritt auf dem Gebiete der wissenschaftlichen Studiën über die rationelle Entwasserung der Mineralböden
ein. In vorliegenden Referate sollen die heute herrschenden Anschaungcn hinsichtlich der wichtigsten Probleme der Drainage der Mineralböden
besprochen werden, wie die Aufgaben der Drainage, die Draintiefe und
Entfernung der Sauger, die abzufiihrende Wassermenge und die Geschwindigkeit des Wassers in den Drainstrangen. Zum Schlusse sollen die
Bedingungen der wissenschaftlichen Untersuchungen und Feldversuche
hinsichtlich der Drainage der Mineralböden zur Behandlung kommen.
II. AUFGABEN DER DRAINAGE
Mit naherer Prazisierung der Aufgaben der Drainage der Mineralböden
befassen sich besonders tschechische Forscher unter Anwendung von
Felduntersuchungen und sie untcrsuchen naher die Verbesserung der
physikalischen Beschaffenheit des Bodens durch Drainage (16, 19, 23,
39b).
Auf Grund von mehr als 1300 physikalischen Bodenanalysen, die von
der pedologischen Abteilung des tschechischen Büros des Landeskulturrates für Böhmen ausgeführt wurden, hat Doc. Dr. Janota (Prag) ein
Diagramm des Zusammenhanges des Porenvolumens und der optimalen
und minimalen Feuchtigkeit mit dem Gehalte der abschlammbarcn
Teilchen für verschiedene Boden Böhmens entworfen.
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Aus dieseril Diagramm ist ersichtlich, dass das Optimum dor Feuchtigkeit in der Ackerkrume und in dem Untergrunde betragt:
Für den Gehalt abschlammbarer Teilchen: 0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100%
In der Ackerkrume:
24, 27, 29, 30, 31, 32, 31, 30, 29, 28, 26%
Im Untergrunde:
22, 24, 25, 25, 26, 26, 26, 25, 25, 25, 2 5 %
Es ware sehr wünschenswert, dass ahnliche Untersuchungen auch für
andere Lander angestellt wiirden, mit Berücksichtigung des Zusammenhanges mit Klimafaktoren (31).
In den Jahren 1920-1924 hat die obenerwahnte pedologische Abteilung
in Nordosten von Böhmen eine sehr interessante Untersuchung ausgefiihrt, in welcher es sich um Feststellung der Wirkung der Drainage auf
die Ungestaltung der physikalischen Beschaffenheit der Boden handelte.
Es sind schwer podsolierte Braunerden und teilweise degradierte Redzinaböden. Den Einfiuss der Drainage auf die Anderung der Bodenstruktur
wollen wir hier in aller Kürze folgendermassen charakterisieren:
In den oberen (elluvialen) Schichten wachst der Gehalt der abschlammbaren Teilchen und Karbonate vom Drainstrange gegen die Mitte
zwischen den Drains und zugleich nimmt das Porenvolumen mit der
P^ntfernung vom Drainstrange ab. Die elluvialen Schichten sind beim
Drain am starksten ausgelaugt und weisen die beste Struktur auf.
In der illuvialen Schichte ist dagegen der Gehalt an feinen abschlammbaren Teilchen und Karbonaten beim Drainstrange am grössten und das
Porenvolumen am geringsten; gegen die Mitte zwischen den Drains vermindert sich der Gehalt an feinen Teilchen und Karbonaten und es
wachst das Porenvolumen. Der illuviale Horizont hat beim Drainstrange
die schlechteste Struktur und ist am undurchlassigsten.
Durch den Einfluss der Drainage erfahrt die physikalische Bodenbeschaffenheit der Boden raschere Vcranderungen, besonders in der oberen
Schichte mit zunehmender Tendenz gegen die Tiefe derail, dass im illuvialen Horizonte diese Veriinderungen fast verschwinden.
In den tieferen Schichten unter dem illuvialen Horizonte besteht im
allgemeinen bei geringeren Gehalte an feinen Bestandteilen und grösserer
Porositat keine erkennbare Kegelmiissigkeit im Profil zwischen den Drains.
In lehmigen Boden bildet den Zweck der Drainage nicht nur die Ableitung von überschüssigen Wasser, sondern auch die Unterbildung oder
wenigstens eine Massigung des Degradierungsprozesses, um die Verarmung
der oberen Schichten an Nahrstoffen und feinen Bodenbestandteilen zu
verhindern.
Da der illuviale Horizont in diesen Boden ziemlich durchlassig ist, kann
eine tiefere Drainage (max: 1,50 m.) angewandt werden, um das Einsickern
des Wassers zum Drain durch eine miissig starke Bodenschichte zu
bewirken.
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In schweren Boden wird der ungünstigste Zustand der Struktur durch
das Niederschlagswasser bei geringer Durchlüftung und hoher Wasserkapazitat infolge des Überschusses an Kolloidsubstanzen bedingt. Das
Ausfallen der Kolloidsubstanzen durch rasche Entziehung von überschüssigem Wasser verbessert die Struktur dieser Boden. In diesen Verhaltnissen eignet sich die seichte (ca. 1 m. tiefe) Drainage besser, da die auf
illuvialer Schichte liegenden Drainstrange das Wasser aus den elluvialen
Schichten rascher ableiten, so dass hierdurch Ausspülen der Kolloide
gefördert und übermassige Wasserkapazitat dieser Boden herabgesetzt wird.
In schweren Boden bildct der illuviale Horizont die natürliche Tiefe der
Drainage, weil er die elluvialen Schichte von den tieferen fast vollstandig
• scheidet. Bei Anwendung von tieferer Drainage weist die illuviale
Schichte beim Drainstrange die geringste Durchlassigkeit auf, wodurch
die Drainage mit der Zeit nicht durchgreifend wirkt. Es empfiehlt sich,
zur Gewinnung einer gröberen Struktur die Anwendung der Kalkung
nach der Durchführung der Drainage, und zu diesem Zwecke kann mit
Vorteil der aus den tieferen Schichten ausgehobene Mergel verwendet
werden. Es erscheint auch in schweren Boden sehr ratsam, die Drains
mit Erdreich aus oberen elluvialen Schichten zu zuschütten, da dieses
abschlammbare Teilchen in geringerer Menge enthalt und deshalb auch
durchlassiger ist."
Es ware bei solchen Untersuchungen der drainierten Felder wünschenswert noch den Gehalt an Bodenteilchen von der Korngrösse <0,002 mm.
zu berücksichtigen und den Ernteertrag zu überprüfen.
III. DIE DRAINTIEFE UND DIE ENTFERNUNG
SAUGER

DEK

Als Massstab der heutigen Anschauungen auf die Frage der Draintiefe
und der Saugerentfernung für Mineralböden moge in erster Reihe die
Ansicht der tschechoslovakischen Sektion der internationalen Subkommission
für die Anwendung der Pedologie in der Kulturtechnik dienen, und daher
wollen wir sie hier möglichst kurz wiederholen (17, 18,).
Die Draintiefe:1 Abteichend von der bisher üblichen Normaltiefen hat
die tschechoslovakische Sektion die Tiefen von 0,80 bis 1,50 m. angenommen, wobei die Tiefen 0,80 bis 1,00 m. als seicht, 1,00 bis 1,20 m. als mittel
und 1,20 bis 1,50 m. als gross gelten und wobei sich die Wahl dieser Tiefen
nach den landwirtschaftlichen, klimatischen und -pedologischen Verhaltnissen
richtet.
1

Unter der Tiefe der Drainage verstehen die Tschechen die Tiefe der Solde des Draingrabens unter dem Terrain. Es wird bemerkt, dass die Unterkommission für die Anwendung der Bodenkunde in der Kulturtechnik der intern. Konferenz für Bodenkunde
in Rom 1924 beschlossen hat, dass unter Draintiefe der Abstand .zwischen der Bodenoberflache und der Grabensohle (bezw. Rohrsohle naeh Aushöhlen der Grabensohle und
Verlegen der Röhren) zu verstehen ist.
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Yon landwirtschaftlichen Verhaltnissen hangt die Tiefe der Drains
insoferne ab, als bei tiefwurzelnden Pflanzen die Tiefe bis höchstens 1,50
m. zu wahlen ist, dagegen für fiachwurzelnde Pflanzen eine entsprechcnd
seichtere Tiefe angewendet werden kann.
Yon den klimatischen Verhaltnissen kommt die Menge des Niederschlagswassers und die Meereshohe in Betracht.
In Landern mit geringem Niederschlage (in der Tschechoslovakei unter
600 mm. jiihrlich in einem normal feuchten Jahre) empfiehlt sich tiefere
Drainierung, damit den Pflanzen, die natürliche, in einem grosseren
Bodenprofil kapillar zuriickgehaltene Feuchtigkeit zur Verfiigung steht.
In Landern mit grösserem Niederschlage (in der Tschechoslovakei über
(>00 mm.) empfiehlt sich die Anwendung seichterer Drainung zwecks
rascherer Abführung des überschüssigen Niederschlagswassers. Die
Draintiefe ist infolge der Witterungsverhaltnisse von der Meereshöhe des
Terrains abhangig.
In niederen Lagen (in der Tschechoslovakei unter 450 m. über dein
Meere) mit langerer Vegetationszeit, mit geringeren Niederschlagen
und stiirkerer Verdunstung des Wassers soil nicht nur überschüssiges
Wasser im Frühjahre zeitig abgeführt sondern auch die Winterfeuchtigkeit
infolge der Wasscrkapazitat der tieferen Schichten für die Sommermonate
zurückgehalten werden, wozu die tiefere, bis 1,50 m. reichende Drainage
niehi' gceignet erscheint. In höheren Lagen (in der Tschechoslovakei
über 450 m.) wo besonders fiachwurzelnde Pflanzen angebaut werden,
eignet sich besser seichtere Drainage. Hier bezweckt die Entwasserung
eine möglichst rasche Ableitung von überschüssigem Wasser im Frühjahr,
um die Vegetationszeit zu verlangern und die Ackerkrume, in der Zeit der
grossen Sommerniederschlage trocken zu halten. Die Wirkung des Frostes reicht in der Tschechoslovakei nicht so tief und ausserdem führen die
Röhren bei Frost nie im ganzen Querschnitt Wasser, so dass sie auch bei
seichterer Lage durch Frost nicht Schaden leiden können.
Von grösstem Belang für die Wahl der Draintiefe sind folgendc pedologische Verhaltnisse:
(a) In fruchtbaren lockeren Boden, wo die Vertiefung der Kulturschicht und die Aufspeicherung der Feuchtigkeit in einem grosseren Bodenprofil in Betracht kommt, also in niedrigeren Lagen mit günstigen wirtschaftlichen Verhaltnissen (Rübenkultur) ist die tiefe Drainung bis 1,50
m. zu wahlen.
(b) Auf Feldern mit nahrstoffarmem, unfruchtbarem Untergrunde, wo
also eine Vertiefung der Kulturschicht nicht angezeigt erscheint ist eine
niittlere Draintiefe zweckmassiger da hier die Aufgabe der Entwasserung
und Durchlüftung starker in Betracht kommt.
(c) In Terrains mit sehr schweren Boden ist es besser, die seichte
Drainage anzuwenden. Der Zweck der Drainage solcher Felder ist,
durch rasche Abfühiung des überschüssigen Wassers aus den oberen
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Schichten und durch stiirkere Durchlüftung den Boden in Krümelstruktur
iiberzuführen. Diese Wirkung kann durch Kalkung des Feldes im Winter
l>eschlcunigt werden.
(d) Seichte Drainage ist auch in Boden mit seichtem, felsigem Untergrunde anzuwcnden, wo es sich zwecks Verlangerung der Vegetationszeit
um rasche Abführung des reichlichen Niederschlagswassers handelt. Ein
Ycrwachsen der Röhren braucht mann nicht zu befürchten, da in solchen
Höhen nur seichtwurzelnde Pflanzen kultiviert werden.
Die Entfernung der Sanger is je nach der gewiihlten Tiefe derart zu
bestimmen, dass durch die Entwasserung eine rasche, rechtzeitige und
gleichmiissige Abführung des überschüssigen Wassers aus dem Boden
sowie eine hinreichende Durchlüftung, Oxydierung und Lockerung der
tieferen Bodenschichten erzielt wird.
Die Drainentfernung richtet sich nach vielen Faktoren, von denen
manche für eine grössere Entfernung, also positiv, andere für eine kleinere
Entfernung, d.h. negativ, wirken.
(1) Die gewahlte Draintiefe ist massgebend für Entfernung der Sauger,
indem der Abstand mit zunehmender Tiefe grosser gewahlt wird.
(2) Die pedologischen Verhaltnisse. Primarböden sind in der Regel
fester gelagert und undurchlassiger als angeschwemmte. Ferner ist auch
die Beschaffenheit der tieferen Schichten zu beachten, denn die unteren
Schichten sind an feinen, aus oberen Schichten ausgewaschenen Teilchen
angereichert, so dass sie hierdurch bedeutend dichter, schwerer und undurchlassiger werden. In der Tschechoslovakei liegt diese angereicherte
Schicht in der Regel in einer Tiefe von 0,70 bis 1,00 m. Zu beachten ist
vor allem die Schichtung des Bodens im ganzen Profil bis zur Draingrabensohle. Massgebend für die Entscheidung, wie dicht die Drainröhren
gelegt werden sollen ist die mechanische Analyse des Bodens aus der
Tiefe von 0,4 bis 1,0 m., wenn das Material einartig und einheitlich eingelagert ist, sonst mussen Bodenproben aus einzeln Schichten in einer Tiefe
von 0,4 bis 1,0 m. entnommen werden. Wenn die Ackerkrume schwer
und bindig und die Unterlage undurchlassig ist, muss auch auf diese
Schichte Rücksicht genommen werden.
Am wichtigsten ist der gehalt an Teilchen von der Korngrösse I (<0,01
mm.), da diese den Massstab für die Bindigkeit des Bodens bilden und der
grössere Gehalt an solchen Teilchen eine engere Drainung erfordert. In
schweren Boden mit grössere Gehalt an Kolloidteilchen muss man den
Wassergehalt durch Drainung radikal vermindern, um die Aufquellung
derselben nach Möglichkeit zu verhindern und eine starkere Konzentration der Nahrstofflösungen zu erreichen. Dadurch wird eine Sattigung
der Kolloide erleichtert, so dass sie in Flocken ausgefallt werden und der
Boden im krümelige, lockere Struktur übergeht. Dies kann durch seichte
und entsprechend dichte Drainage erzielt werden. Im Boden feuchterer
Felder mit starkeren Niederschlagen und schwacherer Verdunstung
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(humide Gebiete) befinden sich die Kolloide bei übermassiger Feuchtigkeit in einem sehr ungünstigen Zustande, die Ackerkrume besitzt zumeist
die Einzelkornstruktur und der Untergrund ist sehr undurchlassig. Bei
niedrigerer Temperatur erfordern solche Boden eine intensivere Entwassorung. Eine entgegengesetzte Behandlung verlangen ahnliche Boden in
trockenen (ariden) Gegenden.
Teilchen zweiter Korngrösse (0,01-0,05 mm.) bedingen grössere Lockerheit, grössere Porositat und bessere Durchlassigkeit des Bodens; und wenn
sie in genügender Menge im Boden enthalten sind, wirken sie in positiver
Hichtung auf die Entfernung der Sauger. Je grosser das Übergewicht des
Gehaltes an Teilchen I. Grosse demjenigen der Teilchen II. Grosse gegenüber sich gestaltet, desto undurchlassiger ist der Boden.
Die Teilchen III. (0,05-0,1 mm.) und IV. Korngrösse (0,1-2 mm.)
wirken in der Regel positiv; doch bewirken sie in lehmig-sandigen und
sandig-lehmigen Boden im Verein mit physikalischem Ton bei geringem
Gehalt an Teilchen II. Korngrösse und bei Vorhandensein von Eisenverbindungen ungünstige physikalische Eigenschaften dieser Boden.
Gröbere Teilchen von mehr als zwei mm. Durchmesser wirken positiv
in grobkörnigen Boden und eher negativ in lehmigen und tonigen Boden.
Der Kalkgehalt ist ein positiver, der Eisengehalt ein negativer Faktor.
Milder Humus wirkt in positivem, saurer dagegen in negativem Sinne.
(3) Die Neigung des Gelandes gestaltet bei der Querdrainung eine
grössere Entfernung der Sauger, und zwar in höherem Grade in leichten
Boden als in schweren.
(4) Ein hökerer Grundwasserstand erfordert eine intensivere Entwasserung mittels dichterer Drainung. Nach Abfangen von fremdem Grundwasser durch Kopfdrains kann das Gelande bei grösserer Saugerentfernung
drainiert werden. Ein Überschwemmungsgebiet mit zeitweise eintretenden Uberschwemmungen erfordert eine engere Drainung.
Dies tschechische Gutachten hat—wie ersichtlich für die Draintiefen—
ziemlich genaue Grenzen gezogen. Für klimatisch abweichende Verhaltnisse dürften ahnliche Bedingungen ebenfalls zusammengefasst werden und es hessen sich auch da wenigstens auf Grund von Feldversuchen
Grenz-Isohyeten und Grenz-Isohypsen feststellen (für die Tschechoslovakei werden 600 mm. und 450 m. angenommen).
Dagegen dürfte dieses Gutachten hinsichtlich der Entfernung der
Sauger zu allgemein erscheinen. Ich gestatte mir dieses Problem noch
naher zu besprechen.
Dem obenerwahnten tschechischen Gutachten zufolge ist das Ergebnis
der mechanischen Analyse des Bodens, vor allem der Gehalt an feinen,
abschlammbaren Teilchen (Korngrösse I) für den Drainabstand massgebend. Die Teilchen II. Korngrösse gestatten einen weiteren Abstand
der Drainstrange je nach dem Übergewicht des Gehaltes an Teilchen von
dieser Korngrösse dem Gehalt an Teilchen I. Korngrösse gegenüber.
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Das stimmt mit dem Grundsatze, welchen Fauser in Würteniberg durchgefiihrt hat, namlich die Erweiterung der Drainentfernung je nach Übergewichte des Prozentsatzes der Teilchen der Korngrösse II demjenigen der
Teilchen der Korngrösse I gegenüber (6, 29). Es sei bermerkt, dass für
die Berechnung der Drainentfernung Dr. Ing. Jan Blauth in Lwów (Polen)
den halben Gehalt der Teilchen II. Korngrösse dem Gehalte an abschlammbaren Teilen zugeschlagen hat und Prof. Skotnicki in Warschau (Polen)
das Zuschlagen eines Drittels von obenerwahnten Teilchen vorschlagt
(64, 65, 66, 67). Aber noch vor dem Krieg wurden verschiedene Bedenken, hinsichtlich der Bestimmung der Drainentfernungen auf Grund der
mechanischen Bodenanalyse erhoben (20, 38, 41).
Vor allem werden gegen die Methode Einwande gemacht wegen der zu
weit gehenden Ungenauigkeit der Ergebnisse der mechanischen Analyse,
wenn sie auf Verhaltnisse im gewachsenen Boden, wie gute Entfernung der
Drainstrange angewandt werden.
Die Anwendung der Formel von Stokes muss zu grosse Unstimmigkeiten führen, denn sie ist für homogene Verbande von kugelförmigen
Teilchen, also nicht für den Boden, der ein Gemenge von Körnern von
verschiedener Beschaffenheit und Gestalt, mit verschieden gelagerten
Gewichtszentrum und verschiedenem spezifischem Gewicht. Es besteht
ein weiterer Zweifel, ob man in die Formel von Stokes das spezifische
Gewicht des Kornmenges, oder der einzelnen Bodenteilchen einsetzen soil.
Das erstere ist ja ziemlich konstant, das letztere dagegen schwankt stark
je nach der mineralogischen Beschaffenheit des Bodens. Es wird mit
Rücksicht auf die feinsten Bodenteilchen hervorgehoben, dass hier nur die
in die Formel von Stokes eingesetzten Krafte, d.i. die Beschleunigung der
P>rde und die Keibung wirksam sein mogen, sondern vielleicht auch
Krafte, die aus Warme, Lichte und elektrischer Spannung entstehen
mogen, ja sogar die Brownsche Bewegung. Wir haben andere Faktoren
nicht erwahnt, welche abweichende Ergebnisse in der mechanischen
Analyse ein und desselben Bodens bewirken können, welche aber berücksichtigt oder deren Einflüsse normiert werden mogen. Es sind: der höhere
Wert des Zahigkeitskoëffizientes der geschlammten Flüssigkeit im Verhi'iltnis zum Wasser, die Veranderungen der Temperatur oder der grosse
Einfluss der verschiedenen Methoden der Vorbehandlung von Bodenproben und dgl. (13, 21, 25, 36, 37, 40, 41, 51).
Gegen die Methode selbst erhebt Prof. Zunker von Breslau (57) den
Einwand, dass nicht alle Bodenarten durch den Gehalt an Körnern I. und
II. Grosse charakterisiert sind; insbesondere werden schwere Tone durch
den Gehalt der Körner von 0,01-0,002 mm. Durchmesser gekennzeichnet,
wenn man sich schon auf diese eine Korngruppe beschranken will, anstatt
eine ganze Reihe von Korngrössen bei der Bezeichnung des Bodens zu
berücksichtigen.
Es sei erinnert, dass nochim Jahre 1899 Kopecky die Ansicht ausges-
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prochen hat (22), dass man in sehr schwierigen Fallen nicht nur die
Korngrösse <0,01 mm., sondern auch diejenige von <0,002 mm. in
Betracht ziehen muss. Er gibt Drainentfernungstabellen für beide
Grenzen der Korngrösse an und empfiehlt in solchen Fallen ein Kombinieren beider Skalen.
Leider gestaltet sich die Bestimmung des Gehaltes der Korngrösse
< 0,002 mm. in der Praxis recht umstandlich, obwohl es nicht an Bemühungen fehlt das Verfahren der mechanischen Bodenanalyse zu vereinf'achen, wie wir es z.B. in einer neuen von Dr. T. Mieczynski aus Pulawy in
Polen ausgearbeiteten Methode der mechanischen Bodenanalyse sehen
(36).
Auf Wunsch der deutschen Kulturtechnischen Gesellschaft haben Prof.
P'reeckmann in Landsberg an d. Warthe und sein Assistent Dr. Janert in
den Jahren 1923 und 1924 Untersuchungen hinsichtlich des praktischen
Wertes verschiedener Methoden zur Bestimmung der Drainentfernungen
angestellt und u.a. auch die Methode von Kopecky überprüft. Nach
ihrer Ansicht liefert diese Methode nur dann befriedigende Resultate,
wenn sie durch die l T ntersuchung des gewachsenen Bodens ergaüzt wird
(12).
In Würdigung vorhererwahnter Umstandlichkciten der Bestimmung
der Drainentfernungen auf Grund der mechanischen Bodenanalyse sind
vier neue Methoden der Bestimmung der Drainentfernung entstanden.
Es sind (a) die Methode Prof. Mitscherlichs aus Königsberg—auf Grund
der Hygroskopizitat des Bodens, (b) die Methode von Prof. Zunker—mit
Borücksichtigung der spezifischen Bodenoberflache, (c) die auf Grund der
Bestimmung der Wasserdurchlassigkeit im gewachsenen Boden und endlich (d) die auf Grund der Senkung des Grundwassers ausgearbeitete
Methode.
Wollen wir diese Methoden naher betrachten. Die Hygroskopizitat
des Bodens, deren Bestimmungsweise Kodewald und Mitscherlich angegeben haben (38) ist proportional der gesamten Oberflache des Bodens,
welche mit der Oberflache des Hohlraumvolumens identisch ist und da die
letzte für die Entfernung der Drainstrange massgebend sein soil, so
könncn aus der Hygroskopizitat des Bodens Aufschlüsse hinsichtlich der
Drainentfernung gezogen werden. Breitenbach hat die Hygroskopizitat
der drainierten Felder untersucht und die Formel:
(J_

1,6211 - l o g » ;
0,055

aufgestellt, wo d die Drainentfernung und w die Hygroskopizitat in
Prozent des Gewichtes bedeutet (2).
Prof. Zunker hat noch eine andere Formel ausgearbeitet (56), namlich:
d = 30 - 8 , 7 v ^ T :
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Er glaubt jedoch nicht dass die Hygroskopizitat zur Bestimmung der
Oberflache des Bodens geeignet sei, weil sie nicht nur von der Bodenobcrfliiche, sondern auch von der Bodenart abhiingig ist, besonders von dor
Menge der in Wasser löslichen Substanzen. Es stimmt auch nicht niit
dem tatsiichlichen Zustande die Annahme Mitscherlichs, dass der Koeffizient der Adhiision der Boden von verschiedener Art zum Wasser konstant
ist.
Hinsichtlich der von Kodewald und Mitscherlich gefundenen Methode
zur Bestimmung der Hygroskopizitat hebt Zunker die grosse Abhangigkeit
der Resultate vom subjektiven Faktor hervor, das ist von der Schnelligkeit, mit welcher im Exsikkator mit der Glassschale manipuliert wird,
infolge des grossen Einflusses der Dampfspannung im Versuchsraume auf
die Verdunstung der die Bodenkörner umhüllendcn Wasserhaut.
Prof. Freeckmann und Dr. Janert haben bei der schon erwahnten
l'ntersuchung auch diesc Methode übcrprüft. Sie führten auf anderem
Wege als Mitscherlich die Anfeuchtung der Bodenoberflachc und zwar
nicht mit Wasser, sondern mit Petroleum, um die Überführung der Krümelstruktur des Bodens in die Einzelnkornstruktur zu verhindern.
Die Fesultate dieser Untersuchung stimmen gut mit den Ergebnissen
Mitscherlichs und haben die Forscher zu der Ansicht gefiihrt, die Hygroskopizitat stelle einen absolut konstanten für jedc Bodenart eigentümlichen
Zahlenwert der Entwicklung der Bodenoberflachc fiir leichte und mittelschwere Boden vor. Fiir schwere Boden, wo der Gehalt an Kalk und die
Schichtung auf die Durchlassigkeit einen Einfluss ausüben, sollte aus der
Hygroskopizitat berechnete theoretische Oberflache korrigiert werden,
wahrschcinlich mit genügender Genauigkeit nach dem Kalkgehalt, uni die
tatsiichliche Oberflache zu erhalten.
Prof. Novak aus Briinn (Tschechoslovakei) hat den Zusamnienhang
zwischen der Hygroskopizitat und der mcchanischen Analyse für zahlreiche Bodenproben (siebenundzwanzig) untersucht und die Folgerung
gezogen (39), dass die Hygroskopizitat in keinem Yerhaltnis zu dem (rehall
der abschlammbaren Teile (nach dem Schöne'schen Skala) stcht und dass
auch zwischen der Hygroskopizitat und dem (ïehalt der Korngrossc<2/i
kein Zusammenhang besteht. Jedoch gewöhnlich bewirkt ein starker
(iehalt an abschlammbaren Teilchen grosse Hygroskopizitat, was fiir
Teilchen unter 2^ wahrscheinlicher ist, als für solche unter 0,01 mm. und
wahrscheinlicher für Boden ohne Humus, als für humusreiche Boden.
Nach Novaks Ansicht genügt die mechanische Analyse oder die Bestimmung der Hygroskopizitat allein nicht, um den Boden zu charakterisieren und deshalb erganzen beide Methoden einander.
Prof. Zunker hat nun einen neuen Begriff "die spezifische Bodenoberflache" eingeführt, der—seiner Ansicht nach—eindeutig ist und uns
deshalb die Möglichkeit bietet, unter Auschaltung von subjektivem Einfluss die Bodenoberflache zu bcstimmen (50, 57, 58, 60, 61).
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Es ist der umgekehrte Wert des wirksamen Korndurchmessers eines
Korngemisches, d.i. eines so ermittelten Korndurchmessers, der diegleicho
Oberflachenentwicklung und theoretisch auch bei gleichem Porenvolumen
diegleiche Wasserdurchlassigkeit, wie ein Korngemisch bedingt, also

(7 = 1 = ^1 + ^ + ^ +
dw

di

d2

d3

wo U die spezifische Oberflaehe des Bodens, dw der wirksame Korndurchniesser in mm., d\, dz, d3
die durchschnittlichen Korndurchmesser
in mm., gh g2) g3 • . • • die Gewichte der Korngruppen in g. bedeutet.
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Ü
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Spezifische Oberflaehe eines Bodens ist daher auch die Zahl, die angibt,
wie vielmal grosser die Oberflaehe dieses Bodens ist, als die der gleichen
Gewichtsmenge Boden von 1 mm. Korndurchmesser.
Für das Verhaltnis zwischen der Durchflussgeschwindigkeit des Wassers
hn Boden und der Bodenoberftiiche hat Krüger auf empirischen Wege die
Formel (28)

aufgestellt, wo v die Durchflussgeschwindigkeit, / das Gefalle, p das Porenvolumen, Ov die Oberflaehe in der Volunieneinheit, 77 den Koeffizientcn
bedeutet.
Mit Bezug darauf hat Zunker die Methode der Bestimmung der spezifischen Oberflaehe mit Hilfe eines Sedimentationsapparates eigener Konstruktion (es ist der verbesserte Apparat von Wiegner) vorgeschlagen.
Mit Hilfe der bekannten Tabelle von Gerhardt für Nordostdeutschland
und für die Draintiefe von 1,25 m., für die jiihrliche Niederschlagsmenge
von 600 mm., in flachem Gelande hat Zunker für Drainentfernungen die
Formel
A= 3 0-2^77
aufgestellt, und für andere Niederschlagsmengen
/

E = 3 o-2v'rxv «

COMMISSION VI—SOIL SCIENCE AND LAND CULTIVATION

645

wo n = das Verhaltnis der von einem Hektar zu der normal beim Niederschlag von 600 mm. abzufiihrenden Wassermenge.
Für Böhmen sollte die Formel lauten:
^ = 24-1,5^7'
Prof. Zunker hat auch die Beziehung zwischen dem spezifischen Gewichte
und der spezifischen Bodenoberflache festgestellt, in der Formel:
wo s und c Konstanten für gegebenes Material sind.
Für vier kieselreiche Boden erhielt Zunker: s = 2,590 + 0,015"^U und
£' = 357,3-133 s.
Eine genaue Bestimmungsweise des spezifischen Gewichtes des Bodems
hat Krüger angegeben (27).
Die von Zunker angegebene Methode zu Bestimmung der spezifischen
Oberflache des Bodens basiert auf der Konstruktion der Fallkurve im Koordinatensystem, dessen Abszissen die Wurzeln des zweiten Grades der
Fallzeitstage und Ordinaten die zugehörigen Druckhöhenunterschiede
bilden. Die spezifische Oberflache ist proportional der Flache, die die
Fallkurve mit den Koordinatenachsen einschliesst.
Die Zunker'sche Methode ist für die Praxis noch sehr umstandlich und
wird vom Verfasser fortwahrend verbessert; er macht selbst darauf aufmerksam, dass der nach seiner Anweisung vom Jahre 1921 ermittelre Wert
der spezifischen Oberflache des Bodens etwa 7,5 mal kleiner ist, als der
nach der Anweisung vom Jahre 1926 bestimmte.
Die grösste Umstandlichkeit dieser Methode wird—wie Prof. Rothe
richtig hervorhebt—durch die sehr lange Fallzeit der Körner bedingt; für
Körner von mehr als 0,001 mm. betragt sie eine Woche; die ganze Zeit
der Sedimentation des gewöhnlichen Tones betragt 758 Tage. Ein entgültiges Absetzen kolloidtoniger Teilchen wird im destillierten Wasser
überhaupt nicht stattfinden und die Druckhöhe wird im Apparate nicht
auf Null heruntergehen. Die Fallkurve nahert sich asymptotisch der
Abszissenachse, was eine genaue Berechnung einer begrenzten Flache
unmöglich macht und die Bestimmung der kleinsten Korngrösse die für
das Endresultat doch massgebend ist aus der Fallgeschwindigkeit der
obersten Schicht der Bodenaufschwemmung im Thermostat wegen der
sehr kleinen Fallhöhen ungenau ist.
Zur Beseitigung der vorcrwahnten Schwierigkeit gibt Prof. Zunker
einen praktischen Weg an, namlich die Multiplikation der Flache der
Fallkurve, welche der gewöhnlich angewandten Zeit entspricht, mit einem
Koeffizient, welcher desto kleiner ist, je langer die Standzeit ist. Den
Wert dieses Koeffizients hat Zunker aus der Untersuchung von nur vier
Boden bestimmt. Zur genaueren Feststellung dieses Koeffizients sind
natürlich weitere Untersuchungen nötig.
Prof. Zunker hat den Wert für die Konstanten a und b in der Drainentfernungsformel für die auf Grund der neuren Anweisung erniittclten
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Werte der spezifischen Bodenoberflache nicht angegeben. Werden die
alten Werte von a und b beibehalten, so ergibt sich fiir die nach der obenerwiihnten, neuen Anweisung berechneten U-Werte ein negativer Wert fiir
die Drainentfernung.
In letzter Zeit überprüft man wieder die Möglichkeit der Bestinimung
der Drainentfernung direkt durch Untersuchung der Feuchtigkeit im
gewachsenen Boden.
Mit recht hebt Dr. Janert hervor (12), dass es nicht rationell erscheint,
eincn Uniweg zu machen und zuerst die theoretische Oberflache des
Bodens zu bestimmen, aus dieser auf dem Wege von nichtverlasslichen
Berechnungen die wirkliche Oberflache und endlich den Durchlassigkeit skoeffizient, bezw. die von ihr abhiingige Grosse, wie es die Drainentfernung ist,—wenn die Wasserdurchlassigkeit des Bodens direkt auf dem
Felde gemessen werden kann.
Dr. Ing. Schroeder (Berlin) macht den Vorschlag, ein 120 m. langes
Eisenrohr vom 15 cm. Durchmesser in den Boden einzutreiben, dann das
Erdreich fiber dem Grundwasser aus dem Rohre zu entfernen, ein bestimmtes Wasserquantum hineinzugiessen und die Geschwindigkeit des
im Kohre absinkenden Wassers zu beobachten (42, 43).
Er stellt aber noch keine Formel fiir die Drainentfernung auf. Die
vorgeschlagene Untcrsuchungsart gibt den Wert der Durchlassigkeit des
Bodens in der Nahe des Grundwasserspiegels an.
Mit der Bestinimung der Drainentfernung aus der Durchlassigkeit des
gewachsenen Bodens befassen sich auch Prof. Freeckmann und Dr. Janert
(11).
Der von ihnen konstruierten Apparat besteht im unteren Teile aus
eincm 25 cm. langen siebartig durchlöcherten Rohre, das unten durch eine
aufgelötete Mettallscheibe verschlossen ist, im oberen Teile aus zwei
ineinander steekenden Röhren. Das aussere Rohr hat eine Aussparrung
für ein knieförmig gebogenes mit dem innercn Rohre verbundenes Glasrohr, das als Wasserstandglas dient. Über dem iiusseren Rohr ist ein
Aufsatz angcbracht, auf dem sich ein mit Zentimeterskala versehener und
mit mehr als einem halben Liter Wasser gefüllter Glaszylinder befindet.
Aus diesem Zylinder fliesst das Wasser in den Apparat vermittels eines
Hahnes mit kurzom Ansatzschlauch. Der Apparat wird bis zum oberen
Ende des unteren Rohres in das Rohrloch hineingestossen, oben mit
Plastilin und unten mit Kitt abgedichtet. Von dem Zeitpunkt, wo der
Wasserspiegel konstant erscheint, wird die Zeit vermessen, in welcher 500
cc. versickern.
Prof. Freeckmann und Dr. Janert haben das Verhaltnis zwischen der
Durchlassigkeit des Bodens und der Drainentfernung zuerst durch die
Forme]
22

E = S+

r=-
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ausgedrückt, wo E die Drainentfernung in m., e die Grundzahl der natürlichen Logarithmen und p die Bodendurchlassigkeit bezeichnet.
Spater wurde eine neue Formel (62)
A' = 7 + 10(log 3 0 - l o g -VS)
aufgestellt, wo S die Sickerzeit von 500 cc. in Minuten bedeutet.
Der grosse Unterschied zwischen den beiden Formeln weist auf den
stark crnpirischen Charakter der Konstruktion dieser Formel hin.
Ich bemerke, dass derzeit ziemlich zahlreiche Apparate zur Bestimniung
der Bodenfeuchtigkeit vorhanden sind, wie, z.B. von Prof. Kopecky (23),
von Prof. Dr. Sigmond (45) aus Budapest, von Ing. Spirhanzl (46) aus
Prag, von Dr. Görz 1 (14) aus Berlin (beruhend auf der Yeranderlichkeit
der Leitung der Elektrizitiit im Boden je nach dem Grade der Bodenfeuchtigkeit). In den letzten Jahren wurden noch andere Methoden
zur direkten Bestimmung der Bodenfeuchtigkeit vorgeschlagen, wie z.B.
die mit Alkohol arbeitende Methode von G. Bouyoucos (East Lansing,
Mich.) (1).
Die Methoden dieser Gruppe sind noch im Stadium der ersten Yersuche
(62), was ubrigons die Autoren selbst zugeben. Wenn es ihnen aber
gelingt, eine praktisch einfache Methode der Bestimmung der Volumina
der kapillaren und der nicht kapillaren Poren im gewachsenen Boden auszuarbeiten und mithin den Zusammenhang zwischen diesen Volumina des
Bodens vor der Drainung und der Drainentfernung für die angebauten
Pfianzen in gegebenen klimatischen Yerhaltnissen zu finden, können diese
Methoden vielleicht auf Erfolg rechnen.
Die vierte Gruppe bilden die Methoden, welche sich auf Senkung des
Wassers gründen. Die Autoren gehen vorwiegend von dem Gedanken
Prof. Spöttles aus (48). Dieser entwirft die Depressionskurven des
Grundwassers indem er für die Sickergeschwindigkeit des Wassers im
Boden die Formel annimmt:
v' =v sin a.
Darin bezeichnet v die Geschwindigkeit der vertikal sickernden Wasserteilchen und a den Winkel, welchen die den gegebenen Punkt der Erdoberflache mit dem Drainstrange verbindende Gerade mit dem Horizont bildet.
Von einer ahnlicher Yoraussetzung geht Prof. Zavadil aus Brno (Tschechoslovakei) aus, kommt jedoch zu keinem bestimmten Ergebnis (55).
Den Ausführungen von Seyfert (44) folgend bildet Prof. Rothe (41) auf
Grund der Darcy'schen Filterformel v = kl die Drainentfernungsformel
Vq
1

Die Firma Siemens (Berlin), die mit der Erzeugung dieser Apparate betraut ist, hat
auf meine Aufrage erwidert, dass sie ihre Vervielfaltigung wegen etwaiger Sehwierigkeiten
und Umstimmigkeiten vorliiufig eingestellt hat.
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wo E die Drainentfernung, q die aus der Flacheneinheit abzuführende
Wassermenge und h die Tiefe des Grundwasserspiegels unter der Erdoberflache bezeichnet.
Wir haben zwar mehrere Formeln für den Wert der Bodendurchlassigkeit, und zwar von Lueger, Seelheim, Slichter, Kröber und die schon erwahnte von Krüger, aber diese Formeln beziehen sich vorwiegend auf
Sandböden und geben ziemlich stark abweichende Werte (9, 28).
Zu dieser Gruppe kann die Formel von Colding eingereiht werden, die in
nördlichen Landern angewendet wird, nahmlich

E = l,8(D-d) >
wo E die Drainentfernung in m., D die Draintiefe in m., d die Tiefe des
Wassers in der Mitte der Drainentfernung, w die Sickergeschwindigkeit
des Wassers z.B. in mm. auf 24 Stunden, r die in gleicher Zeit abzuführende Wassermenge bedeutet.
Nach Prof. Zunker (59) gibt diese Formel für schwere lehmige und
tonige Boden fehlerhafte Resultate.
Gegen die Formeln dieser Gruppe kann der Einwand erhoben werden,
dass in drainierten Boden kein fester Spiegel des Grundwassers existiert,
was auch die letzten, tschechischen Untersuchungen bestatigen (19).
Wahrend des Regens wird das Wasser im Boden in der Richtung zu den
Drainstrangen sickern, hie und da wird es in den nichtkapillaren Poren
haften bleiben und endlich wird es in kapillaren Poren in übrigens veranderlicher Höhe zurückbleiben, aber wahrscheinlich keinen Spiegel wie
Grundwasser bilden.
Die auf Grundlage der Senkung des Grundwassers aufgebauten Formeln
führen zu keinem befriedigenden Resultat.
Es erübrigt noch den wichtigsten Einwand zu besprechen, welcher gegen
fast alle Methoden der Bestimmung der Drainentfernung gemacht werden
mag.
In verschiedenen Landern findet man im Gebrauch Tabellen, welche die
Drainentfernungen für verschiedene Boden angeben und dieselben durch
allgemein gebrauchte Namen, oder prozentuallen Gehalt an feinen,
abschlammbren Bodenteilchen, oder beide Kennzeichen charakterisieren.
Es sind z.B. in Mitteleuropa Tabellen von Gerhardt für Nordostdeutschland (50), Tabellen der Preussischen General-Kommission für die Provinz
Schlesien (63), Tabellen von Canz und Fauser für Württemberg (6), von
Kopecky für Böhmen (22) des ehen Landesausschusses für Galizien (jetzt
Polen) (24), des polnischen Ministeriums für Landwirtschaft 1 .
Wenn wir die Angaben dieser Tabellen untereinander vergleichen, so
sehen wir, dass die von Kopecky angegebenen Drainentfernungen am
1

Verordnung vom 26/9, 1925.
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kleinsten sind, alle anderen dagegen viel grosser, obwohl das Klima nur in
Würtemberg heisser, als in Böhmen ist (Stuttgart+9,8° C , Prag+8,8° C.)
und daher mit Recht hier grössere Drainentfernungen als in Böhmen angewendet werden sollten, dagegen in Nordostdeutschland (Königsberg +
6,6° C ) , Schlesien (Breslau + 8,0° C.) und Polen (Warszawa+8,3° C ) ,
also kalteren Landern eher kleinere Strangentfernungen als in Böhmen zur
Anwendung kommen sollten.
Die in obenerwahnten Tabellen angegebenen Drainentfernungen sind
nur auf Grund sichtbarer Erfolge, also "nach der Füllung" und nicht auf
Grund wissenschaftlicher Feldversuche ermittelt worden. Wenn wir die
in ihnen vorgeschriebenen Entfernungen anwenden, so können wir zwar
gute Erfolge erzielen, aber wir wissen nicht, ob die Resultate nicht noch
besser sein könnten, wenn wir mit kleineren Entfernugnen drainiert
hatten, oder gleich gute Erfolge bei Anwendung grösserer Entfernungen,
als die in der Tabelle angegebenen. Wir haben also keine Gewahr, ob bei
Anwendung der in der Tabelle angegebenen Drainentfernungen der Erfolg
maximal ist, das heisst, ob das Verhaltnis der Vergrösserung des Ertragswertes zum Aufwande den Grösswert erreicht.
Fast alle Autoren der neuen Formeln für die Drainentfernung verwendeten mehr oder weniger die Angaben der Tabellen bei der Aufstellung
ihrer Formeln, obwohl erstens die Klassifikation der Bodenarten ganz
allgemein ist, oder auf mechanischer Analyse beruht, was von ihnen eben,
als unzureichend betrachtet wird, ferner die Angaben dieser Tabellen
nicht auf wissenschaftlichen Wege zusammengestellt wurden. Die Fehler, die die angegebenen Werte belasten, mussen also auch in den aufgestellten Formeln zum Ausdruck kommen.
IV. DIE ABZUFÜHRENDE WASSERMENGE
Es existieren zahlreiche und exakte Untersuchungen hinsichtlich des
Sickerns des Wassers im Boden, besonders englische, wie von Lawes,
Gilbert und Warington in Rothamsted (ab 1870), von Dickinson zu
Abbotshill bei Kings Langley in Hertfordshire (1836-1843), von Greaves
in Lee Bridge (1852-1873) und deutsche von Wollny in München (18741886) (52, 53), aber die Zahl der Feldversuche besonders hinsichtlich der
vermittels der Drains abzuführenden Wassermenge ist sehr bescheiden.
Zu den altesten Feldversuchen gehören diej enigen von Charnock in
Holmfield bei Ferrybridge in Yorkshire (1842-1846), von Möllendorf,
Wage und John in Görlitz, in Tharand und auf dem Rittergute Moholz bei
Niesky (Schlesien) in den Jahren 1853-1856, von Risler in Calèves bei
Nyon (Schweiz) in den Jahren 1867-1868, und von Wollny (München)
aus den Jahren 1888-1890.
Möllendorf, Wage und John empfehlen auf Grund ihrer Versuche für
schwere Boden die Abflussmenge von 0,33 si. pro ha. und für leichte
Boden 0,47 si. pro ha. Aus den Untersuchungen von Risler auf drainier-
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ten Felde von 12000 qm. ist für die Draintiefe 1,2 m. eine Abflussmenge
von 28 Prozent des Niederschlages berechnet worden.
" Wollny stelite Versuche mit Apparaten eigener Konstruktion bei 1,05
in. starker Bodenschichte an und berücksichtigte auch den Abfluss des int
Winter aufgespeicherten Niederschlages wahrend des Frühjahres, was
für die Lander, wo der Boden im Winter friert von Wichtigkeit ist.
Die Resultate dieser Versuche sind, wie folgt:

Torf
Verlust des Wassers in 1. im Boden
von 500 qcm. Querschnitt
Verlust des Wassers in % des
ursprüngl. Wassergehaltes

25,89
64,3

Lehm

6.72
29,7

Kalksand

7,31
31,1

Humoser
Kalksand

5,29
29,4

Quarzsand

15,84
83,5

Damit nun weitgehende Entziehung der Feuchtigkeit die Entwicklung
der Pflanzen nicht schadige, soil nach Wollny der Abfluss des Wassers
dadurch verzögert werden, dass die Abflusseinrichtung so grosse Dimensionen erhiilt, wie sie für feinkörnige Bodenarten genügen. So nimmt er
die mittels der Drains abzuführende Wassermenge so gross an, wie für
humosen Kalksand, d.i. —

= 1058000 1. pro ha.; bei Annahme
0,05
eines Abflusses in 15 Tagen betragt der sekundliche Abfluss 0,8 si. pro ha.
Vincent, ein alterer, norddeutscher Autor (1853) ging von der Annahme
aus, dass die Drains vom grössten, monatlichen Niederschlage (130 mm.)
nur 100 mm. in 14 Tagen abführen, voraus sich ein sekundlicher Abfluss
0,76 si. pro ha. ergibt (49).
Luedecke betrachtet (33) die Annahmen von Wollny und Vincent, als
zu hoch berechnet; er zieht in Hechnung nicht den grössten Monatsniederschlag, sondern nur einen von mittlerer Grosse (50-70 mm.) und crhalt mit
Berücksichtigung der englischen Versuche bei Annahme einer vierzehntiigigen Abflusszeit den Wert 0,37-0,53 si. pro ha.
Leclerc (32), Hervé Mangon (34), Debauve (3) nehmen an, dass eintiigiger Niederschlag von 0,01 m. (Jrösse nach dein ersten Autor 74,5, nach
dem zweiten 50% und nach dem dritten die gesamte Wassermenge einsickert und dass sie in 36, bezw. in 24, oder in 72 Stunden abzuführen ist,
woraus sich ein sekundlicher Abfluss von 0,57 resp. 0,57, resp. 0,38 1. pro
ha. ergibt.
Auf Grund der Wollny'schen Versuche nahm Spöttle die grösste Wassermenge an, welche der Boden aufnehmen kann, berechnete die durchschnittliche Geschwindigkeit des Sickerns und endlich aus der Depressionkurve des Grundwasserspiegels die Dauer der schnellen Entwasserung
des Bodens bis zur Tiefe von 25 cm. auf 10 Tage und die Abflussmenge des
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einsickerten Wassers auf 39', L . Auf Grund dieser Annahmen bestimmte
Spöttle die abzuführende Wassermenge:
Für sehr schwere Tone auf
Fiir gewöhnlich drainierte Boden auf
Für mehr durchliissige Boden auf

0,35-0,50 si./ha.
0,50-0,70 Do
0,70-2,10 Do (48)

Mein Yorgangcr auf dern Lehrstuhl Prof. Sikorski in Kraków (15),
ferner auch Krüger (30) berechnen die abzuführende Wassermenge je
nach der Grosse des jiihrlichen Niederschlages (500-1000 mm.) und der
grosseren, mittleren und geringeren Durchlassigkeit des Bodens an, der
erstere mit Werten von 0,312 bis 0,785 si. pro ha., der letztere in fast
ahnlichen, nur abgerundeten Zahlen.
Diese Annahmen sind sehr richtig, aber man durf to wenigstens noch das
Gefalle des Terrains berücksichtigen und ausserdem muss noch bemerkt
werden, dass die Wertc nur geschat zt und nicht auf Grund von Yersuchen
festgestellt wurden, was auch Krüger mit Hecht tadelt.
Die Preussische Generalkommission für die Provinz Schlosien hat die
Annahme von 0,(55 si. pro ha. für Ebenen und 0,8 si. pro ha. fiir gebirgige
Gegendcn empfohlen (63).
Auch bei uns in Polen ist diese—wie wir sehen—willkürliche Annahme
in der Praxis iiblich, nahmlich 0,65 si. pro ha. in Ebenen und 0,8-1 si. pro
ha. in Gebürgsgegenden oder in durchlassigen Boden.
Faktoren von denen die Menge des abzuführenden Wassers abhangt,
wie die Durchlassigkeit des Bodens, die Niedcrschlagsmenge, die Faktoren
der Wasserverdunstung, die Pflanzen, das Gefalle und die Lage des Terrains gegen die Himmelsrichtung, die Strenge des Winters und dergleichen
sind natürliche Eigenschaften des gegebenen Feldes.
Wir sind nicht imstande, den Einfluss dieser Faktoren auf die Menge
des abzuführenden Wassers zu modifizieren, wie das z.B. Wollny vorschliigt, etwa durch die Annahme einer kleineren Wassermenge bei Berechnung der Lichtenweite der Köhren, denn zu enge Röhren werden beschadigt und unterirdische Stauvorrichtungen (wie Wollny solche vorschlagt)
"verteuern in ganz überflüssiger Weise die Anlagckosten.
Noch ein Faktor wurde bisher übersehcn, namlich die Entfernung und
die Tiefenlage der Sauger, welche den Prozess des Sickcrns des Wassers
verzögern und dadurch einc Yerminderung sekundlichen Abflusses des
Wassers in Drainstrangen bewirken.
Aus dieser Darstellung ersieht man also, dass auch die wichtige Frage
der abzuführenden Wassermenge wissenschaftlich noch nicht gelost ist
und class noch weitere Feldversuche angestellt werden mussen.
Y. DEK DURCHFLUSS DES WASSEPS IN D B A I N S T P A N G E N
Da der DurchHuss des Wassers in den Drainstrangen von ausseren
Einflüssen fast unabhiingig ist, erscheint daher die Bestimmung der
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Geschwindigkeit des Wassers in Drainröhren als eine internationale
Angelegenheit, im Gegensatz zu den vorher besprochenen Fragen. Sie
hatte also schon langst auf Grund von Untersuchungen festgestellt werden
Flache Pinha
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sollen. In Verwendung befinden sich jedoch bisher zahlreiche Formeln
zur Berechnung der Geschwindigkeit des Wassers in Drainstrangen, und
sie sind durch Modifikation der Formeln für kontinuierliche Röhren
entstanden.
Möllendorf, Wage und John haven auf Grund ihrer ungeniigenden
Versuche die Formel von Eytelwein (1814) ein wenig abgeandert und
schlagen die Formel:
46,5 dh
5,596^Z + 46,5<7'
vor, wo d der Drainrohrdurchmesscr, h die Höhendifferenz und I die Lange
des Stranges bezeichnen (48).
Die Formel von Eytelvein erweiterte Vincent (49) im Jahre 1854, durch
den vom Durchmesser der Röhren abhangigen Koeffizienten. Wie aber
Frank erst (im Jahre 1889) bemerkt (10), wurde von Vincent die falsche
Formel von Eytelvein angewandt, namlich für den Durchfluss des Wassers
im Rohre, das aus einem Behalter herauskommt, in welchem daher die
Einschnürung des Wasserquerschnitts berücksichtigt ist, was in Drainstrangen nicht zutrifft. Wohl mit Recht verhöhnt Luedecke (33), Vincents Nachfolger, dass sie gewissenhaft seine Formel abgeschrieben haben
und sogar sie zu verbessern versucht haben, ohne jedoch zu bemerken,
dass die Formel prinzipiell falsch ist. Diese Formel wurde von der Preussischen Generalkommission für Schlesien in Anwendung empfohlen (63).
Richtiger ist die Gestalt der Formel v = k\/jll, wo R der hydraulische
Radius, / das Gefalle und k der Rauhigkeitskoefhzient bedeuten.
Diese Gestalt hat die bekannte, in Bayern und Würtemberg gebrauchte
Formel von Kutter
(v=

= • VRI , wo m = der Koeffizient 5 0,27 )

V m+VR

/

oder eine der einfachsten, namlich die von Gieseler (v = 20 Vdl, wo d = der
Rohrdurchmesser) die in Osterreich, in der Schweiz und der Tschechoslovakei verweiidet wird.
Die oben erwahnten Formeln sind jedoch eigentlich für kontinuierliche
Röhren z.B. in Wasserleitungen verwendbar. Mann weiss nicht, ob
dieselbe Formeln für Drainröhre gelten, wo das Wasser durch die Stossfugen in den Strang einsickert. Ebenso soil die Durchflussformel in ihrer
verbesserten Form berücksichtigt werden, und zwar soil der Exponent des
hydraulischen Radius nicht 1/2 sondern 2/3 betragen (35, 47).
Erst in den Jahren 1916-1917 haben die amerikanischen Ingenieure
D. L. Yarnell und S. M. Woodward unter der Leitung von S. H. McCrory
genaue Versuche über den Durchfluss des Wassers in den Drainstrangen in
Arlington, Va. angestellt (54). In einem 570 Fuss (174 m.) langen und 2
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Fuss (0,(50 in.) breiten Kanal, dessen Boden und Wande aus Betonplatten
bestanden, wurde auf Erdunterlage der Drainstrang aus Röhren von 4, 5,
ö, 8, 10, und 12 Zoll (10, 2, 12, 7, 15, 2, 20, 3, 25, 4, 30, 5 cm.) Durchmesser
gelegt und niit Erdmaterial bedeckt. Yermittels hölzerner Rahmen
erhielt dor Kanal verschiedene Gefalle (0,05-1,5%). Eine Zentrifugalpumpe von 1800 Gallon Ergiebigkeit in der Minute (113,6 si.) lieferte dem
Strange das Wasser aus einem kleinen Behalter init Schieber und Überlauf. Ein zweiter Überlauf diente zur Kontrolle der Durchfiussmenge
sowie 12 Piezometer zur Messung der Tiefe des Wassers in den Röhren. Die
(Jcschwindigkeit des Wassers wurde aus der an beiden Enden des Kanals
gemessenen Wassermenge, dividiert durch das mittlere Profil berechnet.
• Es wurden 824 Beobachtungen gemacht und auf deren Grundlage in den
allgemeinen Formel v — k • ƒ£'/* der Wert des Koëffizients k = 138 für v
und R in engl. Fuss bestimmt.
Für v und R in m. folgt A: = 62,5, wo v die Geschwindigkeit. R der hydraulische Radius, und / das Gefalle bezeichnen.
Prof. Diserens in Zurich zeichnete zu dieser Formel ein Diagramm (7).
Ich Hess in meiner Lehranstalt eine Tabelle der entwassernden Fliichen in
ha. für Drainrohrdurchmesser von 5, 6, 5, 8, 10, 13, 15, 20 cm. und für
Gefalle 0,1-10% bei Annahnie einer sekundlichen Abflussmenge 0,65,
0,80 und 1,001. pro ha. berechnen (Beilage 1) und konstruierte ein Nomogramm für Rohrdurchmesser von 5 bis 20 cm. (und 2 " bis 7") für Gefalle
0,1-10% und für Abflussmengen 0,65 und 1 sl./ha. (Beilage 2). Für
andere Wassermengen z. B. 0,8 si./ha. muss man die Flacheneinteilung
leicht entsprechend verschi'eben.
Die Yarnell-Woodward'sche Formel gibt etwas grössere Werte für
kleinere Durchmesser als andere Formeln und kleinere Werte für grössere
Durchmesser an. Der einzige Einwand, den Prof. Deubel aus Berlin
gegen diese Formel erhebt (4), ist dass ihre Giltigkeit für Röhren von
weniger als 10 cm. Durchmesser durch Vcrsuche nicht konstatiert ist.
Wenn man jedoch bedenkt, dass die bisher gebrauchten Formeln eher aus
den Formeln für kontinuierliche Röhren (ohnc Stossfugen) abgeleitet sind,
so kann der gleiche Einwand gegen die früher aufgestellten Formeln
beziiglich allen Lichtweiten der Drainröhren gemacht werden.
Man darf erwarten, dass die erwahnten amerikanischen Ingenieure in
Balde Yersuche mit Drainstrangen des kleineren Kalibers (5-8 cm.)
.•instellen werden.
VI. WISSENSGHAFTLICHE UNTERSUCHUNGEN U N D
FELDVERSUCHE
Wie wir bereits hervorgehoben haben, mussen die Fragen der Draintiefe, der Entfernung der Sauger und der abzuführenden Wassermenge
durch exakte Untersuchungen und Feldversuche mit Rücksicht auf die
klimatischen Yerhaltnisse überprüft werden.
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Die Untersuchungen dieser Probleme mit Hilfe von Lysimetern können
keine befriedigenden Kesultate ergeben. Vor allem unterscheidet sich
die Struktur des mit menschlicher Hand gestampften Bodens bedeutend
von der Beschaffenheit des gewa'chsenen Bodens; ein Ausschalten der
klimatischen Verhiiltnisse in Höherem oder geringerem Grade fiihrt zu
falschen Ergebnissen und auch die Lysimeter mussten so gross gebaut
werden, damit sic die Drainage in natürlicher Grosse veranschaulichen.
Da das Wasser unter Niveau der Drainstrange sickern kann, müssten die
Lysimeter eine grössere Tiefe als die Drains haben. V\ ir sind nicht imstande ein genaues Modell für den Boden zu schaffen und sogar für den
Wasserdurchfluss im Boden kann man den Ahnlichkcitsbedingungen nicht
nahekommen, wie es sich aus den nachstehenden Betrachtungen ergibt (9).
Die Gleichung von Navier für die laminare Bewegung einer zahen
Flüssigkeit, wie die Bewegung des Wassers in Bodenporen hat wie bekannt,
folgende Gestalt:
g

8x

d\6t

8x

g\8x2

/

I

wo g die Erdbeschleunigung, 7 das spezifische Gewicht der Flüssigkeit,
ri der Zahigkeitskoeffizient, y = — der kinematische Keibungskoeffizient,
7
Ar die Massenkraft, h die Druckhöhe, u, v, w die Geschwindigkeiten, als
Funktionen der Koordinaten x, y, z bedeuten.
In diesen Gleichungen haben wir:
(1) Die Massenkraft, in unserem Falle die Schwere,
(2V die aus dem Druckgefiille 7— entstehenden Krafte,
8x
(3) die Tragheitskraftc von der Gestalt -u—,
g 8x
7 8'~u
(4) die Heibungskriifte von der Gestalt — v—.
g 8x2

Wenn wir für den Durchfluss des Wassers vom Modell zum Original
übergehen wollen und alle Langen, also die Koordinaten im Verhaltnis fi
und die Druckhöhen im Verhaltnis fh, dann die Geschwindigkeiten im
Verhiiltnis ƒ„ die Eigengewichte im Verhaltnis ƒ,, die Grossen v im Verhaltnis ƒ, veriindern, so mussen wir auch die obenerwiihnten Krafte
entsprechend veriindern.
Daraus folgen für nichtkapillare Röhre die Gleichheiten:
-t J h Ju Jv ' Ju

~irfi~

fi2

woraus:
h =jh Jv -fi' \ fu =fi
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Das heisst, dass das Verhaltnis der Anderung der Geschwindigkeit der
Wurzel zweiten Grades des Langenverhaltnisses gleich sein soil.
Da wir bei derselben Flüssigleit bleiben wollen, daher setzen wir: fv=l
und aus dem vorherigen ergibt sich ƒ; = 1
Da heisst: für die laminare Bewegung in nichtkapillaren Köhren muss
das Modell so gross sein, wie das Original.
Für kapillare Köhren erhalten wir die Gleichheiten:
Jh Ju

J v Ju

daraus:
-£ = 1 und ƒ,=ƒ„*
für
ƒ„ = 1 fu = Ji
oder: in kapillaren H öhren muss das Verhaltnis der Anderung der (Geschwindigkeit dem umgekehrten Werte des Langenverhaltnisses gleich sein.
Es ist also klar, dass andere Bedingungen für die Ahnlichkeit des
Durchflusses in nichtkapillaren Röhren, als in kapillaren gestaltet werden
und wcnn wir bei derselben Flüssigkeit bleiben wollen, ist keine Ahnlichkeit für den laminaren Durchfluss in nichtkapillaren Röhren. lm Boden
haben wir aber beide Arten von Poren und wünschen, dass das Verhaltnis
dieser Porenarten durch Drainung das Optimum für den Pnanzenertrag
erreicht.
Es bleiben also die Feldversuche als der einzig richtige Weg für Untersuchungen.
Diese Feldversuche sollen auf zweierlei Weise angestellt werden, niimlich 1. durch Untersuchung der drainierten Felder und durch Vergleichen
mit anliegenden undrainierten Felder, 2. durch Beobachtungen in den
Feldversuchstationen.
Zwecks Utersuchung drainierter Felder, soil man (19) zwei benachbarte
Drainstrange entblössen, ihr gutes Funktionieren kontrollieren, die
Draintiefe, die Strangenent fernungund die Lichtenweite der Köhre
prüfen. Dann soil man Sondierlöcher über einem Drainstrange, in einer
Entfernung von 1 m. und 2 m. vom Drainstrange und in der Mitte der
Drainentfernung ausgraben und die Bodenproben aus verschiedenen
Tiefen im Profil je nach der Vcranderlichkeit der Schichten entnehmen.
Die Bodenproben sollen physikalischer, mechanischer und chemischer
Analyse unterzogen werden, um das spezifische (wirkliche und scheinbare)
Gewicht, das Porenvolumen, die augenblickliche Bodenfeuchtigkeit und
den Luftgehalt des Bodens, die absolute Wasser- und Luftkapazitat, die
mechanische Zusammensetzung mit Absonderung auch der Korngrösse
unter 0,002 mm., den Gehalt an Kalk, Eisen und Humus zu bestimmen.
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Eine ahnliche Untersuchung soil auf dem nicht drainierten Feld vorgenommen werden.
Zugleich sollten das Wachstum der Pflanzen, dor Ernteertrag bei rationeller Bestellung und Düngung über dem Drainstrange und auf den in der
Mitte zwischen zwei Strangen gelegenen Teilstücken und auf undrainierten Feldern mehrere Jahre hindurch beobachtet werden.
Aus alien diesen 1'ntersuchungen wird man Folgerungen ziehen Können
hinsichtlich der Umwandlung der Struktur des Bodens, der optimalen und
minimalen Bodenfeuchtigkeit, der Lage des illuvialen Horizontes etc. und
allgemeine Anweisungen betreffend der Draintiefe und Entfernung der
Sauger.
Dagegen können die richtige Tiefe der Drainage, die rationelle Entfernung der Sauger die abzuführende Wassermenge auf Grund von Beobachtungen auf dem Versuchsfeld bestimmt werden.
Eine richtige Wahl des Versuchsfeldes ist ziemlich schwierig. Als
Beweis dafür moge die Tatsache dienen, dass die Deutschen vor dem
Kriege kaum zwei Versuchsfelder besassen, namlich eines in Ellwangen
(in Würtemberg) von Fauser gegründet, von welchem bisher keine Resultate veröffentlich sind (5) und ein zweites in Józefkowo (wahrend der
deutschen Okkupation Josefsdorf, jetzt in Polen, Bezirk: Chemno, Wojewodschaft: Pomorze) von Krüger auf ganz ungeeignetem Terrain
eingerichtet, was der Gründer selbst konstatiert hat (26).
Vor allem soil der Boden einen für gegebenen Landteil dominierenden
und am meisten der Drainung brauchenden Typus darstellen. Das ganze
Versuchsfeld soil auf pedologisch gleichmassigem und sehr schwach geneigtem Terrain angelegt sein. Daher ist es notwendig, noch vor der definitiven Entscheidung einige Analysen des Bodens durchzuführen. Wie
leicht man sich auf Grund der von oberflachlicher Schatzung in dieser
Hinsicht irren kann, mag die Wahl des Versuchsfeldes in Józefkowo
dienen, wo der Gehalt der feinsten, abschlammbaren Teilchen von 19,5 bis
80,7% variiert und verschieden geartete Boden so durcheinander gemengt
sind, dass die Bearbeitung einer Bodenkarte aufgegeben werden musste.
Das Versuchsfeld dürfte in drei verschiedenen Tiefen drainiert werden,
also z.B. in Miteleuropa in der Meereshöhe über 400 m. und in Gebieten
mit grösserem jahrlichen Niederschlage als 600 mm. in Tiefen von 0,80,
1,00, 1,20, dagegen in der Meereshöhe unter 400 m. und bei einem Niederschlage von weniger als 600 mm. in Tiefen von 1,00, 1,25, 1,50 m.
Für jede dieser Tiefen sind drei Sauger zu wahlen, von denen jedcr
weitere 2 m. weiter liegt z.B. betragen die Entfernungen im schweren Ton
6,8 und 10 m.
Da jeder Versuch mehrere Male wenigstens dreimal wiederholt und
entsprechende Schutzstreifen verwendet werden mussen, so sind für jede
der drei Tiefen drei Systeme von Drains in ungefahr folgenden Entfernungen zu empfehlen:
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2 0 + 3 X 6 + 3 X 8 + 3X10 + 20 = 112m. Die Lange der Sauger müsste
etwa 140 m. betragen, um die ersten und letzten 20 m., als dem Einflussc
anderer Strange ausgesetzt nicht in Betracht ziehen zu mussen. Aus
diesen Annahmen ergibt sich die erforderliche Flache des Versuchsfeldes:
112X9X140 = 14,1 ha. und ein Teilstück undrainierten Feldes. Wiinschenswert'ist eine grössere Anzahl von Auskïufen als normal und diese
sollten so eingerichtet sein, dass das Wasser bequem in ein untergestelltes
Gefass aufgefangen werden kann.
Einige Drainstrange sollen mit Durchlüftung versehen sein, damit audi
die Frage der Durchlüftung von Drainung studiert werden kann.
Die Umfangsgraben und Kopfdrains sollen zu Schutz des Feldes gegen
das Aussenwasser erstellt werden.
Zur Kontrolle des Spiegels des G rund wassers auf dem undrainierten
Feldstücke sind Sonden notwendig. Vom Stand des Grundwassers auf
drainierten Feldc war bereits im III. Abschnitte die Bede.
Auf dem Versuchsfelde muss agrometcorologische Station angelegt
werden, um die Beobachtungen des Niederschlages, der Temperatur der
Luft und der Erde, der Luftfeuchtigkeit, des Windes, der Sommerscheindauer, der Bewölkung, e t c , zu führen.
Weitere notwendige Bedingungen sind: normaler Anbau der Pflanzen
mit rationeller Bestellung und Düngung, genaue Kontrolle des Wachstums der Pflanzen und Messung des Ernteertrages auf dem drainierten
(über dem Drainstrange und in der Mitte zwischen zwei Strangen befindlichen) und dem undrainierten Feldc. In dicser Hinsicht mussen die für
das landwirtschaftliche Versuchswesen empfohlenen Vorschriften beobachtet werden.
Aus den erhaltenen Werten wird man den Zusammenhang zwischen der
üraintiefe und der Entfernung einerseits und der für Pflanzenkultur optimalen Veriinderung der Struktur des Bodens anderseits in gegebenen
klimatischen Verhaltnissen berechnen können versucht.
Besondere Untersuchungen sollen über die Tiefc, in welcher das Wasser
in Drainröhren schadlich friert, angestellt werden. Unter den Worte
"schadlich frieren" wollen wir verstehen wenn das im Winter gefrierende
Wasser die Röhren sprengt oder wenn der Querschnitt für den Wasserabfiuss im Frühjahr durch Eis so verengt wird, dass eine Stauung des Wassers oder Verschlammung der Drains eintritt.
Auch sind Feldversuche über die abzuf ührende Wassermenge auf geneigtem Terrain notwendig.
Alle diese Beobachtungen mussen genau, mehrere Jahre hindurch—
mindestens 15 Jahre lang—ausgeführt werden, um die Schwankungen der
klimatischen Verhaltnisse auszuschalten. Das Versuchfeld soil daher
unter standiger Obhut einer geschulten Hilfsperson stehen, die am Ort und
Stelle wohnt und nicht etwa mit der Administration der Domane, wo das
Yersuchsfcld angelegt ist, betraut sein darf, da sie sonst gewiss öfters ihre
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Aufgabe vernachlassigen wird, um dringenden Geschaftsinteressen der
Administration zu genügen, wie das Fauser mit Recht hervorhebt (8).
Es kann auch ganz gut ew, ein Volksschullehrer oder ein ortsansassiger
Emerit, oder sonst jemand die Pflicht der Aufsicht des Versuchsfeldes
iibernehmen.
Es bedarf keiner weiteren Begründung, dass solche Versuchsfelder von
wissenschaftlichen Anstalten für landwirtschaftliches Ingenieurwesen
angelegt und dass sie für diesen Zweck entsprechend grosse Dotationen
erhalten sollen.
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DIE URSACHEN DER BETONZERSTORUNGEN
IN MELIORATIONSBÖDEN
H. GESSNER

Zurich, Switzerland
Als im Laufe des Jahres 1922 im Kanton Zurich einige Falle von
Zusammenbrüchen von Zementrohrleitungen bekannt wurden, liess das
Meliorationsamt jenes Kantons sofort eine grössere Anzahl Anlagen
genau inspizieren. Es ergab sich das Resultat, dass von 41 untersuchten
Leitungen 15 mehr oder weniger starke Schadigungen aufwiesen.1 Die
zur.Untersuchung dieser Erscheinungen eingesetzte Kommission2 erhielt
den Auftrag, die Ursachen der Zerstörungen festzustellen. Das Hauptgewicht der Untersuchungen verlegte sich im Laufe der Zeit naturgemass
nach der chemischen Seite hin, daneben mussten physikalische und
mechanische Prüfungen der Zementröhren (Festigkeiten, Dichten,
Durchlassigkeit usw.) diese Arbeiten erganzen. Die chemischen Untersuchungen wurden im agrikulturchemischen Laboratorium der Eidg.
Techn. Hochschule vom Referenten durchgeführt (Vorstand: Prof. Dr.
G. Wiegner). Es wurden ferner unter der Leitung von Herrn Prof.
Düggeli bakteriologische Untersuchungen im bakteriologischen Laboratorium der E. T. H. durchgeführt. Neben diesen Untersuchungen im
Laboratorium wird das Verhalten von Zementröhren bekannter Qualitat
in 5 verschiedenen Versuchsleitungen in schadlichen Boden untersucht.
Es sind aus diesen Feldversuchen die wichtigsten Resultate sowohl in
wissenschaftlicher wie in praktischer Hinsicht zu erwarten. Im weitern
waren von der Kommission Normen für die Herstellung von Zementröhren auf zustellen.
Die Untersuchungen sind heute noch nicht abgeschlossen, insbesondere
fehlen noch die Resultate aus den Versuchsleitungen. Es liegen indes
eine ganze Anzahl Ergebnisse vor, die sich praktisch wohl auswerten
lassen.
1
Protokoll der Konferenz vom 3. Nov. 1922 betreffend das Verhalten der Zementröhren
in Meliorationsböden, Mel.-Amt Zurich, Dez. 1922, enthalt das vollstandige Referat
Xaef. Vergleiche ferner Girsberger, J. 1923, Schweiz. Landw. Monatshefte, Heft 1.
• Kommission zur Untersuchung des Verhaltens von Zementröhren in Meliorationsböden (K. Z. M.); Priisident: Prof. Dr. Georg Wiegner, Vorstand des agrikulturchemischen Laboratoriums der Eidg. Techn. Hochschule; die Sekretariatsgeschafte werden
Ix-sorgt vom Kant. Melioratiomsamt Zurich, Vorstand Otierst I. Girsberger.
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1. D I E ZERSTÖRUNGSBILDER
Aeuszere Anzeichen von Röhrenschadigungen in Meliorationsgebieten
werden erst beobachtet, wenn vollstandige Röhrenzusammenbrüche
erfolgt sind. Es werden die Leitungen unterbrochen, die Wasserfiihrungen funktionieren nicht mehr, und oft sind an der Bodenoberfiache
Einsenkungen zu beobachten, die den Einbruch einer oder mehrerer
Röhren anzeigen. An solchen Fallen sind 1922 die ersten Beobachtungen gemacht worden; die genaue Inspektion zeigte dann die Zerstörungsvorgange in alien Phasen ihres Verlaufes.
Es wird im folgenden auszuführen sein, dasz verschiedene chemische
Stoffe in den Boden als Ursache dieser Zerstörung festgestellt worden
sind. Die Zerstörungsbilder sind deshalb nicht immer gleich. Es ist
jedoch sehr schwer, auch wenn man über einige Erfahrung verfügt,
nach dem Aussehen eines beschadigten Betonobjektes mit Bestimmtheit
auf die Zerstörungsursache zu schlieszen.
Die ersten Anzeichen eines Angriffes zeigen sich in einer rauhen
Oberflache der Zementröhren, der Zement ist teilweise weggelöst und
der Zusammenhang der obersten Schicht nur noch schwach, so dass die
grosseren Sand- und Kiespartikel herausragen und sich leicht von Hand
lösen lassen. Die Festigkeit solcher Röhren hat oft schon ganz betriichtlich abgenommen, wie die Untersuchungen in der Eidg. Materialprüfungsanstalt ergeben haben. Bei etwas weiter fortgeschrittenen
Angriffen sind dann sehr bald einzelne Stellen in der Röhrenwand so
weich, dass sie mit einem stumpfen Messer oder gar von Hand durchstossen werden können. Allgemein ist nun beobachtet worden, dass
immer die Partien der Röhrenwandungen am starksten angegriffen
waren, welche in der Höhe der Grundwasserspiegelschwankungen lagen,
die also bald nass und bald trocken gewesen waren. Die untern und
obern Partien der Röhren, welche stets nass oder stets trocken waren,
zeigten weniger Schadigungen. Bei den meisten Fabrikaten waren ein
oder beide Röhrenenden aus einer fetteren Mischung hergestellt und
oft mit Zementmilch verschliimmt; diese Eeile waren ausnahmslos
besser erhalten, als die mittleren Partien der Röhrenwandungen. Es
liisst sich also ein schematisches Bild einer schwach angegriffenen
Röhre allgemein darstellen (Fig. 1).
Man sieht schon aus der Tatsache, dass die Röhrenenden einer schwach
angegriffenen Röhre in der Regel gut erhalten sind, die allgemeino
Gültigkeit des Satzes ein, dass ein Beton umso langer einem chemischen
Angriff zu widerstehen vermag, je fetter seine Mischung ist; und zugleich
erhebt sich die naheliegende Frage, ob die Mischung in den Röhren
nicht hin und wieder etwas gar zu mager gewesen sei und ob nicht die
ganze Erscheinung von hiiufigen Leitungszusammenbrüchen lediglich
auf die Qualitat des Betonmaterials zurückgeführt werden musse. Zu
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diesem Punkte, auf welchen wir spater noch zu sprechen kommen werden,
sei an dieser Stelle nur folgendes bemerkt:
1. Die Betonqualitat hat unbedingt einen sehr grossen Eimfluss auf
die Geschwindigkeit einer Zerstörung, sie kann aber nur das Tempo der
zerstörenden chemischen Reaktion beeinflussen, nicht aber die Richtung der
Reaktion, d. h. die schadlichen Stoffe in einem Boden werden einen guten,
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FIG UK. 1.—Schematische Darstellung der Schansbilder

dichten Beton genau gleich angreifen wie einen schlechten, nur kann bei
einem fetten Beton der Angriff nicht so rasch fortschreiten, weil er von
einer kleineren Oberflache infolge der geringeren Porositat aus erfolgen
kann.
2. Es konnte an einigen Beispielen, wo ein vollstandiger Zerfall
gewisser Betonobjekte vorlag, einwandfrei nachgewiesen werden, dass
*>s sich um einen ursprünglich sehr guten Beton mit einem recht hohen
Mischungsverhaltnis handelte.
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FIGUR. 2.—Röhren aus schwach saurem Boden. Nr. I lag im Sand, Nr. Ill in schwach
saurem Torf

FIGUR. 3.—Zerstörte Röhren aus Dielsdorf. Ursache unbekannt, da keine
chem. Untersuchung vorliegt
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Die weiter fortgeschrittenen Stadiën der Betonzerstörungen zeigen
sich dann sehr deutlich. Man entdeckt in den Leitungen eine Anzahl
in sich zusammengebrochener Röhren, ganze Stiicke zerbrechen beim
herausnehmen bei der geringsten Beanspruchung, der Beton ist vollstandig
aufgeweicht, die Wandungen sind nur noch dünn oder unter anderen
Einwirkungen unverhaltnismassig aufgetrieben. Fig. 2 bis 5 zeigen
Röhren in den verschiedenen Zerstörungsstadien.
2. DIE CHEMISCHEN URSACHEN
Als seinerzeit mit den Untersuchungen begonnen wurde, war das erste
Ziel, die eigentlichen chemischen Ursachen der Zerstörungen abzuklarcn
und hernach den Einfluss der Betonqualitat eingehender zu berücksichtigen. So mag auch an dieser Stelle zuerst über die Ergebnisse der
chemischen Untersuchungen berichtet werden und dann sei in einem
nachsten Kapitel die Frage der Betonqualitat besprochen.
Aus der Literatur liess sich in bezug auf das Verhalten von Beton in
Boden wenig mehr entnehmen als das, was damals auch bei unsbeobachtet
werden konnte. In den eben zu jener Zeit veröffentlichten Arbeiten
von Gary (3) über die Untersuchungen des Deutschen Moorausschusses
und von Elliot (1) über die Beobachtungen von Röhrenzerstörungen bei
amerikanischen Meliorationsarbeiten der Staaten Minnesota und Wisconsin waren genau dieselben Beobachtungen niedergelegt, welche wir
in unseren Gebieten gemacht hatten. Es waren in beiden Arbeiten
wohl sehr viel Festigkeitszahlen von zerstörten und neuen Röhren, in
vielen Beziehungen ein ausserst wertvolles Material; allien ein Ueberblick über die eigentlichen, in Betracht kommenden chemischen Ursachen
der Zerstörungen konnte trotz ziemlich vielen chemischen Untersuchungen nicht gewonnen werden. Es lagen insbesondere viel zu wenig und
nur unvollstandige Bodenanalysen vor.
Genauer und schon wesentlich langere Zeit studiert war das Verhalten
von Zement gegen Meerwasser und gegen Einflüsse, denen der Beton in
gewissen industriellen Unternehmen ausgesetzt war. Diese Kenntnisse
mussten nun erganzt werden und es musste vor allem festgestellt werden,
ob ahnliche oder die gleichen Ursachen in den Boden vorlagen.
Zum Verstandnis der nun folgenden Ausführungen muss zunachst ein
ganz kurzer Ueberblick über die chemische Zusammensetzung des
Zementes gegeben werden.
lm abgebundenen Zement liegt ein inniges Gemisch feinster Kristallchen von Kalziumhydrozyd (Ca(OH) 2 ), Kalziumaluminat (3 CaO . AI2O3)
und feinstzerteiltem, kolloidem Kalziumsilikat (CaO . Si0 2 ) vor. In den
kolloiden Kalziumsilikatteilchen lasst sich makroskopisch und mikroskopisch keine kristalline Struktur nachweisen, was indes nicht ausschliesst, dass bie feinsten Teilchen trotzdem Kristallchen sind. Das
ganze System entsteht aus dem gebrannten Zement, dem gemahlenen
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FIGUB. 4.—Durch Gipstreibcn zorstortc Leitung bei Stammheim

FIOUR. 5.—Röhre aus stark saurem Boden. Alter 4 Jahre
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Klinker, auf Wasserzusatz hin. Der klinker besteht zur Hauptsache aus
einer kristallin erstarrten Schmelzo von Trikalziumsilikat (3 CaO . Si0 2 ),
die auf Wasserzusatz hin sich chemisch umsetzt, indein sich Kalziuin abspaltet und teils als Kalziumhydrozyd sich ausscheidet und
toils mit dem vorhandenen Aluminium (Tonerde) in Kalziumaluminat
übergeht, wahrend ein kalziumarmes Silikat, eben das oben erwahnte
(Mono)-Kalziumsilikat, in feinst zerteilter Form zuriickbleibt. Zunachst
mogen die Kalziumsilikatteilchen kolloid im Anmachewasser suspendiert
sein; sie beginnen dann aber zu koagulieren und gohon in einen Gelzustand
über, d. h. die ganze Masse erstarrt zu einem festen System. In der
Kolloidchemie wird allgemein als Gel ein festes, formbestandiges,
disperses System bezeichnet, in dem meist ein fester Körper in feinstor
Zerteilung und eine Flüssigkeit vorliegcn. Durch die Gelatinierung der
Monokalziumsilikatmasse werden die ausgeschiedenen Kristalle und
die noch unzersetzten Klinkerbestandteile zu einem festen Gebilde,
dem Mortel, resp. dem abgebundenen Zement verkittet. Dieser in
kolloidchemischer Betrachtung geschilderte Vorgang der Gelatinierung
ontspricht dem Abbinden des Zementes. Nach dieser Phase setzt
eine allmiihliche Verfestigung der ganzen Masse ein, indem immer noch
vorhandene unabgebundene Klinkerbestandteile Wasser aus den wasserreichen Gelpartien aufnehmen, so dass sich die geschilderte Reaktion
allmahlich durch das ganze System hindurch fortsetzt; daneben nehmen
die freien Kalziumhydrozydbestandteile aus der Luft Kohlensaure auf
und gehen in Kalziumkarbonat über. Durch die mit dieser Reaktion
verbundene Volumvermehrung tritt eine weitere Verfestigung und eine
Erhöhung der Dichte des ganzen Systems ein. Der Mortel befindot
sich im Zustande des allmahlichen Erhartens.
Der kurze Ueberblick über die chemischen Verhaltnisse im Zement
war notwendig, um das Verhalten gegen die einzelnen einwirkenden
Stoffe als chemische Reaktionen zu verstehen.
Zunachst muss betont werden, dassim abgebundenen Zement ein stark
basisches, noch recht reaktionsfahiges, chemisches System vorliegt.
Mit Siiuren irgendwelcher Art wird Zement stets reagicren. Es wurde
bererts erwahnt, dass es normalerweise die Kohlensaure der Luft ist,
die den Zement allmahlich neutralisiert, indem sie das freie Kalziumhydrozyd in Karbonat überführt. Diese Reakton ist allgemein für dio
Festigkeit eines Betons von Vorteil, da eine Erhöhung der Dichte und
damit eine Erhöhung der Druckfestigkoit damit verblinden ist. Es
wird aber unten zu zeigen sein, dass Kohlensaure in wasseriger Lösung
in höheren Konzentrationen betonzerstörend wirkén kann.
Indes nicht nur das Kalziumhydrozyd des Zementes reagiert mit
Siiuren, sondern auch im Kalziumsilikat liegt eino in starken Siiuren
lösliche Verbindung vor und schon schwache Siiuren können bei genügend
langer Dauer der Einwirkung zersetzend darauf einwirken. Es wird
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von Sauren das Kalzium aus dem Kalziumsilikat herausgelöst und das
Si0 2 (die Kieselsaure) ausgefallt oder ebenfalls weggelöst.
Daneben sind aber noch andere Raktionen bekannt (5, 6, 8, 9), die
zersetzend auf Zement einwirken. Anlasslich der Untersuchungen der
Betonzerstörungen durch Meerwasser ist die Einwirkung von Sulfaten
sehr genau studiert worden. Sulfate in wasseriger Lösung reagieren
mit dem Kalziumaluminat des Zementes unter Bildung eines voluminösen
Doppelsalzes, es bildet sich das Kalziumsulfoaluminat (3 CaO . AI2O3 . 3
CaSO 4 +30 oder 28 H 2 ()), das im Betongefüge auskrillallisiert und das
sogenannte Gipstreiben verursacht. Nicht nur Meerwasser, sondern
auch andere stark gipshaltige Wasser haben schon ausserordentlich viel
Schaden an Betonbauten angerichtet. So wurde z. B. ein Pfeiler der
Steinbrücke bei Magdeburg, der durch den Flussgrund auf eine stark
gipshaltige Grundwasser führende Schicht hinabreichte, durch Gipstreiben
vollstandig zerstört. Eine anschauliche Schilderung davon gibt Fram(2).
Weniger gut abgeklart und vor allem experimentell und analytisch
noch zu wenig untersucht ist die Ursache einer Anzahl Betonzerstörungen
in magnesiumhaltigen Boden, in welchen keine anderen zementschadlichen Stoffe festzustellen sind, als ein ziemlich hoher Magnesiumkarbonatgehalt. Als ziemlich wahrscheinlich mochten wir aus einigen
theoretischen Ueberlegungen die folgende Erklarung für die Ursache
angeben: Das Kalziumsilikatgel des abgebundenen Zementes hat in
vielen Beziehungen grosse Aehnlichkeit mit natürlichen und künstlichen
Permutiten, die beide ausgesprochen die Fahigkeit des Basenaustausches
zeigen. Es kann somit als Grund der Magnesiumeinwirkung der
Basenaustausch angenommen werden, indem die Magnesiumionen im
Grundwasser gegen eine Equivalente Menge Ca-(Kalzium) Ionen im
Zement, d. h. in Kalziumsilikat ausgetauscht werden. Infolge des
starkeren Wasserbindungsvermögens der Mg-Ionen als der Ca-Ionen
könnte das beobachtete Erweichen des Zementes unter der Mg-Einwirkung wohl erklart werden. Es wird unten an Hand einiger Beispielc
noch darauf einzugehen sein.
Aus den Bodenanalysen und Betonuntersuchungen, die wir im Laufe
der Zeit durchgeführt haven, ging nun in der Tat hervor, dass all eschwereren Zerstörungssalle auf eine der angeführten chemischen Ursachen
zurückgeführt werden konnten. Es können somit die in Meliorationsgebieten, allgemein in Boden unseres Klimas und in deren Grundwasser
vorkommcnden zementschadlichen Stoffe in die Tabelle 1 zusammengefaszt werden.
In der Tabelle sind nur die in unserem Klima in den Bödenvorhandenen
Stoffe berücksichtigt. Ueber Einwirkungen aus industriellen Unternehmungen (Abwasser usw.) und über physikalische Einflüsse gibt das
Buch von Kleinlogel Auskunft (4).
Es sollen nun im folgenden die einzelnen schadlichen Kinflüsse und

TABELLE

1 .—Übersicht iiher die in Boden und Grundwassern vorkommenden zementschödlichen Stoffe

Stofte
1. Sauren oder saure Reaktion irgend welcher Art.
(a) Starke Sauren (Salzsaure, Schwefelsaure, Salpetersaure)
(b) Schwache Sauren (Kohlensiiure, Saurer Humus)

(c) Sauren aus scheinbar neutralen Boden, erst durch
Neutralsalze freiwerdend
2. Sulfate (Gips, gipshaltige oder bittersalzhaltige Grundwasser, Alkalisulfate in unserem Klima selten!)
3. Magnesiumsalze (Magnesiumkarbonat, Bitterwasser)

Vorkommen

Wirkung durch

in der Natur in höheren Konzentr.
nicht vorkommend
In Grundwassern, Torfen und humusreichen Mineralböden (Moore,
Seenverlandungen, Waldböden,
saure Grundwasser)
gleiches Vorkommen

Zersetzen und Weglösen siimtlicher
Zementbestandteile
Zersetzen des Kalzium-Karbonats, C ü 2
wird übermassig angelagert, Saurer
Humus zersetzt und lost das Kalziumsilikat.
gleiche Wirkung wie schwache Sauren

Flachmoore, seltener

Gipstreiben durch Bildung von Kalziumsulfoaluminat
Magnesiumtreiben, möglicherweise
durch Basenaustausch hervorgerufen
theoretisch wenig abgeklart.

Mineralböden

Mineralböden, (Kalklehme, Mineralquellen)
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deren Vorkommen in Meliorationsgebieten anhand einiger Beispiele
etwas eingehender besprochen werden. Es kann sich dabei selbstverstündlich nur darum handeln, einen Ueberblick über die gemachten
Erfahrungen zu geben; eine eingehende Erörterung der chemischen
Probleme findet sich in den Protokollauszügen der K. Z. M. 1
I. SAUREN

(a) Starke Sauren
Das Vorkommen von freien starken Sauren in höheren Konzentrationen in der Natur ist nirgends zu erwarten. Der Vollstandigkeit
halber mag ein sehr schwerer Fall einer Betonzerstörung durch starke
Sauren in einem industriellen Betrieb, den wir Gelegenheit zu studieren
hatten, kurz angeführt sein.
Es handelte sich um die stark sauren Abwasser einer Farberei und
Bleicherei; die Betonsohlen der Kanale, überhaupt samtliche Betonobjekte, die mit dein sauren Wasser in Berührung kamen, waren vollstiindig zerfressen. lm Verlaufe von 1—2 Jahren war die etwa 20 cm.
dicke Betonsohle eines Durchlasses durchgefressen, so dass das Wasser
auf dem Schotteruntergrund zwischen den stehengebliebenen Randpartien der Sohle abfloss. An anderen Stellen waren ganz ahnliche
Schadigungen an Betonmauern usw. festzustellen.
Es zeigte sich deutlich, dass überall da, wo der Beton mit dem sauren
Wasser in Berührung gekommen war, der Zement restlos weggelöst
worden war und die saureunlösliche Bestandteile des Zuschlages (Kieselsteine usw.) haltlos auseinanderfielen. Die chemische Analyse des
Beton zeigte, dass zuerst offenbar das Kalziumsilikat im Zement zersetzt
wird. Im übrigen ergaben die Betonanalysen von Zonen, die aus unmittelbarer Niihe der Zerstörungsstellen entnommen waren und von noch
nicht angegriffenen Zonen das überraschende Ergebnis, dass keine grossen
ünterschiede festzustellen waren. Es musste also die Zerstörung so
rasch verlaufen, dass eigentlich nur Proben aus Zonen zur Analyse
gelangen konnten, die noch fast gar nicht angegriffen waren; an den
Stellen, wo der Angriff schon energisch eingesetzt hatte, konnte keine
Probe mehr genommen werden, da aller Zement schon weggelöst und die
zuriickbleibenden Bestandteile auseinandergefallen waren.
Ganz andere Zerstörungsbilder und Analysenresultate ergeben die
(b) Einwirkungen schwacher Sauren
In der Natur kommen schwache Sauren ziemlich haufig vor. Eine
grosse Anzahl der untersuchten Betonzerstörungen in Meliorationsgebieten ist auf deren Ursache zurückzuführen. Aus einer Anzahl in
1
Protokollauszug der Sitzung der K. Z. M. vom 11. April 1924, Referat H. Geszner.
" Über die mutmasslichen Ursaohen . . . " Protokollauszug der K. Z. M., Sitzung vom
4. Dez. 1925, Referat H. Geszner, "Resnltate der chem. Untersuchung . . . "
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der Literatur besprochener Zerstörungsfalle, für die ein Analysenmaterial
nicht vorliegt, muss nach unseren Erfahrungen aus d»n Beschreibungen
auf dieselben Ursachen geschlossen werden (z. B. Gary und Elliot, 1. c).
In Tabelle I haben wir als schwache Sauren sauren Humus und Kohlensaure angeführt. Kohlensaurewirkung haben wir nur in einem Fall mit
Bestimmtheit festgestellt, allerdings nicht an Drainröhren, sondern an
einem Fundament. Viel haufiger ist die Einwirkung von saurem
Humus in sauren oder auch in scheinbar neutralen Boden.
Da die Wirkungen von Kohlensaure und saurem Humus auf Beton
ziemlich verschieden voneinander sind, sei an dieser Stelle zuerst der
sehr interessante, genau studierte Fall einer Kohlensaurezerstörung
besprochen.
Anlasslich von Reparaturarbeiten an einem grosseren öffentlichen
Gebaude wurde an einem 30 Jahre alten Betonfundamentpfeiler eine
ganz bösartige Zerstörung festgestellt. In der Höhe der Grundwasserspiegelschwankungen, also wieder—wie dies bei den Röhrenzerstörungen
fast stets beobachtet wurde—in der Zone, die bald nass und bald trocken
lag, war der Beton vollstandig aufgeweicht. Die groben Zuschlagstücke
lagen in einer weissen, schlammigen Masse und konnten von Hand ohne
Mühe herausgehoben werden.
Die chemische Untersuchung ergab, dass die weisse Masse zu 80 %
aus Kalziumkarbonat bestund, dass also gar keine andere Einwirkung
als Kohlensaure in Betracht kommen konnte. Die Kohlensaure hatte
nicht nur das freie Kalziumhydroxyd in Karbonat übergeführt, sondern
sie hatte ausserdem das Kalziumsilikat zersetzt und dessen Kalzium
ebenfalls in Karbonat umgesetzt.
Proben aus den gesunden Partien des Betons zeigten, dass der Beton
ursprünglich sehr guter Qualitat war, das Mischungsverhaltnis betrug 1
Teil Zement zu 3 Teilen feinem Zuschlag (kleiner als 2 mm.), dazu kam
noch der nicht bestimmte grobe Zuschlag.
Aus dem Beispiel geht hervor, dass stark kohlensaurehaltige Grundwasser—denn es konnte sich nur darum handeln—auch sehr guten Beton,
allerdings erst in einem Zeitraum von 30 Jahren, total zerstören konnten.
Wenn auch bis heute in Meliorationsgebieten zufallig noch keine solche
Zerstörung beobachtet, resp. durch die Analyse festgestellt worden ist,
so besteht doch die Möglichkeit einer solchen Gefahr unbedingt. Ueber
die Haufigkeit kohlensaurehaltiger Grundwasser in Meliorationsgebieten
sind wir indessen recht wenig orientiert.
Weit wichtiger ist die Wirkung des sauren Humus.
In Tabelle 1 haben wir zwischen "sauren Boden" und "scheinbar
neutralen Boden, die erst auf Neutralsalzzusatz hin sauer reagieren",
unterschieden. Da nach unserer Ansicht zwischen diesen beiden Begriffen
nur ein gradueller und kein prinzipieller Unterschied besteht und die
Wirkung auf Zement in beiden Fallen genau die gleiche ist, so werden
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wir im folgenden den ganzen damit verknüpften Fragenkomplex einheitlich und um sffiner Wichtigkeit willen ziemlich ausfiihrlich besprechen.
Ursache irgend einer sauren Reaktion in einem Boden ift, wie wir oben
schon angetönt haben, der saure Humus.
Unter " H u m u s " versteht man in der Bodenkunde alle organischen
Bestandteile in einem Boden, die durch den chemischen Zerfall (Verwesung, Vermoderung, Vertorfung) von Pflanzen und Tierleichen entstehen. Es sind hochkomplizierte organische Verbindungen; in den
ersten Stadiën ihrer Entstehung ist noch eine organisierte Struktur
(Holz-, Blattstruktur) zu erkennen, mit zunehmender Zersetzung kann
schieszlich auch mikroskopisch keinerlei Struktur mehr nachgewiesen
werden. Je weiter die Zersetzung fortgeschritten ist, umso feiner wird
die Zerteilung, und bald liegen feinstzerteilte Komplexe in kolloider
Grössenordnung vor.
Chemisch haben wir uns im Humusteilchen ein Gemisch der verschiedensten komplizierten organischen Verbindungen vorzustellen. Wohl
haben Sven Oden (7) und andere Forscher aus Humus einige ziemlich
genau definierte organische Sauren isoliert, allein es ware unzweckmassig,
sich unter "saurem H u m u s " eine wasserlösliche, organische Saure, etwa
wie die Essigsaure, vorzustellen. Es ist vielmehr wesentlich, unter
Humus einen Komplex von verschiedenen organischen Verbindungen
in kolloider Zerteilung sich zu denken, die sich als Ganzes in vielen B'eziehungen wie eine Saure verhalten. Wir nehmen an, dass an der
Oberslache dieser organischen Komplexe organische Saurereste sitzen,
die in wasseriger Lösung H-Tonen abdissozieren können, und damit
dem Humus seine sauren Eigenschaften verleihen. Wir schreiben als
Symbol für sauren Humus die Formel:
-COO . . H
-COO . . H
kolloides Humusteilehen

organische
Saurereste,
auf der
Oberflache
verteilt

,wo den einzelnen Zeichen die folgende
Bedeutung zukommt:

freie,
abdissozierbare
H-ionen

Entsteht nun durch die Zersetzung von Prlanzenresten in einem Boden
Humus, so werden die Saurereste an der Oberflache der Humusteilchen
durch etwa vorhandene Basen abgesattigt. Insbesondere spielt der
Kalk die Rolle des Neutralisators für Humus; solange in einem Boden
Kalk vorhanden ist, wird sofort jeder neu entstehende Humus durch das
Ca-Ion des Kalkes (Kalziumkarbonates) abgesattigt und es entsteht der
neutrale, gesunde Humus, wie er in gutem Waldboden, in Acker- und
Gartenerde vorliegt. An Stelle des H-Ions sitzen an den Humusoberflachen alsdann Ca-Ionen, so dass wir für den gesattigten oder neutralen
Humus die Formel
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-COO
Ca

schreiben.

1st nun in einem Boden aller Kalk durch diese Reaktion aufgebraucht,
d. h. ist ein Boden entkalkt, so kann der frisch sich bildende Humus
nicht mehr neutralisiert werden und es entsteht saurer Humus. 1st
vorerst nur wenig vorhanden, so kann durch eine direkte Reaktionsbestimmung noch keine saure Reaktion festgestellt werden. Schüttelt
man einen solchen Boden mit Wasser, so reagiert infolge der Unlöslichkeit
des Humus das abfiltrierte Wasser immer noch neutral. Schüttelt man
aber dieselbe Probe mit einer Neutralsalzlösung, so wird der Basenrest
des Salzes (das Kation) gegen das freie H-Ion an der Humusoberflache
ausgetauscht, d. h. der Humus wird mit dem Basenrest des Salzes
abgesattigt und das H-Ion bildet mit dem Saurerest des Salzes eine freie
Saure, die nun filtriert deutlich eine saure Reaktion ergibt und somit
das Vorhandensein von saurem Humus anzeigt. Es hat sich die folgende
Reaktion abgespielt, die wir mit unseren bekannten Symbolen folgendermassen schreiben können:
Humus
Saurer Humus

-COO . . H
-COO..H + 2 - N a C 1 =
plus Kochsalz (neutral)

Humus

COO . . Na
COO . . N a + 2

Neutraler Humus, mit Natrium
gesftttigt

HC1

Salzsaure, filtriert
und ergibt
saure Reaktion

Sind dann in einem Boden immer mehr saure Humusstoffe vorhanden,
so lasst sich schlieszlich die saure Reaktion direkt nachweisen, der
Boden reagiert deutlich saurer.
Prinzipiell spielt der Unterschied für die Zementgefahrlichkeit keine
Rolle; denn in jedem scheinbar neutralen Boden mit saurem Humus
wird unter geeigneten Bedingungen gelegentlich Saue frei, sei es, dass
bei starken Niederschlagen Salzlösungen aus den Oberfliichenschichten
hinuntergewaschen werden, sei es, dass sich in aufsteigendem Grundwasser Neutralsalze befinden. Auf alle Falie hat es sich ergeben, dass
in Boden, die eine bestimmte Menge sauren Humus enthalten, Zementschadigungen aufgetreten sind. Aus den Zementanalysen liess
sich jeweils deutlich eine Yeranderung feststellen, wie sie durch die
Einwirkung schwacher Sauren zu erwarten war.
Die Bestimmung des sauren Humus in einem Boden, resp. die Feststellung der Austauschbarkeit der H-Ionen wird gemass der Definition der
austauschbaren Saure vorgenommen. Es wird eine bestimmte Menge
Boden (100 g.) in einer Neutralsalzlösung geschüttelt (200 cc. normale
Natriumacetatlösung) und abfiltriert. Die freigewordene Menge Saure
im Filtrat wird titrimetrisch bestimmt und es wird angegeben, wie viel
cc. 0,1 normale Saure aus 100 g. Boden freigeworden sind. Es ist dies
der sogenannto Sauregrad nach Baumann-Gully.
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Dor Sauregrad nach Baumann-Gully ist fiir samtliche von uns untersuchten Boden bestimmt worden, und es hat sich herausgestcllt, dass in
Boden, wo er mehr als 20 betragt, der Beton als gefahrdet angesehen
werden muss. Es wurden in teilweise, allerdings in deutlich sauren
Boden, Wcrte bis zu 200 festgestellt.
Schlechte Betonqualitaten fallen sehr rasch der Einwirkung schwach
saurer Reaktion zum Opfer, bessere Qualitaten leisten natürlich langer
Widerstand; allein die Frage, ob auch ein sehr guter Beton gegen Boden
mit hohen Sauregradwerten auf liingere Zeit zu widerstehen vermag,
muss zum mindesten noch als ungelöst bezeichnet werden.
Die eigentliche Reaktion des Bodens (alkalisch, neutral, sauer) wird
heute fast ausschlieszlich mit pH-Werten 1 angegeben. Bei unseren
Untersuchungen wurden nirgends stark saure Boden angetroffen. Die
sauersten Schichten einzelner Torfböden zeigten ein pH von 6,0. Solche
Boden zeigen selbstverstandlich auch einen sehr hohen Sauregrad nach
Baumann-Gully und wirken ebenso wie eine schwache Saure zerstörend
auf Beton ein.
Als Beispiel einer Betonzerstörung in einem scheinbar neutralen
Mineralboderi sei eine genau untersuchte Röhrcnzerstörung angeführt,
die in der Naho von Luzern im Verlandungsgebiet des Vierwaldstiittersees
beobachtet worden ist. Die Bodenund Betonanalysen sind in Tabellen
2 und 3 wiedergegeben. Die Wasserprobe 601 aus dem Graben (Mischung
von Drain- und Grundwasser) ergab: Karbonat-Harte 17,6; Bleibende
H. 0,6; Gesamt-H. 19,5 (in deutschen Hartegraden, d. h. g. CaO in 100
1. Der Boden zeigt bei dem Probeloch an der Stelle, wo die stiirkstcn
Zerstörungen festgestellt worden sind, keinen Kalk, pH = 7, also neutral,
aber einen ziemlich hohen Sauregrad nach Baumann-Gully, insbesondere
in der Höhe, in welcher die Leitung lag. Es musste also in jenem Mineralboden ziemlich viel ungcsattigter Humus vorhanden gewesen sein.
Die Röhren waren in dem Gebiet auf eine Strecke von etwa 20 m.
vollstandig zerstört. Die Analysen der Betongruppe zeigen ganz deutlich
Veriinderungen durch die chemische Einwirkung, die (lurch eine schwache
Saure zu erwarten sind. Die Differenzen in der Zusammensetzung der
Betonproben aus den noch relativ gut erhaltenen Zonen der Röhren und
aus den zerstörtcn Partien zeigen, dass abgcnommen hat: Si()2, CaO und
('O2, d. h. dass diesc Stoffe aus dem Zement herausgelöst worden sind.
Relativ hat dementsprechend zugenommen der in Sauren unlösliche Teil.
Es zeigt sich also die schwache Saurewirkung darin, dass das Kalzium1

pH ist das Mass fiir die Reaktion irgend eines Systems. Es bedeutet den negativen
I-ogarithmus der Anzahl Gramm H-ionen, die im Liter vorhanden sind. Da reines, neutrales Wasser im Liter 10-7 g. freie H-ionen enthalt, bedeutet p H = 7 Neutrale Reaktion.
kleinere Zahlen, pH=6, 5, 4 2c. entsprechen also, (da pH negativ!) mehr freien H-ionen
und zeigen saure Reaktion an, pH mehr als 7 zeigt alkalische Reaktion an. Die sauersten
Boden der Sehweiz besitzen ein pH von etwa 4.

TABELLE

Probe

Tiefe

2.—Bodenanalysen

Bodenart

bei der Einwirkung

Ïm

-c
«
5

schwacher Sdure in scheinbar neutralem Boden

(Austausch-Saure)

Wasserauszug b (100 g. Buden in 11. Wasser)

Salzsaureauszug a

5 . §
ü È^

II!

CS

CaO

MgO

SOJ

Tr-R.« Gl.-R."

Gl.-V.»

SOj

Al. 03 +
Fe-zOj

CaO

MgO

pH

Nr.
601 A
B
C

cm.
0—10
70—80
140—150

Krümeliger
Wiesenboden
I.ehm in Kies
Lehm

N
N
N

57
47
37

16,0
5,0
3,8

0,13
4,2
8,3

0,825
1,621
2,825

0,786
0,649
0,655

0,061
0,015
0,020

266
155
126,5

113,5
77,5
58,0

152,5
77,5
68,5

18,0
5,2
5,6

3,7
4,0
5,0

73,5
65,0
58,7

2,5
6,5
6,5

7,1
7,2
7,2

602 A
B
C

0—10
70—80
140—150

Wiesenhumus
N
I.ehm und Kies N
Lehm
N

64
73
«o

12,2
14,4
25,8

0,50
0,0
0,10

0,750
1,161
0,490

0,752
0,770
0,607

0,033
0,011
0,025

183,0
176,5
174,0

97,5
63,0
56,0

85,5
113,5
128,0

5,6
6,4
5,5

2,5
4,5
10,0

62,0
41,5
31,5

7,8
6,0
8,2

7,0
7,1
7,0

a

Die Zahlen bedeuten Prozente, bezogen auf die lufttrockene Probe.
Die Zahlen sind Milligramm im Liter (aus 100 g. Boden in 1 1.).
f Tr.-R = Trockenrüekstand li Gl.-K. = Glüh-Rückstand e Gl.-V. =Glühverlust.

b

TABELLE

3.—BetonanaUise bei der Einwirkung

Probe

Nr.
601 a Beton aus rel. guterhaltener Zone
602 0 Beton aus zerstörter Zone
A Yeründerung des zerstörten Bet ons

In H Cl
unlösl.
Rüekstand

SiO.

sehwucher Saure in scheinbar neutralem Boden (.4ustausch-Saure)

FesOs

AI.Oj

CaO

MgO

CO;

SOJ

48,3
55,9

1,13
0,77

1,42
2,19

1,96
2,63

23,28
18,43

0,74
0,80

14,85
13,46

0,31
Spur

+7,6

—0,36

+0,77

+0,67

^4,85

+0,06

—1,39

—0,31

3

Die Zahlen sind Prozente, bezogen auf die lufttrockene Substanz.

Hip

2,8-1»
2,63
—0,21
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silikat und das Kalziumkarbonat des Zementes zersetzt
Bestandteile weggelöst werden.
II.

und deren

D A S GIPSTREIBEN

Beinahe ebenso haufig, wie durch die saure Reaktion diirften Zementröhren in den Meliorationsböden durch Sulfatwirkung gefahrdet werden.
Es wurde in der allgemeinen Uebersicht schon dargetan, dass die chemische Reaktion, die zur Zerstörung von Betonobjekten führt, als eine
Doppelsalzbildung erkannt worden ist. Es reichert sich die Schwefelsaure, resp. der Schwefelsaurerest der schwefelsauren Salze unter Bildung
von Kalziumsulfoaluminat im Zement an und da die neuentstandene
Verbindung sehr viel Kristallwassermoleküle enthalt und demzufolge
sehr voluininös auskristallisiert, entsteht das gefiirchtete Gipstreiben.
Bei einem ganz typischen, katastrophalen Gipstreiben in einer Melioration haben wir in den charakteristischen Treibzonen der Röhrenwandung
eine Zunahme von Schwefelsaure bis zu 4,9 % im Beton festgestellt. Es
waren die Röhren eines Sammlers einer Drainage im Stammheimertal, die
teilweise total zusammengebrochen waren und teilweise von einem ursprünglichen Kaliber von 40 cm. zu einem ovalen Querschnitt von 35 cm.
Höhe und 50 cm. Breite zusammengedrückt worden waren. Der Beton
war also durch die Sulfateinwirkung sehr weich geworden. Die Analysen
der Beton- und Bodenproben von diesem Fall sind in Tabellen 4 und 5
zusammengestellt. Die Drainwasserprobe 306 ergab: Karbonat-Harte
14,8; Bleibende (Sulfat-) Harte 7,0 und Gesamtharte 22,8.
In einer Anzahl anderer Gebiete musste eine zerstörende Einwirkung
durch Gipstreiben vorausgesagt werden. Die Röhren lagen an jonen
Stellen noch zu wenig lang im Boden und zeigten bei der Besichtigung
noch keine nennenswerten Schaden. Im Stammheimertal wurde der
Zusammenbruch nach 11 Jahren entdeckt, die Röhren waren vor dem
Kriege von einer der ersten Firmen hergestellt worden.
Die bis jetzt beobachteten Stellen, die als "zementgefahrlich infolge
gipshaltigen Bodens" bezeichnet werden mussen, liegen alle in Flachmooren; der Torf enthalt an diesen Stellen 0,5—1,5 S0 3 , was einem
Gipsgehalt von 1,1—3,2 % entspricht (samtliche Zahlen der Analysen
beziehen sich auf die luftgetrockneten Proben). Schüttelt man solche
gipshaltige Boden mit Wasser (100 g. i. 1.), so lasstsich die Hauptmcnge
des Gipses auslaugen. Schon die Wasseranalysen aus solchen Gebieten
zeigen die Gipsmenge an, indem sie stets eine hohe, bleibende, sogenannte
Sulfatharte besitzen.
Entstanden sind die Sulfate in den Torfen durch die Oxydation des
immer vorhandenen Schwefeleisens. Durch die Drainierung der Moore
wird der Oxydation durch die Tieferlegung des Grundwasserstandes
Vorschub geleistet, indem die unter Wasser gelegenen Schweifeleisen
führcnden Schichten nun ebenfalls oxydiert werden können. Es mag
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deswegen an dieser Stelle darauf hingewiesen werden, dass bei Untersuchungen von Boden vor der Melioration zur Beurteilung der Zementgofahrlichkeit nicht nur die Sulfate, sondern auch die Sulfide bestimmt
werden mussen. In der Literatur (Gary usw.) werden oft Sulfide als
zementschadlich angegeben; wir halten dafür, dass, die Sulfide an sich
nicht als schadlich angesehen werden mussen, wohl aber infolge ihrer
Reaktionsfahigkeit, sich in zementschadliche Stoffe, d. h. Sulfate, urnsetzen.
III.

MAGNESIUMSALZE

Bis jetzt haben wir uns über die Ursachen der Zementzerstörungen in
magnesiumreichen Boden nur mit Vorsicht ausgesprochen. Die Tatsache liegt indes vor, dass in samtlichen Boden, in denen ein Gehalt von über
.2% MgOfestgestellt worden ist und in welchen keine anderen zementschadliche
Stoffe bestimmt werden konnten, Angriffe und sogar starke Zerstörungen an
Betonröhren beobachtet worden sind.
Im Zement selber liess sich stets nur eine geringe Zunahme von MgO in
den angegriffenen Zonen bestimmen. Es kann die Ursache der Zerstörung
in einem Basenaustauschvorgang gesucht werden, indem—wie wir
bereits angedeutet haben—aus dem Boden Mg-Ionen in den Kalziumsilikatgelkórper des Zementes hineingehen, resp. an dessen Oberflachcn
adsorbiert werden und dafür eine aquivalente Menge ( = gleichviel Ionen)
('a-Ionen in die Aussenfliissigkeit abgegeben wird. Da nun das Mg-Ion
eine grössere Affinitat zu Wasser besitzt und als Ion wesentlich mehr
Wassermoleküle mit in das Zementgefüge hineinschleppt, ist ein Erweichen des Betons, wie es in der Tat beobachtet werden kann, wohl zu
erklaren.
Allein, solange keine genaueren experimentellen und analytischen
Ergebnisse vorliegen, tut man gut, in der Erörterung dieser Probleme dio
angewandte Vorsicht weiter walten zu lassen.
Das Vorkommen dor beschriebenen Schaden erstreckte sich hauptsachlich auf kalkreiche Boden. Gewöhnlich waren es interglaziale Seenablagerungen, Kalklehme, scekreideahnliche Ablagerungen mit einem Kalkgehalt von 20—60 %. Von irgend einer sauren Reaktion kann in diesen
Boden nicht die Rede sein; ebenso waren in keinem der untersuchten
Falie Gips in gefahrlichen Mengen anwesend.
In diesem Kapitel haben wir die Resultate der chemischen Untersuchungen zusammengestellt. Es handelte sich dabei lediglich darum, die
chemischen Ursachen der Zerstörungen und Angriffe Ihnen zu zeigen,
unbekümmert um die Frage nach der Betonqualitüt und um deren Einfluss auf die Zerstörungen. Sie haben aus den Ausführungen gesehen,
dass wohl noch einige Fragen genauer abzuklaren sind—wir denken vor
allem an das Problem der Humusreaktionen und an die Magnesiumangriffe auf Zement—, dass wir aber heute über die tatsachlich vorhandenen
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Zementfeinde in Meliorationsböden im wesentlichen aufgeklart sind. Die
in Tabelle 1 zusammengestellten zemen tgefahrlichen Stoffe kommen
tatsachlich für die beobachteten Betonzerstörungen als Ursachen in
Betracht; sie mogen zum Schluss des Kapitels noch einmal kurz zusammengefasst sein als:
1. Sauren oder saure Reaktion in Boden,
2. Sulfate,
3. Magnesiumsalze.
3. D E R EINFLUSS D E R BETONQUALITAT
In der Praxis, insbesondere in der Landwirtschaft, wurde und wird
heute noch haufig die Ansicht vertreten, dass als "Ursache" der Betonzerstörungen die schlechte Qualitat der wahrend der Kriegszeit hergestellten Röhren anzusprechen sei. Nun haben wir eingangs schon ausgefiihrt, dass die Betonqualitat wohl einen Einfluss auf die Geschwindigkcit
der chemischen Angriffe haben kann und sicher hat, dass aber die Tendenz, d. h. die Richtung der chemischen Reaktion bei jeder Betonqualitat
dieselbe sein müsse.
Als Tatsache kann angesehen werden, dass ein Beton umso langer einer
chemischen Einwirkung zu widerstehen vermag, je grosser seine Dichte,
d. h. je geringer sein Porenvolum ist. Ein chemischer Angriff erfolgt bei
einem Beton nicht nur von der ausseren Oberflache her, z. B. von tier
Oberflache einer Röhre, sondern vor allem von den innern Oberflachen der
Poren aus, und es ist klar, dass der chemische Angriff umso rascher
fortschreitet und die ganze Betonmasse erreicht, je grosser diese Angriffsflache ist.
Nun ist mit sehr grosser Wahrscheinlichkeit zu sagen, dass viele Röhrenfabrikate, besonders aus der Kriegszeit, von einer minderen Betonqualitat waren. Es lasst sich das jedoch so allgemein guitig nicht mehr
mit der notwendigen Bestimmtheit nachweisen, da die chemische Analyse,
aus der auf die Mischung geschlossen werden soil, nur dann einwandfrei
ist, wenn noch keine chemische Einwirkung auf den Beton stattgefunden
hat; das ist aber gerade in den kritischen Vorkommnissen nicht der Fall.
Es kann dann eine Analyse einen ausserst schlechten Beton vortauschen,
wenn durch die chemische Einwirkung das Kalziumsilikat zersetzi worden
ist, und es ist oben gezeigt worden, dass gerade das Silikat im Zement eine
der empfindlichsten Komponenten des Zementes ist. In einigen Fallen,
wo gewisse Partien der Leitung in nicht schadlichem Boden lagen und
nicht zerstört worden sind, konnte mit ziemlicher Sicherheit auf das
ursprüngliche Mischungsverhaltnis geschlossen werden, und es zeigten
sich in der Tat einige recht bedenklich magere Mischungen. So konnte
mit grösster Wahrscheinlichkeit in einem Fall eine Betonmischung von 1:
20 als maximaler Wert bestimmt werden. Dass für die Zukunft die
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Verwendung solcher Röhren ausgeschlossen werden muss, ist klar, und die
K.Z.M. hat aus diesem Grunde Normen für die Fabrikation von Zementröhren aufgestellt, die wir noch zu besprechen haben werden.
Es erhebt sich die andere Frage, wie lange ein Beton mit einer fetteren
Mischung in den verschiedenen Fallen standgehalten hatte. Die Antwort
"sehr viel langer" kann natürlich nicht befriedigen, und genügend Anhaltspunkte zu einer exakten, zahlenmassigen Antwort liegen bis heute
nicht vor. Zur Abklarung dieser Frage wurden von der K.Z.M. 5
Versuchsleitungen in zementgefahrliche Boden verlegt, in welchen Betonzerstörungen schon beobachtet worden sind und von denen ganz genaue
Analysen vorliegen. Für die Leitungen wurden von 7 Fabriken Röhren
in 3 Mischungen von 300 kg., 400 kg., und 500 kg. Zement auf den m !
Zuschlag unter Kontrolle hergestellt. Von jeder Röhrensorte wurden
Proben einer genauen Prüfung unterzogen, es wurden die Festigkeiten
(Scheiteldrucke), die Wasserdurchlassigkeiten und das Porenvolum bestimmt. Ferner harren von jeder Mischung Proben der chemischen
Analyse.
Von Zeit zu Zeit sollen nun diese Leitungen kontrolliert werden, und
sobald deutliche Angriffe festzustellen sind, werden die Untersuchungen,
und zwar wiederum mechanische und dann vor allem auch chemische,
wieder aufgenommen. Auf diese Weise wird es dann möglich sein, die
physikalischen und chemischen Veranderungen, die Betonsorten von
besffimtnter Qualitat durch ganz genau bekannte chemische Einflüsse
erlitten haben, festzustellen. Es werden damit alsdann auch bestimmte
Rückschlüsse auf die Qualitat von zerstörten Röhren unbekannter
Qualitat gezogen werden können. Die Ergebnisse dieser Untersuchungen
werden nicht nur für die Kulturtechnik, sondern ganz allgemein für die
gesamte Betonbauindustrie von allergrösster Bedeutung sein.
Da die Versuchsleitungen erst im Verlaufe des Jahres 1924 verlegt
worden sind und an den bis jetzt geprüften Stellen noch keine merklichen
Veranderungen festzustellen waren, kann fiber die Resultate noch nichts
ausgesagt werden.
4. MASSNAHMEN FUR D I E ZUKUNFT
Nach allem dem, was bis jetzt gezeigt worden ist, kann heute in bezug
auf die weitere Verwendung von Zementröhren in Meliorationsböden
folgendes gesagt werden:
A. Es gibt Boden, in welchen offenbar auch der beste Beton im Verlaufe
einer langeren Zeit sicher angegriffen wird. Als solche Boden können
bezeichnet werden:
Stark saure Boden oder Boden mit abnorm hohen Sauregraden nach
Baumann-Gully.
Stark sulfathaltige Boden.
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Genaue Zahlen können vorlaufig nicht gegeben werden, es mussen erst
die Ergebnisse aus den Versuchsleitungen vorliegen.
B. Eine grosse Anzahl Boden, wie sie in den untersuchten Gebieten
'festgestellt worden sind, diirften wohl auf sehr schlechte Betonröhren
schadlich einwirken, wahrend Beton erster Qualitat darin wahrscheinlich
genügend lange den chemischen Einwirkungen zu widerstehen vermag,
dass die Verwendung noch als wirtschaftlich angesehen werden kann.
C. In sehr vielen Boden ist eine Gefahrdung des Betons überhaupt
nicht zu erwarten.
Damit ergeben sich zwei dringende Forderungen, welche die Kulturtechnik für die Zukunft zu stellen hat.
I. Für grössere Drainagen sind Bodenuntersuchungen durchzuführen,
die über das voraussichtliche Verhalten von Zementröhren orientieren.
Diese Bodenuntersuchungen können verbunden werden mtt den Untersuchungen zum Zwecke der Ermittlung des Drainabstandes und ergeben
im weiteren wertvolle Aufschlüsse über den Nahrstoffgehalt der Boden
für die verschiedenen Kulturpflanzen.
II. Für alle Falie, in welchen Zementröhren angewendet werden sollen
—und es kommen deren noch viele in Betracht—ist dafür zu forgen, dass
nur Röhren erster Qualitat verwendet werden.
Ueber die erste Forderung sind in Schosse der K.Z.M, noch nie bestimmte Vorschlage gemacht worden. Es wird aber doch früher oder
spater das Postulat aufgestellt werden mussen, dass eine Stelle geschaffenwird, die derartige Unter'suehungen durchführt.
Für die Praxis dringlicher erschien dagegen die zweite Forderung, die
eine wesentliche Verbesserung der Röhrenqualitat garantierte. Aus
diesem Grunde hat sich die Kommission zur Herausgabe von Normen für
die Herstellung von Zementröhren entschlossen. Es brauchte geraume
Zeit, bis die verschiedenen Interessenten sich hinsichtlich der Aufforderungen an die Qualitat der Zementröhren einigen konnten. Ueber die
Vorschriften kann vorlaufig allgemein folgendes bemerkt werden:
Sie stellen trotz der verschiedenen Widerstande, die überwunden werden
mussten, an die Röhrenqualitat sehr hohe Anforderungen. Als allgemeine Mittel, den Beton widerstandsfahig zu machen, sind samtliche
Massnahmen vorgeschrieben, die eine möglichst hohe Dichte des Betons
bezwecken. In diesem Sinne wird einmal eine ziemlich fette Mischung
vorgeschrieben; sehr wahrscheinlich wird die Mischung von 400 kg.
Zement auf den m? Zuschlag definitiv in den Vorschriften stehen bleiben.
Es ergibt diese Mischung ein Verhaltnis von rund 1 Teil Zement auf 5
Teile Zuschlag (Kies und Sand). Sodann sind in den Normen Vorschriften vorgesehen, die sowohl die maschinelle Mischung wie die maschinelle
Herstellung der Röhren (Stampfen, Pressen oder Zentrifugieren, d. h.
Schleudern) fordern. Ferner wird die Anwendung einwandfreier Bindemittel (Portlandzement oder hochwertiger Portlandzement) und Zusch-
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lagstoffe (gewaschener Sand und geeignete Auswahl in den Korngrössen)
verlangt.
Als Prüfung auf die verlangten Forderungen sind vorgesehen:
Festigkeitsprüfungen, die zwar mit der Widerstandsfahigkeit gegen
chemische EinHüsse nicht in direktem Zusammenhange stehen, wohl aber
ein wichtiges Kriterium für die Beton qualitiit überhaupt darstellen. Es
werden ziemlich hohe Festigkeiten gefordert.
Alsdann werden Prüfungen auf vorgeschriebene Mindestwerte vorgesehen, die direkt die Dichte und Durchliissigkeit der Rohre betreffen.
Die Porositat wird bei 14tiigiger Wasserlagerung bestimmt. Bei Betonproben mittlerer bis guter Qualitiit betrug dieselbe 4—10 Gcwichtsprozente; in den Vorschriften wird heute etwa das Mittel vorgeschlagen
werden.
Es mag aus diesen Ausführungen hervorgehen, dass in der Tat recht
hohe Anforderungen an die Röhren in Zukunft gestellt werden. Allein,
wer alle die Zerstörungen beobachten konnte und dabei immer wieder
feststellen musste, dass der bessere Beton stets langer und besser standgehalten hat, auch wenn Angriffe und sogar Zerstörungen daran vorgekomnien sind, der wird sich sagen mussen, dass tatsiichlich nur das beste
Betonmaterial für Drainagezwecke gut genug ist.
ZUSAMMENFASSUNG
In diesem Referate werden die Resultate der Arbeiten der Kommission
zur Untersuchung des Verhaltens von Zementröhren in Meliorationsböden
mitgeteilt.
Zuerst wird über die ersten Beobachtungen und über die Zerstörungsbilder berichtet. Es handelt sich dabei um Erscheinungen, die auch in
andera Lündern in genau gleicher Weise festgestellt worden sind.
In einigen Meliorationsgebieten gaben vollstiindige Röhrenzerstörungen
Anlass zu einer Kontrolle, die in sehr .vielen Boden teils leichtere, teils
schwerere Schiidigungen aufdeckte.
Die Kommission begann in vollem Umfange eine ausgedehnte Untersuchung, über deren Resultate berichtet wird.
Die chemische Untersuchung stellte beinahe ausnahmslos für die Schiidigungen in den Boden Stoffe fest, die chemische Angriffe auf Beton zeigen
mussten. Als solche zementschiidigende Stoffe sind erkannt worden:
1. Saure Reaktion in Boden infolge der vorhandenen sauren, ungesattigten Huniusstoffe. Diese Boden reagieren auf Zement wie schwachc
Süuren.
Kohlonsiiure in'höheren Konzentrationen in Grundwassern führt zur
vollstiindigen Zersetzung des Zementes, indem alles vorhandene Kalzium
in Kalziumkarbonat übergeführt wird.
2. Hoher Gipsgehalt in Flachmoortorfen führt zu Gipstreiben im Beton
mul damit zu Zerstörungen.
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3. Kin holier Magneeiumgehalt in kalkreichen Boden (übcr 2 % Mgü)
führt zu Betonschadigungen, deren Ursache nicht restlos* abgeklilrt ist.
Es konnte festgestellt werden und geht aus der Literatur und aus theoretischen Ueberlegungen auch wohl hervor, dass ein Beton umso langer
einer chemischen Einwirkung zu widerstehen vermag, je dichter er ist,
d. h. je geringer sein Porenvolumen ist. Es ist aber dabei zu beachten,
dass die Betonqualitat nur einen Einfluss auf die Geschwindigkeit der
chemischen Reaktion haben kann, nicht aber auf die Richtung der Reaktion an sich.
Ueber die Qualitat der Röhren aus den verschiedenen zerstörten oder
beschiidigten Leitungen kann mit der nötigen Bestimmtheit nichts ausgesagt werden. In einigen Fallen ist die Wahrscheinliehkeit allerdings sohr
gross, dass die Röhren aus minderwertigem Beton hergestellt worden
waren.
Um über die Frage nach dein Einfluss der Betonqualitat zahlenmassiges
Material zu erhalten, wurden von der Kommission an 5 Stellen in zementgofahrliche Boden Versuchsleitungen verlegt, deren Röhren genauen
Vorschriften entsprachen. Das Verhalten dieser Röhren soil im Laufe
der Zeit kontrolliert werden. Da die Versuchsleitungen noch nicht lange
genug in den Boden liegen, können noch keine Resultate mitgeteilt werden.
In Bezug auf die für die Zukunft zu treffenden Massriahmen werden
für grössere Drainageprojekte Bodenuntersuchungen gefordert, die eine
Beurteilung des Bodens auf dessen Zementgefahrlichkeit erlauben. Eine
hiefür geeignete Stelle besteht in der Schweiz bis jetzt noch nicht.
Zum Schluss wird über die von der Kommission in nitchster Zeit herauszugebenden Normen für die Fabrikation von Zementröhren für Drainagezwecke referiert. Das Hauptgewicht wird darin auf die Herstellung
eines möglichst guten und dichten Betonmaterials gelegt.
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THE RESULTS OF SOME STUDIES OF THE FLOW OF
WATER THROUGH SOIL TO UNDERDRAINS
W. J. SCHLICK

Iowa State College, U. S. A.
INTRODUCTION
The marvelous advance in the science and practice of land reclamation
and betterment through underdrainage has been based very largely upon
empirical data and principles. It has been a growth resulting from the
teachings of experience, rather than an advance due to researches into
fundamental principles. Studies of the operation of existing drainage
systems, and particularly the more detailed records of research agencies,
have shown that certain types of systems are best suited to meet the needs
of certain combinations of soil, topography, crops and climate.
Each system represents the designer's judgment, based largely upon
experience, of the rate at which surplus moisture will move through the
soil to the drains as located, or of that system which will provide for the
removal of surplus moisture at the most desirable rate, all things considered. None of these systems were, or could be, based upon any
accurate study of the rate of movement of ground water under the
conditions prevailing. It must be remembered that all drainage plans
are influenced by the economic factors of the cost of the system and the
value of the resulting benefits, and by the land owner's ability and willingness to finance the improvement.
None of the published researches into the laws of the flow of water
through soil have been made under the conditions found in underdrainage.
All of these have proven the general applicability to soils of the relationship, usually credited to Darcy, of the flow through a column of porous
media of uniform composition and uniform cross-section and definite
length, with the total flow entering one end of the column. In underdrainage the flow is through a non-uniform media in a column of varying
and indefinite cross-section and length, with the flow entering this column
at all points throughout its length. Investigators have shown the effect
of temperature upon the flow of distilled water through certain media, and
something of the effects of dissolved salts. The flow through soil to
underdrains is at a comparatively small range in temperature but is
through a medium containing salts of varying percentages and solubilities.
The selection of the proper underdrainage system for a given tract
must be made after consideration of many variable factors, and the design
686
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must be based upon certain arbitrarily assumed values which are averages
or economic maximums for the particular case. Under such conditions
the design need not be made with too great a refinement, else the exactness
of the design will exceed that of the data upon which it is based. It will
seldom, if ever, be found that conditions as to topography and soil are so
uniform in an actual installation that the design can be based upon other
than average conditions, and it seems certain that this will be true as
regards rainfall and the hydraulic capacities required for the various lines
of the system.
METHODS OF E X P E R I M E N T A T I O N
Two methods of research study of the movement of water through the
soil to underdrains are possible. First, studies of actual underdrainage
systems, with these variable factors leading to general, empirical relationships; and second, a more careful detailed study, with the various factors
controlled to a much greater extent, leading to the determination of more
exact relationships and fundamental principles. Researches of the latter
class will furnish data much more exact than necessary for underdrainage
design, but the principles and relationships determined should be sufficiently basic for application to design and to explain and evaluate the
results of studies made by the first method.
Several studies have been made in the United States during recent
years, following the first method, notably those by the Division of Agricultural Engineering, United States Bureau of Public Roads, the Departments of Agricultural Engineering of the Universities of Wisconsin and
Minnesota, and the Engineering Experiment Station of the Iowa State
College. The records of only the latter have been published except
briefly. None of these studies were made under conditions which will
permit of definite conclusions of other than general relationships; each
measured discharge includes the flow from drains at different spacings
and depths and through different soil formations. These studies are
illustrated by Fig. 1 taken from the published record 1 of studies by the
Iowa Engineering Experiment Station. All these studies show ground
water curves of the same general shape and similar fluctuations. Certain
European studies have brought out the same general relationships, as
does an incomplete Swedish study of these relationships and the resulting
effects upon crop production.
These field studies show that the rate of flow varies with the height of
the crest of the water table above the drain, inversely with lateral distance
from this crest to the drain, and inversely with the resistance to flow
through the soil. They do not show these relationships numerically, but
the curved shape of the water table indicates the probability that the
relationships are not the simple ones expressed by Darcy.
1

Bulletin 52, Iowa Engineering Experiment Station.
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In recognition of these facts the Iowa Engineering Experiment Station
took up a laboratory study of this problem with a view to so controlling
the variable factors that numerical values of basic relationships could
be determined. Methods and apparatus were developed and the studies
originally outlined were completed for the first soil, a fine sand with but
little silt and almost no organic matter. Most of the records presented
are for this soil. Those for the second soil, a black loam top soil high in
organic matter, will be discussed briefly to point out certain differences,
chiefly in requirements for apparatus and methods.
System
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apparatus and methods and Mr. Carl D. Gross who took the actual data
presented herein.
The apparatus shown by Fig. 2 was used for the studies of vertical flow
and the effect of temperature. The larger apparatus used for studies
of the flow to underdrains is shown by Figs. 3 and 4. The two principal
difficulties encountered in the development and use of these two pieces
of apparatus were a method of so placing the soil as to secure uniformity
throughout the mass being studied and the development of means of
determining the position of the ground water level with the required
accuracy and rapidity. These two points will be discussed briefly
because of their value to others making similar studies.
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The method finally adopted for placing the soil was to thoroughly mix
the air-dried soil, screen it to remove lumps or large particles and then
place it in layers of about one inch. After each layer was placed, all the
soil in the apparatus was saturated and allowed to so remain for several
hours, after which the free water was drained out and the next layer
placed. In saturating the soil, water was introduced slowly and only in
sufficient amount to thoroughly saturate all the soil. Care was taken to
prevent any separation or stratification, as might result from water

deposition. This procedure may seem unnecessarily laborious for a fine
sand soil, but no other method was found to give as uniform composition
in all parts of the soil mass.
The first soil studied drained so rapidly, with correspondingly rapid
changes in the shape of the ground water curve, that accurate records
were dependent upon some means of measurement which would permit of
rapid and accurate readings of its position, and at the same time would not
place gage pipe so as to cause the formation of a line of flow along or across
them. The method of using slotted, horizontal gage pipe placed in a
plane below the level of the drain and connected to glass gage tubes in
front of paper scales on the outside of the box (see fig. 4) was the only
one of the many tried that gave satisfactory results. If a syphon could
be maintained, single vertical gage pipes connected by rubber tubes to
gage glasses might be used. Several methods of using vertical gage
pipes were tried, but the readings could not be taken either rapidly or
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accurately enough with any of them. There is some question as to
whether the atmospheric pressure on the ground water in the soil is the
same as that on the water in the open gage glasses, or in open vertical
gage pipes. Although no means was found to obviate this uncertainty,
the equality of the readings for two gage pipes, one directly under the
other, indicated that, at least within the limits in these studies, hydrostatic
head in a saturated soil acts as it does in other cases.
In order to insure that the readings of each gage glass would represent
directly the head above the zero of the drain, the zero of the scale for each

FIOURE 4.—Photograph of apparatus shown by Hgure 3

gage glass was set at the level of the water in the glass when the drain
just ceased to discharge. Such calibrations were made when the apparatus was set up ready for placing the soil. As all gage pipes and the
drain were held in position by small blocks and wires, the zeros so determined held constant till the arrangement of these pipes was changed.
The physical properties of the soils studied are given in Tables 1 and 2.
These determinations were made largely in the Soils Laboratory, with
the assistance of the men in charge of the laboratory. The volumeweight determinations were made with samples taken with a tin sampling
tube 3.0 inches in diameter. The colloidal contents were determined by
D. Verne Moses of the Chemical Engineering Department, using the
adsorption method devised by the United States Bureau of Public Roads,
and checked by a method which he had developed. The mechanical
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analyses were made by the Bureau of Public Roads method except using
a nest of 2^5-inch United States Bureau of Soils screens.
TABLE 1.—Physical properties of soils
Soil No.

1

2

Volume weight, loose water free, lb. per cu. ft.
Do
settled water free, lb. per cu. ft.
True specific gravity
Pore space on basis of true specific gravity, per cent
Hygroscopic moisture, per cent
Water retained after draining, by volume per cent
Loss on ignition, per cent
Colloidal content, per cent

84.7
93.3
2.67
43.96
0.22
29.7
1.19
0.17

72.7
70.0
2.57
56.8
2.22
48.6
7.49
11.3

TA BLE '2.—Mechanical analysis of soils
Size of si eve opening
mm.
1.65 - 0 . 9 5
0.95 - 0 . 5 0
0.50 - 0 . 2 5
0.25 - 0 . 1 0
0.10 -0.074
0.074-«lay

Per cent of 0 riginal sample

in.
0.065 -0.0374
0.0374-0.0197
0.0197-0.0098
0.0098-0.0039
0.0039-0.0029
0.0029-clay

Soil No. 1
2.64
7.63
21.97
56.29
1.94
1.51
3.15

Soil No. 2
1.54
5.31
7.25
17.19
6.60
25.63
36.46

99.13

99.98

('lav and ultra clay
Total

Studies were made of the flow under three conditions: vertical flow
through a column of uniform cross-section; "lateral" flow (horizontal)
to an underdrain, with total flow entering at the end opposite the drain;
and "drainage" flow to an underdrain, where the total is that which
drains from a saturated soil. The work and results under each of these
conditions will be presented briefly.
VERTICAL FLOW TRANSMISSION CONSTANTS AND E F F E C T
OF T E M P E R A T U R E
In making the studies of vertical flow the gage pipes were placed, the
soil put in as described above and covered with one-eighth inch layers of
screened sand (see fig. 2). Water was then admitted to the outer can,
and the syphon and overflow can (e) adjusted to the height desired.
Water was admitted through the inflow pipe just rapidly enough to cause
a slight overflow. No readings were recorded till the flow had become
constant. When making studies of the effect of temperature the inflow
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water was warmed, or cooled, to the temperature of the soil. The
height of the water over the soil (gage pipe c), in the soil at gage pipes
(a) and (b), and in the outer can (gage pipe d) were recorded, together
with the temperatures of soil and water, for each trial. Time was taken
with a stop watch, and the amount of the flow by means of a scale weighing to hundredths of a pound. The losses in head reported are those
shown by the readings for gage pipes (a) and (b), both in the soil.
The results of the studies of vertical flow, as shown by Fig. 5, verify
the Darcy principle that the discharge is proportional to the loss in head.
All losses in head were determined for the same length of flow, but it
seems very probable that the discharge is inversely proportional to the
length of flow.
The records for soil No. 1 show that the discharge varied 1.54 per cent
of that at 50° F. for each degree of temperature variation from 50° F.
No temperature-control room was available, so the studies of the effect of
temperature were limited to temperatures available in the laboratory or
out-of-doors in the shade. The procedure for these studies was to saturate
the soil, allow it to stand for several hours, and then bring the inflow water
supply to the same temperature as prevailed in the thermometer well in
the soil. The temperatures so taken may not have been quite exact, but
the uniformity in the results would indicate that the errors from this
source were small. The variation percentage for distilled water on the
basis of change in viscosity would be 1.66 per cent, so the value of 1.54
per cent does not seem unreasonable for water containing an unknown,
and probably a varying, concentration of salts.
The records for vertical flow through both soils indicate that there were
losses due to both entrance and exit heads. The exit losses were slightly
less than those at entrance for the higher heads, but both seem to be a
little higher than for equal distances through the soil mass. These losses
were not studied except incidentally, and no accurate record was kept of
the depth of soil and of sand above the upper gage pipe.
LATERAL FLOW TO AN UNDERDRAIN
The laws of "lateral" flow seem to be less complex than those of drainage flow. The results of these studies will be presented first, though the
work was done in the reverse order.
The studies of lateral flow to an underdrain were made with the apparatus shown in Figs. 3 and 4, with the drain in one end of the box.
The length of flow was varied by removing soil at the end of the box, using
a burlap-covered screen to restrain the vertical face of the remaining soil.
The height of the inflow water (at the end of the box) was held constant
at the desired level by means of an overflow can and a syphon.
As soon as the flow appeared to be constant, any air that had collected
in the gage pipes and glass tubes was withdrawn by disconnecting the
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lubber tubes from the gage glasses and allowing them to drain. As one
draining of each tube usually was sufficient, the small amount of water so
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withdrawn affected the water table only slightly. The discharges for
periods of from 30 minutes to an hour and a half were weighed to the
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nearest 0.01 lb. The readings of the gage tubes taken at the beginning
and end of each period checked each other closely.
Although it was not possible to control temperatures so as to determine
the effect of temperature upon discharge under these conditions, it was
possible to hold the temperature approximately constant during each
series of trials. The variation in the temperatures for the various series
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was sufficient to require correction before comparisons could be made.
This was done for the record for soil No. 1 by using the value of 1.54
per cent determined for vertical flow.
The water table, or ground water, curves for lateral How through soil
No. 1 are illustrated by Fig. 6. The water table is a straight slope to
within a short distance of the drain, and then a curve that appears to be
similar to the same portion of that for "drainage" flow (see fig. 6).
For these records the junction between the straight and curved portions
came at or near the third gage pipe, or 8 inches from the drain.
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When these discharges corrected for temperature are plotted against
the slopes of the straight portions of the ground water curves, and against
the ordinates at the junction of the curved and straight portions, there is
a straight line relationship in each
shown in Fig. 7. The ordinates
of these junction points could be determined only approximately; those
used were all taken for x = 8 inches, so are not quite the same relative
proportions of the ordinates they are supposed to represent.
For these studies at least, the discharge for "lateral" flow is directly
proportional to the slope of the water table, if that slope be the true slope
of the flat or straight portion of the water table. It seems probable that
the steep curve at the lower end of this water table results from the decrease in cross-section as the flow nears the drain, and that the steepness
of this curve will depend upon the concentration of flow due to the character of the outlet. In any case, it appears that the slope between the
outlet and one other point will not be the true effective slope of the flow,
or that the discharge will not be proportional to the slope so determined except in cases where there is no restriction in the area of the flow at the outlet.
" D R A I N A G E " FLOW TO AN U N D E R D R A I N
The studies of "drainage" flow were made under conditions more
similar to those prevailing in the underdrained field. The soil was placed
in the box (figs. 3 and 4) as has been described and then completely
saturated and allowed to stand for several hours in order to allow any air
entrapped to either pass out at the surface or be collected in the gage pipes
from which it could be withdrawn. The records were started as soon
after the drain was opened as the water table assumed its characteristic
shape and continued till it became nearly flat. The discharge was the
water that drained from the saturated soil. Because of the rapidity with
which this sandy soil drained, there was some change in the water table
during the time necessary for reading the thirty gage tubes and recording
these readings. The practice was to start the stop watch as a pan was
placed on the scale under the outlet, take and record the readings of the
gage tubes in order, starting at the drain, across and back, and then stop
the watch and divert the discharge. As soon as this discharge was
weighed and arrangements made for taking another set of readings, the
procedure was repeated. About 2 minutes were required for each set of
readings. The discharge for each set of readings was assumed as that
produced by the water table represented by the average of the two
readings for each gage tube. The records for soil No. 1, which were used
in the study of "drainage" flow were all made at a temperature of approximately 60° F. The temperature records were not complete, but
there seems to be no reason to believe that temperature corrections, if
they could be made, would make any material change in the relationships
determined.
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The records of the shapes and positions of the water table in these
studies are illustrated by those of Fig. 6. It is apparent that these curves
are similar to those obtained in field studies. The results of these studies
with soil No. 1 may be summarized in three general conclusions:
(1) The ground water curves are hyperbolic, and may be expressed by
one equation, the constants of which bear more or less constant and
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definite relations to the value of the vertical ordinate as represented by
the gage pipe farthest from the drain.
(2) The discharges for any one condition—arrangement of drain and
gage pipes and condition of soil—are directly proportional to the vertical
ordinates of the curve at any given distance from the drain.
(3) The discharges are not proportional to the slope represented by the
vertical and horizontal ordinates of the crest of the water table.
A study of all the records for "drainage" flow through this soil shows
that the ground water curves may be expressed by the formula
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a+bx

where, y and x are the ordinates to the curve, with the drain as the origin.
And a and b are constants whose values may be determined for each
curve from the value of Y max .
The dotted lines shown with some of the curves of Fig. 6 show the agreement between the experimental and computed curves.
When the values of a and b as determined by this formula are plotted
against the corresponding values of Y max (fig. 8) two smooth curves may
be drawn. The values of b are expressed closely by the equation
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Ym.,1.013
measured quantity is not so close, though its values may be computed
approximately by the equation a 3.25 , or more exactly by two loga.93
rithmic equations, one for values of Y max from zero to 4.5 inches and the
other for values from 4.5 to 8.0 inches.
The discharges under drainage flow through this soil, for any one
position of the drain, are directly proportional to the vertical ordinates
to the water table at any given distance from the drain. The results for
over 70 ground water curves on five dates are represented by Fig. 9.
The ordinates at x = 35 inches were used in preparing this graph, though
those for any other value of x might have been used.
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This indicates that the discharges from a given underdrainage system,
with equal lateral spacing of drains in uniform soil, will be proportional
to the crest-to-drain slopes; but this relationship will not be true when
either the lateral spacing or the character of soil varies. The discharge
through soil No. 2 for a high crest-to-drain slope was less than half that
for soil No. 1 with the same slope, even when the lateral distance was the
same.
One series of records for soil No. 1 included readings of the head in a
gage pipe directly under the drain. These indicate the correctness of the
often expressed opinion that flow enters the drain from below. The head
in this pipe under the drain was approximately the same as that in a pipe
a like distance from the drain laterally.
Although it was not possible to complete the studies with soil No. 2—
the black loam top soil—, the work done furnished information of value.
Some difficulty in carrying out the work with this soil was anticipated, and
rightly, because there was not time to make the needed changes in apparatus and methods. This soil had so high a resistance to flow, that
interconnecting channels opened between adjacent gage pipes and there
were indications of some flow between the soil and the lining of the box.
ttecausc of the organic and colloidal content of this soil, it was very difficult to eliminate the inaccuracies due to the collection of air or gas bubbles
in the gage tubes. The condition of the soil seemed to change for some
time after it was wet. The results indicate that the flow through soils
may be influenced considerably by the colloidal and organic content.
Much more work must be done, with different soils, before it will be
possible to formulate the general principles needed for the design of
underdrainage systems upon the basis of the flow through the soil. It
does not seem unreasonable to expect that such principles may be determined, and that they may be sufficiently accurate for their purpose, as
well as simple and easy of application.

EFFECT OF DRAINS UPON THE GROUND WATER
IN COASTAL PLAIN SOILS OF NORTH
CAROLINA
F. 0. BARTEL

('nited States Department of Agriculture, U. S. A.
INTRODUCTION
This paper presents, briefly, the results of ground water investigations
conducted in North Carolina under a cooperative agreement between the
United States Department of Agriculture and the North Carolina Department of Agriculture. These experiments were started in January.
1917, and had for their object the determination of the effectiveness of
different methods of drainage in various types of soil. Studies of the
effect of variations in depth, spacing, and size of drains have been conducted in other States and other countries, but there has always been a
doubt as to whether the results of these studies could be applied to conditions peculiar to the southeastern Coastal Plain, particularly as to the
effectiveness of tile drainage which is practically in its infancy in this
section. It is believed that information of value, especially in the design
of tile drainage systems in the South Atlantic States, may be deduced from
the results of these experiments.
The experiments were conducted on farms where drainage systems had
already been installed, and consequently ideal conditions could not be
secured such as might have been the case if systems had been installed
especially for the experiments.
The studies may be naturally divided into two parts, (a) The measurement of run-off from tile drained lands, and (b) Measurements of the
fluctuations of the ground water table in land drained by tile and by open
ditches.
UUN-OFF MEASUREMENTS
Kun-off measurements from tile drainage systems were conducted on
two farms, the Cotton Valley Farm in Edgecombe County and the Lewis
Farm in Pitt County. Both lie about 80 miles inland from the coast and
about 40 miles east of the western boundary of the Coastal Plain.
CONDITIONS ON THE TRACTS

The Cotton Valley Farm, comprising 200 acres, lies in the second terrace of the Tar River and is typical of many areas along the large rivers in
701
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the eastern part of the state. Between this land and the river lies the first
bottom or terrace, about 8 feet lower and subject to overflow from the
river. On the other side, is an abrupt rise of 30 feet to the upland plain.
The soils are very variable, 12 different types having been found in the
Kalmia, Cahaba, Myatt, and Okenee series. They were formed at the
time this terrace was the river flood plain, though it is now above high
water. The non-homogenerous character of the soil is made evident
when borings are taken within the mapped soil type areas; samples taken
within two feet of each other in supposedly the same soil type more frequently than not show wide differences in appearance and texture.
The topography is slightly undulating, the average surface slope being
about 6 inches in 100 feet, though much less in the main depressions. It is
drained by several systems of tile drains, the lines spaced 60 and 100 feet
apart according to the character of the soil and averaging slightly less than
three feet deep.
Only one system will be considered in detail in this paper. This system
drains 51.5 acres by means of tile laterals 60 feet apart. It has a 10-inch
pipe for an outlet, on a minimum grade of 0.2 foot per 100 feet, which
gives a capacity of 0.54 inch depth of water per 24 hours according to the
United States Department of Agriculture formula 1 for the discharge of
tile drains. Kecords on this farm cover the period of 36 months, from
January 1, 1917, to December 31, 1919. The soil on this tract is classed
as a dark gray compact fine sandy loam for the surface 6 to 10 inches,
with a mottled gray and yellow, stiff, sticky, fine sandy clay beneath.
It is classified as Myatt sandy loam, and has a low water yielding
capacity.
In contrast with the above, the soil on the Lewis Farm is a Norfolk fine
sand, very uniform in texture to a depth of 4 feet and much more porous
than the soil on the Cotton Valley Farm. It consists of a gray sandy loam
top soil about 12 inches deep underlain by a fine clayey sand. Before
drainage, it was so wet that only about one crop in three years could be
secured. Its surface topography is much the same as that of the Cotton
Valley Farm. The records cover a period of about 30 months, from May
10, 1919, to November 15, 1921.
Three systems of tile draining areas of 12.1, 10.2, and 7.2 acres, respectively, were studied on the Lewis Farm. The laterals are spaced 100
feet apart and have a practically uniform depth of slightly over three feet.
For making comparison with the Cotton Valley Farm, the results from the
system draining 10.2 acres will be used, as the measurements from this
tract are believed to be the most accurate. The main on this system has a
capacity of 0.61 inch per 24 hours according to the United States Department of Agriculture formula, as compared with 0.54 inch for the system
on the Cotton Valley Farm.
1

EDITOR'S NOTE.—No reference supplied in manuscript.
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Climatic conditions were much the same on both tracts during the periods of observation; an average of 12 rains per year of 1 inch or over occurred, and two of 2 inches or over.
RESULTS OF THE MEASUREMENTS

In general, the run-off from the Cotton Valley tract was more uniform
with a smaller range from minimum to maximum than that from the Lewis
tract. This is illustrated by the following table (Table 1):
TABLE 1.—Average number of days per year on which run-off exceeded specified rates
Run-off depth per 24 hours
From Cotton Valley tract
From Lewis tract

}4 inch
4.0 days
8.0 Do

Yi inch
1.3 days
3.2 Do

Yi inch
0.7 days
2 4 Do

The drains on the Cotton Valley Farm never ceased to flow while those
on the Lewis Farm frequently went dry. On the Cotton Valley Farm the
run-off was never one-fourth inch or over for more than 2 consecutive
days, and did not reach three-eighths inch for as long as 2 successive days.
However, on the Lewis Farm there was one period of 8 successive days on
which the run-off exceeded one-fourth inch, one period of 3 consecutive
days during which it exceeded three-eighths inch and a period of 2 consecutive days when it exceeded one-half inch in 24 hours.
Run-off on the Cotton Valley Farm exceeded the computed capacity of
the outlet on nine occasions during the 3-year period. The maximum
run-off was at the rate of 0.95 inch per 24 hours, or 75 per cent greater than
the rated capacity of the tile. These periods of high run-off usually lasted
for only an hour or two. It is interesting to note that during the last year
and a half of the period no large run-off occurred, seeming to indicate a
general lowering of the ground water table and an increase in the reservoir
capacity of the soil.
On the Lewis Farm the run-off reached a maximum rate of 1.10 inches
in 24 hours for one 4-hour period, which is 80 per cent above the computed
capacity of the tile. It exceeded the computed capacity on 7 days during
the 30-month period of observations, remaining higher than the computed
capacity for as long as 24 hours on one occasion and for 12 to 16 hours on
three other occasions. As in the case of the Cotton Valley Farm, high
rates of run-off were less frequent during the latter part of the experiments.
High rates of run-off occurred at all seasons of the year.
There was one surface inlet on a 5-inch lateral on the Cotton Valley
Farm system, which possibly accounts for the main running under pressure
and for the high run-off mentioned. On the Lewis Farm there were no
surface inlets, and free water in the soil undoubtedly accounted for the
water flowing under pressure during periods of high discharge.
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The capacities of the two tile systems, in proportion to area, arc
practically equal. The depth of the tile on the Lewis Farm averaged probably an inch or two more than on the Cotton Valley Farm. The only
variation between these tracts to which the difference in run-off can be
ascribed is the size of the watersheds and the character of the soil. On the
Cotton Valley system with an area five times that of the Lewis Farm, a
smaller and more uniform rate of run-off would be expected. It is believed, however, that the principal factor is the character of the soil, that
on the Lewis Farm allowing the water to reach the drains rapidly and
causing water to flow in the tile under pressure, whereas on the Cotton
Valley Farm it is doubtful whether the low water-yielding capacity of the
soil would allow water to collect fast enough to produce pressure on the tile
system.
The effect of the character of the soil on the rate of percolation to the
tile is shown by the fact that the water surface rarely reached the surface
on the Lewis Farm, being absorbed as fast as it fell, while on the Cotton
Valley Farm, ponded water was frequently in evidence for 24 hours or
more at a time, notwithstanding a closer spacing of the drains. The Lewis
Farm in general has by far the better drainage, though both have been
greatly benefited by the installation of the drainage systems.
(JKNERAL CONCLUSIONS FROM RUN-OFF STUDIES

The following conclusions seem warranted as the results of these experiments:
(1) The limiting factor as regards run-off seems to be the rate at which
the soil can deliver water to the tile. The highest rates of run-off are
obtained in the more porous soils. A knowledge of the soil types or a
study of numerous borings to the depth of the tile is therefore necessary
in determining the run-off depth to be discharged. In selecting this depth
for impervious soils, it should be remembered that these apparently become more pervious after being tile drained for some time, and that surface inlets will probably be required.
(2) As ordinarily designed, tile systems in this section discharge at a
maximum rate of about one inch in 24 hours. The water in the tile is
frequently under pressure, but no bad effects have been observed because
of this.
(3) No appreciable difference in discharge on account of variation in
watershed areas could be observed in those cases directly comparable.
While there is probably greater absorption and smaller run-off from large
than from small areas, it is probable that as the tile appears always to run
under pressure during periods of maximum flow, no reduction should be
made in the run-off coefficient on account of larger
this will be
counteracted by the decreased influence of pressure on the tile in the
larger systems having longer mains.
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(4) Where the ground water table was low and there was no flow
through the tile, a rainfall of one inch was completely absorbed by the
soil, no flow resulting.
(5) Where there was already flow through the tile, even light rains increased the flow materially.
(6) The maximum ratio of run-off to rainfall where the tile was not
flowing before the rain began, occurred after a rainfall of approximately 2
inches. The maximum run-off in these cases was about 13 per cent.
(7) The maximum ratio of run-off to rainfall for any considerable rainfall period was 76 per cent, the ordinary maximum about 50 per cent.
(8) Evaporation and transpiration by plants exerted a noticeable influence in reducing the summer rates and percentages of run-off.
GROUND WATER STUDIES
In connection with the run-off measurements, studies of the fluctuation
of the ground water level were conducted on both the Lewis and Cotton
Valley Farms, and in addition measurements were made at the Coastal
Plain Experiment Station in Pender County, the Black Land Station in
Washington County, and the Nissen Farm in Beaufort County. The
three latter farms are located within 30 to 40 miles of the coast, about 50
miles east of the Cotton Valley and Lewis Farms.
DESCRIPTION OF THE TRACTS

The soil of the Coastal Plain Station is a Norfolk fine sandy loam, consisting of a fine sandy loam top soil 10 to 12 inches deep underlain by a
yellow mottled fine sandy loam, the clay content of which increases
slightly with the depth. Its topography is comparable to that of the two
farms' already described. It is representative of a very large portion of
the cultivated soil along the Atlantic seaboard. Studies were conducted
on two areas, one drained by tile 3 feet deep and the other having tile 4
feet deep. The shallow system had been installed 12 years prior to the
experiment, which was begun shortly after the installation of the deeper
system. Laterals in both cases are spaced 100 feet apart. The land is
planted to a vineyard. Records cover a period of about two years, from
•luly 11, 1922, to June 27, 1924.
The Black Land Station has a drained swamp (muck) soil 4 feet deep
underlain by a sticky blue clay. The growth before drainage and clearing
was canes and scattered timber. It was drained by large open canals onehalf mile apart, supplemented by tile drains 4J^ feet deep spaced 330 feet
apart or 16 to the mile. The tile replaced open farm ditches at the spacing at which the latter are generally cut in this section. The ground surface is practically flat, having a slope of about one foot per mile. Records
cover a period of 2% years from January 16, 1920. to October 28. 1922.
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The Nissen Farm also has a drained swamp (muck) soil, but differing
from that of the Black Land Station in being underlain by sand at a
depth of 2 feet. The ground surface is flat, and lies at an elevation of 15
to 16 feet above sea level. Outlet drainage is afforded by large canals,
likewise spaced one-half mile apart, and is supplemented by open farm
ditches about 2 feet in depth spaced 176 feet apart or 30 to the mile.
•Prior to drainage and clearing this land supported a heavy growth of
swamp timber. A mechanical analysis of the soil shows 70 to 75 per
cent of clay in the surface foot, about 45 to 50 per cent in the second foot,
and from 50 to 65 per cent of fine sand in the third and fourth feet. Records were taken at intervals between August 29. 1922, and September 27,
1924.
CLIMATIC CONDITIONS

There is no material difference in climatic conditions on these five locations. The average temperature is 61°; the average rainfall is 52 inches
per year. Twenty-one per cent of the annual rainfall occurs in the
winter, 23 per cent in the spring, 37 per cent in the summer, and 19 per
cent in the fall.
CHARACTER OF RECORDS

Records of the ground water level were obtained by measuring the depth
to the water surface in observation wells, which consisted of 3-inch perforated galvanized iron downspouting. In one case an automatic water
stage register was used, which afforded a valuable continuous record.
Readings of the water surface in the wells were taken daily for several
days following a storm and two or three times a week between storms.
Records were also kept of the water level in the outlet canal in the case
of the two muck land farms, and daily rainfall records were kept at each
place.
METHOD OF COMPILING DATA

The method of working up the recorded data varied with each case
and as the work progressed, but was substantially as follows:
(1) All well readings were reduced to depth below the ground surface.
It was found that minor irregularities in the surface elevation between
drainage laterals had no appreciable effect on the ground water table and
a smoothed ground surface was used from which depths were computed.
(2) Charts were prepared showing ground water stages at the drains,
midway between drains, and the average at all wells between drains.
Daily rainfall was also shown on these charts.
(3) Monthly, seasonal, annual, and average depths of ground water
level were computed for each well, for the average of all wells between
drains and for the average of all wells.
(4) Profiles of the ground water surface at all wells for a number of
storm periods were plotted, showing the level of the ground water table
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before the storm, the highest level reached, and as m a n y i n t e r m e d i a t e
ones as could be clearly shown.
(5) Similar profiles showing seasonal and average ground water levels
were also prepared.
(6) Canal gage heights were plotted in connection with rainfall a n d
ground water heights, a n d seasonal a n d average values found.

FIGURE 1.—Cotton Valley Farm, Edgecombe Co., N. C. Typical profiles across tile
drains, non-homogeneous second bottom soils
R E S U L T S OF GROUND W A T E R STUDIES

Ground Water Profiles.—In Figs. 1 to 8 are shown typical storm profiles
as recorded on the five farms. T h e erratic behavior of the ground water

FIGURE 2.—Cotton Valley Farm, Edgecombe Co., N. C. Typical profiles parallel to
tile drains, non-homogeneous second bottom soils
surface in the non-homogeneous soil of t h e C o t t o n Valley F a r m b o t h across
a n d parallel t o the tile drains is evident, as compared with the s m o o t h
profiles of t h e homogeneous Lewis F a r m a n d Coastal Plain S t a t i o n soils
(figs. 1 to 5).
T h e characteristic V over t h e tile drains in t h e profiles
from t h e t w o l a t t e r farms m a y be compared with t h e extremely n a r r o w V
in the case of the muck soil on t h e Black Land Station farm, a n d with t h e
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FIGURE 3.—Lewis Farm, Pitt Co., N . C .

Typical profiles across tile drains, homogeneous
soils

FIGURE 4.—Coastal Plain Station, Pender Co., N. C. Typical profiles across tile drains,
4 feet deep, homogeneous soils

200''KJURE 5.—Coastal Plain Station, Pender Co., N. C. Typical profiles across tile drains,
•i feet deep, homogeneous soils
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FIGURE 7.--Nissen Farms, Inc., Beaufort Co., N. C. Typical profiles across open ditches,
Eastern North Carolina muck soil
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FIGURF. 8.—Nissen Farms, Inc., Beaufort Co., N. C. Typical profiles perpendicular to
outlet canal, Eastern North Carolina muck soil
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absence of such a V on the Nissen Farm profiles. The slight effect on
ground water levels of the large canals in drained swamp areas is illustrated in Fig. 8.
The profiles of the Lewis Farm and Coastal Plain Station are indicative
of what may be expected in soils yielding readily to drainage improvements.
Depth of Ground Water Table.—An interesting comparison between the
effectiveness of the drainage on these farms is given in Table 2. On account of the extreme variation in conditions on the Cotton Valley Farm,
the figures from this tract are not included.
TABLE

2.—Maximum

number of consecutive days during which the, around water table
stood at or above certain lends
Maximum number of days

Distance below
ground surface

in.
6
12
18
24
30
36
42

Lewis
Farm
(Tile)

0
0
1
4
11
37

* Deep system.

Lewis
Farm
(open ditch)

1
12
20
31
182
210

b

Coastal
Plain
Station"

Black
Land
Station

Nissen
Farm

0
0
0
1
2
15
01

1
2
5
113
275

2
4
53
71»
128 b

Record incomplete.

There is a striking contrast between the records for the first two farms,
representing open mineral soils, and for the third, a muck soil, all tile
drained (columns 2, 4, and 5). An equally striking comparison is seen
between the two muck soil farms (columns 5 and 6), showing the advantage of tile drainage in these soils over the usually shallow open ditches,
even though the latter are spaced only half the usual distance apart.
Columns 3 and 2 offer a comparison between drainage afforded by an open
ditch on mineral soil, about 2% feet deep and 50 feet distant, and drainage
with tile in the same soil. The water table 50 feet distant from the tile
drains stood within 3 feet of the ground surface for only 138 days during
the period of the experiments, as compared with 362 days at the same distance from the open ditch. The difference in ground water level during
this time was about 8 inches.
A similar direct comparison was afforded, in the case of the Coastal
Plain Station experiments, between drains 3 feet and 4 feet deep spaced
the same distance apart. No difference was found, up to a 3-foot depth,
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between the records for the two systems. However, it is believed that the
perfect agreement obtained was due to the better naturally drained
location of the shallow system, which lay on the ridge of the slope, and by
the advantage it had secured in developing better drainage due to having
been drained 12 years prior to the taking of the records, whereas the deeper
system had just been installed. That better drainage is afforded by the
deeper system is indicated by the statements of the men cultivating the
land, which is in a vineyard, that they notice a considerable added benefit
from the deep as compared to the shallow drainage, and by the fact that
during the winter months the ground water level averages 6 inches higher
in the shallow than in the deep system. Moreover, it was found that the
average depth of the ground water level in the deep system was more than
3 feet in 22 months of the 24, as compared with 12 months in the shallow
system. This difference between deep and shallow drainage is better
shown in the case of the Lewis Farm where one of two systems, similarly
located in other respects, has certain laterals about 3}^ feet deep as compared with 3 feet for the others. Table 3 shows the difference in depth of
drainage:
TABLE 3.—Comparison of drainage depths secured with tile 3 feet and 3% feet deep, on
Lewis Farm
Depth of water table below
ground surface
in.
6
12
18
24
30
36

Maximum period at or above indicated elevation
Average for all drains

For drains Zl/i feet deep

days
0
0
1
4
11
37

days
0
0
0
1
5
10

Average depths of the ground water table, while possibly not as significant as the figures shown in Table 3, are worth noting for those cases
where records are complete, as follows: Coastal Plain Station (deep system), 3.28 feet; Black Land Station, 1.85 feet; Nissen Farm, 1.59 feet.
The seasonal variation of the ground water surface on the muck lands
was especially small. Rather than attempt to reduce the water table to
the levels easily obtained in the mineral soils, it is probable that the muck
lands should be devoted to the production of crops adapted to a high
water table.
Rate of Lowering of Ground Water Surface.—Another interesting criterion of the drainage is the rate at which the ground water surface is
lowered after a period of complete saturation. This varies, of course,
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with atmospheric pressure, humidity, and temperature, and is greater in
summer and fall than at other seasons, but average values are significant
and are shown in Table 4.
TABLE /,.—Average rotes of lowering of ground water surface
Depth of water surface below ground
Time from beginning to lower

Tiled
land
days
1
2
3
4
5
7',<
10
15
20
30

Nissen
Black land station Line X
Farm
Coastal
after
(open
Open
plain
Line X drainage
drains 1
All tiled
ditch
station u
before
land
drainage
drainage

In>wis farm

feet
1.16
1.67
1.98
2.21
2.38
2.67
2.85
3.06
3.18
3.30

feet
0.42
0.80
1.12
1.35
1.58
1.96
2.24
2.57
2.77
2.99

feet
1.85
3.57
2.73
3.00
3.11
3.31
3.43
3.56
3.06
3.82

feet
1.20
1.38
1.50
1.60
1.68
1.81
1.91
2.11
2.32
2.85

feet
0.20
0.34
0.45
0.55
0.65
0.88
1.04
1.33
1 57

feet
0.55
0.88
1.05
1.23
1.34
1.51
1.65
1.88
2.14
3.01

feet
0.60
0.88
1.06
1.20
1.29
1.41
1.48
1.71
2.04
2.82

• Deep system.

While not to be considered as mathematically precise, these averages at
least offer a practical means of comparison. Attention is called to the
remarkable effectiveness of the tile drains in lowering the water table
rapidly during the first few days after saturation. This is evidenced on
the Lewis Farm, by the water level falling further in one day on the tiled
land than in three where drained by the open ditch; and in the case of
Line X on the Black Land Station, where before the tile was installed
it took the water table four days to fall as far as in one day after
drainage.
It is also worth remarking that the open mineral soil of the Lewis Farm
during the first four or five days drains at about the same rate as the muck
soil on the Nissen Farm, drainage in both cases being effected by open
ditches, while the muck soil drained by tile on the Black Land Station
drains more rapidly than either tract having open ditches yet less rapidly
than the tiled land on the Lewis Farm.
In this connection it is well to note that a rapid rate of lowering is of
great practical importance, giving crops a much better chance of surviving
should a hot sun follow a heavy rain. A difference of a day or two in time
of cultivation in this climate, where grass springs up quickly after a rain, is
also important.
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GENERAL CONCLUSIONS FROM GROUND WATER STUDIES

(1) The rate of run-off is but a measure of the rate at which the water
moves through the soil to the drain, or, in other words, of its water yielding capacity. A run-off factor of 3^-inch in 24 hours seems to be satisfactory in the southeastern coastal plain. With drains large enough to
carry such a run-off, the mains will run under pressure at times, and this
seems to be permissible.
(2) The water yielding capacity of the soil is the determining factor as
regards the spacing of the laterals. For general farm crops, it does not
seem to be necessary to space the tile so closely as to prevent the water
table at times reaching the surface between drains.
(3) On the more open soils, the indications are that a spacing of 120 feet
at a depth of 3% feet will give drainage equal to that given by drains 100
feet apart and 3 feet deep. At a 3-foot depth, the water table would never
reach the surface in these soils with drains spaced 40 to 50 feet apart.
(4) Tile drains on the muck soils apparently would need to be spaced
about 15 feet apart to give the same degree of drainage as tile spaced 100
feet apart in the more open mineral soils.
(5) A depth of 33/2 feet would seem to be best for most soils, and could
probably be adopted as standard for all soils in this section.
(6) In the second-terrace soils, the variation in texture is so great as to
indicate the practical impossibility of designing systems that would give
uniform drainage. Construction of a skeleton system first, with additional laterals as found necessary, seems the practical method to follow
under these conditions.
(7) In order to obtain uniform drainage in homogeneous soils, a system of laterals having a closer spacing at the lower elevations seems
necessary.
(8) There appears to be no danger of overdrawing any of these soils.
Even in the driest years, crop records show yields at least 20 per cent
better on the tiled land than on land not tiled.
(9) The chief effect of tile drainage appears to be the lowering of the
ground water table rapidly after a storm. This is evident in both the
organic and the mineral soils studied, and with drains spaced as widely as
330 feet.
(10) Open ditches appear to drain the soil much more slowly than tile,
and to be generally less effective.
(11) The percentage of fine sand and silt in the soil determines the allowable minimum grades for the tile laterals. In clay subsoils, 4-inch
laterals were found to remain clean on a grade of 0.06 foot per 100 feet,
while in the fine sand subsoils some silt was found to collect on a grade of
0.2 foot per 100 feet. In all cases, tile laid on a grade of 0.3 foot per 100
feet were found to be clean, if properly installed.
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(12) Evaporation and transpiration assist materially in reducing the
ground water level during the growing season. The water table stands
highest in winter, lowest in fall, and approximately midway between highest and lowest in spring and summer.
(13) The water table rises to a maximum within an hour or two during
or after a storm and subsides much more slowly.
(14) The rate of fall of the ground water surface decreases rapidly with
the depth, in homogeneous soils, the curve approximating an hyperbola.
(15) The water table in the muck swamps is practically level except for
relatively sharp drops near the large outlet canals. The water table 50
feet from the canals stood at practically the same elevation as 350 feet
away, though the average water level in the canal was 4 feet lower.

DIE MECHANISCHE BODENANALYSE UND
IHRE ANWENDUNG IN DER
KULTURTECHNIK
H . SCHILDKNECHT

Zurich, Schweiz
Jeder Kulturingenieur, der einen Boden yermittelst Drainage entwiissert, ohne über die Bodenverhaltnisse des zu meliorierenden Gebietes
eingehend orientiert zu sein gleicht einem Arzt der einen Kranken in
Behandlung nahme, ohne denselben vorgangig naher zu untersuchen.
Es ist nicht denkbar, dass mit genügender Sicherheit auf Erfolg ani
Boden zweckdienliche Aenderungen vorgenommen werden können, ohne
ihn in seinem Zustande vor der Melioration erfasst zu haben. Erst die
ausführliche Bodenuntersuchung gibt den Aufschluss darüber, ob die
geplanten Eingriffe in die bestenenden Verhaltnisse die gewünschte Wirkung hervorzurufen vermogen.
Die mechanische Bodenanalyse ist ein Mittel, das umfassender und
sicherer als die gefühlsmassige Einschatzung und gesammelte Erfahrungen
gestattet, in die nur sehr schwer entwirrbaren Zusammenhange des
Bodenaufbaues einzudringen.
Eine genaue, wissenschaftliche Methode zur Ermittlung der Strangentfernung bei Drainagen ist gegenüber der bis anhin praktizierten rohen
Schatzung von grösster wirtschaftlicher Bedeutung. Da in jeder Entwasserungsanlage ein Werk geschaffen wird, das, mit andern Ingenieurbauten verglichen, eine relativ lange Existenzdauer aufweist, so sollten
diese Projekte einem besonders sorgfaltigen Vorstudium unterworfen
werden. Es handelt sich dabei nicht nur darum, eventuelle Ersparnisse
an Arbeit und Drainröhren durch gunstigere Dimensionierung zu erzielen,
sondern besonders einen zu weit gewahlten Abstand der Sauger auf alle
Falie zu vermeiden. Da eine zu grosse Draindistanz eine alljahrlich
wiederkehrende Benachteiligung durch verminderte Ertrage unausbleiblich zur Folge hat, wachsen diese Schaden mit den Jahrzehnten zu bedeutenden volkswirtschaftlichen Verlusten an.
Bei jeder Drainage ist der Aufwand an Material und Arbeit einerseits
und ihr Wirkungsgrad anderseits von der richtigen Wahl der Draindistanz
in erster Linie abhangig. Dabei ist für den Abstand zwischen den Saugern einer systemartig angelegten Drainage neben andern Faktoren die
Beschaffenheit des Bodens von ausschlaggebendem Einfiusse. Jeder
mineralische Boden ist ein Gemisch von gröberen bis zu den allerkleinsten
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Bodenteilen. Dioser, für joden Boden charakteristische Aufbau andert
sich mit der Zeit nur in geringem Umfange. Diesc Feststellung ist von
grundlegender Wichtigkeit für die Yerwendung der mechanischen
Bodenanalyse zur Kennzeichnung von Bodeneigenschaften. Vermittelst
der mechanischen Bodenanalyse lassen sich die einzelnen Anteile der
Korngruppen quantitativ ermitteln; es ist der Dispersitatsgrad eines
Bodens, der für die Wasserdurchlassigkeit desselben massgebend ist,
bestimmbar. Die Durchlassigkeit eines Bodens hangt vom Reibungsverlust ab, den das Wasser beim Durchsickern zwischen den Bodenpartikeln erfahrt. Deshalb nimmt die Durchlassigkeit mit steigender
Gesamtoberrliiche der benetzten Bodenkörner ab. Uingekehrt wiichst
die Oberflache eines Korngemisches mit abnehmendem Korndurchmesser
sehr rasch an. Da am erwahnten Reibungsverlust die feinen und besonders feinsten Bodenkörner den grössten Anteil haben, müssten dieselben vom rein mathematischen Standpunkte aus für den Grad der Wasserdurchlassigkeit eines Bodens bestimmend sein.
Bis heute war es mit einigen Ausnahmen allgemein üblich den Boden
für die Zwecke der Drainagearbeiten ausschliesslich nach dem Gefühl
einzuschatzen. Leider ist unser Gefühl, selbst auch dann, wenn es durch
grosse praktische Erfahrung unterstützt wird, in der Beurteilung der
Feinheit von Bodenproben sehr mangelhaft. Hiebei spielt der Feuchtigkeitsgehalt der zu priifenden Bodenprobe cine ausschlaggebende Bolle.
Die Bindigkeit des Bodens, die in der Hauptsache zur Priifung durch das
Gefühl beim Zerreiben der Bodenprobe zwischen den Fingern herangezogen wird, verandert sich sehr stark nach dem momentanen Wassergehalt. Dringt das Wasser zwischen die Bodenteile ein, so wird die Reibung
zwischen denselben vermindert. Deshalb werden nasse Boden im
allgemeinen für viel schwerer eingeschatzt, als in ihrem trockenen Zustande. Dass ganz empfindliche Irrtümer in der Schatzung oft auftreten,
ist jedem Pedologen, der gefühlsmassig klassifizierte Boden nachtraglich
mittelst der mechanischen Bodenanalyse nachprüft, sehr wohl bekannt.
Es ist daher ohne weiteres begreiflich, dass die, durch die gefühlsmassige
Bodeneinschatzung bestinlmten Draindistanzen oft fehlerhaft sind.
Selbst eine umfangreiche praktische Erfahrung vermag nicht zu verhindern, dass Angaben verschiedener Projektverfasser urn grössere
Betrage voneinander abweichen.
Um die unzuverliissige gefühlsmassige Einschatzung der Boden durch
eine genauere Methode zu ersetzen, wurde schon vor Jahren versucht, die
Zusammensetzung der Boden auf rein mechanischem Wego zu ermitteln.
Das erste für kulturtechnische Zwecke brauchbare Verfahren wurde durch
Kopecky begründet. Die Vorzüge des Kopeckyschen Spülapparates
liegen in erster Linie in der Einfachheit und Raschheit der Durchführung
der Bodenuntersuchung. Dagegen lassen sich vermittelst des Spülverfahrens, wie schon Versuche von Eberhart und Koetlgen zeigten, die

COMMISSION VI—SOIL SCIENCE AND LAND CULTIVATION

717

abschlammbaren Teile unter 0.01 mm. nicht mehr in weitere Korngruppen
zerlegen. Die Dauer einer Untersuchung wiirde dadurch zu sehr verliingert und es ginge damit der Hauptvorteil des Kopeckyschen Appartes,
seine rasche Arbeitswcise verloren. Zudem zeigt es sich, dass sich die
Bcstimmung der tonigen Teile unter 0.002 mm. vermittelst des Spülverfahrens als direkt unausführbar erweist, indem bei der hiefür benötigten
sehr kleinen Wassergeschwindigkeit das Festsitzen feiner Boden-partikel
an den Wandungen des grössten Zylinders zu stark in P>scheinung tritt,
und damit das Resultat mit einem empfindlichen Fehler behaftet wird.
Auch ist es so undenkbar, dass durch die Tatigkeit des fliessenden Wassers
in den Zylindcrn eventuell auftretenden Flockungserscheinungen entgegengearbeitet wird, da hiefür die Wassergeschwindigkeit zu gering ist.
Ks wird sich deshalb nie empfehlen, die Grenze für die abschlammbaren
Teile unterhalb 0.01 mm. zu verlegen, so sehr weitere Ueberlegungen dies
auch wünschbar erscheinen hessen.
Durch eine kritische Gegenüberstellung sollen in der Folge die Vorteile
und Nachteile der Spul- und Scdimentierverfahren beleuchtet werden.
Es ist vorweg zu erwarten, dass mit abnehmender Korngrösse die
Hcstiininung der Bodenteile immer schwieriger wird. Dass eine Bodensuspension, von der bei jeder mechanischen Bodenanalyse ausgegangen
wird, zahlreichen Einflüssen unterliegt, ist zur Genüge bekannt. .Ie
kleiner die Bodenpartikel sind, desto leichter reagieren sie auf verschiedene, die Untersuchung storende Krafte, wie Warme. Licht und elektrische Yorgangc.
Bekanntlich zeigen Bodensuspensionen bei der Einwirkung von Elektrolyten die Eigenschaft, ihren Dispersitatsgrad zu andern. Es verschiebt sich also, je nach den gegebenen Verhiiltnissen, das Zerteilungsgleichgewicht, und damit sind auch die Fallbedingungen für die Bodenteile bei der mechanischen Analyse die denkbar verschiedensten. Zudem
kann festgestellt werden, dass selbst geringe Elektrolytmengen sehr
starke Wirkungen zur Folgc haben können, was von Wiegner an Hand
mehrerer Ycrsuche dargelegt worden ist. Da bei der Versetzung der zu
analysierenden Bodenprobe mit destilliertem Wasser sofort Salze in
Lösung übergehen, würden in den meisten Fallen in der Suspension
Koagulationserscheineungen auftreten. Damit ergibt sich ein ganz
falsches Bild für den Zerteilungsgrad des Bodens. Es musste daher ein
Zusatz von Elektrolyten vorgeschlagen werden, der den Boden am
AusHocken hindert. Dieser Eingriff bewirkt im allgemeinen eine mehr
oder weniger starke Dispersitatsvergrsöserung. Dabei ist der Dispersitatsgrad abhangig von der Art und Menge der im Boden vor dem
Ycrsuch schon vorhandenen und spater noch zugesetzten Elektrolyte.
Für die Anwendung der mechanischen Bodenanalyse auf die praktische
Kulturtechnik ist es von grundlegender Wichtigkeit, dass dieselbe, auf
vcrschiedcnc Biïdcn bezogen. tatsachlich vergleichbare Werte liefert.

718

FIKS'I' INTERNATIONAL CONGRESS OF SOIL SCIENCE

Dies kann beini Sedimentationsverfahren nicht der Fall sein, denn es
erscheint uninöglich, alle Boden auf dasselbe Zerteilungsgleichgewicht
zurückführen zu können. Jeder Boden bringt die ihm typischen P]lektrolytbeimengungen in die Analyse mit. Es ist daher ganz ausgeschlossen, dass aus der gleichen Yorbehandlung mehrerer Boden vergleichswürdige Ausgangsprodukte zur Analyse resultieren. Je nach den anfanglichon Bedingungen und der Dosierung der Elektrolytzusatze wird
das Endresultat das denkbar verschiedenste sein. Es fehlt daher jegliches Mittel, für die verschiedenen Boden gleiche Fallbedingungen im
Sedimentationsapparat zu schaffen. Dass einzelne Methoden bei Paralleluntersuchungen am gleichen Boden gut übereinstimmende Werte
lieferten, ist kein Beweis dafür, dass die Resultate verschiedener Boden
vergleichbar sind und damit in der Kultertechnik praktisch ausgewertet
werden dürfen. Eine prinzipielle Abweichung gegenüber dem Sedimentierverfahren zeigt die Spülanalyse offenbar darin, dass hier die
Bodensuspension durch die grosse Menge Schlammwasser sofort sehr
stark verdünnt wird und die Elektrolyte mit der Zeit ausgewaschen
werden. Durch die andauerende Arbeit des aufsteigenden Wasserstromes befinden sich die Bodenteile in steter Bewegung. Es kann daher
cin Zusammenflocken derselben nur schwer auftreten. Deshalb ist auch
eine Elektrolytvorbehandlung der Boden zur Schlammanalyse nach
Kopecky ohne grössere Wirkung auf das Endresultat. Es lasst sich daher
vermuten, dass vermittelst der Apparatur nach Kopecky, ohne dass sich
kolloidchemische Einflüsse stark geitend machen, eine mechanische
Sortierung der Bodenteile über 0.01 mm. möglich ist.
Es ist eine bekannte Tatsache, dass man für den Zerteilungsgrad eines
Bodens, je nach der Menge der in den Sedimentationsapparat eingebrachten Bodenprobe, verschiedene Grossen erhalt. Dies hat seinen
('.rund in der sich verandernden Zahigkeit der Suspension, welche auf die
Fallgeschwindigkeit der Bodenteile einen empfindlichen Einfluss ausübt.
Wie Gallay zeigte, ist es nicht möglich, für alle Bodenarten eine allgemein
guitige Konzentrationsgrenze anzugeben, da sie vom Elektrolytgehalt des
Bodens abhangt. Deshalb wird es sicherlich nicht in jedem Falie gerechtfertigt sein, bei der Auswertung der Fallkurve die Gesamtwirkung
des Korngemisches durch eine einfache Summierung der Einflüsse der
verschiedenen Korngruppen zu berechnen. Es ist zu erwarten, dass sich
die Bodenteile gegenseitig in der Fallbewegung oft fühlbar hindern. Im
Kopeckyapparat vermogen bei zweckmassiger Anordnung der Untersuchung die Einflüsse der sich andernden Aufschwemmungskonzentration
nur eine geringe Rolle zu zu spielen. Zu Beginn des Schlammvorganges
ist zwar die Zahigkeit in den Schlammzylindern eine viel höhere als
spater nach erfolgter Verdünnung der Suspension, was zur Folge haben
könnte, dass gröbere Bodenteile mitgerissen werden. Dadurch, dass
anfanglich der Apparat mit verminderter Wassergeschwindigkeit in
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Betrieb gesetzt wird, kann die Wirkung der grosseren Zahigkeit aufgehoben werden, sodass Bodenpartikel über 0.01 mm. nicht mit den abschliimmbaren Teilen den grössten Zylinder verlassen.
Dass die feinsten Bodenteile besonders starken und verschiedenartigen
lunwirkungen unterliegen, beweist die Feststellung von Freckmann und
Janert, dass diese Bodenpartikel schon durch langere Aufbewahrung im
lufttrockenen Zustande bedeutende Umanderungen erleiden. Es wurde
vermittelst des Apparates von Zunker die spezifische Oberflache von zwei
Boden in Abstanden mehrerer Tage wiederholt bestimmt. Dabei ergaben
sich standig abnehmende Werte. Demgegenüber verursacht das Lagern
der Bodenproben, wie unsere Nachforschungen ergaben, keine Veranderung der vermittelst des Schlammverfahrens nach Kopecky bestimmten
abschliimmbaren Teile unter 0.01 mm. Trotzdem zwischen Doppelanalysen einer grossen Anzahl von Boden ein Zeitraum von fast einem Jahr
lag, sind die Kesultate für die Fraktion 1 im Kopeckyapparat ungefahr
dieselben geblieben.
Es ist schon von verschiedener Seite die Ansicht vertreten worden, die
mechanische Bodenanalyse vermöge bei einem bedeutenden Humusgehalt
der Proben keine zutreffenden Kesultate mehr zu liefern. Dass der
Humus besonders die Sedimentationsverfahren ungünstig beeinflusst, ist
erwiesen. Es schien deshalb von Wert, den Einfluss des Humusgehaltes
auch auf die mittelst des Kopeckyapparates bestimmten Fraktionen zu
untersuchen. Hiezu wurden 27 Boden, die einen Glühverlust von 6 c / r
bis 27% aufwiesen, meherere Male im Kopeckyapparate geschlammt und
der mittlere Fehler für die Fraktion I (Bodenteile unter 0.01 mm.) berechnet. Obwohl eine schwache Abnahme der Genauigkeit mit steigendem Glühverlust festgestellt werden konnte, zeigt es sich doch, dass
selbst bei sehr hohem Humusgehalt die mittelst des Kopeckyapparates
bestimmten abschlammbaren Teile noch mit befriedigender Genauigkeit
ermittelt werden können.
Es ist dem Kopeckyapparat schon öfters der Vorwurf gemacht worden,
er arbeite sehr ungenau. Ein abschliessendes Urteil kann hier nur durch
die fehlertheoretische Diskussion eines umfangreichen Versuchsmaterials
gegeben werden. Um die Genauigkeit des Kopeckyapparates nachzuprüfen, wurden daher 33 Boden in vier- bis siebenfacher Wiederholung
analisiert und hierauf die mittleren Fehler für die verschiedenen Fraktionen berechnet. In erster Linie lasst sich feststellen, dass der Fehler,
mit dem die einzelnen Fraktionen bestimmt werden nicht von deren
Grosse abhangig ist. Es besteht daher die Ansicht, dass die Bestimmung
der Fraktion II (0.01-0.05 mm.) im grössten Zylinder des Kopeckyapparates um so unsicherer werde, je geringer der Anteil der Korngrösse
0.05-0.01 mm. ist, nicht zu Recht. Auch die aufgestellte Behauptung,
die Franktion II werde am ungenauesten bestimmt, ist nicht haltbar.
Die Abweichungon sind über die verschiedenen Korngruppen ungefahr
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gleichbleibend. Werden zur Bildung der mittleren Fehler saintliche 1Ü2
Analysen herangezogen, so berechnen sich die Mittel zu=±=0.8% für
Fraktion 0.01-0.05 mm., ± 0 . 8 % für Fraktion 0.05-0.1 mm., und ± 1 . 1 %
für Fraktion 0.1-2.0 mm. Der etwas hohe mittlere Fehler der abschlammbaren Teile von ± 1.6% erklart sich damit, dass sich die untersuchten
Bodenproben infolge ihrer Entnahme aus geringer Tiefe durch einen zuni
Teil sehr hohen Gehalt an Humus auszeichnen und daher die Genauigkeit
herabgesetzt wird. Ein ahnliches Pesultat ergab eine weitere Versuchsgruppe von 142 Boden, die zwei- bis dreimal geschlamnit wurden. Der
in it tier* • Fehler für die Kinzelbestitnmungder Fraktion I betrug hier nUT*
1.2%, obwolh die Wiederholung der Analysen erst nach langerem
Zeitraum erfolgtc und die Untersuchungen wahllos über drei Kopeckyapparate verteilt wurden. Ks ist damit bewiesen, dass die Genauigkeit,
mit der die Korngruppen im Kopeckyapparat bestimmt werden, für
praktische Zwecke in der Kulturtechnik vollauf genügt.
Die ersten Vorschlage, die mechanische Bodenanalyse zur Bestimmung
der Draindistanz heranzuziehen stammen von Waege, Kopecky und
Gerhardt. Dieselben drückten den Abstand zwischen den Saugern
durch den Gehalt des Bodens an abschlanimbaren Teilen unter 0.01 mm.
aus. Diese Angaben wurden spater von Fauser fur Württemberg abgeiindert und haben sich dort bei einer sehr grossen Anzahl von Drainageprojekten vortrefflich bewahrt. In neuester Zeit wurde diese Method*'
hauptsachlich durch Zunker mit dein Einwand angegriffen, die Bestimmung der Bodenteile bis zur Grenze 0.01 mm. reiche nicht aus, den Durchlïissigkeitsgrad eines Bodens in jeden Falie zu kennzeichnen, da zwei
Boden mit gleichein prozentualem Gehalt an abschlanimbaren Teilen
innerhalb dieser Fraktion noch sehr verschieden zusammengesetzt sein
könnten. Offenbar hat die mechanische Bodenanalyse die Korngruppen
bis zu der Grenze zu erfassen, als abnehinende Korngrösse die Durchliissigkeit weiter verringert. Die Streitfrage, welche Korngruppen für
den Durchliissigkeitsgrad eines Bodens niassgebend seien, ist nunniehr
abgeklart. Durch unsere praktischcn Versuche konnte nachgewiesen
werden, dass mit einigen Einschn'inkungen sich die Boden, dein Gehalt
an abschlanimbaren Teilen unter 0.01 mm. entsprechend, nach Durchlassigkeitswerten abstufen lassen. Dieses Problem ist mit Fragen der
Bodenbildung eng verkniipft. Ware, wie rein mathematische Ueberlegungen es erwarten liessen, der Gehalt eines Bodens an feinsten Bodenteilen unter 0.001 mm. für dessen Durchlassigkeit ausschlaggebend, so ist
damit selbstverstandlich die Bedingung verblinden, dass diese kleinsten
Bodenpartikel tatsachlich an der Vergrösserung der benetzten Bodenoberrliiche Anted haben, das heisst. dass sie vom absickernden Wasser umrlossen werden. Dies ist nur dann denkbar, wenn sich die erwahnten
Bodenbestandteile im gewachsenen Boden als Einzelkörner zwischen das
übrige Bodenaggregat einlagern, was nicht der Fall ist. Fast in allen
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Boden, die für Drainagezwecke in Frage kommen, werden die kleinsten
Bodenkörner schon anlasslich der Bildung des Bodens durch kolloidchemische Einflüssc zu grosseren Sekundarteilchen zusammengeballt.
Deshalb crscheint es als wertlos, den Anteil eines Bodens an feinsten
Teilen zu bestimmen.
Was ist unter dem Begriff der zweckmiissigen Draindistanz zu verstehen? In erster Linie ist festzustellen, dass die zweckmassige Strangentfernung sich mit der Bestehungsdauer einer Drainage verandert.
Da durch die Einwirkung der Entwasserung der Boden mit der Zeit
durchlassiger wird, muss bei der Ausführung ein bedeutend kleinerer
Abstand zwischen den Saugern gewahlt werden, als der einmal aufgeschlossene Boden benötigen würde. Die Berücksichtigung dieses Umstandes durch die Wahl einer etwas grosseren Draindistanz, womit aber
gegenüber den geringeren Kosten in den ersten Jahren eine gewisse
Verzögerung der Entwasserung in Kauf genommen werden muss, ist
nicht ratsam, da sich hiebei ein Zustand dauernd mangelhafter Wirkung
einstellen kann. Die Drainentfernung ist in jedem Falle so zu bemessen,
dass die Verbesserung des ursprünglich ungünstigen Zustandes des
Bodens gesichert erscheint. . Wird derselbe Bodentypus bei gleichbleibender Draintiefe mit verschiedener Strangentfernung drainiert, so
aussert sich die ungleich intensive Entwasserung dadurch, dass mit abnehmendcr Strangentfernung der Ertrag sehr rasch anwachst, um sich
hierauf langsam einem Höchstertrag zu nahern. Die etwa vertretene
Anschauung, eine bedeutend zu enge Draindistanz könne sich durch
iibermassige und daher schadliche Entwasserung geitend machen, ist
für mittelschwere bis schwere Boden nicht haltbar. Es sind uns Falie
bekannt, die gegenüber der zweckmassigen, eine gegen 100% zu enge
Drainentfernung aufweisen, ohne dass auch nur die geringste nachteiligc
Wirkung konstatiert werden kann. Der Nachteil eines zu eng angelegten
Drainagenetzes aussert sich nur durch die zu hohen Kosten der Anlage.
Die Erklarung dafür, dass eine empfindliche Absenkung des (Jrundwasserspiegels nicht nachteilig zu wirken vermag, liegt in der kapillaren
Wirkung der Boden begründet. Den Kapillaren wird durch die Pflanzenwurzeln standig Feuchtigkeit entnommen. Durch das fortwahrende
Nachsteigen von Wasser aus dem tiefer liegenden Grundwasserspiegel
können auf diese Weise immerhin empfindliche Wasserquantitaten in
Bewegung gesetzt und von der Vegetation ausgenützt werden.
Die Kosten einer Drainage wachsen mit abnehmender Strangentfernung
rasch an. Die zweckmassige Draindistanz ist nunmehr durch jenen
Grenzwert bestimmt, bei dem die Mehrkosten infolge abnehmender
Strangentfernung durch die Ertragssteigerung gerade noch aufgewogen
werden.
Systematische, praktische Untersuchungen darüber, ob die mechanische
Bodenanalyse tatsachlieh zur Bestimmung der Strangentfernung bei
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Drainagen Verwendung finden darf, fehlten bis heute. Für die kulturtechnische Praxis wirklich brauchbare Angaben lassen sich nur durch die
Verarbeitung eines umfangreichen und zweckmassig ausgewahlten
Tatsachenmaterials gewinnen. Versuche rein mathematischer Erforschung der Beziehungen zwischen mechanischer Zusammensetzung
des Bodens und der Draindistanz werden niemals zum Ziele führen können
und für die praktische Anwendung ungeeignet sein. Um die Resultate
der mechanischen Bodenanalyse in Beziehung zur Strangentfernung
setzen zu können, sollten zweckmassige Werte der letzteren bekannt sein.
Wohl lasst sich mit Leichtigkeit beurteilen, ob die Draindistanz zu gross
gewahlt wurde, da sich in diesem Falle die mangelhafte Entwasserung
recht augenscheinlich bemerkbar macht. Dass besonders in schweren
Boden die Drainentfernung gegenüber dem zweckmassigen Betrag nur
cine geringe Erweiterung zulasst, konnte schon mehrfach beobachtet
werden. Demgegenüber lasst sich, ausser auf dem Wege langjahriger
Grundwasserbeobachtungen, bei einer Drainage niemals beurteilen, ob
sie mit zu geringer Strangentfernung angelegt ist. Da ein zu kleiner
Abstand der Sauger keine schadliche Wirkung zur Folge hat, ist es nicht
möglich zu ergründen, ob ein Drainagenetz richtig bemessen wurde.
Denn selbst aus der tadellosen Wirkung einer Drainage darf nicht der
Schluss gezogen werden, die angewandte Strangentfernung sei zweckmassig. Mit Sicherheit ist nur festzustellen, dass nicht zu weit drainiert
wurde. Ob aber, und in welchem Umfange die gewahlte Draindistanz
zu eng bemessen ist, entzieht sich ganzlich der Beurteilung. Wirklich
zweckmassige Werte hessen sich nur vermittelst Versuchsfeldern gewinnen. Würde derselbe Bodentypus verschieden weit drainiert und
über eine langere Versuchsperiode der entsprechende Ertrag ermittelt, so
ware die, für die vorliegenden Verhaltnisse gunstigste Strangentfernung
bestimmbar. Dieser Weg ist aber sehr langwierig und stellt hohe finanzielle Ansprüche. Dennoch lassen sich die Zusammenhange zwischen
mechanischer Bodenanalyse und Draindistanz auch dann untersuchen,
falls wirklich zweckmassige Werte der letzteren nicht zur Verfügung
stehen. Wird eine Beziehung zwischen den abschlammbaren Teilen
unter 0.01 mm. und der Strangentfernung, ahnlich der von Fauser aufgestellten Kurventafel als tatsachlich bestehend angenommen, so müssten
alle zweckmassig angelegten Drainagen Punkte in nachster Nahe dieser
Kurve liefern. Dagegen würden sich alle übrigen Anlagen mit zu grosser
oder zu kleiner Strangentfernung auf beiden Seiten derselben verteilen.
Wird daher bei einer grosseren Anzahl scheinbar zweckmassig angelegten
Drainagen die Strangentfernung in Beziehung zu den abschlammbaren
Teilen gesetzt, so muss sich, falls diese beiden Faktoren tatsachlich in
funktionellem Zusammenhang stehen, eine Grenzkurve zeigen. Diese
würde sich dort ausbilden, wo für eine gunstige Wirkung in verschiedenen
Roden die Draindistanz den hiefür noch zulassigen grössten Wert über-
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schreitet. Es liegt hier somit ein Grenzkurvenproblem vor. Damit ist
auch verstiindlich, weshalb die Versuche von Spöttle, der aus einer grossen
Anzahl drainierter Boden Bayerns ein Gestz zwischen Gehalt an abschlammbaren Teilen und der Drainentfernung abzuleiten versuchte,
resultatlos verlaufen mussten. Da ohne Zweifel mehrere Projekte mit zu
enger Draindistanz mitberücksichtigt worden waren, liess die flachenartige Verteilung der Punkte den falschen Schluss aufkommen, es sei
eine Beziehung nicht aufstellbar.
Da für unsere Untersuchungen über die Zusammenhange zwischen der
mechanischen Bodenanalyse nach Kopecky und der Draindistanz eine
zweckmassige Auswahl des Versuchsmaterials von grundlegender Wichtigkeit schien, wurden die zu untersuchenden Drainageprojekte einem
besonders eingehendem Vorstudium unterzogen. Als Hauptbedingung
war zu verlangen, dass die Bodenverhaltnisse im zu untersuchenden
Gebiet praktisch gleichförmige waren. So konnte mit Sicherheit angenomraen werden, dass die entnommenen Bodenproben tatsachlich den untersuchten Bodentypus darstellten. Es ist für die ausführliche Bodenuntersuchung von grösster Bedeutung, nach welchen Gesichtspunkten die zu
analysierenden Bodenproben entnommen werden. Der weitaus grösste
Teil der Misserfolge, durch die mechanische Bodenuntersuchung die
Draindistanz zu ermitteln liegt in einer unzulassigen Gewinnung des
Versuchsmaterials begründet. Um einen Anhaltspunkt über die Homogenitat der untersuchten Drainagegebiete zu erhalten, erfolgte'n die
Probeentnahmen jeweils an zwei bis drei Stellen. Nach eingehender
Prüfung einer sehr grossen Anzahl von Drainagen wurden 49 Projekte,
die sich über das Gebiet des schweizerischen Mittellandes verteilen, für
die Untersuchung vermittelst ser Bodenanalyse nach Kopecky herangezogen. Dabei ist bei jedem untersuchten Projekt die mittlere
Abweichung des arithmetischen Mittels der Analysenresultate aus den
einzelnen Probelöchern berechnet worden. Alle Drainageböden die
einen ± 3 % bedeutend überschreitenden mittleren Fehler aufwiesen
wurden als heterogen bezeichnet und für die weiteren Betrachtungen
ausgeschlossen. Es zeigte sich, dass Boden von angehend gleichförmiger
mechanischer Zusammensetzung in allen Gebieten der Schweiz vorkommen. Selbstverstandlich ist der Boden bei grosseren Drainageprojekten
nur in seltenen Ausnahmefallen über die ganze Flache gleichartig.
Dagegen lassen sich fast überall kleinere Gebiete, die als homogen
angesprochen werden können, herausgreifen.
Nach der Berücksichtigung einer Anzahl weiterer Faktoren, die hier
nicht auseinandergelegt werden können, wurden die Draindistanzen als
Funktion der abschlammbaren Teile aufgetragen. Hiebei ergab sich,
dass sich zwischen die Projekte mit gunstiger Wirkung im Felde und
denjenigen, die mit nachweisbar zu grosser Strangentfernung angelegt
worden sind, eine Grenzkurve einschiebt. Somit besteht tatsachlich eine
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Beziehung zwischen den abschlammbaren Teilen unter 0.01 mm. und der
Draindistanz und es ist erwiesen, dass die mechanische Bodenanalyse nacli
Kopecky zur praktischen Ermittlung der zweckmiissigen Draindistanz
ausreicht.
Entgegen den bisherigen Anschauungen scheint die Lagerung des
Bodens, das heisst die Art wie sich die Bodenkörner in der Natur draussen
aneinander lagern, nach unseren Erfahrungen die Durchliissigkeit und
damit die Strangentfernung nicht bedeutend zu beeinflussen. Falls die
Lagerungsvcrhiiltnisse eines Bodens auf die Durchliissigkeit eine ausschlaggebende Wirkung ausüben würden, hatte sich eine Beziehung zwischen den, nach Kopecky bestimmten abschlammbaren Teilen und der
Strangentfernung niemals ableitcn lassen, um so mehr als die untersuchten Boden unter wechselnden Verhaltnissen sich bildeten und
daher kaum eine ahnliche Lagerung aufweisen. Demgegeniiber vermögen makroskopisch feststellbare Schichtungserscheinungen innerhalb desselben homogenen Bodens eine grosse Bedeutung zu erlangen
Solche Boden sind viel durchlassigcr, als die mechanische Bodenanalyse
angibt.
Angesichts der Tatsache, dass in vielen Landern für die Ausfuhrung von
Drainagearbeiten bedeutende Summen aufgewendet werden, erscheint es
im ersten Augenblick als unverstiindlich, weshalb die mangelhafte
gefühlsmassige Einschiitzung der Draindistanz nicht schon lange durch
eine gènaue wissenschaftliche Methode ersetzt wurde. Dies ist hauptsachlich zwei U/mstanden zuzuschreiben. Der Boden ist ein iiusserst kompliziert zusammengesetztes Gebilde. Es ist daher zum Teil verstandlich.
wenn kulturtechnische Praktiker eine Erfassung desselben auf wissenschaftlicher Basis vorweg für unmöglich halten. Zudem sind die Drainagen, in den Boden verlegt, einer direkten Beobachtung ganz ent zogen.
Deshalb ist ihr Wirkungsgrad nur sehr schwer feststellbar und es treten
Projckticrungsfehler im allgemeinen erst dann zutage, wenn durch die
Wahl einer bedeutend zu grossen Strangentfernung ein ganz grober
lrrtum begangen wurde. Fast alle übrigen Unstimmigkeiten, und hier
besonders die viel zu engen und damit unwirtschaftlichen Distanzen
entziehen sich im Boden der Beurteilung. So kann leider nur zu schnell
der Schluss gezogen werden, die gewiihlte Strangentfernung sei zweckimissig, obwohl vielleicht eine andere Anordnung weitaus gunstigere
Krgcbnisse gezeitigt hatte. Ware die Zweckmassigkeit jeder angelegten
Drainage ohne grosse re Schwierigkeit beurteilbar, verfügten wir sicherlich
schon lange über ausgebaute Verfahren zur exakten Dimensionierung der
Draindistanzen. In der Gegenwart ist die Bedeutung des Problemes der
Bestimmung der zweckmiissigen Strangentfernung bei Drainagen für die
Volkswirtschaft erkannt worden. Es ist daher sehr erfreulich, dass es
unseren schweizerischen Untersuchungen, die einen Zeitraum von drei
Jahren in Anspruch genommen haben, gehmgen ist. eine praktisch
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verwertbare Grundlage zu schaffen. Damit erwachst aber auch deni
sorgfaltig projektierenden Kulturingenieur die Pflicht, in Zukunft bei der
Aufstellung von Drainageprojekten auch die mechanische Bodenanalyse
zu Rate zu ziehen, umsomehr als mit unbedeutenden Auslagen eventuell
grosso Summen eingespart werden können.

UEBElt DIE WIRKUNG DIE DRAINAGE AUF DIE
PHYSIKALISCHE BESCHAFFENHEIT UND DEN
MECHANTSCHEN BAIT DES BODENS
R. JANOTA

I'rog, Tschechoslowakie
Die Melioration des Bodens, insbesondere die Entwasserung der Grundstücke durch systematische Drainage, ist die Grundbedingung für die
Intensivierung der landwirtschaftlichen Produktion. Durch die Ableitung der übermassigen Feuchtigkeit aus dem Boden wird die physikalischo
Meschaffenheit der oberen, für die Ernahrung der Kulturpflanzen wichtigsten Bodenschichte wesentlich verbessert und durch die erzielte
höhere Latigkeit des Bodens in chemischer und biologischer Hinsicht wird
nicht nur eine bessere Ausnützung der eigenen Bodennahrstoffe, sondern
auch eine vollkommenere und vollstandigere Ausnützung der durch
künstliche Düngemittel zugeführten Nahrstoffe ermöglicht. Dadurch
kann auch der gunstige Einfluss der Entwasserung auf die Höhe und Güto
der erzielten Ernten und besonders auf die bedeutende Erweiterung des
Rübenbaugebietes erklart werden. In der Drainage wird heute mit
Recht ein geeignetes Mittel erblickt, das höhere Ernten auch in Jahren
mit ungünstiger Witterung sichert.
In den letzten mehr als 40 Jahren ist es durch systematische Entwasserung gelungen, allein in Böhmen, einschlieszlich der privat durchgeführten Entwassorungen, über 150,000 Hektar nunmehr sehr fruchtbaren Bodens für die Landwirtschaft wesentlich zu verbessern und damit
in der technischen Bodenverbesserung reiche Erfahrungen zu gewinnen.
Hiebei muss man sich jedoch auch heute noch in der Meliorationspraxis
oft nur nach empirischen, durch praktische Versuche nicht erwiesenen
Beziehungen richten, insbesondere wenn sich die Meliorationsarbeiten
stiindig mehr auch in jenen Gegenden ausbreiten, wo mit Rücksicht auf
die geanderten Boden- und Klimavcrhaltnisse nicht genügende Erfahrungen aus den durchgeführten Bauten vorhanden sind.
Darum wird ungeachtet aller heutigen Fortschritte bei der Durchführung von Meliorationsarbeiten in Fachkreisen immer mehr das Bedürfnis
gefühlt, eine ordentliche theoretische Grundlage zu gewinnen, die aus den
örtlichen Boden- und Klimaverhaltnissen und vor allem aus den Erfolgen
der bereits durchgeführten Meliorationsarbeiten abgeleitet ist.
Insbesonders scheint es notwendig, die theoretischen Grundlagen, auf
welchen die technische Verbesserung der Bodenverhaltnisse beruht, durch
72fi
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Hrhebungen der wirklichen Beschaffenheit und Feststellung der Wirkung
der Meliorationsarbeiten zu bekraftigen, u. zw. einerseits bei ausgezeichnet wirkenden, andercrseits bei solchen Bauten, welche durch ihre Wirkung
dcr heutigen Intensitiit der landwirtschaftlichen Produktion nicht entsprechen. Die auf diese Weise gewonnenen Erfahrungen können beini
Kntwerfen weiterer Meliorationsbauten mit Erfolg verwendet werden,
damit diese neueren Erkenntnisse und Erfahrungen bei der rationellen
Lösung neuer Projekte mit Rücksicht auf die Forderungen der Zeit entsprechend ausgenützt werden.
Es muss erwahnt werden, dass das Flachenausmass der Grundstücke,
die auf dem Gesamtgebiete der Csl. Republik einer systematische n
Melioration durch Entwasserung bedürfen, über 1,900,000 Hektar bctragt. In den letzten Jahren wurden jahrlich gegen 20,000 Hektar entwassert und es ist zu erwarten, dass die entwasserte Flache in der nachsten
Zeit auf 30,000 Hektar und der jiihrliche Aufwand auf 100—200 Millionen
Kc steigen werden.
Bedingung für eine ordentliche und gesunde Entwicklung der Meliorationsarbeiten ist sonach, die Meliorationsforschung auf bereits fertigen
Anlagen einzuführen und die gewonnenen Erfahrungen dann bei Versuchsobjekten im Rahmen des auf dem Gebiete der Kulturtechnik in den
letzten Jahren von der Abteilung IV des Landwirtschaftsministeriums der
Csl. Republik organisierten Forschungswesens nachzuprüfen.
Nach diesem Vorgange wurde in den Jahren 1920 bis 1924 von der
pedologischen Abteilung des technischen Bureaus des Landeskulturrates
für Böhmen eine Reihe Untersuchungen angestellt, die auf die Beleuchtung der Wirkung der Drainage in verschiedenen, schon langere Zeit
entwasserten Bodentypen hinzielten. Durch die Erhebungen wurde die
Wirkung der Drainagen auf die physikalische Beschaffenheit und den
inechanischen Bau des Bodens verfolgt. Für die Untersuchungen wurde
eine Kombination der physikalischen und mechanischen Analyse von
Bodenproben benützt, die in der ursprünglichen Lagerung in verschiedener Entfernung vom Drain, immer aus einigen Tiefen unter der Geliindeoberflache, u. zw. in der Frühjahrs- und Herbstsaison entnommen
wurden. In Lagen mit dilluvialen Boden bezogen sich die Untersuchungen auf schwach podzolierte Braunerden, in Lagen mit Boden der
Kreideformation auf teilweise umgewandelte tonige Rendzinaböden mit
unterlagerten Mergelschichten. Im Ganzen wurden 19 Falie auf entwassertem Gelande und 9 Falie auf nicht entwassertem Boden im nordöstlichen Böhmen, wo die Meliorationstatigkeit am lebhaftesten ist, erhoben.
Hiebei wurden hinsichtlich des mechanischen Baues und der physikalischen Beschaffenheit 90 Bodenprofile bis zur Tiefe von 1.50 m. untersucht,
u. zw. durch 414 physikalische und 407 mechanische Analysen.'
1
Ausführliche gvaphisch und tabellarsich zusammengestellte Angaben enthalt die
l'ublikation Dr. Tng. R. Janota: ''ITober die Wirkung der Drainage auf die physikaliscli
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Aus den Ergebnissen der Untersuchung der entwasserten und nichtentwasserten Lagen ergaben sich folgende Erkenntnisse:
1. Bis zur Tiefe der Draingrabensohle wurde in keiner der entwasserten
Lagen weder im Frühjahr noch im Herbst ein freier Grundwasserspiegel
festgestellt. Es kann daher die Form des Grundwasserspiegels zwischen
den Drains nicht verfolgt werden. Unter dem Einfluss der Entwasserung
war der Grundwasserspiegel in durchlassigen Boden, in denen allein er
sich ausbilden kann, bis unter die Drainage gesunken, wodurch die oberen
Bodenschichten ausserhalb des Bereiches der direkten Wirkung des
Grundwassers gelangen und daher weiterhin dem Einfluss der klimatischen
Faktoren ausgesetzt bleiben. Durch die Entwasserung geht der Bodentyp sichtlich in mehr aride Verhiiltnisse über. Nach der durchgeführten
Entwasserung kann die Humiditat der oberen Schichten nur aus der
Verteilung der Feuchtigkeit und dem Grade der Anfeuchtung des Bodens
verfolgt werden. Die Humiditat ist in den oberen Schichten vorwiegend
von der Luftfeuchtigkeit und den atmospharischen Niederschlagen abhangig, von deren Menge die weitere Ausbildung des Bodentyps beeinflusst wird.
2. Die Ausbildung des Bodentyps auf Grund der Bewegung der feinen
Bodenbestandteile aus den oberen Schichten in den Untergrund erscheint
als Funktion der Durchsickerung des Wassers durch den Boden. Der
Podzolbildungsprozess wird durch regelmassige Anordnung dor einzelnen
Bodenhorizonte charakterisiert, die sich voneinander durch Lagerung.
Struktur und Farbe unterscheiden. Durch Herabsetsung der Elektrolyte
in den elluvialen Schichten werden die Kolloidsubstanzen des Tones,
Eisens, Humus und der Kieselsaure frei und von dem einsickernden
Niederschlagswasser im illuvialen Horizonte abgelagert, der sich in jener
Tiefe bildet, bis zu welcher das einsickernde Wasser gewöhnlich vordringt.
Die Degradation der elluvialen Schichten (Ackerkrume und Krumensohle) ist ersichtlich aus dem niederen Gehalt an feinen abschlammbaren
Bestandteilen, Kalk und Humus gegenüber dem illuvialen Horizonte, der
wiederum eine auffallende Anreicherung durch diese Substanzen bei
bedeutender Verdichtung und schlechtester Struktur im ganzen in Betracht gezogenen Bodenprofil aufweist. Tiefer unter dieser Schichte
erscheint das ursprüngliche unveranderte Erdmaterial in besserer Struktur und mechanischer Zusammensetzung. Diefe Verhaltnisse wurden
sowohl bei entwasserten als auch nicht entwasserten Boden festgestellt.
Bei lehmigen Boden ist die Auslaugung weniger auffallig, denn der Unterschied im Gehalt an feinen abschlammbaren Bestandteilen zwischen der
Ackerkrume und dem illuvialen Horizonte betragt hier ungefahr 10
Prozent, bei tonigen Boden ist er auffalliger und betragt bis 20%. Der
BeschafTenheit und den mechanischen Bau des Bodens," herausgegeben vom Landwirschaftsministerium un der Sammlung der landw. Forschungsinstitute (Band 16),
Prag 1925.
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Podzolbildungsprozess konnte auch aus der Verteilung des kohlensauren
Kalkes und aus der geanderten Bodenstruktur verfolgt werden, die durch
das Porenvolumen oder durch den Grad der Porositat in dem untersuchten
Bodenprofil ausgebrückt wird.
3. Fiir die Bewegung des Wassers im Bodenprofil ist die Zusammensetzung und Struktur des Bodens in dem verdichteten illuvialen Horizonte
massgebend, der in den untersuchten Fallen in der Tiefe bon 0.75 m. bis
1.25 m. festgestellt wurde. In seinem oberen Teile (0.75 bis 1 m.) ist er
durch Keichtum an Eisenverbindungen gekennzeichnet (der sogennante
rotbraune Horizont), in dem unteren Teile (1—1.25 m.) durch höheren
(iehalt an kohlensaurem Kalk (der sogenannte Karbonathorizont). In
mergeligen Boden unterscheiden sich in der Kegel beide Schichten nicht.
Der illuviale Horizont ist vom agrophysikalischen Standpunkte durch
folgende Merkmale gekennzeichnet:
a) auffallend hohen Gehalt an feinen absehlanmi baren Bestandteilen,
kohlensaurem Kalk, Eisenverbindungen u. a. gegenüber den seichteren
und tieferen Schichten des untersuchten Bodenprofiles;
b) schlechteste prismatische Struktur, ersichtlich an dem kleinsten
Porenvolumen im ganzen Profil;
e) geringste Durchlassigkeit, die sich aus dem geringsten Inhalt an
nicht kapillaren Poren ergibt und technisch durch die absolute Luftkapazitat ausgedrückt wird.
Praktisch bedeutet diese Schichte die Grenze des Eindringens der
atmospharischen Niederschlage und der Wirkung der taglichen Temperaturanderungen; sie bildet die untere Grenze der Aenderung der physikalischen Beschaffenheit des Bodens im Laufe der Vegetationszeit, namlich der
Aenderung des Porenvolumens sowie des Wasser- und Luftgehaltes im
Boden und damit wahrscheinlich auch der gesamten Bodentatigkeit in
chemischer und biologischer Hinsicht. Sie gibt also die Tiefe des physiologisch tatigen Bodenprofiles an, in welchem die Prozesse der physikalischen und chemischen Verwitterung des Bodens lebhafter verlaufen. Vom
kulturlechnischen Standpunkte bedeutet der illuviale Horizont die undurchlassigste Schichte des untersuchten Bodenprofils, auf welcher das Einsickern
des Niederschlagswassers zum Stillstande kommt und die abgeschwemmten Stoffe sich weiter ablagern, wobei sie fortschreitend neue Bodenporen verstopfen.
4. Durch das konzentrierte Plinsickern des Wassers in den Boden wird
in entwasserten Lagen, wie die durchgeführten Erhebungen zeigen, auch
der Podzolbildungsprozesz in dem Bodenabschnitt gegen den nachsten
Drain derart beeinfluszt, dasz beim Drain die oberen elluvialen Schichten
intensiver ausgelaugt werden als in der Mitte zwischen 2 Drains, wie aus
dem Gehalt an feinen abschlammbaren Bestandteilen und kohlensaurem
Kalk festgestellt wurde.
Demgegenüber wurde im illuvialen Horizont die grösste Anreicherung
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durch diese feinsten Substanzen und daher auch die grösste Verdichtung
im Abschnitt beim Drain festgestellt, wo gleichzeitig auch die schlechtesto
Bodenstruktur anzutreffen war. Beim Drain erschien der illuviale
Horizont weniger durchlassig, was bei der Wahl der Draintiefe in tonigen
Boden wichtig ist. Unter dem illuvialen Horizonte wurden bedeutendere
Aenderungen in dieser Richtung durch den Einfluss der Drainage nicht
beobachtet. Die Wirkung der Drainage zeigt sich also in bemerkenswertem Masse wieder nur bis zur Tiefe des illuvialen Horizontes.
5. Auf Grund der Ergebnisse der in Früjahr und im Herbst durchgeführten Untersuchungen wurden wesentliche Aenderungen im Zustande der
Bodenfeuchtigkeit ebenfalls nur bis zur Tiefe des illuvialen Horizontes
festgestellt. Unter dieser Schichte zeigt ber Untergrund im Verlauf der
Vegetationszeit im grossen und ganzen denselben Feuchtigkeitsgrad.
Die aktive Feuchtigkeit im Boden reicht in entwasserten Lagen also nur
bis zur verdichteten Schichte, welche den Einfluss der klimatischen
Faktoren der Atmosphare von eventuell tiefer eingedrungenem Grundwasser scheidet. Die Aenderungen der Bodenfeuchtigkeit sind am
auffalligsten in den elluvialen Schichten (Ackerkrume und in der Krumensohle); es wurde festgestellt, dasz in dor Vegetationszeit in einer drainierten Lage die meiste Feuchtigkeit nur aus der Schichte bis zu einer Tiefe
von ca. 0.5 m. unter der Gelandeoberflache verbraucht wird, von wo an
ihre Ausnützung bis zur Tiefe des illuvialen Horizontes rasch abnimmt,
sicherlich verhaltnismassig zur Intensitat der Verdunstung. Zum Unterschied von den bisherigen Ansichten über die Austrocknung des Bodens
durch den Einfluss der Drainage wurde in zahlreichen Fallen die grösste
Anfeuchtung des Bodens beim Drain, die geringste in der Mitte zwischen
2 Drains im Untergrunde festgestellt, also ganz im Gegensatze zu den*
bestehenden Theorien über die Bewegung des Grundwassers in der
Richtung zum Drain. Daraus ist ersichtlich, dass auf einem entwasserten
Grundstiicke neben dem Niederschlagswasser auch die Bodenfeuchtigkeit
in Betracht kommt, welche durch die Kondensierung der Wasserdampfe
in den kühleren Schichten des Bodens hervorgerufen wird. In einem
Abschnitte, wo der Zutritt der Luft und der Wasserdampfe in den Boden
am leichtesten ist, namlich beim Drain, war der Stand der Feuchtigkeit
am grössten.
All zu tief drainierte Lagen sehr schwerer Boden (Drainage in der Tiefe
von 1.60—1.80 m.) wiesen bei der Frühjahrsuntersuchung (gegen Ende
April) noch teilweise Nasse auf, die bis zum illuvialen Horizont reichte,
wiihrend der tiefere Untergrund verhaltnismassig trocken war. Der
undurchlassige verdichtete Horizont in der Tiefe von zirka 1 m. macht also
eine ordentliche entwassernde Wirkung der allzutiefen Drainage in
schweren Boden unmöglich.
6. Die Verbesserung der Bodenstruktur und die damit zusammenhangende intensivere Durchlüftung infolge der Drainage wurde nur in den
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elluvialen Schichten festgestellt, u. zw. mit abnehmender Tendenz einerseits vom Drain zur Mitte zwischen den Drains, anderseits in die Tiefe
zum verdichteten Horizont; unter diesem wurden wesentliche Aenderungen in dieser Hinsicht im Verlaufe der Vegetationszeit nicht festgestellt.
Der lockernde Einfluss der Drainage wurde in merkbareni Masse wieder
nur bis zur Tiefe von ca. 0.5 m. festgestellt. In lehmigen Boden sind im
Laufe der Vegetationszeit die Unterschiede in der Aenderung der Struktur
der Tiefe nach grosser und deshalb sind diese Boden physiologisch tatiger
als schwere Boden.
Zufolge dieser Erkenntnisse ist die Wirkung der Drainage insbesonders
hinsichtlich der Tiefe begrenzt und man kann darnach auch einen genauen
Standpunkt zu den angewendenten Tiefen der Drainagen einnehman.
In durchlassigen lehmigen Boden bleibt der illuviale Horizont beini
niedrigeren. Gehalt an feinen abschlammbaren Teilen verhaltnismassig
ziemlich durchlassig und durchlüftet, sodass die Pflanzenwurzeln auch
tiefer eindringen können. In diesen Boden entspricht einer tieferen
Drainage auch eine grössere gegenseitige Entfernung der Drains (Drainabstand) und deshalb kann man in solchen durchlassigen Boden mit
Vorteil eine tiefere Drainage wahlen (bis 1.3 m. max. 1.40 m.), je nach der
Zusammensetzung und Lockerung des Untergrundes.
In Tonböden bildet der illuviale Horizont in der Tiefe von ca. 1 m. eine
undurchlassige Schichte, durch welche Feuchtigkeit, Luft und Pflanzenwurzeln schwer durchdringen. Die Lage dieser Schichte gibt sonach die
natürliche Tiefe der Drainage in Tonböden an. Die in dieser Tiefe
gelegten Drainstrange bleiben in direkter Berührung mit den oberen
tatigen Bodenschichten die für die Entwicklung der Kulturpflanzen am
wichtigsten sind. In diesen Boden ist eine Verbesserung der Struktur,
Durchliiftung und Durchlassigkeit durch rasche Ableitung des übermassigen Niederschlagswassers, sowie durch intensivere Austrocknung der
oberen Bodenschichten zwecks Ausfallung des kollmden Anteües im Boden
herbeizuführen; dies kann besser durch eine seichte Drainage erreicht
werflen. Durch Verlegung der seichten Drainage auf den undurchliissigen
illuvialen Horizont in genügendem Gefalle wird durch das Drainagewasser gleichzeitig die Abschwemmung der kolloiden Substanzen des Tons,
ftisens u.sw. aus dem Grundstücke bewirkt, wodurch nach und nach deren
iibermassiger Gehalt in den elluvialen Schichten abnimmt, und sich die
.Möglichkeit einer weiteren Verdichtung des illuvialen Horizontes vermindert. Die seichte Drainage in der Tiefe von ca. 1 m. führt das Wasser aus
den Grundstücken hauptsachlich im Frühjahr ab, solange die Pflanzenwurzeln in den oberen Schichten sich ausbreiten; im Sommer, wenn die
Wurzeln bereits tiefer einbringen, pflegt die Drainage trocken zu sein,
sodass das durch standiges Fliessen des Wassers in den Drainagerohren
bedingte Verwachsen derselben nicht zu befürchten ist. Ebenso besteht
keine Befürchtung vor dem Einfrieren der seichten Drainage, denn unter
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unseren klimatischen Verhaltnissen reicht der Einfluss des Frostes nicht
einmal in höheren Lagen bis in die ïiefe von 1.0 m. und überdies fliesst im
Winter in den Drains kein Wasser, sodass auch ein eventiielles Eindringen
des Frostes die Drainagerohre nicht beschadigt.
Diese Erkenntnisse, die möglichst kurz zum Ausdruck gebracht und an
einer Reihe von Fallen gewonnen wurden, erschöpfen gewiss nicht vollstandig die Wirkung der Drainanlagen auf die Verbesserung der Verhaltnisse der untersuchten Bodentypen. Trotzdem kann man aber aus
innen wertvolle Anregungen für die Praxis gewinnen, die, bei den
Drainageversuchsobjekten entsprechend angepasst, sicherlich in nicht
allzulanger Zeit dazu beitragen werden, dasz in neuen Projekten über
Entwasserungsanlagen neben der Art des Bodens auch der starker hervortretende Einfluss der klimatischen Verhaltnisse berücksichtigt wird und
dass hiedurch diese Bauten in noch grösserem Masse der standig anwachsenden Intensitat des landwirtschaftlichen Betriebes angepasst werden.

EFFETS DU DRAINAGE SUR L'ETAT PHYSIQUE ET
LA CONSTITUTION MÉCANIQUE DU SOL
R.JANOTA

Prague, Tschecoslovaquia
Pendant les années 1920-1924, la section pédologique du service des
ameliorations foncières, relevant due Conseil agricole pour la Bohème,
effectua une série d'examens en vue de mettre en lumière les effets du
drainage dans différents types de sols assainis déja avant un temps assez
long, examens qui constituent une introduction de 1'organisation des
recherches dans Ie domaine de la technique agricole, entreprise par Ia
IVe section du Ministère de 1'Agriculture. L'examen des effets du drainage
sur l'état physique et la constitution mécanique du sol concernait, dans
les situations des terrains diluviaux, les terres brunes faiblement podsolées, et, dans les situations des terraines de la période crétacée, les
terres fortes dégradées argileuscs et marneuses avec des couches de marne
argileuse sous-jacentes. Pour effectuer l'examen ci-dessus, on se servit
de Ia combinaison des analyses physique et mécanique la, oü il s'agissant
d'échantilons de sol prélevés, au printemps et en automne, dans la compacité naturelle a de diverses distances du drain et toujours dans plusieurs
profondeurs sous la surface du terrain.
De la série d'examens concernant les situations drainées et non drainées
résultèrent les notions suivantes:
1°. Au niveau du fond de la tranchée, dans nulle des situations drainées
observées, on ne constata la libre nappe d'eau souterraine, Grace a
1'influence du drainage, la nappe d'eau souterraine, dans les sols perméables oü uniquement elle peut prendre naissance, baissa sous Ie niveau
des drains et, de ce fait, les couches du sol supérieures se trouvent hors de
la portee de 1'effet direct de 1'eau souterraine tout en continuant a rester
exposées a 1'infiuence des facteurs climatériques. Le type du sol drainé
passé par la évidemment dans les conditions plus arides. Il est impossible de suivre, entre les drains, la forme de la nappe d'eau souterraine.
Tout au pius peut-on suivre, le drainage effectué, les conditions de 1'humectation du sol; alors 1'humidité des couches supérieures du sol dépend,
pour la plupart, de 1'humidité de 1'air et des precipitations atmospheriques dont la quantité conditionne la formation ultérieure du type du sol.
2°. La formation d'un type du sol par suite de la dynamique des particules fines des couches supérieures dans le sous-sol se présente comme la
fonction de la penetration de 1'eau dans le sol. Le processus de podsole733
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ment est caractérisé par la configuration des horizons du sol, par leur
constitution, leur structure et leur couleur différant les unes des autres.
En baissant la teneur en electrolytes dans les couches eluviales, les substances colloïdales de 1'argile du fer, de 1'humus et autres se détachent et,
emportées par les eaux météoriques infiltrantes, elles vont se déposer dans
1'horizon illuvial a une profondeur oü, en regie générale, atteint la penetration des eaux infiltrantes. La degradation des couches eluviales (couche
arable et sous-sol) est visible dans la teneur en particules fines entrainables, en chaux, en humus moins abondante qu'il n'en est a 1'horizon
illuvial qui, par contre, accuse un enrichissement frappant en ces substances, vu la compacité sensible et la pire structure dans Ie profil du sol
en question. Plus bas se trouve la terre originale non changée dans de
meilleures structure et constitution mécanique. Ces conditions furent
constatées tant dans les sols drainés que dans ceux non drainés. Dans
les sols limoneux, on établit une difference entre la teneur en particules
fines entrainables se trouvant entre la couche arable et 1'horizon illuvial
et allant jusqu'a 10%, quant aux sols argileux, jusqu'a 20%. Le processus de podsolement put être suivi aussi dans la disposition du carbonate
de calcium et dans la structure changée du sol, exprimée par le volume des
pores dans le profil du sol en question.
3°. En ce qui concerne a pénétraton de 1'eau, ce sont la constitution
et la structure du sol dans 1'horizon illuvial devenu compact lequel, dans
les cas observes, fut constate a une profondeur de 0.75-1.25 metre, qui
sont décisives Dans sa partie supérieure, eet horizon se distingue par la
richesse en combinaisons du fer (horizon dit rouge-brun), dans la partie
inférieure (1.0-1.25 metre), par la teneur rehaussée en carbonate de
calcum (horizon dit de carbonate). Il est caractérisé comme suit:
(a) Par 1'augmentation remarquable de la teneur en particules fines de
la terre, en carbonate de calcium et en combinaisons du fer, en comparaisons aux couches moins et plus prof ondes du profil en question;
(b) par la pire structure prismatique visible dans le moindre volume
des pores:
(c) par la plus petite perméabilité caractérisée par le plus petit volume
des pores non capillaires.
Pratiquement, il désigne la limite de la penetration des precipitations
atmosphériques et celle des changements de la temperature diurne; il
constitue la limite inférieure des changements de 1'état physique du sol
au cours de la période de la vegetation (volume des espaces lacunaires, de
1'humidité et de 1'air dans le sol) et, par la, probablement même celle de
1'activité totale du sol aux points de vue chimique et biologique. Done il
indique la profondeur du profil du sol actif physiquement, oü les processus
de la désagrégation physique et chimique se font avec plus de vivacité.
Au point de vue des ameliorations foncières, 1'horizon illuvial désigne, dans
le profil du sol en question, la couche d'une imperméabilité la plus grande.
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oïi s'arrête la penetration des eaux atmosphériques et oü continuent a se
déposer les matières emportées en obstruant au fur et a mesure les espaces
lacunaires du sol.
4". Par la penetration concentrée de 1'eau par Ie sol vers les drains, dans
la situation drainée, d'après les examens faits, Ie processus même de
podsolement prend sa direction, dans la partie du sol la plus proche du
drain, en dégraduant les couches eluviales prés du drain avec plus d'intensité qu'au centre entre les drains, comme on a pu constater de la teneur
en particules fines et en carbonate de calcium. Par contre, dans 1'horizon
illuvial, on établit d'après les mèmes caractères Ie plus grand enrichissement en ces substances et, par conséquent, la plus grande compacité dans
la partie prés du drain oü fut aussi constatée la pire structure du sol.
Prés du drain, 1'horizon illuvial se présente Ie moins permeable, fait qui
est important en choisissant la profondeur du drainage dans les terres
lourdes. Sous 1'horizon illuvial, on n'a pas constate de changements reinarquables influences par Ie drainage. L'effet du drainage, a ce point
de vue, se montre done encore par la compacité du sol.
5°. Pendant la période de la vegetation, des changements essentiels
survenus dans 1'état de 1'humidité du sol ne furent constates que dans la
profondeur de 1'horizon illuvial; sous cette couche, Ie sous-sol accuse, en
general, au cours de 1'année, Ie même degré d'humidité. Par conséquent,
1'humidité active dans Ie sol ne parvient qu'a la couche devenue compacte
qui sépare 1'influence des facteurs climatériques de 1'atmosphère d'avec
les eaux souterraines baissées éventuellement a plus de profondeur. Les
changements de 1'humidité du sol sont les plus remarquables dans les
couches eluviales (terre arable et son sous-sol); dans la période de la
vegetation, 1'humidité est épuisée Ie plus dans la situation assainie (p. ex.
par Ie trèfle) de la couche dans la profondeur d'env. 0.50 mètre sous la
surface, d'oü son utilisation dans la profondeur, vers 1'horizon illuvial.
diminue rapidement. Contrairement aux opinions actuelles concernant
Ie dessèchement du sol par 1'influence du drainage, on constata, dans de
nombreux cas, la plus grande humectation du sol prés du drain, la plus
petite au centre entre les drains, dans Ie sous-sol. Il est évident que, dans
la situation assainie, a part les eaux météoriques, c'est aussi 1'humidité
du sol qui entre en ligne de compte, et elle est causée par la condensation
des vapeurs dans les couches du sol plus froides. Les terres lourdes a
drainage profond accusaient lors des examens faits au printemps (fin
avril) encore une humectation partielle par suite des drains poses bien
avant sous 1'horizon illuvial impermeable; 1'humectation ne venait qu'a
cette couche, Ie sous-sol plus profond fut relativement sec.
6°. Sous 1'influence du drainage, une amelioration de la structure du sol
et 1'aération plus intense qui y est liée, ne furent constatées que dans les
couches eluviales et elles tendaient a diminuer tant dans la direction allant
du drain au centre parmi les drains que dans la direction de la profondeur
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vers 1'horizon illuvial; sous celui-ci, on ne constata pas de changements
essentiels. L'influence ameublissante du drainage ne fut encore constatée dans une mesure prononcée qu'a la profondeur d'env. 0.50 metre, et,
en ce qui concernait les drainages plus profonds, même moins. Dans les
terres limoneuses, au cours de la période de la vegetation, les differences
dans Ie changement de la structure dans la profondeur sont plus grands
que dans les terres lourdes.
Ce sont ces connaissances qui délimitent 1'effet du drainage surtout
dans la direction de la profondeur et il est done possible de se placer sur
un point de vue certain en ce qui concerne les profondeurs du drainage
usitées.
Dans les sols limoneux perméables, le volume des particules fines entrainables étant le plus bas, 1'horizon illuvial reste relativement assez
permeable de sorte que les racines des plantes peuvent pénétrer même
encore plus avant. Puisqu'au drainage plus profond correspond, dans
ces sols, même un plus grand écartement des drains, il est possible de
drainer a une plus grande profondeur (jusqu'a 1.40, maximum 1.50
metre), suivant la qualité et 1'état meuble du sous-sol.
Dans les sols argileux, 1'horizon illuvial forme, a une profondeur d'environ 1.0 mètre, une couche impermeable que 1'humidité, 1'air et les racines
des plantes arrivent a pénétrer difficilement ce qui constitue la profondeur
naturelle du drainage. . Dans ces sols, il faut obtenir 1'amelioration de la
structure, de 1'aération et de la perméabilité par la derivation rapide des
eaux météotiques surabondantes et par le dessèchement plus intense en
vue de faire coaguler la partie colloïdale dans le sol en un état de dispersion plus gros ce qui est favorisé plus sensiblement par un drainage a
peu de fond. Le drainage posé a une petite profondeur, sur un horizon
illuvial a pente suffisante, facilite 1'entrainement, par les eaux du drainage,
des substances colloïdales de Pargile, du fer et autres, ce qui fait baisser
successivement leur volume surabondant dans les couches eluviales, et
amoindrit Ia possibilité que l'illuvium puisse devenir compact. Il ne
faut pas craindre 1'obstruction par des racines des tuyaux poses a une
petite profondeur, car ils conduisent 1'eau principalement au printemps,
tandis qu'en été oü les racines s'enfoncent plus avant dans la terre, le
drainage est déja sec et, suivant 1'expérience, il ne s'obstrue plus. Il ne
faut pas non plus craindre que le drainage a peu de fond puisse geler, car,
dans nos conditions climatériques, l'influence des gelees ne descend, en
regie générale pas même a la profondeur de 1.0 mètre et, en hiver, les
drains ne conduisent pas 1'eau.

UEBER DIE DUAINTIEFEN IN VERSCHIEDENEX
BODENTYPEN
R. JANOTA

IJrag, Tschechoslowakei
Die Entwasserung des Bodens durch Drainage hat den Zweck, eine lebhaftere Tatigkeit des Bodens in physikalischer, chemischer und biologischer Hinsicht hervorzurufen und so ein geeignetes Mittel auszubilden,
das für eine gedeihliche Entwicklung der landwirtschaftlichen Produkte
unerlasslich ist. Aus diesem Grunde muss der Entwasserung des Bodens
durch Drainage standig erhöhte Aufmerksamkeit zugewendet werden, um
ihre Wirkung soviel als möglich der standig steigenden Intensitat der
landwirtschaftlichen Produktion anzupassen.
Wenn wir die Entwicklung der Draintiefe in verschiedenen Staaten
z. B. in Amerika, Engand, Deutschland, in der Cechoslowakei u.a. verfolgen, bemerken wir, dass mit der wachsenden Intensitat der landwirtschaftlichen Produktion sich nach und nach die Draintiefe verringert; aus den
früher geringsten Tiefen werden die grössten, u.zw. in Landern, wo die
sog. Normaltiefe (1,25 m.) vorgeschrieben oder in Anwendung war.
Nach der Infiltrationstheorie ist die Intensitat der entwassernden Wirkung der Drainage abhangig von der Geschwindigkeit des Einsickerns des
Wassers in den Boden des gegebenen Bodentypes oder bon der Durchlassigkeit seiner undurchlassigsten Schichte. Bei der Wahl der Draintiefe,
von der neben dein Drainabstand die Wirkung der Drainage abhangig ist,
muss daher dem Aufbau des Bodentypes sowohl hinsichtlich der mechanischen Zusammensetzung als auch der physikalischen Beschaffenheit
gebührende Aufmerksamkeit gewidmet werden.
Vom Standpunkte der Ausbildung und Morphologie des Bodentypes
sind in der kulturtechnischen Praxis hauptsachlich 2 Arten zu unterscheiden:
I. Boden, die unter dem Einflusse der atmospharischen Niederschlage
stehen, in denen also der Grundwasserspiegel sehr tief liegt,
II. Boden, bei denen bei der Ausbildung des Bodentypes der Einfiuss
des Grundwasserspiegels vorherrscht, wobei die atmospharischen Niederschlage auf die Morphologie des Bodentypes keinen entscheidenden
Einfiuss ausüben.
I. Bei Boden der ersten Art kommt die Phase des Podzolbildungsprozesses in Betracht, die von der wirklich in den Boden eingesickerten
Menge des Wassers der atmospharischen Niederschlage (nach Abzug der
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Verdunstung und des Oberflachenabrlusses) abhangig ist. Die Ausbildung des Bodentypes hinsichtlich des mechanischen Baues, der physikalischen Beschaffenheit und des chemischen Gehaltes an Nahrstoffen ist
bei diesen Boden eine Funktion der Bewegung des Wassers durch den
Boden, denn Aenderungen entstehen hier durch die Bewegung der feinen
Bodensubstanzen, die in einer bestimmten Tiefe unter der Oberflache
abgelagert werden. Die oberen (elluvialen) Schichten werden durch
diesen standigen Prozess nach und nach armer an feinen Bodenbestandteilen oder degradiert, die tieferen (illuvialen) Schichten jedoch angereichert und verdichtet.
Der Podzolbildungsprozess hat einen sehr ungünstigen Kinfluss auf die
Durchliissigkeitsverhaltnisse im gegebenen Bodentypus. Infolge der
Degradierung zeigen die elluvialen Schichten eine betrachtliche Herabsetzung der Durchlassigkeit infolge des Einflusses der verschlechterten
Struktur (Einzelkornstruktur). In der illuvialen Schichte tritt gleichzeit ig eine Verdichtung und Verstopfung der Poren durch die feinen abgeschwammten Bodenteilchen ein, wodurch die im ganzen Bodenprofil
sowohl für das Wasser als auch für die Luft und die Pfianzenwurzeln
undurchlassigste Schichte entsteht. Das Einsickern des Wassers der
atmospharischen Niederschlage hort auf diesem Horizonte auf, so dass
dieser praktisch die untere Grenze des Eindringens des Niederschlagswassers bildet. Gleichzeitig bedeutet er die Grenze der Veranderungen
der physikalischen Beschaffenheit des Bodens der Tiefe nach im Laufe
der Begetationszeit und die Grenze der taglichen Temperaturschwankungen im Boden, so dass diese Schichte praktisch die Tiefe des physiologisch wirksamen Bodenprofils angibt. Für die landwirtschaftlichen
Kuituren kommt also hauptsachlich die Bodenschichte oberhalb dieses
verdichteten Horizontes in Betracht, in welcher bei erhöhter Bodentatigkeit infolge besserer Luftzirkulation die Prozesse der physikalischen und
chemischen Lösung sowie infolge gesteigerter biologischer Tatigkeit
lebhafter verlaufen.
Bei der heutigen intensiven landwirtschaftlichen Produktion ist das
Wachsen der Wurzeln in grössere Tiefen, in welche sie Feuchtigkeit
suchend nur in Zeiten bedeutender Trockenheit eindringen, durch
geni'igender Ernahrung der Pflanzen mit künstlichen Düngemitteln
ziemlich eingeschn'inkt; die Wurzeln breiten sich vor allem in den durchliifteten oberen Schichten aus, wo sie bei dem durch die klimatischen
Faktoren vcranderlichen Feuchtigkeitsgrad assimilierbare Nahrung
finden.
Für kulturtechnische Zwecke ist also die Feststellung der Tiefe und
Machtigkeit des mechanischen Baues und der physikalischen Beschaffenheit des illuvialen Horizontes als der im unterschuchten Bodentyp undurchliissigsten Schichte am wichtigsten.
In verhaltnismassig trockenen Gegenden (in Böhmen mit durch-
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schnittlichen jahrlichen Niederschlagen unter 500 mm.) ist die Degradiei ung der Boden sehr bedeutend eingeschrankt; sie befinden sich hier in
guter physikalischer Beschaffenheit, so dass sie in der Regel keiner Entwiisserung bediirfen.
In feuchteren Lagen (in Böhmen bei durchschnittlichen jahrlichen
Niederschlagen liber 500 mm.), also in der Regel in höheren und kalteren
Gcbieten, übersteigen die atmospharischen Niederschlage die Verdunstung, so dass der Boden ein Uebermass an Feuchtigkeit aufweist, welche
or durch seine Wasserkapazitat nicht fassen kann; dadurch entsteht die
Durchniissung der oberen Schichten und deren fortschreitende Degradierung infolge des einsickernden überschüssigen Wassers. An dem
Relief des podzolierten Bodens kann man in der Regel diese Horizont e
mit ihren charakteristischen morphologischen Kennzeichen verfolgen:
(A) den oberen elluvialen Horizont in feinkörniger Einzelkornstruktur
mit einzelnen scharfkantigen Bestandteilen von lichter, entweder grauer
oder graubrauner Farbe;
(Ai) den unteren elluvialen Horizont, u.zw. bei den schwacher degradierten Boden dunkel, bedeutend humos in schuppenartiger Struktur, bei den
starker podzolierten Boden aschenartig, von grauer Farbe in derselben
schuppenförmigen Struktur (stark ausgelaugte Schichte);
(B) den oberen illuvialen Horizont, an der Uebergangsstelle in der
Regel durch Humus gefarbt, verdichtet (angereichert) durch die ausgeschwammten Kolloidsubstanzen des Tons, Eisens, Humus, der Kieselsaure u.s.w., in der Regel von rotbrauner Farbe, in prismatischero der
nussförmiger Struktur von dor schlechtesten Durchlassigkeit im ganzen
Profil;
(Bi) den unteren illuvialen Horizont, angereichert hauptsachlich an
Kohlensaurem Kalk und Magnesium neben Alluminiuni- und Eisenoxyd,
der sich von dem vorher genannten durch lichtere Farbe unterscheidet,
aber dieselbc ungünstige Struktur und Durchlassigkeit aufweist;
(C) das ursprüngliche Untergrundmaterial in besserer physikalischer
Beschaffenheit als die illuviale Schichte und in der ursprünglichen
mechanischen Zusammensetzung.
Die Eigenschaften dieser einzelnen Schichten wurden von der pedologischcn Abteilung des technischen Bureaus des Landeskulturrates für
Böhmen hinsichtlich der mechanischen Zusammensetzung und der physikalischen Beschaffenheit bei der Anlage einer ganzen Heihe von Drainageversuchsobjekten in Böhmen in den Jahren 1924-1926 im Rahmen
des in der cechoslowakischen Republik vom Landwirtschaftsministerium
organisierten Forschungswesens auf dem Gebiete der Kulturtechnik
verfolgt.
Die Untersuchung der Bodenprofile (Typen) wurde derart durchgeführt, dass aus derselben Sonde bis in die Tiefe von 1,50 m. von je 20-25
cm. zu 20-25 cm. Proben zur mechanischen Analyse und aus einzelnen
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Schichten auch Bodenproben in natiirlicher Lagerung zur physikalischen
Analyse entnommen wurden; die Analysen wurden nach der Methode
Prof. Kopeckys ausgeführt. Für die Beurteilung der Durchlassigkeitsverhaltnisse im Bodentyp ist es am wichtigsten, den Gehalt an nicht
kapillaren Poren zu verfolgen (die absolute Luftkapazitat), als Charakteristikum der wasserdurchlassigen Flache des Bodens.
Aus den zahlreichen untersuchten Profilen ergaben sich folgende
Erkenntnisse: Die dichteste und undurchlassigste Schichte im Profil bis
zu einer Tiefe von 1,50 m. ist der rotbraune Horizont B, der in physikalischer Beziehung gekennzeichnet ist durch:
(a) den grössten Gehalt an feinen abschlammbaren Bestandteilen im
ganzen Bodenprofil.
(b) das geringste Poren volumen (die geringste Porositat), was die
schlechteste Struktur dieser Schichte beweist,
(c) die niedrigste absolute Luftkapazitat oder die verhaltnismassig
geringste Durchlassigkeit im ganzen Bodenprofil,
(d) die dichteste Lagerung und Zahigkeit, die aus dem Widerstand
beim Ausheben der Sonden hervorgeht. Beim Betrachten sticht diese
Schichte durch ihre rostartige, rotbraune Farbe mit zahlreichen Flecken
und Klumpen von angesammelten Eisenverbindungen hervor.
Wie in vielen Fallen festgestellt wurde, erscheint in Böhmen diese fur
ein ordentliches Wirken der Drainage im Boden wichtigste Schichte in
der Regel in einer Tiefe von 0,70-1,00 m., je nach der Art des Materials,
der Menge der atmospharischen Niederschlage und der Terraingestaltung.
Für die Wahl der Draintiefe in Boden, die sich ausschliesslich unter dem
Einfiuss der atmospharischen Niederschlage befinden, ist vom pedologischen Standpunkt aus die Lagerung, die mechanische Zusammensetzung
und der Grad der Durchlassigkeit des rotbraunen illuvialen Horizontes
entscheidend.
Bei Boden mittlerer mechanischer Zusammensetzung (lehmigen.
lehmigsandigen, toniglehmigen) pfiegt in der Regel der rotbraune Horizont
noch ziemlich durchlassig zu sein, was nicht nur aus dem Gehalt an den
durch die mechanische Analyse gewonnenen feinen abschlammbaren
Bestandteilen, sondern auch aus der beim Sondieren festgestellten
geringeren Zahigkeit und wenig dichten Lagerung zu erkennen ist; wenn
sich diese Schichten leicht stechen lassen, kann auf eine geeignete physikalische Beschaffenheit (genügend Poren) geschlossen werden, die eine
ausreichende Durchlassigkeit verbürgt. In diesem Falie kann die
bekannte Erfahrung zur Geltung gebracht werden, nach welcher sich die
entwassernde Wirkung einer tieferen Drainage in durchlassigen Boden
auf eine grössere Entfernung vom Drain bemerkbar macht. In gut
durchlassigen lehmigen Boden mit lockerem und gut stechbarem Untergrund kann aus Ersparungsrücksichten eine verhaltnissmassig tiefere
Drainage gewahlt werden (1, 3-1, 4 m.).
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In schweren lettigen Boden mit grossem Gehalt an feinen abschlammbaren Bestandteilen ist der illuviale Horizont als praktisch undurchlassige
Schichte ausgebildet, die haufig an 90% abschlammbare Bestandteil^
enthalt; die absolute Luftkapazitat wird in ihr bis unter 0,5% des Volumens herabgesetzt. Diese Schichte schwillt durch' Berührung mit
Wasser auch bei betrachtlicherem Gehalt an kohlensaurem Kalk an und
wird undurchlassig. Sie stellt die natürliche Tiefe der Grainagen in
Lettenböden vor; es ist am besten, die Drainagen direkt auf sie zu verlegen
oder massig in sie einzulassen, so dass eine Mindesttiefe von 0,80 m.
unter der Erdoberflache erreicht wird. In weniger feuchten Gegendon
ist fiir diese Boden die natürliche Tiefe der Drainage mit 1,00 m. gegeben,
in feuchteren mit verschlechterter physikalischer Beschaffenheit nur mit
etwa 0,80 m. Dabei empfiehlt es sich, grössercs Gefalle anzuwenden (auch
künstliches), damit der Abzug des Wassers und der ausgeschlammten
Bodenbestandteile rasch erfolgt und die Luftzirkulation intensiver wird.
Damit sind die Grenzen (0, 8-1, 4 m.) für die rationellen Draintiefen
gegeben, in welche von den undurchlassigen bis zu den durchlassigen
Boden die Tiefen eingegliedert werden mussen. Zu diesen können
jedoch die stark durchlassigen Sandböden nicht gerechnet werden, in
welchen tiefe Drainage eine starke Austrocknung der oberen Schichten
zur Folge hat, wie noch erwahnt werden wird.
Auf den Grad der Durchlassigkeit des illuvialen Horizontes haben die
Mengen der in den Boden eingesickerten atmospharischen Niederschlage
grossen Einfluss, denn von ihr hangt der Grad der Degradierung des
Bodens ab. Einer je grosseren Menge atmospharischer Niederschlage
der Boden ausgesetzt ist, umso ausgepragtere Aenderungen entstehen
im mechanischen Bau und in der physikalischen Beschaffenheit des
Bodentypes. Diese Umstande wurden bei dilluvialen lössartigen Lehmböden aus Gegenden Böhmens mit verschiedenen atmospharischen
Niederschlagen verfolgt. Aus. dem Verlauf der Durchlassigkeit (der
absoluten Luftkapazitat) im illuvialen Horizont in einer Tiefe von
0,75-1,0 m. unter der Erdoberflache ging hervor, dass die erwahnten
dilluvialen Lehmböden in Böhmen in Gegenden mit weniger als 500 mm.
Niederschlagen in dieser Schichte bedeutend mehr als 10% (manchmal
15-20%) absoluter Luftkapazitat aufweisen und daher sehr durchlassig
sind. Bei Niederschlagen von 500-600 mm. geht die Durchlassigkeit dos
illuvialen Horizontes bei diesen Boden sehr rasch zurück (von 10% auf
etwa 5 % der absoluten Luftkapazitat). In noch feuchteren Lagen
wurde ein weiteres Abnehmen der Durchlassigkeit dieser Schichte mit
wachsenden atmospharischen Niederschlagen festgestellt; (z.B. bei
Niederschlagen von 700 mm. auf 4, 5%, bei 800 mm. auf 3,11% der
absoluten Luftkapazitat).
Boden einer und derselben mechanischen Zusammensetzung aber in
verschiedenen klimatischen Verhaltnissen können also nicht bei derselben
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Tiefe und Ent forming dor Drains entwassort werden, sondern es muss die
Jntensitiit dor Entwasserung in den Grenzen der Rentabilitat (durch
Yerminderung dor Tiefe und Entfornung) dor physikalischen Beschaffenlicit dos Bodonuntorgrundes angcpassl werden.
Die in don Boden wirklich einsickernde Wassermenge hangt jedoch audi
sehr bedeutond von dor Torraingestaltung ab. In flachem Gelando.
ohno wesentlichen Abfluss dos Oberflachenwassers, entstehen ausgepriigto
podzoliorto Boden mit vollstandig ausgebildotor aschenartigor Schicht o
unter der Ackerkrume auch in vorhaltnismassig trockenen Gegenden.
Auch solcho Lagon mussen durch seichtere und verhaltnismiissig dichtere
Drainagon bei vorgrössortem Gefalle der einzelnen Drains entwassert
werden. Demgegenüber woisen hiingige Lagon mit gutem Abfluss der
Nioderschlagswasser auch in fcuchteren Gebieten eincn geringen Grad
der Degradierung auf. Das eingesickerte Wasser bewegt sich langs dor
dichteren Schichte in der Kichtung des geringsten Widerstandes; beim
Durehschneiden dieser Schichten durch quer zum Gefalle gefuhrte Drainagegriiben wird das Wasser durch die Drainage abgofangen und abgeloitct.
Für die Wahl der Draintiefen ist auch die ziffermassig durch das
Porcnvolumen ausgedrückte dichte Lagorung des illuvialen Horizontos
wichtig; bei dichtorer Lagorung wird die Porositat sehr wosontlich herabgesetzt und gleichzeitig sinkt auch das Volumen der nicht kapilaron
Foren (der absoluton Luftkapazitat). Insofern das Porenvolumen nicht
unter 40% dein Volumen nach sinkt, kann man nach zahlreichen Erfahrungon annohinen, dass dor Boden ziernlich stochbar ist; der illuvialo
Horizont ist hoi Boden mittlerer mechanischor Zusaminonsetzung noch
ziernlich durchlassig und es kann auch tiefere Drainage angewcndet
werden. Wonn das Porenvolumen in dioser Schichte unter 40% sinkt.
ist er schon schwor stochbar und wenig durchlassig.
Wonn solcho dicht gelagerto Schichten gehackt werden mussen, so
weisen sio nach zahlreichen Ergebnissen der Analyse unter 3 5 % Porenvolumen und bedeutond vorminderte absolute Luftkapazitat auf. Eine
solcho Schichte bodeutot ein natürlichos Hindernis für das Eindringen des
Wassers, der Luft und der Pflanzenwurzeln, wobei sio jm Untergrundo
das physiologisch wirksame Bodenprofil begrenzt. Da durch blosso
Drainage in einer solchen Tiefe koine derartigc Auflockerung zu orzielon
ist, dass das Porenvolumen in diesor Schichte auf 40%: steigen würdo,
bodeutot auch diose Schichte vom pcdologischen Standpunkto die
natürliche Draintiefe.
Falls dor illuviale Horizont aus einer feston konglomeratartigen Masso
aus Gesteinstrünmiern oder Geschiebo gebildet wird, die durch Ton,
Eisenvorbindungen, Kieselsaure u.s.w. verkittet sind, so sinkt in ihm das
Porenvolumen oft bis unter 30% und nahert sich so dem theoretischen
Minimum; analog wird auch die absolute Luftkapazitat herabgesetzt
und dieso Schichte wird praktisch undurchliissig. Da eine dauerndo
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Vcrbesserung der physikalischen Beschaffenheit dieses Untergrunde.s
eine Vergrösserung des Porenvoluinens um 10-15% voraussetzen wiirde,
oder eine merkbare Hebung des ganzen über dieser Schichte liegenden
Bodenprofiles, was durch Drainage allein nicht erzielt werden kann,
bedeutet diese undurchlassige Schichte wieder die natiirliche Tiefe dcr
Drainage.
Schotterlager und grobkornige Yerwitterungsprodukte der Gesteine
im Bodenuntergrunde sind auch nicht gunstig für das Einschneiden der
Drainage in eine grössere Tiefe; die Ursache der Durchnassung solcher
Lagen pflegt ein Uebermass an Wasser der atmospharischen Niederschlage zu sein, welche die obere, in der Regel bindige und bedeutend
eisenhaltige Bodenschichte durchnassen. Falls im Untergrunde Felsen
auftritt, auf dem eine schwache Schichte von Verwitterungsprodukten
lagert, ist es ambesten, die Drainage direkt auf dem Felsen zu verlegen,
oder nur massig in den Felsen einzulassen, um sie fester lagern zu können.
In Lagen mit Urgebirgsböden (Granit, Gneis, Glimmerschiefer)
pHegt der illuviale Horizont in Form einer sehr ziihen und in der Regel
hackbaren sandigtonigen Schichte ausgebildet zu sein, die bei Gegenwart
von Glimmer durch Eisenverbindungen fest verkittet ist. An der Luft—
(lurch Oxydation—verwandelt sie sich in loses stark sandiges Material,
wobei sie oft bis in tonigen Sand übergeht. In dieseni Falle gibt die
mechanische Analyse dieser zerfallenen Schichte kein richtiges Bild über
ihr Verhalten in ihrer natürlichen Lagerung. Deshalb muss beim Sondieren solcher Lagen empfohlen werden, gleichzeitig auch die Verhaltnisse
der Bearbeitbarkeit anzugeben, sowie auch die Beschaffenheit des Materials nach dem Auswerfen aus dcr Sondo. Die Drainage ist dann so
anzulegen, dass die Oxydation dieser Schichte soweit als möglich untcrstützt wird.
Der bei der Sondierung der Meliorationsgelande verfolgte Grad der
Lockerheit oder festen Lagerung bildet eine gute Richtschnur für die
beilaufige Beurteilung der physikalischen Beschaffenheit besonders der
dichtesten Schichte, von deren Lagerung und Durchliissigkeit die Tiefe
der Drainage wesentlich abhangt.
II. Boden, bei denen bei der Ausbildung des Bodentypes der Einfluss
des Grundwassers vorgeherrscht hat, liegen gewöhnlich in tiefen und
ebenen Lagen und in Talern; sie sind durch durchlassige Materialien in
verschiedener Tiefe gekennzeichnet und bilden die wasserführende
Schichte. Es sind in der Regel jüngere umgeschwemmte (sekundare)
Boden oder jüngste alluviale Anschwemmungen, die auf tiefer gelagerten
gröberen Ablagerungen ruhen. Die Ausbildung des Bodentypes ist
besonders auf diesen alluvialen Anschwemmungen gewöhnlich sehr
unregelmassig und von den nach und nach zur Ablagerung gekommenen
Schichten abhangig.
Diese Lagen befinden sich in der Regel unter dein Einfluss des Grund-
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wasserspiegels, dessen Tiefe unter der Erdoberflache einerseits von deni
Stande des Wassers im offenen Wasserlaufe, andererseits vom Grade der
Durchlassigkeit der Bodenschichten im angrenzenden Gelande abhangig
ist.
Falls die durchlassigen Untergrundschichten (mit dem Grundwasserspiegel) mit tonigem und daher undurchlassigem Bodenmaterial bedeckt
sind, wirkt das Grundwasser auf diese durch Kapillaritat nur bis zu
geringer Höhe, wahrend die Oberflachenschichten dem Einflusse der
atmospharischen Niederschlage ausgesetzt sind. In diesem Falle pflegt
der Grundwasserspiegel unter den oberen undurchlassigen Schichten oft
unter Druck in grösserer Tiefe gehalten zu werden, als dem Stande des
Wassers im offenen Gewasser entspricht. Nach Durchbrechen der undurchlassigen Schichten durch die Sonden bis auf die wasserfiihrende
Schichte steigt das Wasser in den Sonden bedeutend höher, gibt hiebei
jedoch nicht den Stand des Grundwasserspiegels im angrenzenden Boden,
sondern den dem betreffenden hydrostatischen Druck entsprechenden
Wasserspisgel an. Falls die Machtigkeit der oberen tonigen Schichten
betrachtlich ist, kónnen solche Boden ohne Rücksicht auf den Grundwasserspiegel als Lagen drainiert werden, die dem Einflusse der atmospharischen Niederschlage ausgesetzt sind.
Wenn die durchlassigen Untergrundschichten, in denen sich der
Grundwasserspiegel bewegt, mit verhaltnismassig durchlassigen Anschwemmungen bedeckt sind, gleicht sich beim Wechseln des Wasserspiegels auch in diesen der zusammenhangende Grundwasserspiegel mit dem
Stande des Wassers im offenen Gewasser aus. In den ausgehobenen
Sonden erscheint der wirkliche Grundwasserspiegel. Die Draintiefe ist
so zu wahlen, dass durch die Entwasserung der Grundwasserspiegel
dauernd gesenkt wird, wobei zu berücksichtigen ist, dass durch systematische Drainage der Grundwasserspiegel dauernd bis unter die Sohle der
Draingraben sinkt. Einer betrachtlichen Senkung des Grundwasserspiegels muss jedoch vorgebeugt werden, wenn das kapillare Aufsteigen
des Wassers und dadurch die Anfeuchtung der oberen Bodenschichten
nicht unterbrochen werden soil.
In der Höhe des Grundwasserspiegels entsteht in Tiefen- und Tallagen
mit stark eisenhaltigem Untergrunde durch Oxydation des sauern Eisenkarbonates Eisenhydroxyd in Form von Körnern und Klumpen, die beim
Sinken des Grundwassers im Boden haften bleiben und in der Höhe des
Grundwasserspiegels eisenhaltige Streifen und Flecken bilden. Auf
diese Weise entsteht in der Tiefe, bis wohin das Grundwasser am öftesten
steigt, eine sehr stark eisenhaltige und namentlich in durchlassigem
Erdreich in bedeutender Ausdehnung zusammenhangende Schichte.
Durch die fortschreitende Verdichtung und Verstopfung der Poren in
dieser Schichte entsteht mit der Zeit eine undurchlassige und sehr zahe
Schichte (Hackmasse), der sog. Raseneisenstein, deren Tiefe den oberen
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Ausschlag des Grundwasserspiegels angibt. Die Anschwemmungen
oberhalb dieser Schichte befinden sich dann unter deni Einflusse der
atmospharischen Niederschlage, die durch sie durchsickern und sich auf
der undurchlassigen Schichte sammeln. Die unteren Schichten stehen
unter dem Einflusse des Grundwassers, das bei zusammenhangender
undurchlassiger Schichte nur bis zu dieser ansteigen kann.
Wenn eine solche Schichte in geringer Tiefe (bis 1 m.) auftritt, so muss
sie durch die Drainage eben durchschnitten und so weit als möglich
zerstört werden, damit das obere eingesickerte Wasser von der Drainage
bis unter diese Schichte abgezogen werden kann.
Befindet sich die undurchlassige eisenhaltige oder tonige Schichte in
grösserer Tiefe und wird insbesonders festgestellt, dass der Grundwasserspiegel unterhalb dieser Schichte unter Druck steht, ist es nicht ratsam,
die Drainage unter die undurchlassige Schichte zu legen, sondernnach
den früheren Grundsatzen eine Drainage in geringerer Tiefe anzuwenden.
Die Drainage regelt in diesem Falie die Feuchtigkeit der atmospharischen
Niederschlage im Boden und berührt den Stand des tieferen Grundwassers nicht.
In stark durchlassigen Boden mit sandig-schotterigem Untergrunde,
die an übermassiger Niisse nur infolge hohen Grundwasserstandes leiden,
ist die Entwasserung sehr vorsichtig durchzuführen. Fall die Entwasserung mittels offener Graben, die in diesen Boden den Grundwasserspiegel in der Kegel auf eine betrachtliche Entfernung beherrschen, nicht
genügt, ist eine verhaltnismassig seichte und schuttere Drainage anzuwenden, damit keine Unterbrechung der Kapillaritat des Bodenuntergrundes und damit eine übermassige Austrocknung der Grundstücke
erfolgt. Zwischen den oberen, durch Kapilaritat vom Grundwasser
gespeisten Schichten entsteht bei Anwendung einer tiefen Drainage eine
machtige, verhaltnismassig trockene Schichte, welche die obere von den
unteren Schichten trennt. Durch eine entsprechend seichte Drainage
ist in solchen Boden die Machtigkeit dieser trockenen Schichte auf das
geringste Mass herabzusetzen, u. z. w. durch Anwendung einer Draintiefe
von auch unter 1, 0 m.
Mit Rücksicht auf die grosse Mannigfaltigkeit der Bodentypen ist es
notwendig, sich in diesem möglichst kurzen Eeferate mit der pedologischen Charakteristik hinsichtlich der Draintiefe nur der ausgepragtesten
Bodentypen zu begnügen.

CONTROL OF EROSION IN THE MIDDLE WEST
I. D. WOOD
University of Nebraska, U. S. A.
AGENCIES CAUSING EROSION
/. Wind. Wind erosion is a serious factor in regions where the soils
contain considerable sand and in areas where winter wheat is grown. In
the Sand Hills Region of Nebraska killing out of the native grasses by
over-past uring will cause the soil to blow away to extreme depths. In
winter wheat areas blowing top soil exposes roots of grain and cuts off
tender stalks.
2. Water. River erosion along streams endangers thousands of acres of
the most fertile land. Erosion from action of water from precipitation
causing ditches, large gulleys and surface removal of soil is one of the outstanding soil problems of the middle west.
CONTROL OF EROSION
/. Wind. Wind erosion in Sand Hill areas is controlled by careful
pasturing. In some instances it is necessary to remove all stock for a
period of years to allow the natural grasses to regain a foothold. In
transitional or semi-sandy areas where farming operations are performed,
control is accomplished by "strip farming" or planting varied crops in
alternate strips with the rows running at right angles with the direction of
the prevailing winds. By planting alternate strips of grain and corn the
direct sweep of the wind can be broken and erosion prevented to some
extent. W^ind erosion in the winter wheat areas may be partially prevented by harrowing or light discing in strips through the-field at the
time when the damage is taking place.
A Water. All water erosion may in a measure be prevented in most of
the middle west by maintaining a high humus content in the soil, giving it
more water holding capacity and binding the soil particles together. This
is best accomplished by means of leguminous crops or the application of
barnyard manure.
Owing to the continental type of climate of much of the middle west a
certain number of heavy downpours of rain may be expected practically
every season. These downpours remove the surface soil over large areas
on hillsides. In a measure this type of erosion may be prevented by contour farming or planting the rows of road crops around the hills, following
roughly the contour of the land. In extreme cases terracing may be
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necessary. The broad base or Magnum Terrace has given best results.
It is staked out approximately on the contour with a fall not exceeding (i
inches per 100 feet. It consists of a ridge of earth resembling a road grade
with a base 16 to 20 feet wide and a center height of 18 inches to 2 feet.
Terraces can be used to advantage on slopes not exceeding 15 per cent and
the vertical distance between terraces should seldom be more than 0 feet.
Small ditches which arc forming in fields may be controlled by filling
them with rotted manure or straw and then using the plow to cover this
material with earth. Small dams of rotted manure or straw placed 15 to
20 feet apart and held in place by numerous small stakes have given the
desired result. Small ditches more than 18 inches deep are well controlled
by means of a series of small brush dams which under ordinary conditions
are placed 75 to 100 feet apart. These may be used for small gulleys 4 to
5 feet deep. The dams are built by driving a line of posts or stakes across
the ditch at intervals of 16 to 18 inches. The brush is piled between the
stakes and tightly tamped into position with the butt-end upstream and
the brushy end down, ('ross poles are then wired above the brush to hold
it in position and straw placed above the dam to collect the silt. Other
means commonly used consist of the building of a series of stone dams,
post dams, the piling of loose brush in the bottom of the ditch, and the
planting of willow sprouts which grow and check the water velocity.
The larger gullies are controlled by means of soil saving dams of earth
or concrete. The earth dam is constructed by placing a tube of concrete
or vitrified clay pipe in the bottom of the gulley. Over this tube is built a
firm dam of earth. The upper part of the tube is turned up vertically.
This causes the water to collect in a pond above the dam until it reaches
the top of the tube where it may escape, after depositing its load of silt due
to the decreased velocity. Concrete dams are also used in a similar way,
although the water escapes in some instances over the lip of the dam onto
a platform below.

THE PROBLEM OF SOIL EROSION IN THE
UNITED STATES
H.

H.

BENNETT

United States Department of Agriculture, U. S. A.
Land wastage and soil impairment by erosion constitute the most important and difficult problem confronting the farmers on millions of acres
of rolling lands throughout the United States. According to minimum
estimates 126,000,000,000 lb. of plant food are annually swept out of the
fields and pastures of the nation, or more than twenty times the net loss by
crops removed. It is believed that more reliable basic data than exists
would show that erosional wastage amounts to much more than this. We
have fairly accurate estimates of the amount of sediments that are mechanically moved into the oceans by the rivers, but there are no reliable
data relating to the amount of soil material that is taken from the uplands,
chiefly from fields and pastures, and distributed upon lower slopes and
deposited in the channelways of streams and over the alluvial flood plains
where it is not needed. In the estimate given the amount of soil material
stranded en route to the sea was taken as representing twice the amount
that enteres the ocean each year; but anyone at all familiar with field
conditions will understand that this estimate is ridiculously low. An experienced soil scientist of this country gives it as his opinion that the
quantity of material thus stranded yearly on the way to the sea amounts to
a hundred times that which finally reaches the ocean.
At any rate, the loss is stupendous. Translated into terms of money
value, using as the basis of calculation the average chemical analysis of
389 l surface soils carefully collected from different types throughout this
country and the market quotations for the cheapest commercial forms of
phosphorus, nitrogen and potash (prices prevailing during the late fall of
1926), the plant food contained in the soil material washed out of fields and
pastures annually exceeds two billion dollars. Probably this means an
actual tangible loss of not less than two hundred million dollars to the
farmers of the nation every year.
The country has been sadly unmindful of the devastating effects of this
momentous problem. We have thought of our vast natural resources, of
which the soil is the greatest, as being inexhaustible; and we have exploited
the storehouse without thought of the future and without consciousness of
any present material depletion of the stores contained therein. We have
1

The average of these samples is .15% P2Oi, 1.55% Potash and .10% Nitrogen.
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been in no small degree tolerant of enfeebling practices of land usage
through sheer ignorance of the problem, and we too often have listened to
words of concern about the depreciation with evident impatience if not
stubborn disbelief. Such, perhaps, is one of the dangers of youth.
Our scientific agriculturists, those who have concerned themselves about
the soil at all, have generally devoted their attention largely to the maintenance and restoral of the plant food that crops take out of the land, forgetting the far greater amount that is removed by rainwash, and the further fact that by the latter process it is not merely the plant food but both
that and the soil that is swept away. Few seem to have considered the
intimate relation between eroded hillside and increased floods. That less
water is absorbed and held by land from which the spongy topsoil has been
scooped off after leaving comparatively impervious clay or entirely impervious rock to dash away the rains, is a matter so obvious as not to need
any discussion whatever among those who have actually studied soils in
the field. Nevertheless there are, unfortunately, those who profess to see
little in this perfectly clear physical fact. No doubt considerable of this
obscurity comes of such things as lack of field knowledge and lack of
measured data. One is referred to ancient floods that came before the
land had been extensively cultivated; but little more than the fact that
there were floods is given as evidence. Reliable data as to the size and
destructiveness of these early floods does not exist. Of course, no one
contends that erosion and deforestation are anything more than contributing factors toward increased floods, and everyone knows that there
have always been floods and always will be. That floods can be controlled
and that some of the silt now going to waste downstream can be kept on
the land and out of flood waters is another obvious fact to those who have
studied field conditions.
The "soil-mining" we have heard so much about is, then, the result not
so much of depletion of the plant nutrients by the crops removed as of soil
depreciation by erosional activity.
The small estimates of the rate of planing down of the land surface by
rushing rainwater that we sometimes read in learned volumes usually do
not even approximate the whole truth. We are told, for example, that
the drainage basin of the Potomac River is losing annually about 0.004 of
an inch of soil and that the surface of the 1,214,000 square miles representing the drainage area of the Mississippi is being whittled down at the
insignificant rate of about 0.0028 of an inch per annum. These figures are
all right mathematically, perhaps, but they certainly are all wrong in their
practical meaning. They are based solely upon the amount of sediments
that pass out to sea from the mouths of streams, and, therefore, are greatly
misleading. Not only that, but they are applied as averages to the entire
area lying within the drainage basins, as if timbered soils and cultivated
fields, slopes and flats, porous sands and impervious clays erode at equal
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rates. Such astonishingly inaccurate interpretation of the effects of erosion are remarkable chiefly for their complacency, and they are dangerous
for that reason.
Everyone admits that erosion is a terrible scourge, but few realize how
exceedingly devastating it is in its wholesome operation. The Federal
Soil Survey found in a single county of the Piedmont 90,000 acres of land
that was formerly cultivated, which had to be classed as "rough gullied
land," because the soil has largely washed away, leaving behind infertile
gullies and rock exposures having but little value even for trees. Another
county in the Coastal Plain region showed by actual survey that 60,000
acres of formerly productive land had been similarly ruined. On the
Appalachian Plateau last year, 75 per cent of one area examined, the
smoothest upland of the region was found to have lost from 4 to 8 inches,
in some places 14 inches, of topsoil before all the stumps left from clearing
the virgin land had rotted away. On the Missouri watershed in northeastern Kansas, as much as 24 inches of soil has been removed from extensive areas on some of the important soil types by this monster thief of
land and farm capital. Many streams that were navigable a generation or
so ago, are now so choked with the debris from muddied waters sweeping
out of cultivated uplands that they can be waded in summer. The Cold
water and Tallahatchie Rivers of Mississippi are examples. When the
occupants of the covered wagon broke the matted sod on the vast expanse
of prairie in north-central United States they turned into production
millions of acres of good farm land, and at the same time destroyed an
enormous reservoir for storing water, and started to work, contemporaneously with agricultural development in other parts of the United States,
the most gigantic earth stripping machine employed by nature: Soil erosion.
In the beginning of this great epoch of agricultural development the
prairies were diversified by numerous small streams that held pools of clear
water throughout the year. Great sheets of turf are said to have hung like
canopies over the banks of those virgin prairie streams.
Now that is all changed. The water table has been lowered; the streams
are dry in summer; and much more of the rainwater and silt rush away to
enlarge the floods driving upon the Mississippi.
In many counties ugly gullies and denuded slopes have largely forced
farming operations from the uplands into the stream bottoms, and millions
of acres of former productive bottom lands have been ruined by overwash.
That type of gradual land wastage known as sheet erosion never ceases
work on sloping areas. Out in west Texas, where the State is putting in an
elaborate terracing project for holding more of the rainwater on the land,
it was found that very large quantities of soil material were being washed
from valuable cotton lands, 40 tons per acre per year, even on slopes of
only 2 per cent gradient. This was where no one had suspected that erosion amounted to anything.
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The process goes on unceasingly. When the surface soil is about all
gone and stiff clay spots appear in the fields the farmer finds it more and
more difficult to plow his land efficiently and his crops suffer much more
in dry times, since the heavy soil does not store up moisture as did the
mellow loam now gone. With the disappearance of the humus layer
diminished yields are obtained from the infertile, unoxidized, unabsorptive, raw soil material thus exposed by the stripping off process. The
farmer decides his field has been exhausted by long cropping and abandons
the area or turned it to pasture. He fails to see that the ground has washed
from beneath his plow, and makes no provision for checking the encroachment of the same enemy upon other parts of his farm. And so he keeps
the devastation going.
As a nation we are doing very little to abate the evil effects of the scourge.
Almost no research work has been done; we have not even obtained much
of the data needed in connection with the engineering side of terrace construction on many of our important types of farm land. All soils do not
wash alike. A terrace that holds the water and soil on one type may fail
on another. But we do know that substantially built terraces effectively
control erosion and restrain the haste of run-off water on many kinds of
land with slopes ranging up to 10 or perhaps something in excess of 12 petcent. These terraces are now being built in some localities by a large proportion of the farmers, notably in the Piedmont region, the southeastern
coastal plain, Oklahoma, and the Black Belt of central Texas. Unfortunately, the greater part of the Mississippi Basin is void of terraces.
There probably is not so much as one acre of terraced farm land in a hundred thousand acres north of the Oklahoma line and the Ohio River, and
there are far too few in the south.
Terraces are cheap of construction, their use is eminently practical in
most fields, and most fields are tremendously in need of them, not only to
save the soil, but in many cases to conserve the water that the soil thus
saved would store.
Terracing of fields and the growing of trees and grasses on idle lands and
areas too steep for cultivation and upon soils that are highly susceptible to
washing, as a combination of practices, represents the most needed thing
in the entire field of conservation. It should be one of the major foundation stones in any long-continuing system of flood control, save that which
may be accomplished by sheer force of monumental engineering works
alone; and it will contribute vastly to the effectiveness and permanency of
engineering efforts undertaken with levees and reservoirs. After four
thousand years of continuing digging of canals and construction of dykes,
the Yellow River of China broke over its banks and brought death to a
million people during a single flood. China stripped her uplands of their
timber and failed to make provision for checking erosion. This country is
doing precisely the same thing. We have now made a good start in that
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direction, and, though in our infancy, we do not need to look abroad, as
we have been in the habit of doing, for examples of large areas of one-time
fertile land brought to ruin through the misuse by man.
At least ten million acres of land that were formerly cultivated in this
Country have been practically ruined or permanently destroyed by erosional waters, and several million acres more of former productive alluvial
soil have been converted into swamp, covered, or partly covered, with
relatively inert sand and gravel assorted from flood waters, or seriously
impaired by increased overflows resulting from the fillings of channelways
with the debris of erosion that took place following, not preceding, the
wholesale clearing and cultivation of all types of uplands.
There is need for a tremendous national awakening to action in this line
of agricultural practice, and the need is immediate. Up-to-date we have
practically ignored the efficacy of the hillside terrace; we have watched our
lands succumb to devastating erosion in a listless manner.
Looking to the future we should heed the fact that at the Missouri
Experiment Station fields in sod retained nearly three times as much of the
rainfall as land plowed four inches deep, and held back the soil one hundred and forty-seven times longer. The same sod held back more than
four times as much of the rain as uncultivated, bare areas. Efficient soil
terraces will function after this manner, although they may not as a rule
duplicate the efficiency of a perfect sod of blue grass. They are not being
built in many localities because the forefathers and neighbors have not
used them. In other instances they are not being employed because the
farmers have not been convinced that they are necessary, having heard so
much about plant food stolen by crops and so little about the soil stolen by
erosion. Again, they are not being used because the farmers have not
been shown how to construct them.
Soil conservation is something of a synonym of moisture conservation.
Nothing is going to hold back all the water, of course, but enormous quantities can be held temporarily or stored for crop use, and the rich topsoil
conserved at the same time. Soil conservation is not a visionary thing.
It is intensely practical. With the proper kind of sustained impetus
terracing could be carried over immense areas of sloping arable lands that
surely will gradually come to be either non-arable or of low productivity if
greater protection is not given. Terrace all sloping areas of tillable land,
put the steeper slopes and inferior soil types in grass and timber, and we
shall speedily have a situation that will not only serve as a mighty prop to
the effectiveness of flood control by levees and reservoirs, but one that will
lesson the economic ills of countless farmers.
The movement needs public support and sympathy and fighting men
who will push it to rapid consummation, undeterred by those who say it is
impractical, or that it can't be done, or that it is merely another useless
academic idea. Will the Nation heed the call of a great beneficent
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undertaking or will it wait and witness unmoved the drama of wrathful
waters?
The lamentations of those who condemn all things not practiced by the
forefathers should be put aside as mere wailing of senseless inertia. Those
who say that floods can be controlled only by levees should proceed to
study the Miami Conservancy in western Ohio; those who condemn the
growing of more grass in order to lesson the evils of run-off and wash-off
should spend some time roaming over the green hills of Belmont County,
Ohio, and then go and see the devastation that has taken place under
similar conditions of terrain in other parts of the Appalachians; those who
decry the use of terraces should go over the splendidly preserved fields of
Dallas County, Texas, and then climb down into some of the erosional
chasms common to the areas of rolling Orangeburg soils in the southwestern coastal plains region.
On a rainy day a few weeks ago it was observed that water flowing from
the well-grasses slopes of Belmont County, Ohio, carried very little sediment compared with that from drainage basins wherein there was considerable cultivated land. Furthermore, it required considerable time to
find a place where a sample of flowing water could be collected in the case
of the areas that were almost or entirely grasses. It is interesting in this
connection to note that the farmers of this county, where so much land is
in bluegrass, are reported as being in a good state of financial health.
They have applied lime liberally to their acid soils and in this way have
induced an abundant growth of bluegrass on the same kind of soil that so
often supports broomsedge and weeds through the sandstone and shale
legions of the Appalachians.
Having pointed to some of the evil effects of rainwash, we might now
turn our attention briefly to some of the relationships existing between
soil types and erosion.
Among the most important of erosional varients are soil character,
degree of slope, climate, vegetative cover and artificial disturbances of the
soil material.
While there is some erosion, and probably always will be, wherever
water runs downhill, the damage is greatest in the southern and central
parts of the Temperate Zone and in the Tropics. Freezing gives practically complete protection, save on those soils that " h e a v e " badly, so long
as the ground is congealed and no longer. Slowly falling rains are everywhere much less destructive as an erosional agent than hard, beating rains.
For example, no important effect of surface wash is observable on cultivated slopes of the Fairbanks silt loam, a wind-lain type in the Tanana
Valley in northern Alaska, where the ground is frozen 8 or 9 months and
the light precipitation occurs almost entirely as drizzling rains or light
showers.
By simple and well-known laws of mechanics erosivity of flowing water
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increases enormously with increase of slope, but the work accomplished
will vary greatly with the soil type. Deep sandy soils, as a rule, do not
wash severely, especially where the subsoil does not consist of impermeable
clay or hardpan. However, some areas of sandy land, such as the Norfolk
sand, do wash rather badly, and even gully, on those slopes where there is
impervious clay at depths of 4 or 5 feet, as is true of areas in east Texas,
with a subsoil of stiff Susquehanna clay of difficult penetrability.
Notwithstanding the paramount importance of soil type as a variant
having to do with erosion, this phase of the problem has been investigated
least of all the factors concerned. In this country only one or two definite
soil types of the numerous varieties involved have actually had their
erosivity measured.
As a result of recent studies within tropical regions of the Western
Hemisphere it has been learned that certain types of highly weathered
clays, those having low ratios of silica to iron and alumina (less than 2) for
the molecular by the Nipe clay of eastern Cuba and the Aragon soils of
Central America.1 Some types in southern United States show a quite
marked tendency in this direction, notably in the instances of the Davidson clay, a derivation of basic-igneous rocks and of the Nacogdoches clay,
a derivative of calcareous sedimentaries. The red clay soil of east Texas
(Nacogdoches soil) also appear to be more resistant to erosion than the
other heavy soils of that region. These types have low content of silica
and high content of iron. Opposite properties of resistance are exhibited on sloping situations occupied by clays having a high ratio of
silica to iron and aluminum.
These low and high erosivities are due, respectively, as well as can be
determined with the accumulated evidence, to high and low degrees of
Hocculation in the soil material. Perhaps it would be more appropriate in
the latter instance to designate the condition as repressing a state of
complete or approximately complete dispersion of the particles. At any
rate, the particles of these highly plastic clays, such as the Susquehanna
or Iredell clays of this country and the Bluefields clay of Central America,
are not flocculated, as we generally understand the condition. They are
dense clays, apparently without free pore space through which water can
move, and they shrink and swell violently at the extremes of moisture
content. The low ratio clays, on the other hand, are friable and have an
abundance of free pore space through which water moves at liberty.
Some of them, although containing more than 80 per cent of clay, are
about as friable as sand, and they exhibit almost negligible properties of
shrinkage and swelling at the extremes of moisture content.
An area of approximately 500 square miles in middle Cuba occupied by
1
Some Comparisons of the Properties of Humid-tropical and Humid-temperate
American Soils; with Special Reference to Indicated Relation between Chemical Composition and Physical Properties. -Soil Science, Vol. XXI, No. 5, May, 10'2(i.
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one of these types, the Matanzas clay, has not so much as the beginning of
a streamway within its boundaries, although it receives upward of 70
inches of rainfall and is a perfectly drained soil, so well drained indeed,
that it can be safely cultivated within an hour or so following the heaviest
rain.
The exceedingly slow erosion that takes place on these types of low
silica and high iron and alumina contents might appropriately be designated as erosion of highly weathered clays (Type 2); while that characterizing the types of opposite chemical constitution could with equal appropriateness, be designated as erosion of little weathered clays (Type 3).
While erosion on soils of the latter group is usually bad, it does not
proceed so rapidly as is true of those soils having, beneath normal subsoil layers of clay, substrata of soft, unstable material, such as the loose,
friable silt loam in the substratum of the Memphis soils. Also, the same
general class of wide-spread carving-out of the soil material or deep
gullying that characterizes the devastation on the Memphis takes place
on those soils having loose sandy layers and soft decomposed rock
material beneath the clay of the upper subsoil or B horizon. The erosion
that takes place down to and through the normal subsoil (or B Horizon)
into the softer material beneath, causing severe caving from the sides of
gullies might appropriately be referred to as the normal type of deepgully erosion (Type 4). This type represents one of the most violent and
spectacular of all forms of erosion (save that of slow wearing down of
canyons through consolidated as well as unconsolidated materials with
which type this paper is not concerned), and one of the most difficult to
control. There are several phases of this type, dependent largely on soil
quality, such as the Memphis phase, the Granada phase, the Orangeburg
phase, the Cecil phase, and the Cincinnati phase, each showing some individuality in method of procedure, but all gives essentially the same end
result, that is, deep gullies that finger-out or spread-out widely over 1 he
invaded areas. The cutting back of the gully wall in the Orangeburg, for
example, is by a process of caving-in of the firmer upper soil layers after
the supporting coarser basal material has been washed out, whereas in the
Granada lateral extention, advancing more gradually but none the less
destructively, is more of a cutting back or true erosional effect. This
phase extends at about the same rate in all directions; whereas in the
()rangeburg phase the invasion takes place more on the order of gully head
advancement, with frequent development of tributaries.
That form of slow erosion which takes place to some extent on practically all kinds of soil, and which is known as sheet erosion (Type 1),
causes far more soil loss than all the other forms combined. This type
differs from that phase of normal gully erosion which gradually cuts out
V-shaped ravines usually not excessively deep, by working more or less
equally at all points of a given slope, where there is soil of uniform
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character, partly removing the surficial material by (a) a process of
elutriation, or by (b) sweeping it off bodily. It would be incorrect,
perhaps, to include with sheet erosion any sort of gully washing, even
as a phase, although the two processes often take place at the same time
in the same slope, the gullies forming as a result of local water concentration by reason of some gutter-like surface features, such as the furrows
between crop rows run up-and-down hill or where wagon ruts or natural
depressions have given impetus to rushing water.
Another type of erosion might be styled the cloud-burst type (Type 5).
This refers to that condition where a superabundance of violently falling
rain fills the ground pore space to develop a temporary state of soil
fluidity, which frequently causes severe surfaces stripping and gullying
through a process of soil flow, in some places even on porous types as in
the case of the Norfolk sand over impervious clay, already referred to.
Still another form of erosion might be designated as slip erosion (Type
6). This relates to that condition where by reason of a combination of
weak or rotten-rock substrata and supersaturation of the material above,
stability is unduly disturbed and sliding is started that causes small and
large masses of earth to move downhill, slowly or rapidly, according to
local circumstances of slope, weight of the disturbed mass, etc. The
process is notably exemplified in those areas of deeply decomposed, basal
rock, as in the region of the red beds and associated formations, of West
Virginia and southeastern Ohio, and in the deeply decayed rocks, both
igneous and sedimentary, as along the Culebra Cut of the Panama Canal,
and in parts of California.
Channel trenching l on comparatively flat areas of valley-filling material in the arid southwest, represents another type (Type 7). In this form
of erosion a deep channel or arroyo not only grows headward through the
plain, but becomes constantly wider by lateral cutting and development
of minor tributaries, endangering the entire cultivable area within a
valley. Various theories have been advanced to account for this type of
accelerated erosion. Recent studies by the author show that the channels
have their beginning in cattle trails, roadways, prairie dog towns, the
bedding places of stock, artificial division ditches, and similar disturbances of the vegetation and ground surface. When a channel is once well
started it is not likely to stop of its own accord until it has carved out the
valley in which it is operating.
It will not add to the purpose of this paper to go into any discussion of
the distribution of those soils of especial vulnerability to erosion, further
than to state that a very considerable number of identified types are
rather widely distributed throughout the country, mainly south of the
region of coarse-textured open-natured glacial soils. Since no intensive
study of these types has been made from the standpoint of their physical
1

Bulletin No. 790-A, United States Geological Survey.
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behavior under the stress of erosion, there is little that can be added at
this time, by prolonging the discussion.
With systematic research there is little doubt but that other types of
erosion will be identified. Some of the phases referred to may develop
as distinct erosional types in themselves rather than phases. Any comprehensive investigation in this field will necessitate careful field measurements of such things as the relation of run-off to wash-off; the rate of
erosion under varying conditions of cover, of slope, of the physical state
of the soil as affected by organic matter, moisture content, and so on.

CONTROLLING EROSION OF RANGE LAND
THROUGH RANGE MANAGEMENT
W.

R.

CHAPLIN E

United States Department of Agriculture, U. S. A.
The range land of the United States is made up essentially of the 587
million acres of semi-arid and arid pasture and the 237 million acres of
forest land which is grazed. For the most part it occurs west of the 100th.
meridian. This vast area forms the basis for the range livestock industry
which plays a principal part in the prosperity of the West where one-third
of the gross farm income comes from the sale of livestock or livestock
products. Seventy per cent of the feed for these western livestock is
range forage. Approximately 65 per cent of all beef cattle and sheep in
the United States could be grazed on the range for about 8 or 9 months
annually, the average pasture period. Over 70 per cent of the United
States wool production comes from these range areas. The value of
western range livestock equals nearly 1 billion dollars, while investments
in ranches and other equipment totals almost as much. To supplement
the valuable range forage much of the crop land of the West is used for
production of winter and other feed.
Annual rainfall on the western range area averages from almost nothing
in southeastern California up to 30 inches or more at the higher elevations.
It varies very widely, however, one year with another. Other climatic
factors are also none too favorable for growth of vegetation. The vegetative cover accordingly ranges from an extremely sparse stand of browse
and annuals under desert conditions to almost a complete cover of grass
on untimbered areas under the more favorable soil and moisture conditions. Over the greater part of the area, however, the normal stand of
native vegetation seldom covers more than 50 to 60 per cent of the soil
surface. With such extreme climatic conditions the natural balance is
delicate and grazing may, if not properly controlled, upset this balance
and cause serious depletion of this scanty natural stand.
This reduced vegetative cover from overgrazing has necessitated decreased numbers of livestock with resultant excessive per head investments in lands and improvements, and uneconomic production. In addition, the resulting erosion has carried millions of tons of debris from the
ranges into the irrigation reservoirs, filled irrigation ditches, destroyed
roads and other works, and ruined many farms by a blanket of sand and
gravel. The financial loss to the irrigation farmer has been as great as
758
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that to the livestock producer. The greatest loss, however, has been in
the decreased productivity of range lands which will require years to
restore.
Practically all range areas have suffered from overgrazing in the past,
but the most serious situation at the present time is that on the unregulated ranges made up largely of the 196 million acres of unappropriated
and unreserved Federal lands and the additional hundred and fifty million
acres or more of intermingled state and private lands which cannot now

FIGURE 1.—Conservative grazing not only affords watershed protection but plenty of
range feed results in large crops of fat lambs and a larger and cleaner wool clip. Montana

legally be controlled. Thus approximately half of the western range
area is so depleted that it is not producing more than 50 per cent of its
potential yield of forage. Furthermore, but a small part of the range is
in a high stage of productivity.
Topography, climate, and soil are doubtless primary factors determining erosion, but the vegetative cover is the most important single controllable factor. Furthermore, improvement in soil conditions on ranges
must largely be obtained by improvement in the native vegetation. If
the vegetative cover is not disturbed, erosion is usually slight. Plants
not only lessen the force of rainfall, but intercept part of it. Vegetation
improves soil structure, allowing greater moisture penetration; it in-
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creases the water holding capacity by increasing organic matter; it breaks
the effect of wind; it binds the soil, and lessens sheet erosion; it obstructs
run-off, reduces the velocity of flow and carrying power of the water, and
by catching soil particles it tends to form miniature terraces on slopes and
dams, and fills in small gullies.
Experiments on high mountain watersheds at the Great Basin Experiment Station l in Utah showed that the run-off from summer rains was
120 per cent greater, and sediment eroded was 128 per cent greater when

FIGURE 2.—With a dense stand of grass properly grazed there is little danger of depletion or erosion. Abundant feed assures a vigorous breeding condition for cows, maximum calf crops, minimum losses, fat calves and satisfactory returns. Montana

vegetation covered but 16 per cent of the soil surface than when it covered
approximately 40 per cent. Run-off and erosion from melting snow appeared to be affected much less by the herbaceous vegetation. Though
approximately 95 per cent of the annual run-off was from melting snow it
carried only 12 per cent of the sediment removed; the 5 per cent of run-off
from summer rains carried 88 per cent of the annual sediment eroded.
As the stand of vegetation is thinned its ability to bind the soil and to
catch that which is moving is lessened. The top layer with its partly
decomposed organic matter and soluble plant food suffers most from sheet
erosion. The soil fertility on which the maintenance of the vegetative
1

Unpublished data by C. L. Forsling, in files, U. S. Forest Service.
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FIGURE 3.—Sheep grazing on an overgrazed range in California. The herbaceous
vegetation has been practically eliminated and the valuable surface soil washed away.
Only brush of low value remains. An unsatisfactory condition for watershed protection
or profitable livestock production
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stand depends is seriously depleted. If erosion continues, the soil may
become incapable of producing the stand it once supported. The experiments at the Great Basin Experiment Station * showed that non-eroded
soil was much richer than eroded soil in lime, phosphoric acid, and total
nitrogen. The water holding capacity was also greater in the non-eroded
soil, and the water required by representative plants to produce a pound
of dry matter was less. There are a great many more 'leaves, greater
stem and leaf length, and more dry matter produced on the non-eroded
than on the eroded soil with a notably smaller amount of water. The

FIGURE Ö.—The head of a "wash" cutting out a valley bottom, started as a result of
excessive cattle grazing and trailing. Utah

conclusion was drawn that erosion was detrimental to plant growth chiefly
because it brings about two conditions of soil impoverishment: (1) Lack of
adequate soil moisture for the full plant development and seed production, and (2) lack of adequate plant nutrients in the soil for good growth.
Improvement of the forage stand depends on checking the erosion and
improving the soil fertility. Owing to low moisture content from exposure and lowered water holding capacity on eroded soil supporting a
thin stand of vegetation, seed germinates poorly and many of the seedlings die. If the erosion is checked and the vegetation given the opportunity, it will gradually spread, slowly increasing the vegetable matter
and plant foods which are lacking. Shortlived species will be replaced by
'Sampson, A. W., and Weyl, L. H. Range preservation and its relation to erosion
control on western grazing lands. 1018. U. S. Dept. Agr. Rul. 675.
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perennials and, as the fertility of the soil is further improved, the more
permanent type of perennial vegetation will become established.
Experiments conducted by the Forest Service in Montana l have shown
that the higher the successional stage of vegetation, the greater the value
of the range for livestock grazing. In that area the rabbit bush—yellow
brush—weed-grass association, one of the lower stages, usually covers
from 20 to 40 per cent of the soil and requires approximately 11 acres to
furnish one cow a month's feed. The higher successional stages were
characterized by greater density of stand, a higher percentage of grass in

FlGUM fi.—An advanced stage of erosion on a depleted range overgrazed by cattle.
The productive surface soil has been eroded away. Restoration of a satisfactory watershed protective covering requires elimination of overgrazing, checking the erosion, and
improvement of the soil fertility, a long and costly process once this stage is reached.
New Mexico

the stand and greater grazing capacity. The blue bunchgrass,—sedgeweed association, which is the climax herbaceous type, covers GO to 80 per
cent of the ground surface and requires but 2 acres to furnish a cow a
month's feed.
Research has developed methods of range management which afford
improvement in forage stand, in soil conditions, and in erosion. These
include especially: (1) Grazing the class of livestock to which the range is
best adapted; (2) withholding livestock from the range until the soil is
sufficiently dry to withstand trampling and until the forage has made a
vigorous early growth; (3) adjusting the number of livestock to the actual
feed available with assured maintenance of the palatable species, allowing
them to be grazed only as closely and as often as will not prevent loss of
1

Unpublished data by W. G. McGinnies, in files, IJ. S. Forest Service.
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vigor; (4) obtaining a distribution of livestock that will afford even
utilization of all parts of the range, except with a minimum of use of those
areas most easily eroded, and (5) applying a deferred and rotation system
of grazing on the range which affords successive parts to be protected
from grazing until after seed maturity one year in every 3 to 5 years.
Our research has indicated further that except where the vegetative
stand has been practically eliminated and the exposed soil is seriously
eroded, the native cover can ordinarily be restored under properly regulated livestock grazing almost as well and as quickly as under total protection from grazing. So far, however, the work has largely been confined
to laying a foundation of essential basic and general information, which
will need to be further extended and intensified to ascertain the true effect
of erosion under other important conditions than those so far studied, and
to determine the important adjustments necessary to apply the results
adequately to all range conditions in the West. Before improved range
management can be generally applied it will be necessary for stockmen
and the general public to acquire a much better appreciation of the
importance of soil conservation on range lands.

THE USE OF EXPLOSIVES IN CLEARING LAND
G. R. BOYD

Richmond, Virginia, U. S. A.
PRESENT ACTIVITY IN LAND CLEARING
The low prices of improved farm land and of agricultural products, with
the consequent depression in agriculture which is so general throughout
the country at this time, indicate that there is very little economic need or
demand for the clearing up and putting into production of large areas of
cut-over timber lands. The kind of land clearing which is needed at this
time is that which can be done on farms already in cultivation to bring
them into the best possible condition to produce crops. What is needed
now is the removal of stumps from cultivated fields and the securing of
sufficient cleared land on each individual farm to make it an economical
and, so far as may be, a self-sustaining unit. In such a land clearing
program explosives, as a means of getting rid of stumps, should play an
important part since they are equally adapted to either large or small
projects; their use requires no large investment in tools or equipment; a
blasted stump is usually so broken up that it can be handled with a
minimum of expense; and because explosives can be used safely and efficiently by the labor available on the average farm at odd times when
there is no use for that labor in crop production.
Although no statistics are available, it is thought that the average yearly
consumption of land clearing explosives in the United States is about
9,000,000 lbs. This figure is based upon the fact that for the past 5 years
the United States Department of Agriculture has distributed annually to
farmers for agricultural blasting from 9,000,000 to 12,000,000 lbs. of reworked surplus War explosives. Due to the cheapness of these explosives,
which were sold for the cost of preparation, and to the fact that a concerted drive was made by the agricultural interests in many states to get
the farmers to take advantage of this opportunity, it is likely that the
normal demand was largely increased; but on the other hand, considerable
amounts of commercial explosives were sold for land clearing work throughout this period. Undoubtedly land clearing operations have been greatly
stimulated by the distribution of the surplus War explosives, and there
probably will be a marked decrease in the demand for explosives for this
purpose immediately after this year when the distribution will have been
completed. However, hundreds of thousands of farmers who had never
used explosives have been taught to do so and, eventually, the demand
765
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for commercial explosives will be increased on account of the educational
work done by the Government and its cooperators in connection with the
distribution of surplus War explosives.
Field investigations have shown that less than 3 per cent of the surplus
War explosives used on agricultural land have been used on farms less
than 2 years old. From this fact one may deduce that these explosives
have been almost wholly used for the most profitable kind of land clearing
and, further, that the largest demand for stump blasting explosives comes
from under-developed farms rather than from large development projects.
In this country such farms are not limited to any one state or section, but
are found in every state and in almost every community.
KINDS OF EXPLOSIVES USED
Many kinds and grades of explosives have been used in stump blasting,
ranging from black powder to 60 per cent nitroglycerin dynamite. Generally, a low grade of dynamite is used, sometimes under such trade names
as "Stumping Powder" or "Farm Dynamite," while other stumping explosives are not dynamites but are composed largely of nitro-starch,
ammonium nitrate, or other explosive substances or compounds. Pyrotol
is one of the surplus War explosives, and has given almost universal
satisfaction as a stumping explosive. It has a rate of detonation of 3,718
m. per second, a unit deflective charge of 217 g., and a maximum pressure
of 8,870 kg. per sq. cm., while the standard 40 per cent nitroglycerin
dynamite has a rate of detonation of 4,772 m. per second, a unit deflective
charge of 227 g., and a maximum pressure of 8,509 kg. per sq. cm., both
measured by the methods for testing explosives used by the United States
Bureau of Mines.
It seems that the requirements of a good stump blasting explosive, for
general use, are a medium rate of detonation, a large gas volume, and high
pressure. It is desirable, also, that such an explosive be sensitive enough
to be detonated by a No. 6 detonator (containing 1 g. of fulminate of
mercury or its equivalent), that it have the ability to withstand the effects
of moisture, that it be low-freezing, and that it cause no headaches or other
ill effects when used in the open air.
EFFECTS OF SOIL AND MOISTURE CONDITIONS
Such explosives give excellent results under favorable conditions of soil
and moisture, but there are other conditions which demand explosives
with more speed. When detonated, the force of any explosive is exerted
equally in all directions if the resistance is uniform, but the higher the
rate of detonation, the less is the effect of inequalities in resistance. So,
in blasting stumps, if the soil surrounding the stump is so light that it
offers less resistance to the force of the explosion than does the stump, the
soil will be blown out and the stump left in place. Such action is likely in
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light or sandy soils, and in such cases a fast explosive will do more work in
removing the stump than a slow one. In peat soils the greater part of the
power of the explosion is absorbed by the loose and yielding peat, and
here, again, a fast explosive will do more work on the stump than a slow
one. However, a fast explosive never gives as clean a removal of a stump
as a slow one, since the violence of the fast explosive splits and rends the
stump and breaks the roots off near the crown, while a slow explosive
tends to heave or push the stump, with its roots attached, out of the
ground.
The amount of water in the soil or, more particularly, in the subsoil—
has a great effect upon the results of a stump blast. When the soil is
saturated all of the pores and interstices between the soil particles are
filled with water, and as water cannot be appreciably compressed, it offers
effective resistance to the force of the blast. The lighter and more open
the soil, the greater is the effect of saturation. Experiments have shown
that from 50 to 100 per cent more explosive must be used when the soil is
dry than when it is saturated to a depth well below the bottom of the
charge.
A layer of hardpan, stiff- clay, or other dense soil sometimes underlies a
light top soil, and, if it be within two or three feet of the bottom of the
charge, it will have a marked effect in decreasing the size of the charge
which would otherwise be required.
PLACING AND F I R I N G T H E CHARGE
It is the writer's opinion, based upon observation of stump blasting
methods in all the states, that about one-third of the explosives used for
this purpose is wasted. This loss is due, in part, to the practise of keeping or storing explosives for so long a time that much of their strength is
lost; all explosives deteriorate to some extent with age, some more rapidly
than others. Waste is caused also by overloading, by the use of improper
or poorly designed tools, by failure to tamp the charge thoroughly, and,
quite largely, by improper location of the charge. A loud resonant report,
stump fragments thrown high in air, and an excessively large crater are
sure indications of wasted explosive. For lateral-rooted stumps, when
using the fuse and cap method of firing the charge should be well down in
the ground under the center of the stump's resistance, while with the
electric method of firing the charges should be well under the main roots
and near the perimeter of the stump. For tap-rooted stumps, the charge
may be placed in the tap-root, which saves explosive, or right up against it,
which saves boring into the root and requires more explosive; but in either
case, the charge should be deep enough to break the tap root off well below
any possible plow depth. The charge should be compacted as far as possible in the point, or points, where it will do the most good, for, other
things being equal, a charge bunched together will do much more work
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than one spread out in a long hole. After the charge is placed and primed,
the bore hole should be rammed full of earth with a wooden stick. Moist
clay is the best material for use in tamping. This operation does not appear to the average farmer to be necessary, or worth more than a careless
effort, but its importance cannot be overemphasized. In wet holes, openings in the explosive cartridges made in priming should be water-proofed
with soft soap or grease. Where water stands 10 or 12 inches above the
charge after it is in place, no tamping is necessary. Such charges should
be fired very shortly after being prepared.
A charge of explosive in stump blasting may be detonated by using
either safety fuse and blasting caps or by a small electric generator, usually called a "blasting machine," and electric caps. The electric method
is much to be preferred on account of its greater safety, and because it
permits the simultaneous firing of two or more charges. Its greater safety
is due to the fact that it eliminates both the safety fuse, which is apt to
crack or break if improperly handled, and the operation of attaching the
cap to the fuse which, if carelessly done, leads to misfires and accidents.
Then, too, it gives the blaster definite control of the time when the shot
is fired. The ability to detonate several charges at one time results in
better blasting with less explosive, especially with wide-spreading, lateral
rooted stumps. Some authorities say that if one is to use as much as 400
lbs. of explosive in stump work the electric method of firing will save enough
explosive to pay for the electric blasting equipment. The cost of this
equipment (from $20 to $35) is the principal reason that the safety fuse
and blasting cap method is still almost universally used by farmers in
blasting stumps, although the superiority of the electric method is generally recognized.
AMOUNT OF EXPLOSIVE TO USE
No absolute and infallible rule can be given for the correct amount of
explosive required to blast out stumps, on account of the wide variations
in the kind, size, age and root systems as well as in the soil and moisture
conditions. Long and detailed records of the size of charges used under a
great variety of conditions over a period of years show a great lack of uniformity between the charges used, even for the same kind of stumps, and
irrespective of whether the comparison is made on the basis of diameter,
cross-sectional area, volume, or weight. Perhaps as good a rule as any is
to use a number of pounds of explosive equal to the square of the diameter
of the stump in feet, but where conditions are good such charges will be too
large and where the stumps are green this rule will give too small a charge.
The proper size of charge is always a matter to be determined by experiment when conditions change. "Nature has used her utmost art and
patience in the intricate entanglement of the many-fanged root mass of
the tree with the earth, to rear and hold aloft the giant plant. When man
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attacks with equal art and a fragment of her patience and labor, he may
approach perfection, but cannot hope to equal it."
The same wide variation in conditions that makes it impossible to draw
a rule to give the charge required to blast out stumps, makes it also impossible to give any valuable figures on the cost of doing such work. The
conditions vary so greatly that the cost of clearing on one tract, either with
the stump or the acre as a unit, cannot be used as a criterion of the cost of
clearing another field or the same field at another time. Likewise, it is
impossible to give any reliable figures of comparative costs for blasting
stumps and for removing them by other methods.
CARE IN HANDLING EXPLOSIVES
Explosives are under a handicap in that there is always an element of
danger in their use. This fact should not be minimized, but should be
emphasized, for most blasting accidents happen to those who have
allowed "familarity to breed contempt." The danger in the use of explosives is not in the explosive but in the man who uses it, for modern
explosives can hardly be detonated unless carefully primed. Experience
of many thousands of farmer-blasters shows that stumps can be blasted
in safety by any responsible person who will take the trouble to follow a
few simple rules dictated by ordinary common sense. The most important of these rules are:
"Use only best methods and tools.
" I n using safety fuse and blasting caps, cut the fuse long enough to allow ample time for everyone to get into a safe place before the blast. If
the charge does not explode when expected, do not go back to it until the
next day.
" D o not smoke when handling or using explosives or detonators.
" Protect detonators from shock, heat, and moisture. Keep them out of
the hands of children."
EFFECT OF EXPLOSIVES ON SOIL F E R T I L I T Y
The author has been unable to discover any conclusive evidence that
gases forced into the soil by an explosion have any effect upon the fertility
of the soil. There have been numerous instances where much better
crops were grown on the ground from which stumps had been blasted than
were grown in other parts of the field, but this may have been due to various causes such as greater natural fertility at those spots, better breaking,
mixing, and aeration of the earth used to fill the stump crater, and increased under-drainage from the cracking of the subsoil, as well as to
the increased nitrogen content of the soil. In view of the small amount of
nitrogen in the products of combustion of the explosive per unit of volume,
and of the small amount of such gases which remain in the soil after the
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explosion, it seems unlikely that there could be any marked effect upon
the fertility of the soil from this cause.
GENERAL UTILITY OF EXPLOSIVES FOR LAND CLEARING
Aside from blasting stumps out of the ground, explosives are used in
land clearing operations in splitting stumps which are left in the ground
to be burned or pulled, and in splitting stumps which have been pulled to
free them from dirt and to break them up into pieces that can be easily
handled. In fact, one of the advantages of explosives is their adaptability,
for they combine readily with other methods of stump removal. For instance, the combined use of explosives and a stump puller is often more
economical than the use of either alone, where there are enough stumps to
justify the purchase of a stump puller.
An explosive is usually considered an agent of destruction and violence,
but, in truth, it is simply concentrated power and as such may be used for
either good or evil, for construction as well as destruction. This force has
been adapted to the needs of the farmer and has come to be recognized as
of great value in land clearing operations, especially for the man who has
little labor at his command, whose stumps are few or widely scattered, or
who has no capital available for the purchase of expensive equipment.

INTERNATIONAL PROBLEMS IN THE STUDY AND
UTILIZATION OE PEATLANDS
A. P. DACHNOWSKI-STOKES

United States Department of Agriculture, U. S. A.
INTRODUCTION
The problem of the technique of reclaiming and improving areas of peat
for crops, timber, and other necessities has not yet reached a satisfactory
solution. In an increasing measure the need is felt for cooperative effort
which would also have the effect of rendering the relations between peatlands and the means for their investigation and improvement the subject
of a special and permanent international organization. The present conference on peatland problems is in a true sense an interstate meeting, for
there are scientific men present from more than a dozen states who have
come together for the interchange of views and ideas. I t is also the first
international conference, so far as known, that is dealing wholly with the
subject of peatland agriculture. The present paper is an appeal for organizing cooperative work in peat investigations and their application to
scientific peatland agriculture.
There can be no doubt about the importance of the subject, since areas
of peat are today one of the greatest undeveloped land resources. Europe,
it is estimated, contains more than 180,000,000 acres (72,000,000 ha.).
The United States, exclusive of Alaska and insular possessions, includes a
great diversity of peatlands. The distribution ranges from the New England States to Florida and the Gulf Coastal States; they are found in the
(ireat Lake States and in the Mississippi and Columbia River States; they
occur in the Cascades and Rocky Mountains, and in California. The acreage actually organized as drainage enterprises is estimated to be 65,000,000 acreas (26,000,000 ha.). A further possible total of over 90,000,000
acres (36,000,000 ha.) of unimproved peatland may be considered as
available for future utilization. In addition there is a large acreage of
cut-over swamps and unimproved peatland now in pasture or used as
wild hay meadows. Extensive level stretches, amenable to large scale
reclamation work, exist in both North and South,—an economic loss to the
Nation. Under a proper system of selection, reclamation, and agricultural utilization they could yield eventually their full return in cereals and
special crops, in timber, hay and grazing live-stock and as natural reserves.
It may be safely predicted that properly selected peatlands will be more
and more intensively managed and increase in average valuation per
acre. While not now needed for agricultural production, considerations
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of health, highway transportation and settlement urge a unified plan of
action for the time when peatland resources will be absolutely necessary to
supply the needs of a growing population.
There are imperative reasons, therefore, for active cooperation and for
the organization of institutions interested in the problems of peatland
agriculture. Research on the character and composition of different
classes of peatland, on water supply problems, and on the effects of the
underlying mineral soils is urgently needed. Another of the major problems lies in standardization of methods of cultural and cropping practices.
It is important, also, in order to obtain comparative results and to effect
eventually an international correlation, to carry on field and laboratory
experiments upon areas of peat of like character in different elevations
above sea level, or with well identified profile features and dominant climatic conditions. To clear up misunderstanding and the present confusion in the methods and terminology of peat investigations requires the
organization of an international commission which might attempt to
standardize the means, terms and symbols used commonly by peat investigators.
C H I E F LINES OF INQUIRY I N PEAT INVESTIGATIONS
In the United States Department of Agriculture peat investigations
have followed two lines of fundamental inquiry. The major objectives in
the first line of inquiry are a search for new kinds of organic material which
peat areas may contain; the natural laws or conditions which determine
the origin and formation of peatland resources; the degree of coordination
which is possible with international research in peat investigations. The
only aim of this kind of research is the discovery of facts without any reference to actual needs.
On a somewhat different footing stands the second line of inquiry. It
aims at the application of fundamental research to the practical peatland
problems that must be solved. It is directed to answer major questions
that relate to the different kinds of peatlands as they affect processes
forming organic soil, engineering practices in drainage, the construction of
highways, colonization projects, industries manufacturing stable bedding
and organic fertilizer composts. It deals with inquiries concerning diverse cropping systems and the natural advantages of regional peat areas
that are most suitable for them; with the use that can be made of less
favorable units of peat areas; with cooperative efforts and the coordination of the practical results on an international basis. A foundation of
vital and reliable information is necessary for an effective technique of
selection and reclamation, and it is essential also if any large proportion of
the areas of peat at present undeveloped or abandoned is to be replaced by
the various forms of peatland agriculture, including reforestation and the
conservation of wild-life reserves. It is obvious that the two chief lines
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of inquiry are not independent. A study of the inherent nature of peatlands is prerequisite for their proper utilization. The interests of sound
national economy and the provision for future needs alike require the
fullest use of all peatland resources attainable by scientific aims and practical means. These objectives are well worth the united exertion of a
host of investigators; they permit of a division of labor as well as of a coordinating organization. Peatland problems require only time, uniform
methods, and professional skill in order to be solved.
CONTRIBUTIONS OF PEAT INVESTIGATIONS
Progress by peat specialists in the comparison and coordination of
American with European areas of peat has brought us to the threshold of a
new era in the scientific agriculture of peatland resources. Of outstand-.
ing importance is the fact, brought out as early as 1876 by Blytt and
others, that peatlands show important stratigraphical differences, and that
the complexity of the structural framework is indicated by its morphological units, by the number, position, continuity and quality of different
kinds of peat and their altered products. The botanical composition and
physical properties of layers of peat have been described and identified in
this country that are similar to layers of peat found in Europe. The peat
exhibited at the Congress, confirms, in part, the stratigraphic features tabulated in a paper which appeared in the Proceedings of the National
Academy of Sciences 8: 225-231, 1922. Departmental Bulletins 802 and
1419 illustrate the variable, character of different peat materials and the
modified condition of some of them as soils. Publications by peat specialists which relate to profile sections of peatlands are not lacking. They
are particularly numerous in the Scandinavian countries, in Germany,
Austria, and Russia. It is not necessary to summarize here the stratigraphical evidence on which a correlation of the European "high-moors"
with each other has been based, and the further evidence of a more general
character which throws light upon the marked sequence of peat layers in
"low-moors." The results of these studies and the special problems that
arise in connection with the improvement of various types of peatland
are equally applicable to the corresponding types of peatland which occur
in this country. In consequence, more detailed descriptions are now possible of the characteristics of peatland profiles in different regions, and a
fuller realization can be obtained of the effects of systems of drainage, irrigation, or fertilizer experiments. These and other important questions
relating to the selection of peatlands for different uses, to working methods and technical procedures, to cultural practices and handling of cropping problems can be attempted on a more uniform basis in different countries and variable climatic conditions.
The recognition of the structural differences of peatlands is an absolute
necessity in practice. The division of different peat materials into three
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individual groups of sedimentary, fibrous, and woody peat layers makes
it possible to draw conclusions as to the extremes in the specific properties
that are associated with them, notably their relative permeability and
volume changes, and to recognize quickly their possibilities of application
and usefulness.
Let it be assumed that the peatland area is uniform in profile section.
If a sedimentary type of peat continues unaltered, it approximates clay
in its physical characteristics. The area possesses too much water holding
power and shrinkage capacity; it is rather late in getting warm during a
growing period of crops, but on the other hand it is easy to till and shows
an exceptional capacity for absorption of fertilizers. By proper cultivation the surface peat soil can be prevented from becoming lumpy or
"horny," and it can be made to give good crop yields.
The opposite conditions, on the contrary, are shown by areas of peat
with a layer of coarsely fibrous peat of uniform quality throughout its
depth. This condition implies physical characteristics resembling sandy
soil. With suitable rotary plows the surface material is easily cultivated,
and it will become warm comparatively quickly in the Spring; water
drains readily and hence a greater distance apart of the drains is permissible than in the group of heavy peat layers. But there are disadvantages
such as the permeability to water leading toward dryness and washingout of fertilizer salts. There is need also of heavy rollers and of intensive
tillage to prepare a seed bed.
Areas of peatland with a uniformly composed woody peat profile, '
approach more nearly the characteristics of loam soil. The properties
of the two extreme groups of peat are mitigated and compensated not
only in the group of woody peats but also in those which are composed
of mixtures of sedimentary and fibrous peat. On that account a uniform
profile of woody or of mixtures of peat is more valuable than one of either
sedimentary or fibrous material. Woody peatlands are not all of the
same value, however. With a rising content of stumps and lumpy wood
fragments scattered throughout the profile the area will, generally speaking, approach the position of the less favorable group of peatlands.
The same applies to areas which show in the profile a combination of
several different layers. The dissimilar characteristic properties of the
different parent layers of peat complicate accordingly the methods of
practical application for agricultural improvement. For example, the
different permeability of layered combinations to flowing water not
infrequently gives rise to two or more water levels. I shall not enlarge
upon this question as I have dealt with the effects of structural features
of peatlands in Bulletin 1419. We have not yet any mathematically
based technique of dealing with layer combinations. But many failures
in the drainage and utilization of peatlands will be prevented if care is
taken to determine beforehand the areas with an unstable structural
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framework. This can easily be done by means of a quite simple examination in the field, outlined in Soil Science 17: 101-133, 1924, and in the
paper presented in Commission V of this Congress.
UNIFOP.M WORKING METHODS
Of immediate concern are questions pertaining to the establishment of
uniform methods of technical procedure in the handling of peatlands of
like character in different countries. It seems worth while at this point
to reiterate the fundamental purpose of the special peat session. The
objectives which underlie this meeting have but one purpose and that is
to develop and promote cooperation with all concerned; to obtain certain
standards in type and quality of organic material for experimental tests,
and such uniformity in methods and field practices as the interests of
good economy in peatland agriculture demand. It must be borne in
mind that the whole peatland program is one fundamentally to stimulate
coordinated activity among the practical and research workers themselves.
To discover what peatlands have in common is an object for wide,
extended comparative investigations, not a matter of assumption. Cooperation in the study of special peat problems is wholly voluntary,
hence progress will undoubtedly be slow, but we may expect eventually
great agricultural and economic benefits to accrue as it becomes possible
to standardize the methodology and nomenclature that is of international
importance. The advantages are enormous for the engineering and other
technical services concerned. The usefulness of standardization and
uniformity is not limited to reducing the number of the least necessary
varieties and grades of organic material, but it is applicable to technical
practices and even to peatlands themselves. There is only one way to
place the application of scientific technique to peatlands on an effective
and more economic footing and that is by the elimination of areas of peat
with an unfavorable structural framework and by the organization of
facilities for coordinated investigations of peatland agriculture.
The next meeting of the International Peatland Session will be devoted
to a definite program of selected subjects, among them a plan of procedure
for international cooperation. Steps have been taken for the establishment of a permanent organization to aid in developing a policy of research
and peatland utilization along broad foundational lines and to coordinate
the efforts of Federal, State, and municipal agencies. A subcommission
with an international committee of representatives from countries carrying on peatland agriculture has been formed as the most feasible means
at this time for the study of peatlands (Moorforschung). The committee
will serve as an advisory body to promote uniformity in scientific methods
and the fullest development of peatland resources, and it will aid in
obtaining data and comparable results on a world-wide basis from
peatlands of characteristic profile structure.

SOIL SCIENCE IN HIGHWAY ENGINEERING
V. R. BURTON

Michigan State Highway Department, Michigan, U. S. A.
Building of roads is a very old art, but a very new science. The science
of road building may be said to date from the introduction of the motor
vehicle to its present widespread general use. At the present time roads
and speeds of motor vehicles have increased to a point undreamed of in the
minds of road builders of twenty years or even ten years ago. The expenditure of millions of dollars in the building of arteries for this new form
of commerce makes it absolutely necessary that the design and construction of highways be placed on a rational scientific basis.
Unlike structures, the choice of location cannot always be freely made.
We are forced to build roads over streams by means of bridges and across
soils at locations at which no one would dream of placing a building on account of foundation difficulties. It is, therefore, quite necessary that we
know something of the character of the material on which we are to place
our pavements.
The soil directly beneath the pavement is usually an upland soil. The
design of the pavement itself should necessarily be based on the character
of the soil upon which it rests. Unfortunately, we cannot restrict our
road locations to upland soils and peat marshes must be crossed in spite of
the fact that their ability to support load is not even sufficient to carry the
cushion of soil on which the pavement rests, let alone the pavement itself.
With peat or marsh soils then, the problem becomes one not only of the
design of the pavement structure, but also of the design of the earth fill
supporting the pavement.
A few years ago, due to serious settlement of fills on a number of peat locations, it became quite evident that further knowledge of the material in
these peat bogs and its action under fill loading, was necessary. It seemed
evident to the writer that the classification of peat deposits, as outlined in
" Stratigraphic Study of Peat Deposits" by Doctor Alfred P. DachnowskiStokes, offered some hope of yielding information in the study of fills over
these deposits. It also seemed likely that if the peat layerings were
mapped both before and after load were applied, considerable could be
learned as to the behavior of the peat layerings under load. This, unfortunately, would take considerable time, so it was decided to study peat deposits over which fills had already been placed and reconstruct as nearly
as possible the position of the original layers from their position outside of
the zone distortion due to the fill loading.
776
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Accordingly fills over eight different peat deposits were cross sectioned
at 83 different points where the depth of the peat deposits range from 1 to
66 feet. The shape of the fill was accurately cross sectioned and the position of the layers of peat surrounding it, determined by coring with a peat
sampler. Sufficient points were taken on the cross section to determine
fairly accurately the shape of the fill and the position of the layers.
The factors which it was thought would determine the amount of settlement were depth and character of peat layering, height of the water table,
slope of the mineral subsoil beneath the peat, height of the fill and width of
the fill. The weight and character of the fill material was so little different in the various fills studied that it was felt unnecessary to take this into
account. All fills were earth fills and no attempt was made to study those
made of rock.
So far as could be determined, from the information at hand, there was
very little difference in fill settlement dependent on the character of the
peat layering. There was, of course, considerable difference between the
top foot or two of the peat where the material was fairly well decomposed,
but it is thought that this is due more to the smaller water content than in
the actual character of the material itself. Lake clay, which occurs in the
bottom of most peat deposits, is, however, different enough in character so
that its effect had to be considered separately. It is probable that if any
heavy textured marl were encountered, it should be grouped with the clay
or given separate treatment. A soft, soapy marl should probably be
classed as peat in considering its effect on fill settlement. As it happened,
in this investigation no very large amounts of marl were found, except in
peat admixtures. The preliminary work of sounding the peat bog preparatory to locating a road and estimating the quantity of material necessary
for filling across it, is considerably simplified for the engineer. Where a
uniform marl is absent, only two layers, the entire depth of peat and the
depth of the lake clay need be considered.
Variations in water table were so slight in this study, that no account
was taken of this variation. The height of the fill above the marsh surface is a small factor and had to be considered in estimating. Slope of the
mineral subsoil produces a marked effect on settlement and the bottom of
the fill nearly always takes the same direction of slope as the marsh bottom. This tends to increase the normal amount of settlement above that
which would be experienced over that of a fill placed on a marsh of the
same average depth.
Another important factor met in several cases was the effect of peat
compression met by neighboring fills on fill settlement. This compressed
peat is much more resistant to flow than is the uncompressed peat and
hence flow on the side adjacent to the old fill is very much smaller than on
the free side. As a matter of fact, the factor of the greatest importance
and the simplest to determine, is simply the depth of the peat layer and

778

FIRST INTERNATIONAL CONGRESS OF SOIL SCIENCE

the depth of the lake clay beneath it. These factors directly determine
the amount of settlement which will normally occur and the other factors, with the exception of the slope of the mineral subsoil, were rather inconsiderable.
Let us consider what happens when a fill of heavier material is placed
over a peat deposit. The top crust is first subjected to compression beneath the interior of the fill as well as with shear and tension at its edge.
The communication of this compression to the interior of the peat is resisted by the resistance to flow of the peat or its internal friction. Due
to the inertia of the peat particles to movement, water is squeezed out of
the material nearest the fill and the material compacted, and this process
goes on in continually increasing amounts farther away from the fill until
at some distance the peat is practically undisturbed.
The peat is a semi-solid substance largely composed of water, but with
an appreciable amount of internal friction causing a resistance to flow.
If the resistance of the peat to compaction is less than the applied pressure, then both vertical and horizontal deformation of the plastic mass
results. The very low cohesive forces in the mass cause an actual displacement of material from these deformations and flow follows.
Particles of peat near the center are from the first subjected to greater
pressure than those near the outside. When bending of the elastic crust
takes place, compression is greater near the center and lateral flow quickly
begins. This flow is a result of the transformation of the vertical to lateral pressure, due to the increasing resistance below, to the horizontal component of pressure due to the internal friction of the material, and also to
the horizontal component of pressure due to the inclined position of the
settling load. These center particles in their flow laterally are subjected
to pressure for a considerable time in their flow to the edge and hence further compaction with an increase of internal resistance results. Those
particles nearer the edge are not subjected to this pressure for long and
communicate their pressure to the undisturbed peat on the outside. In
the course of time the peat beyond the fill becomes compacted and finally
the compressive stresses are completely absorbed in further resistance to
lateral displacement.
It is easily understood then, that the width of fill is a function of the
amount of settlement which takes place. The fills in this investigation
do not vary greatly in width, viz., from 24 to 30 feet, and so no account is
taken of this factor. It is important, however, in considering the cause
for the greater settlement in deeper deposits.
When deposits are relatively deeper in proportion to their width, considerable vertical movement can take place before any marked reaction is
experienced from the mineral subsoil below. Flow laterally, then, is comparatively small at first, a large amount of settlement is possible before
any great amount of compaction can take place, the elastic crust ruptures
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in tension and shear and the whole weight of the fill is suddenly thrown on
the soft material below. This sudden application of weight very quickly
stresses the peat below to a degree at which lateral flow begins in a considerable amount and we have a "sink hole." The peat flowing from beneath the load of earth expands on the release of pressure, displaces that
near the fill, and the peat is heaved up on the sides. Due to the lighter
weight of the peat as compared to the fill material, a correspondingly
larger amount of peat must be raised to balance the heavier fill. Subsequent loading increases this heaving until the weight of the heaved peat
becomes sufficient to compact the material beneath enough to prevent
further flow.
In the latter stages of fill settlement the rate of settlement is very slow,
but even a rate of a foot a year is decidedly objectionable. This rate is
progressively decreasing until finally, after a long time, equilibrium is
established. The length of time before a stable condition is reached is
known in some cases to be more than 5 years. We have arbitrarily set the
rate of settlement of 0.05 of a foot in 30 days as being the rate at which
filling may be stopped. Since the rate will progressively decrease usually,
this should give a settlement of less than 6 inches per year.
Unfortunately, at times, if the early settlement was not rapid, some
later cause may accelerate the rate of settlement. Fills completed in the
fall under earlier methods, were quite apt to settle rapidly the following
spring. The vibration of traffic also tends to increase the rate of settlement after a road is first opened. Large ditches cut along an old road arc;
quite apt to start considerable settlement. As a matter of fact, unless
settlement during filling has been accelerated in every way possible in
order to insure its completeness, some subsidence is almost sure to take
place later.
An exaggerated case of the direction of pressure induced by the mineral
subsoil, is shown in Figure 1, on which it will be noticed that, with the exception of the peat immediately adjacent to the fill, practically all of the
distortion has taken place to the left of the center line, indicating that flow
is largely active in this direction. It will be noticed that had this marsh
been sounded before road construction and the center line of the fill moved
ten feet to the right, a considerable amount of fill material could have been
saved.
The amount of saving which could have been made by proper fill location is much more strongly emphasized in Figure 2. This cross section
was the deepest found during this investigation, and the fill depth is about
66 feet from the surface of the highway to the mineral subsoil, on which
the fill rests. It is quite evident that the location of the highway, about
40 feet to the right, would have saved about 25 feet of fill in this particular
instance. The fill, as placed, happened to encounter an old glacier drainage channel between two lakes, separated at present by this peat deposit.
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It will also be noticed that almost the entire amount of lake clay, which
probably nearly filled the old channel, has been forced to one side by the
load of the fill above it. The irregular shape of the cross section on the
right is probably due to the filling at the time at which the peat was heaving. Peat heaved up 8 or 10 feet on this side, and left about 8 feet of
water to fill in. The heaved peat later broke off and fell back into the
hole. It will be noticed that surface peat on both sides has been carried
through considerable depths, by the disturbance occasioned in the placing
of this fill.
From studies of cross sections, most of which are considerably more
regular than those given, a method of estimating the amount of settlement

FIGURE 1.—Direction of pressure induced by mineral subsoil

to the normal shape of marsh fills was worked out. Curves were platted
from the observation so as to give the average amount of fill penetration
for various depths of peat and lake clay. Three curves are used, dependent on the height of fill studied. The fills were grouped into heights
of from 1 to 3 féet, one from 3 to 4 feet, and one 4 to 5 feet. From the information obtained from these curves, and knowing the standard shape of
the cross section, a reasonable estimate can be made of the depth to which
a fill material will penetrate and the amount which it will be necessary to
use.
One of the striking features of this investigation was the irregularity
shown in the topography of the marsh bottom. In a number of instances,
as has been shown, a slight shift in line would have saved thousands of
yards of earth in filling. It is much more necessary to map very carefully
the topography of marsh bottom than it is upland soil, because it is impossible to make a visual inspection of the most suitable location for the
line of the road.
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It became evident that where there was a considerable depth of peat, it
is highly necessary that settlement be accelerated so that it will not take
place in any large amounts after the pavement is placed. This settlement
is much more serious over short bogs than on longer ones, on account of
the sharper deflection of the settled surface and the liability to offsetting
of the pavement slabs. Long gradual settlements are not so noticeable
to the eye, or injurious to the surface as the short, sharp one in the
smaller bogs. Settlement enough to cause trouble is not likely to occur in
marshes of less than 6 feet in depth.
Standard methods of filling over peat bogs were worked out according
to the depth and length of peat bogs encountered. These standard meth-

FIGURE 2.—Illustrating saving from proper fill methods

ods include the use of two comparatively narrow wedges of earth to be
placed on both sides of the roadway, heaped as high as possible and settled
by the use of explosives beneath the filling. This method is used on fills of
medium depth, of from 6 to 20 feet. This method is used in order to take
advantage of the fact that peat trapped between the two wedges, when
compressed, affords sufficient supporting power for the fill to save considerable in the amount of fill necessary.
In depths of over 20 feet, the top crust of the peat is simply destroyed by
blasting and as narrow a wedge as possible driven down on the center line
of the road, in an attempt to drive the fill material as deep as possible before widening out again, to take advantage of the compacting effect produced in the peat layers on both sides of the original load. It is felt that
the use of the first method described, especially where any considerable
slope of the mineral subsoil were met, might, in deep deposits, increase the
amount of fill necessary, due to the displacement of the narrow wedge
used.
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Formerly it was the practice to attempt to load these peat marshes as
lightly as possible and avoid settlement. Years of experience have taught
us that settlement is sure to occur in any event, more slowly under light
loading, of course, but none the less surely.
It was felt that the studies made of these peat marshes have enabled us
to develop methods which will insure the most economic use of the material in filling. We believe that the use of these methods will enable us to
produce a maximum of settlement during the time of construction and
save expensive maintenance and disruption of traffic, due to some time
later serious settlement. We have, for the first time, obtained an adequate
idea of the problem facing us and the necessary steps to be taken in order
to correct it.

ORGANIZATION OF RESEARCHES IN THE BRANCH
OF TECHNICAL AGRICULTURE IN THE
REPUBLIC OF CZECHOSLOVAKIA
F. GAZDIK

Bratislava, Czechoslovakia
INTRODUCTION
The agricultural significance and evergrowing development of technical
agricultural enterprise calls for a spontaneous effort for scientific explanation of all the problems found therein. Besides this, the broad branch of
technical cultural practise is in continual need of a still better reason for
using artificial investigations into the natural conditions of soil and water.
The above-mentioned necessity is keenly recognized in interested circles
of the Republic of Czechoslovakia, as well as in other cultured countries
with great technical agricultural problems.

THE CHARACTERISTICS OF TECHNICAL CULTURAL
PROBLEMS
The carefully considered extent of the technical cultural program in
('zechoslovakia can be characterized by at least a superficial indication of
the estimation, or otherwise evident necessity, of individual interest.
In the first place, there are at least 2J4 million fields, meadows and pasture
lands which require drainage improvements, and, up to the present, only a
few, about 10 per cent, have been completed. Added to this, are the
problems of water economics for extensive estates in the valleys of large
rivers, together with a simultaneous solving of the problem of watering
and irrigating the meadows. The irrigation of fields, especially for temperate countries will, in a great measure, be realized, and in countries
where the soil is sandy, arable soil with clay and fuller's earth is again
brought to our attention. The improvement of the water-flow in high
and low territories, which includes making dams in the rivers, constitute an extensive and important problem. Providing at least 10,000
agricultural districts with water, forms a part of the program of the technical agricultural enterprises, especially the building of group waterworks.
The parcelling out of farm land property is so considerable in some parts
of the Republic, that nearly 43^ million hectares of land are necessary in
order to carry out the reconstruction.
In order to carry out the principal technical cultural program in
('zechoslovakia, proportionally, within 70 years, it is estimated that an
annual sum of over 200 million crowns (Kc 200. mill.) will be required.
783
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This investment is to be covered by public contributions from the state,
country and those interested in the program. The natural demand for
saving with the purpose in view requires that the fundamental projected
estimates, under such a considerable investment, be scientifically correct
and that they comply as much as possible with the natural economic
conditions. Only well organized and carefully carried out researches in
the branch of technical agriculture can procure such a foundation.
ORGANIZATION OF RESEARCHES
Research work in Czechoslovakia is organized and carried out on the
basis of unity and system. Unity prevents the useless repetition of the
same researches and enables a mutual conformity of results. System
should show itself in consequential researches from all factors and conditions from a scientific point of view, as well as from the practical
side.
Organized researches in Czechoslovakia date from the beginning of
1924, when the Ministry of Agriculture, in accordance with the assisting
centers of State Offices and Land Offices, issued "Rules for researches in
the branch of technical agriculture."
According to these rules, the management and organization of researches in the branch of technical agriculture is reserved for the Ministry
of Agriculture. The actual execution of research work is, however, carried out according to the present state of circumstances, by the organs
of public service of technical Agriculture, that is, by the respective departments of the Ministry of Agriculture, and the State Offices subject
to it, and also individual Land Offices and individual experts as representatives of technical science.
Besides this, cooperation with institutions and research institutions in
all studies, applied and scientific, should be considered, especially in
working out practical and scientific results. Further, the results already
gained, which were obtained by observation of the research Institution
of the Ministry of Agriculture, as well as by related institutions, subject
to other centers, are to be used as long as such results are coordinate with
researches in the branch of technical agriculture.
The Consultation Committee connected with the Ministry of Agriculture has the function of making researches in the branch of technical
agriculture, which deals with an annual program of research work and
the division of same; further, with ways and methods, as well as with
the results obtained by research.
The chairman of the Consultation Committee is a provisional chairman
of the Technical Agriculture Branch of the Ministry of Agriculture, and
their members are representatives of related State and Land Offices, besides the Technical High School and similar institutions of research.
The Consultation Committee meets in full at least once a year, and is
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assembled by the Ministry of Agriculture on which occasion, the "Official
Order" is issued by the same Ministry. In voting the committee is governed by the majority of those present, in which each of the representatives of the committee, autonomie office or corporation has only one vote.
The chairman determines the legality of votes.
The Consultation Committee, according to the Official Order may form
a subcommittee in order to solve individual questions. Up to the present
two subcommittees have been constituted: "Subcommittee for the arrangement of the method and advance of work" and "Subcommittee
for fixing the program of work and finance, and for comparing results
and publications." The duties of the committee are those indicated by
its title. The subcommittee is assembled by the Ministry of Agriculture
over which its representative presides. Every member of the subcommittee may vote.
The results of work are published in the Journal of the Agriculture
Kesearch Institution, issued by the Ministry of Agriculture. Pamphlets
of other kinds are similarly republished in the Bulletins of the same Institution. Up to the present, four bulletins have been published in this
manner, as No. 10, Organization of the researches of technical agriculture
in the Republic of Czechoslovakia; also No. 21, Bulletin of researches in
the branch of technical agriculture from 1924 to 1925; No. 25. I—Instructions for drainage research. II—Manner of harvesting; and finally
No. 26. I—Instructions for hydropedological research of underground
water; II—-Instructions for the research of securing water from rivers.
The first two numbers contain a résumé in French and German. In the
above-mentioned Journal, the work of Docent Ing. Dr. R. Janota, Surveyor of Works, was published as Volume 16, "On the effects of drainage
on the physical state and mechanical construction of the soil." This
work also contains a résumé in French and German. The expenses
incurred for researches in the branch of technical agriculture, coming
within the program of the above mentioned organization, is paid for
by the Ministry of Agriculture from the deposit of the State Budget.
These deposits are modest enough and amount to:
v roku
Do
Do
Do
Do

1923
1924
1925
1926
1927

214,000
182,000
170,000
170,000
190,000

Kcs
Kcs
Kcs
Kcs
Kcs

Objects provided for from this money are the property of the Ministry
of Agriculture, and according to their disposition are entered in a special
inventory. Besides this, the Ministry of Agriculture also looks after the
administrative affairs of the Consultation Committee.
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NAMES OF MEMBERS
In order to give detailed information, we are including an additional
list of the Consultation Committee and both its subcommittees with
names:
I. CHAIRMAN OF THE COMMITTEE AND OF BOTH SUBCOMMITTEES

lng. Dr. Horak, section director TV. of technical agriculture, section
of the Ministry of Agriculture.
II.

MEMBERS OF THE CONSULTATION COMMITTEE

(1) Counsellor of Construction-in-chief Ing. Rüzicka, for the administration committee for Czechoslovakia in Prague.
(2) Chief Construction counsellor lng. Masin and
(3) Construction Counsellor lng. Dr. Janota for the Technical
Bureau of the Agriculture Council for Czechoslovakia in Prague.
(4) Chief Construction Counsellor lng. Polacek and
(5) Construction Counsellor lng. Spisek (the soil examiner) for the
Moravian Land Construction Office in Brno.
(6) Construction Counsellor lng. Gazdfk (the soil examiner) for the
technical agriculture report of the branch office of the Ministry of Agriculture for Czechoslovakia in Bratislava.
(7) Professor lng. Dr. Thoma for the Czech High Technical Science
in Prague.
(8) Professor lng. Rosenkranz for the German Technical High School
in Prague.
(9) Professor lng. Dr. Zavadil for the Czech Technical High School
in Brno.
(10) Professor lng. Dr. Meixner for the German Technical High School
in Brno.
(11) Professor lng. Kopecky for the State. Research Institution for
agropedology and bioclimatology in Prague.
(12) Chief Counsellor Vitek for the Union of research Institutions of
Agriculture in Prague.
III.

MEMBERS OF SUBCOMMITTEES

The following have been appointed for fixing the method and advance
of work:
(1)
(2)
(3)
(4)

lng.
lng.
lng.
lng.

Kopecky
Dr. Thoma
Dr. Zavadil
Masin

(5)
(6)
(7)
(8)

lng. Dr. Janota
lng. Spisek
lng. Gazdik and
Chief Counsellor Vitek
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MEMBERS OF SUBCOMMITTEE

The following have been reappointed for fixing the program of work
and finance and for comparing the results and publications:
(1) Ing. Dr. Thoma
(3) Ing. Masïn and
(2) Ing. Polacek
(4) Ing. Gazdfk
V. MINISTRY OF AGRICULTURE

Sends directors of the attending departments and reporters to the
committees and subcommittees from which the following have been
appointed: Minister Counsellor J.U. Dr. Eisenstein, Ing. Jodas, Ing.
Topoi, Professor Ing. Kaisler, and Chief Construction Commissioner,
Ing. Dr. Tschlik.
WORK ACHIEVED UP TO T H E P R E S E N T
The work achieved up to the present was devoted in the first place, to
organization work. This led to fixing a method and advance of work,
which had to be adapted to the acute requirements of technical culture in
single districts of the countries in the Republic. Parallel with organization work, the foundation of individual research objects was undertaken
with also the gathering of necessary material.
In the program of work in part, these questions had the first consideration :
(1) Draining the soil.
(2) Watering the meadows upon the surface with particular attention
to the quantity and quality of surface and irrigation water used.
(3) Water by irrigation.
(4) Hydrological and pedological conditions in the valley of districts.
(5) Building up banks and beds in repairing the waterflowand damming
rivers.
(6) Filling soil.
(7) Statistical consideration of increasing quantity of crops on ameliorated and reconstructed ground.
(8) Normalization of building material, implements, etc. From instruction pamphlets which arranged the method and advance of work.
Four instructions and manner of fixing the crops were worked out and
agreed upon, and are as follows:
(a) Instructions for ameliorated researched objects.
(b) Instructions for research projects of drainage.
(c) Instructions for hydropedological research of underground water.
(d) Instructions for research of water from rivers.
If we look over the first difficulties in the point of personnel and finance,
we can indicate a number of over 50 research projects which, up to the
present, were established in Czechoslovakia, which is quite satisfactory.

788

FIRST INTERNATIONAL CONGRESS OF SOIL SCIENCE

If the greater number of researches established fall
dropedological research of underground water, it is
the economic conditions in the Republic.
A large number of projects are devoted to the
watering and irrigation. Projects for the research
ground and working methods are scarce.

to drainage and hyin accordance with
research of surface
of filling soil, turf-

T H E CHARACTERISTICS AND SHORT CONTENTS OF
INSTRUCTIONS
I. INSTRUCTIONS FOR RESEARCHES AND IMPROVING PROJECTS

These are general and common for all improved surface soil. It contains two principal departments of which the first treats of the fundamental improvement projects; the second of their management and
observated service.
According to this instruction, the research projects of improved surface
soil are divided into 3 groups:
(1)
(2)
(a)
(b)

The simplest type on improved research fields.
On improved research stations.
II—class, middle type and
I—class the most perfect type.

For placing research projects into some of the above-mentioned types,
the size and object of research is decisive as well as their respective equipment, as it always is defined in detailed instruction. Besides this, instructions indicate, as is very desirable, that every project may have, as
far as possible, its opposite in the check project.
Instruction introduces chosen means of research, from which the general
conditions are determined (sea-height, exposure, slope and shape of districts) geological and economical, enquires into and observations of
meteorological and climatical conditions; further, pedological, hydrological and agricultural, mutual comparison: Conditions of improved and
unimproved soil; further, effects of improvement undertaken under
various conditions in different ways.
Further, the instructions contain more detailed conditions and directions for foundation as well as building undertakings.
In the conditions for the foundation of research projects, the influence
of the pedological character of the soil is indicated as decisive.
II.

INSTRUCTION FOR RESEARCHED PROJECTS OF DRAINAGE

This contains a part for all research projects of drainage and a part
particularly for single types of projects. The drainage research should
be made clear:
(1) Relation of drainage to natural factors, particularly for vegetables.
(2) Relation of depth and width of drain.
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(3) Influence of drainage on economic results attained.
(4) Relation of money invested and profits gained.
Each project consists of one part drained, and as far as possible, one
part without drainage. The drained part always consists of at least
3 zones, i.e., 4 drains of a maximum of 100 m.
Pedologs, organs of technical agricultural service and observers are
entrusted with individual observation.
III.

INSTRUCTION FOR HYDROPEDOLOGICAL RESEARCH OF UNDERGROUND
WATER

According to instruction, hydropedological research of underground
water should include:
(1) A recognition of the hydraulic character and qualities of underground water.
(2) p]nquiries into the influence and independence of single factors
and appearances, which presented themselves and are of some use.
(3) Appreciation for recognition of various purposes and wants.
(4) Analysis of underground water for technical agricultural advantages.
Instruction indicates the following required research:
(1) Ascertaining of relations participating in the formation of underground water character and properties.
(2) Enquiring into and observation of all deciding factors and conditions, thus:
(a) Establishing observation methods.
(b) Measurements:
(c) Analysis.
The research of underground water is limited in the rules of instruction
for large districts (valley) where there are larger water-flows, and other
flat and low sites, where the interests for technical agriculture are significant and important.
According to the arrangement, these observation projects are divided
in the instruction into:
(1) Single ones.
(2) Grouped in profile.
(3) Making possible hydropedological maps.
The following are used as means of making observations:
(1) Water meter.
(2) Plummet.
(3) Wells.
The regular measuring of the state of water on observation projects
takes place once a week.
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IV.

INSTRUCTION FOR RESEARCH IN WATER FLOW

Research for water flow results in:
(1) Recognizing examined water.
(2) Influence and relation of factors and appearances which were useful
in determining the character of examined water.
(3) Analysis of quality and use of water for technical agricultural purposes, especially irrigation.
(4) Valuing the flow as a soil-forming factor.
(5) Analysis of the influence of water for some water-economic provisions and fittings, undertaken and projected.
As means of research, instruction indicate:
(1) Assuring the condition in water flow in local places and vicinity,
having its results in the surface of the profile from which the water for
examination is taken.
(2) Enquiries and observation of the conditions and factors having an
influence on the source and quality of tested water.
(3) Analysis of water.
According to instructions, research is only carried on, as a rule in large
streams and tributaries, as long as these are connected with wide valley
lands; further, in water cisterns, as long as the water from them can be
used for agricultural purposes.
Water for analysis is taken at times, according to the water-level. It
is seldom taken at low water-level, and in low water-level that taken
becomes thick, so that the course of the water is characterized by a
detailed analysis, when falling and rising.
As a rule, three samples are taken, the first from a depth of 20 cm. under
the surface, the second from the middle, and the third near the bottom.
In small streams the samples are taken from the principal current, on a
wide stream, from 20 to 50 m., and another from a slope, and finally in
wide streams or on a banked space, further interpolation is carried out
at a distance of 50 to 100 m. Research is limited as a rule to physical
chemical analysis and also special bacteriological examination.
V. INSTRUCTIONS FOR FIXING THE HARVEST

On improved research projects the instruction demands and calls for a
fixing of the harvest for at least 3 parts of the area of 1 ar (100 x 100 m.)
and that in drained parts, so that the harvest includes the high low ends
of the drain, as well as in the middle.
CONCLUSION
Results attained by researches in the branch of technical agriculture
will only be able to be compared and eventually a deduction made after a
period of average research years.

PREVENTION OF WIND DAMAGE TO CROPS
ON PEAT SOILS
J. H. BEATTIE

United States Department of Agriculture, U. S. A.
INTRODUCTION
Wind damage to crops on peat soils and to the soil itself usually
consists of first, physical injury of the plants by being struck and injured
by flying particles of soil; second, blowing of the soil covering from seed
and actual removal of the seed, or if occurring later exposure of the roots
causing serious injury or death of the plants; third, covering of the plants
by material carried in from other locations or other portions of the field.
In most cases all three forms of injury are to be found in the same field.
The control of these factors is a serious problem to producers of crops
on peat soils in many locations throughout the United States and Canada
and undoubtedly in foreign countries as well. The past two or three
seasons have witnessed especially disastrous windstorms throughout the
Great Lakes Regions of the United States where large areas of peat soils
are employed for the production of peppermint, corn, potatoes, celery,
onions, lettuce, cabbage, carrots, and other field and truck crops. In
some cases onion acreages in certain districts have been reduced by wind
from several thousand to only a few hundred. Moreover, severe losses
have also been suffered due to injury to the soil itself, to say nothing about
the serious inconvenience and loss from the material being blown into
nearby towns and cities. The control of wind action on peat crops is a
problem which merits the most careful attention and study.
Peat areas are nearly always comparatively level and often occur in
large tracts where there is little natural obstruction to the movement of
the wind. Unfortunately little effort has been made to retain natural
windbreaks which would largely prevent destructive blowing. Smaller
areas or those well protected by sections of forest rarely suffer the severe
damage experienced on large unprotected tracts. In attempting to
minimize wind action on peat soils we are therefore faced with this
fundamental consideration that the land is level and naturally subject
to blowing.
In the second place peat soil, especially that in the preliminary stages
of decomposition, is light in weight, often of loose texture, and when dry
is especially liable to movement by strong winds. Organic soils in a
later stage of decomposition or when mixed with mineral matter are less
791
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FIGURE 1.—Effect of wind on drains
Above: Drainage ditch on large peat tract
Below: Same drainage ditch after seven windstorms
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subject to wind action, but on deep deposits there is little chance of mixture until decomposition proceeds far enough to permit mixing of the
subsoil with the top soil by means of tillage implements.
In the third place destructive winds are especially common in the spring
time when there is little natural vegetation to break their force and when
seeds and plants are being placed in the ground. Later on the plants
themselves having made sufficient growth are able to withstand wind
action often without material injury. Fourth, another potent cause of
wind action on peat soils is due to over-drainage or lowering the water
table to a point which allows the top layers of soil to become unduly dry.
Fifth, as another and also a very important contributing factor mention
should be made of improper soil management such as too deep plowing,
failure to follow crop rotations and other similar factors which leave the
soil in a loose condition particularly subject to wind action.
METHODS FOR T H E PREVENTION OR MINIMIZING OF
W I N D DAMAGE
Maintenance of a drainage system which will keep the water table at
a distance of from two to four feet below the surface and keep the soil
well compacted to insure good capillarity will do much toward minimizing the effects of wind on soils of this character. In addition to the
natural water table the use of subirrigation, surface ditches, or in many
cases overhead sprinkler systems have been found especially advantageous.
The overhead irrigation system is being employed to a certain extent to
wet down dry soil and keep it wet during windstorms, thereby largely
preventing movement of top layers of soil. The Department has work
in progress studying the effect of overhead irrigation in retarding or
preventing soil movement during windstorms and resultant injury to
crops, and while this has been in progress only a season or two preliminary
results show that application of water through overhead irrigation pipes
largely prevents movement of soil on areas to which the water is applied.
It also shows that particles of soil blowing into the irrigated area from
adjacent fields are carried down and deposited on plants often with injurious results, complete burial sometimes taking place.
Compacting of the soil must naturally be a compromise as crops
demand a certain amount of looseness for their development and it is
obviously desirable to keep it as firm as possible to prevent wind action
and still maintain suitable conditions for plant growth. In many cases
it has been found that peat soils after being reclaimed and broken can be
maintained in good condition for crops without deep plowing. Many
successful truck crop producers merely disc their lands a few inches deep
the soil naturally remaining sufficiently loose to permit the penetration of
the roots to lower levels. The heavy roller, usually a steel shell filled
with concrete and weighing from 600 to 800 lb. per linear foot, is largely

7;» i

FIRST INTERNATIONAL CONGRESS OF SOIL SCIENCE

employed for compacting top layers of soil to prevent wind action.
Under most conditions its use is to be commended.

FIGURE 2.—Effect of wind upon crops
Above: Portion of lettuce field protected by windbreak
Below: Portions of same field on which crop was destroyed by wind

The third important preventative measure employed for the prevention
of wind injury is the use of windbreaks of various kinds. This is aside
from natural forests which should also be left where possible to serve as a
protection from wind. Windbreaks may be either living material in the
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form of trees, shrubs, or cultivated crops, sometimes interplanted with
the main crop occupying the land, or board fences, grass covered earth
ridges, or other means for breaking the force of the wind. Border barriers
around the fields consisting of large trees such as white pine, Norway
spruce, tamarack, ash, elm, maple, the various poplars, the Osage orange,
or other large trees, supplemented when necessary by hedges of willow,
privet, or other suitable shrubs running these at right angles to the direction of the prevailing winds are important factors in wind control. Much

FIGURE

3.—Hedge type windbreaks on Western New York peat area

work remains to be done to determine the plants best adapted for use as
windbreaks on peat soils. Where possible evergreens should be used as
the protection is usually most needed in the early springtime when deciduous trees are not in full leaf. White pine and Norway spruce are
large growing conifers which seem to make an almost ideal border windbreak, but they are relatively slow in growth, it usually taking two or
three decades to bring a windbreak of this character to a height of 35 or
40 feet. However, it has been suggested that these permanent windbreaks be supplemented during the first few years by interplanted windbreaks of faster growing material such as the poplars, these to be removed
when no longer needed. Much use has been made of grass covered earth
ridges at intervals of every 50 to 100 feet running at right angles to the
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direction of the prevailing wind for minimizing wind action. In practice
these are usually made of material thrown out of drainage ditches which
are often needed at about these intervals. Most growers allow vegetation
to grow freely on these ditch banks, and a certain amount of protection
is obtained in springtime from dead vegetation of this character. In

Fir.iTRE 4.—A curious form of wind injury to carrots on peat soil. This was caused by
covering through wind action to varying depths during growth

other cases rows of rye or some similar crop are planted in autumn and
reach sufficient height during spring to give protection to the interplanted
corn, mint, or other crop which is being grown. There has been some
objection to a plan of this character but it has been instrumental in saving
many crops.
CONCLUSION
It would seem that the prevention of wind damage to peat crops can
best be brought about by employing a combination of the various
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methods suggested. Drainage, soil management including proper drainage and compacting, the use of protective crops, windbreaks, and other
factors of this character are all of importance. Moreover the nature of
the problem would indicate that much can be done in minimizing damage
from wind on large peat areas through cooperative effort on the part of
various owners in establishing large permanent windbreaks, preferably of
evergreen, covering the entire district, these to. be supplemented by other
control measures such as hedges, proper soil management, irrigation, etc.

SOME PHYSICAL SOIL PROBLEMS IN ARID
RECLAMATION
W. W. MCLAUGHLIN

United States Department of Agriculture, U. S. A.
INTRODUCTION
There are many physical soil problems involved in the reclamation of
lands located in areas of light rainfall that are not generally important in
other areas. These problems are usually so related to chemical activity as
to be confused with questions of tillage, cropping, irrigation or drainage.
The correction of one chemical or physical ill of the soil may and frequently
does result in a chemical or physical condition even more intolerable agriculturally.
Again, there are numerous vague and erroneous ideas of many physical
problems involved in soil moisture behavior. There have been and are
still being made very serious attempts to apply to soil moisture movement
the formulas applicable to the flow of water as water. The failures that
have resulted in most instances to derive workable formulas for soil moisture movement, that permit of general application, have been caused by
the dynamic properties of the soil when in contact with moisture.
In many instances complete or partial failures have attended the expenditure of large sums of money as well as of effort in attempts to apply
in practice preconceived or ill-founded theories of soil physics. Frequently,
these expenditures have been made first, then followed by research investigations or, in some instances, a review of scientific literature.
A good many years ago a municipality in Utah turned the flood waters
of a stream out over adjacent shallow clay bench lands with a view of recovering much of this water later in the season as it seeped back into the
stream. Land was bought, expensive canals dug, and water diverted, but
the expected large return seepage of late summer did not materialize and
the effort was called an expensive experiment. Later, a similar plan was
instituted in California with like result. Other experiments along this
line have been made, of course, but these two came under my particular
notice.
It should be kept in mind that these bench lands consisted of 3 to 6 feet
of clay loam resting in one case upon rock and in the other upon heavy
clay.
798
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E X P E R I M E N T S ON T H E WATER YIELD OF SATURATED
SOIL COLUMNS
The Division of Agricultural Engineering is frequently asked for information regarding the storage of water in underground reservoirs and the
amount of water available in a saturated soil to shallow drainage; also as
to what extent such drainage will remove water and moisture from saturated fields.
In 1922 this Division undertook some laboratory experiments to determine the water yield of saturated soil columns. There was also included,
as incidental to and a part of this experiment, the question of the amount
of water retained and its distribution.
In outlining this experiment the following premises, based upon previous
work, were admitted:
A column of soil will hold by capillarity a rather fixed quantity of water
as soil moisture, against the action of gravity; the quantity so retained will
depend upon the time element, among other things, and ultimately this
quantity may reach a near equilibrium.
Each soil type will have its own time element, quantity of moisture retained, and other factors.
The quantity of water so held against gravity will depend upon the presence or absence of "free water," or, as it is termed in the field, a "water
table."l
The problem involved is to determine how much water will be given up
by a column of saturated soil of a known type, for each unit of depth the
water table is lowered, and how much is retained above the water table;
also what is the probable distribution of the moisture retained above the
water table.
These experiments have a practical application in estimating the quantity of water that might be obtained through the drainage of a saturated
soil, or the probable water yield of an underground reservoir.
There would result data from which an estimate could be made of the
water remaining in the soil after drainage, that would be available for plant
use. There would also be data upon which to base an estimate of the
quantity of water that must be applied by irrigation to saturate the soil
again.
For the purpose of this paper, a detailed description of the apparatus
used and of the procedure followed is not necessary and these will be omitted.
Water-tight galvanized iron tanks 8 inches in diameter and of various
depths were used as containers for the soil. One of the two small openings
near the bottom of each tank was used to drain water from the saturated
soil in the tank, and to the other opening was fitted a water gage glass, in
1

U. S. Dept. Agr., Bui. 835, Capillary Movement of Soil Moisture, W. W. McLaughlin
(1920).
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order that the ground water elevation in the soil column might be observed.
This apparatus is shown in Fig. 1.
The tanks were filled with soil, somewhat compacted as placed, and
water was added until free water stood at the soil surface. The elevation
of this water table -was noted in the gage glass.
Water was drained off in measured quantities, a little at a time, and the
position of the water table as shown in the gage glass noted each time.
The data from three sets of these experiments are shown in Table 1 and
Fig. 2. The vertical element in Fig. 2 represents the draw-down of the
TABLE 1.—Draw-doivn in soil columns vs. water removed
Tube A
Total water
removed
cc.
16
IIS
208
301
114
532
622
703
825
955
1109
1257
1482
1684
1917
2164
2504
2754
3026
3276
3569
3775
4025
4275
4527
4781
5009
5265
5451
5693
5899
6099
6277

Tube AA

Total
draw-down
cm.
13
31^
49
60
71 J4
S3 i ,
88^
91
96
105 %
113

nsy2

127

138J4
142)4
158^
163K
172%
181
190%
194 %
200
205 M
210
214
218
221J^
225
229
233 y2
237 H
239%

Total water
removed
cc.
100
206
357
549
7 Mi
980
121S
1504
1831
2263
2613
2985
3385
3789
4205
4705
5301
5905
0511
7133
7833
8483
9239
9965
10667
11230

TubeB

Total
draw-down
cm.
9%
2:;:',
43
53
60
67 %
73
77H
83
92
951-3
99%
108
113
117%
123^
128

nw/z

144
153
161 y2
171
182
192%
202
212

Total water
removed
cc.
56
150
260
397
530
700
907
1100
1330
1550
1894
2144
2417
2667
2956
3169
3419
3666
3916
4168
4381
4614
177s
4981
5141
5293
5438

Total
draw-down
cm.
17J^
32
43%
61
WYi
79
89
103
107)4
122
126%
133)4
140)4
148
151
156)4
16034
167%
171',
180)4
186
190
ID.V,
199)4
202
205
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water table in centimeters and the horizontal element is the amount of
water removed from the soil column in cubic centimeters.
The striking feature of Fig. 2 is the great draw-down of the water table
per unit of water removed while the water table is near the surface, and
the rather uniform and equal lowering of the water table per unit of water
removed after the water table has been lowered from the surface a relatively short distance. The curves are somewhat parabolic near the beginning; and gradually take the form of near straight lines. In other
Fi q . 3
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words, after the water table has been lowered to a point which depends
upon the soil type, the water yield is almost constant per unit of lowering
of the water table. It is therefore under shallow drainage that a saturated
soil yields little water.
The result of this experiment is in accordance with other experimental
data obtained by the Division of Agricultural Engineering, 1 from experiments in which the process was reversed and instead of the water table
being lowered, moisture rose by capillarity into a dry soil from a free water
surface. The rate of rise of this moisture is a function of time, as is also
the total distance the moisture had risen.
1

Bui. 835, prior citation.
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Not only were we interested in the water yield and draw-down per unit
of water recovered from the soil columns, but also in the amount and distribution of moisture remaining in the soil column.
As there are no practical means of sampling directly the large soil column
when it contains large quantities of moisture or is near capillary saturation, an indirect way, similar to the method described in Bulletin 12211 was
employed. There was used a soil column one inch in diameter, enclosed
0 • Surface.

Fig.4.
Vertical s e c t i o n
of s o i l c o l u m n of
h i g h Capillary
power s h o w i n g
w a t e r avail a b l e
for d r a i n a q e •
Horizontal bcale
3" * l'

Free

S o l i d s . Water

Capillary
Moisture

within one inch metal tubing cut into one inch lengths, the joints being
wrapped, primarily to assist in supporting the column. These one inch
columns were treated in the same manner as the large 8 inch columns.
The one inch columns were, at the termination of the experiment, separated into one inch lengths and the moisture determined directly in each of
these inch-sections. Table 2 gives the per cent of moisture in a typical
soil column one inch in diameter at the termination of a test.
In Figs. 3 and 4 these data are shown graphically. Figure 3 is a graph
of the moisture content, in percentage by weight of the dry soil as in
1

U. S. Dept. Agr. Bui. 1221, The Capillary Distribution of Moisture in Soil Columns of
Small Cross Section, W. W. McLaughlin.
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Table 2. The horizontal element is the height above the water table in
inches, and the vertical element is the per cent of moisture. Figure 4
shows these data volumetrically. The white area to the left of the cross
hatched section represents the soil particles, the cross hatched area the air
space, and the other white area the capillary moisture.
TABLE 8.—Distribution of moisture above water table, in soil columns o?ie inch in diameter
Distance above
water table

in.
1
2
3
I
5
(i
7
8
9
10
1 !
12
13
14
10
16
17
18
19
20
21
22
23
24
25
20
27
28
29

Moisture content

Distance above
water table

in.

per cent
22.14
22.00
22.29
22.48
22.08
21.50
21.00
20.80
20.43
21.09
21.89
22.65
22.29
20.75
16.89
15.15
12.69
14.11
17.80
13.36
13.31
13.01
14.01
11.70
12.12
11.06
9.91
9.10
9.24

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
5")
56
57
58
59

Moisture content
per cent
9.91
9.62
9.30
9.04
8.65
8.37
8.22
7.15
7.93
7.77
7.77
7.51
7.66
'7.28
7.79
7.68
7.38
7.26
7.30
7.21
0.98
0.89
6.57
6.32
6.72
0.29
6.85
5.84
5.96
0.12

The irregularity of moisture distribution above the water table as shown
in these figures, is also represented in Bulletin 1221. l Suffice it here to say
this irregularity has not yet been explained satisfactorily although many
investigators have confirmed this irregular moisture distribution by other
experiments.
One of the premises of this paper and of these experiments was, in effect,
1

Prior citation.
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that the force of gravity is not sufficiently strong to overcome even in an
infinite time the capillary action, and that some water or moisture will be
retained by the soil. Experiments have shown that for each soil type, in
the absence of free water, the per cent of moisture that will be retained
against gravity is rather constant and, within certain limits, is not dependent upon the length of the soil column. Therefore, assuming that in general these laboratory experiments are applicable to field conditions, the
following conclusions may be drawn:
(1) The amount of water available for drainage from a saturated soil
depends, within certain limits, upon the depth of the drain, and below a
certain depth the amount of water that may be recovered by drainage will
be almost constant for each unit of additional depth.
(2) A very shallow drain (one or two feet), may remove from a saturated soil only a very little water, and will leave the soil in a near saturated
condition.
(3) The amount of moisture in a soil above a water-table decreases
irregularly with distance until a certain height, and above that height
the moisture per cent may be rather constant.
The experimental results above given permit an estimate to be made of
how nearly a saturated soil may be drained by artificial means, when not
supplemented by the action of vegetation. We have shown in previous
work that the effect of evaporation is not felt far below the soil surface,
and that the moisture must be removed through plant activity if any appreciable degree of dryness is to be attained, at least within a reasonable
time.
A drainage condition that has puzzled engineers and others for some
time but which it is believed we have solved is the result of artesian water
overlain with clay. Drains have been installed upon some of these areas
but with little effect. The fields would become water-logged without apparent reason. Two years ago a systematic effort was made to determine
why drains installed under these conditions would not give the desired
relief.
Figure 5 is a rough sketch of an actual condition of a clay soil overlying
an artesian-water-bearing gravel. In this figure G is the gravel containing water under artesian head of 5 pounds at the surface. C is approximately 40 feet of rather dense clay overlying the gravel. Small pipes
were driven into the clay to depths ranging from 35 to 5 feet below the surface. These pipes were so fitted as to permit measurement of the pressure
exerted by the water found in the clay at these various depths. When the
necessary corrections for gravity were made, it was possible to show the
water pressure at the different elevations.
The conclusion from this set of experiments is that the water is moving
upward from the gravel to the surface, thereby water-logging the land,
which explains why ordinary methods of drainage will not prove effective.
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UNDERGROUND WATER AND IRRIGATION
REQUIREMENTS
R I S E OF WATER BY CAPILLARITY

Associated with irrigation is usually a rising ground water table that
must ultimately be kept down through drainage. In considering control
of the water table, the question arises as to how far it should be kept below
the surface in order that crop plants of various kinds may thrive. If the
water table is too close to the surface, the root zone is too shallow; if kept
too far below the surface, the expense of drainage is prohibitive. In many
instances, where the ground water is sufficiently free from alkali, it is desirable to have the plants secure a part of their water supply from the
ground water. Several experiments have been conducted by the Division
of Agricultural Engineering to determine how close the roots must be to the
water table in order that their total water requirement may be supplied
from this source. There have been many general statements published
of the movement of moisture in soils by capillarity. There is, however,
a lack of specific data dealing with daily rate of movement of moisture
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at any specific height above its source. It is this last feature that is
important in agriculture, that is, at what distance above the ground water
will sufficient moisture be supplied to meet the wants of growing plants.
In the data discussed below, it will be presumed that the laboratory results will hold in the field. In these data there is known only the quantity
of capillary flow day by day from the commencement of the experiment
until its end. This rate of flow was determined by measuring the quantity of water drawn up into the soil column. Thus, if the soil column removed from the container 7 1. of water the first day, 3 1. the second day,
11. the third day, etc., then it can be said that these quantities are indicative of the rate of flow on those different days. In addition to keeping
track of the water used, account was taken of the distance to which the
moisture had risen in the soil column at the end of each day. This gives a
rough measure of the rate of capillary flow at different heights in the soil
column. Using the example given above of the use of water from the
tank, and assuming that the first day the moisture had reached a height of
20 inches in the soil column, 27 inches at the end of the second day, and 31
inches at the end of the third day, it could then be said that the daily rate
of capillary flow at a height of 20 inches was greater than 3 1. and less than
7 1.; at the end of the second day, it was greater than 11. and less than 3 1.,
etc.
In the average agricultural soils the rate of capillary flow of water upward through a soil column is relatively small and more uniform after the
third or fourth day, and the rate of rise of moisture after that length of
time is much slower and more uniform. In view of these facts, it is possible to determine with approximate accuracy the rate of capillary flow at
any height, or conversely, to determine the height at which any definite
rate of capillary flow will occur.
A series of such experiments with agricultural soils, as outlined above,
was made at Riverside and Berkeley, Calif. In Table 3 are given the results of a few tests showing the daily use of water expressed in acre-inches,
and the height to which the moisture had risen in the soil column at the
end of each day.
Figure 6 shows these data graphically for soil type 1. The vertical element of the graph is the total distance the moisture had moved upward at
the end of each day, and the horizontal element is the total quantity of
water used, expressed in acre-inches, at the end of each day.
Our investigations show that during the hottest days of summer, a heavy
field of wheat will use as much as one-half acre-inch of water per day per
acre, while the average use for a month period will be 8 to 10 acre-inches.
Assuming a use of one-half acre-inch, with the data of Table 3 or Fig. 6, it
can be roughly determined how close the roots of the wheat must be to
ground water that the plant may secure from this soil and ground water
the required amount of moisture. For example, in the Riverside soil it is
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TABLE 3.—Vertical rise of moisture in soil columns vs. water used
Soils

1
2
3
4
5
6
7
8
9
10
11
12
13
14

.

Type 2

Ty pe 1

Number of (lavs

Total
water used

Rise
of water

Total
water used

Rise
of water

acre-in.
5.29
5.88
6.47
6.62

in.
20.00
25.45
28.05
29.72

6.91
7.06
7.20
7.35
7.50
7.64

32.35
33.45
34.35
34.88
35.42
36.02

acre-in.
4.70
6.47
8.23
9.41
10.58
11.76
12.94
14 11

7.79

36.95
37.40

in.
16.25
23.50
27.67
30.33
32.17
35.00
37.42
39.50
41.08
42.25
43.75
44.17
45.08

15.29
16.46
17.64

found that the third day the capillary flow of water from the tank was
0.59 acre-inches while on the fourth day it was 0.15 acre-inches. Thus at
the end of the third day of the experiment there would exist a rate of capillary flow equal to about 0.25 acre-inch per day. It is found that at the
end of the third day the moisture had ascended to a height of 28.05 inches.
This distance is then about that elevation above ground water at which
the required rate of capillary flow would take place. At all greater depths
than this, the rate of flow would be less than the required rate.
We have conducted a few laboratory experiments with barley plants
to determine with a given soil just how far the roots of the plants can
be above the water table and secure by capillarity sufficient moisture to
mature the plants.
In these tests the roots were confined or prevented from extending downward, by means of a brass wire cloth of fine mesh. While this wire cloth
did not prevent all roots from going through, it did hold up the roots of
most plants. A soil column was set up with the lower end immersed in a
tank of water and wire cloth inserted in the upper end about six inches below the surface. The soil column was allowed to stand until the soil had
become wet to the surface and then the barley was planted. These seeds
germinated and grew vigorously for a while and then, where the roots were
confined at a distance too great from the water table, the plants first showed
signs of wilting and finally withered and turned brown. Where the distance was not too great, the plants matured. Such an experiment is
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shown in Fig. 7 (a photograph). In the soil column at the left the plants
are withered while in the column to the right only a part of the plants are
withered. (These two columns were filled with different soil types.)
At the end of these experiments, samples were taken for moisture, from
the soil above the wire cloth and from immediately below the wire cloth.
In all cases of withering there was no available moisture in the upper soil
area, but there was moisture available immediately below it. Figure 8
gives the results of one such test. These results show that the rate of

moisture movement in this column of soil was too slow, at that distance
above the water table, to maintain the plant life.
In practical irrigation we are asked how water should be applied to
properly supply the requirements of plant growth. Here is involved,
first, a question of how to properly wet the soil, and second, of how soil
moisture behaves in the field in the absence of free water and following an
irrigation.
This Division has done considerable research work on the movement of
moisture from a wet soil to a drier soil, a part of which is reported in Bulletin 835. l There have also been conducted investigations to determine
1

Prior citation.
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the capillary movement of soil moisture in the absence of free water to supply plant requirements. In these investigations barley was planted in a
body of wet soil and the barley roots confined by means of brass wire cloth
to a definite area of the wet soil mass. Most of the experiments were conducted in boxes 10 inches square and about 6 feet in length, placed hori-

FIGTJRE 7.—Experiments with barley growing in soil columns, showing effect on plants
of distance of roots from water table

zontally. Usually the middle third of the soil in the box was separated
from the soil at each end by wire cloth but the soil was pressed firmly
against the wire cloth on both sides. Most frequently with lighter types
of soil the soil was wetted before packing in the box, but in a few cases the
soil was wetted after placing in the box. That part of the soil mass at
either end of the box partitioned off from the middle third was covered to
prevent evaporation, and moisture escaped only by lateral movement
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through the middle section. Barley was planted in the middle third and
the plants grew rapidly at first but later withered and died. An examination of the soil showed that the middle third was dried to a percentage below the wilting point and that very little moisture had been lost by the soil
at either end. In fact, in most cases there was no appreciable loss of moisture three inches from the wire cloth partition although the whole soil mass
had an original moisture content equal to the moisture equivalent.
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Here again the capillary movement of moisture had been too slow to supply the requirements of these barley plants.
SOME DYNAMIC FEATURES
The soil physicist was often confronted in his research work in arid fields
with results that could not be checked or duplicated. Frequently, also,
there was an ever-changing result to his experimental trials even though
every precaution was taken in an attempt to duplicate the results. For
instance, a large sample of soil has been mixed and re-mixed until to all
intents and purposes it was a homogeneous mass. A few samples of the
large sample were taken and the moisture equivalent determined by the
Briggs-Shantz method. The remainder of the sample was placed in a
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room under controlled temperature and humidity and kept for weeks and
even for months and samples taken again for moisture equivalent determinations. These results were just as apt to differ materially from the
results of the first test as they were to agree. Again, some might agree
and others not. We have even gone so far as to grow plants in a part of
some of these larger samples, and without screening out the roots, obtain
moisture equivalent results that agreed with the original results.
There have been installed in many sections of Western United States
drains for the purpose of controlling the water table, and as an aid in leaching from the soil excess or toxic concentrations of alkali salts. These alkali salts were of various compositions, frequently with toxic quantities of
sodium carbonate and bicarbonate or black alkali. Some of these drainage installations were effective while others were not, when measured by
the growth of plants. Two such experiments were conducted in black alkali fields, one of which was and still is satisfactory while the other was a
failure until chemical treatment was added. In both these fields, one in
Utah and one in California, the concentration of black alkali should have
been decreased below the toxic limit when measured by the amount of
carbonates and bicarbonates removed through the drains. However,
plants would not grow on the California field but did and are still growing
vigorously on the field in Utah. Under-drainage and leaching were
effective in one case and not in the other. In one field the soil was mellow
while in the other it was dense, sticky, and stubborn.
The soils of arid America are usually mixed and derived from a variety
of basic rocks differing materially in chemical composition. Creeks, rivers
and underground water, the sources of our irrigation supply, may traverse
many different formations before being applied to the land. It is most
frequent in several areas to find the water at one season of the year heavily
charged with chlorides and sulfates and at another season of the year
containing relatively high percentages of carbonates. In some streams
the water in one stretch of the river is decidedly acid while in another
stretch it is alkaline. The soils are wetted not only by these waters of
various alkali content but also by rain and melting snow, and in this way
are subjected to treatment that may and frequently does change their
physical and chemical properties.
The chemists tell us that an alkaline soil is characterized by a relatively
large amount of replaceable sodium and a correspondingly low content of
replaceable calcium. On the other hand an acid soil is characterized by a
relatively small amount of replaceable bases and by the presence of more
or less replaceable trivalent bases as aluminum, manganese and iron.
The chemists also tell us that if a soil be treated with a solution of sodium
chloride and leached with pure water, there will result a soil containing sodium carbonate or black alkali. In practice soils are frequently irrigated
with water containing sodium chloride and the soil may later be leached
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by heavy rains. This leaching leaves a sodium zeolite which slowly hydrolizes, forming sodium hydroxide, and this coming in contact with carbon
dioxide forms sodium carbonate or black alkali. If this sodium carbonate
be leached out, more will form through the leaching, and so the process
goes on. However, these reactions will not occur in all soils, for if calcium
is present in sufficient concentration, it will prevent the formation of hydrolyzablc sodium compounds.
The relation of sodium and calcium concentrates in the soil may be
changed through the use of irrigation water containing one or more of the
alkali salts, and this fact is used to advantage in some sections to correct
alkali troubles as well as physical conditions of the soil.
Not only are our soil physics problems complicated by the soil chemist
and his exchange of replaceable bases, but the agricultural chemist and
plant nutrition worker must add various mineral and organic compounds
at frequent intervals. The bacteriologist insists upon anaerobic conditions for certain of his bacteria, while the agronomist demands air for
plant roots, until at last the worker in physics of arid soils must become
a physical-chemical-agricultural complex from the very dynamic condition of his problem.

MUCK AND PEAT LANDS OF THE
PACIFIC NORTHWEST
F . J. SlEVERS

Washington State College, U. S. A.
Peat and muck soils in the state of Washington are very limited in area
and their location is confined almost entirely to the northern or glaciated
portion. They are of much economic importance because of the fact
that they are quite easily reclaimed and then lend themselves very
readily to a rather desirable and profitable type of cropping. The low
summer rainfall makes drainage very simple. Practically all that is
necessary is adequate provision to carry off the excessive moisture early
in the spring, and this is generally possible through a few main ditches.
Lateral drains and tile lines are rarely necessary.
The Cascade mountains traverse the state from north to south and
form a natural boundary between the western or Puget Sound district,
which is very humid, and the eastern district, which is comparatively
arid. Peat and muck lands are found in both these districts, but because
of the difference in climate they have so little in common that they need
to be studied under two distinct classes.
In western Washington these lands are primarily covered with a dense
growth of heavy timber—cedar trees from 10 to even 16 feet in diameter
being not uncommon. These trees, as well as all other vegetation common
to peat and muck lands, are very shallow rooted and, therefore, even
though the land-clearing cost is very high, it is fairly light as compared to
the cost of clearing the uplands, which are even more heavily timbered
with deep-rooted conifers. Because of this difference in the cost of clearing, these lands are among the first reclaimed. After the stumps and
snags are removed and the irregularities of surface left from the removal
of large roots and stumps are evened out, the land is ready for cropping.
These soils are all acid in reaction and very loose in texture. Although
the percentage of total nitrogen and phosphorus is high and potassium is
present in fairly large amounts, the latter two elements are not available
in adequate amounts to meet the demands of crops. This lack of availability can in large part be traced to the fact that this region receives
practically all of its precipitation during the winter months. The lack
of rain after warm weather comes and the growing season begins soon
causing the surface soil to become too dry for the organic matter to decompose or for nitrification to proceed. The limited decomposition,
814
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although apparently adequate to furnish sufficient available nitrogen,
leaves the plants in need of phosphorus and potassium. This deficiency
is felt most in the more raw or peaty soils, and there phosphorus is found
to be more limited than potassium, while on the heavier or muck soils
potassium is frequently more deficient. The treatment that has shown
best results on these soils is a combination of the equivalent of about 350
lb. of superphosphate and 150 lb. of muriate of potash per acre applied
broadcast once every 3 years. Lime applications have shown no benefit
and all crops including legumes can be grown well after the necessary
phosphorus and potassium are provided. The main general farm crops
are oats, timothy and alsike or red clover. Large areas of these lands are
used for truck farming, and cabbage, cauliflower, onions, celery, potatoes
and many other coarse-rooted crops are well adapted and grown with a
high degree of success.
In eastern Washington these soils are not timbered, but are covered
with a dense growth of the various common marsh grasses. They are
not acid in reaction and sometimes present an "alkali" problem which
makes them adapted only to the " alkali "-resistant native grasses,
which are of little economic importance. These muck and peat areas
in the semi-arid regions, where all vegetation is sparse and where wheat is
about the only forage crop grown, are considered very desirable as permanent meadows. They are easily cleared and need only sufficient general
drainage to carry off the water early in the spring. Consistent with their
non-acid reaction, they are well supplied with available plant-food and
no special fertilizer treatment is necessary. Timothy, for which there is
such a heavy local demand as hay, is so well adapted that it is practically
the only crop grown.

LABORATORY EXPERIMENTS ON THE EFFECT OF
"BACKWATER" IN VARIOUS SOILS AND SOIL
STRATIFICATIONS UPON THE HYDRAULIC
GRADIENT AND DISCHARGE OF UNDERGROUND WATER UNDER
VARIOUS HEADS
S. A. NORLING

Excelsior, Minnesota, U. S. A.
INTRODUCTION
Low lands in river valleys are often subjected to the effects of " backwater" caused by a rising of the water level in the outlet either temporarily by river floods of long duration or permanently by pondage of the
waters for power purposes. No extended scientific measurements of this
effect are recorded. Farmers owning land as high as 10 to 15 feet above
a present pond whose level had been raised about 20 feet above the
original river level by a dam have claimed that land dry enough for cultivation with the river at the old level had become waterlogged and too
swampy for agricultural use due to the creation of the pond. The artificial drainage of this land is feasible, but the farmer whose land was
naturally well drained does not wish to spend money for drainage made
necessary by the dam.
It is difficult, at times, to see the relation between cause and effect,
particularly in problems involving hydrology and soil. Hydraulic engineers have maintained that it is an hydraulic impossibility 1 for water in a
mill-dam to form springs at an elevation above the pond level. This is
undoubtedly true for the water contained in the pond, but they have overlooked the fact that the dam is the indirect cause of the above phenomena.
The movement of the soil water draining underground from land tributary to the pond is interfered with by elevating the pond level or that of
the outlet. A soil of any given physical texture has a definite capacity
for the passage of water under a given head. If this head is lessened by
elevating the water-level of the outlet, the velocity and thus the discharge
of the underground water is reduced. The surface of the groundwater
table must come to a higher level if the same amount of water is to be
carried.
If this new water table still remains several feet below the surface of the
ground no harmful effect may be noticed. On the other hand, if the
' Heport of the annual meeting of the Wisconsin Engineers Association in 1921.
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original watertable was within 4 or 5 feet of the surface of the ground,
any material rise in the elevation of the water in the pond or river would
be reflected by a somewhat proportionate increase in the height of the
groundwater table in the surrounding lands. When this increase becomes large enough to cause the water table to approach or equal the 4- or
5-foot depth of the original water table, it would cause the new water
table to break out at the surface of the ground and cause the formation of
springs and soggy spots. The condition of the top and subsoil stratum
has a very large influence in this respect. This will, however, be discussed
later in connection with the laboratory experiments on spring formation.
A case of this character was heard before the district court of Columbia
County at Baraboo, Wisconsin. Testimony from both the farmers and
the power company was taken. In the fall of 1920 the writer examined
some of the land which the farmers claimed had been ruined on account
of the construction of the Prairie du Sac Dam on the Wisconsin River.
The elevation of this land was from 5 to 15 feet above the present pond
level. Cornfields with the stubbles of former crops still on the ground
were very wet and swampy. Trees along the border of a marsh had been
killed. Furthermore a number of springs had been formed in places that
had been perfectly dry before, according to information from the land
owner. The court ruled in favor of complainant land owners.
At Albert Lea, Minnesota, and at Coddington, Wisconsin, the converse
of submerging the outlet was studied, namely, the effect of deep drains in
lowering the water table in marshes.
In order to make a closer study of the effect of " backwater" in soil and
the formation of springs, etc., the following laboratory experiments were
made during the first part of 1921:
(1) The fluctuation in the groundwater table and the discharge capacity of sandy soil and the sand overlaid by clay under different heads.
(2) A study of the problem of spring formation.
APPARATUS
In order to study the above problems, a wooden tank was made, 11
feet long and 2 feet high and 1 foot wide with an inside coating of tinplate.
The tank was divided into three parts as follows: (figs. 1 and 7)
(1) Intake chamber % foot long
(2) Soil tank 10 feet long
(3) Outlet chamber Y± foot long
The two division walls were perforated and the sides in contact with the
soil were covered with cheesecloth to prevent leaking of the soil. The
outer wall on the outlet tank was provided with three openings at different
heights through which the water was discharged. The third or highest
opening was never used. This water was caught in a graduated glass and
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measured in cubic centimeters. It was possible to raise or lower the
water level at both the intake and the outlet. An inverted carboy fed the
intake chamber.
Figure 1 shows the general arrangement of the experiment. The sand
and clay used was well and evenly packed so as to eliminate errors due to
an uneven porosity. Eleven glass tubes of 15 mm. diameter were placed
at 1-foot intervals (Table 2), Glass No. 11 was placed close to the inlet
wall in order to measure the break in hydraulic gradient immediately at
the inlet to the sand. The glass tubes, installed for the purpose of determining the height of the groundwater table, were put in almost to the
bottom of the tank, their lower ends being provided with a covering of
cheesecloth to prevent the soil from entering the tubes.
TA BLE 1.—Mechanical analysis of soil used
Size of grains

Sand

Clay

mm.
2-1
1-0.5
0.5-0.25
0.25-0.1
0.1-0.05
0.05-0.005
Less than 0.005

per cent
0.09
0.70
14.63
79.79
0.29
0.34

per cent
0.30
2.41
9.90
29.88
26.16
27.01

TABLE 2.—Elevations of the more important points in experiment with sand
No. of glass tube

Elev. of top of tube in
feet

Elev. of ground surface
at each tube in feet

1
2
3
4
5
6
7
8
9
10
11
Bottom of lower outlet pipe
Do
upper outlet pipe
Top of tank at B. M.
Bottom of tank

3.552
3.592
3.620
3.571
3.582
3.590
3.584
3.568
3.178
2.942
1.930
0.310
0.783
2.000
0.150

1.196
1.176
1.252
1.262
1.282
1.385
1.407
1.472
1.552
1.610
1.680

OPERATION
The water was supplied by means of a large glass bottle turned upside
down so as to keep the level of the water in the inlet tank at a constant
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position. There was, however, a fluctuation in this level of a few millimeters on account of the fact that the water was bubbling out from the
carboy periodically.
The readings of the groundwater table were obtained by measuring the
vertical distance from the top of the glass tube down to the free water
surface in the glass. Records of the height of groundwater table, tem7 b / » / Head
Total Head
Total Head
— x — « — Total Head

- 1.264 feet
- .6S2 feet
- .791 feel
• .409 feet

i

Carboy
bottle

êa««;

FIGURE 1.—-Elevations of groundwater table under varying heads. Test soil used:
fine sand

perature, and discharge were made simultaneously. These records were
usually taken a day after the level, either at the inlet or the outlet chamber, had been changed.
TABLE 3.—Summary of groundwater elevations, discharges etc., under different
heads. Soil used: sand
Average of 2 readings
Elev. of w. 1. inlet
Elev. of w. 1. outlet
Total h e a d ' (feet)
Head at obs. tube 10b
Discharge cc./min.
Temperature
Height of water table at
Observation tube 1
Do
2
Do
3
Do
4
Do
5
Do
6
Do
7
Do
8
Do
9
Do
10
Do
11

Average of 2 readings

1.574
0.310
1.264
1.100
104.9
21.5° C.

1.192
0.310
0.882
0.720
66.5
23.5°C.

1.574
0.783
0.791
0.593
52.2
23.6° C.

1.192
0.783
0.409
0.287
21.4
24.0°C.

0.380
0.523
0.713
0.839
0.942
1.043
1.128
1.198
1.382
1.410
1.485

0.342
0.494
0.585
0.661
0.726
0.782
0.864
0.908
1.059
1.030
1.065

0.792
0.895
0.973
1.035
1.098
1.142
1.164
1.208
1.362
1.376
1.340

0.786
0.841
0.862
0.883
0.920
0.922
0.923
0.967
1.067
1.070
1.170

* Total head=difference in water level in inlet and outlet tanks.
b
Head at observation tube No. 10 is elevation of groundwater above water level in
outlet chamber.
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UNSTRATIFIED SAND
Tables 3 and 4 and Fig. 1 show the summarized average results when
the tank was filled with sand, without any clay over it, for different heads
and different outlets. The elevations of groundwater at glass tube No.
10 are given on account of the fact that the break in the hydraulic gradient
is most noticeable in the first foot from the inlet. Thereafter it runs in a
smoother line.
TABLE

It.—Discharges with various heads and temperatures*—Sand

Temperature

°F.

°C.
21.5
23.5
23.6
24.0

.

70.7
74.3
74.5
75.2

Total
Head

Head at
glass No.
10

1.264
0.882
0.791
0.409

1.100
0.720
0.593
0.287

(Plotted as fig. 3)

Discharge
cc./min.
104.9
66.5
52.5
21.4

Corrected
flowto70°F.
cu. ft./day cu. ft./day
5.33
3.32
2.65
1.13

5.38
3.55
2 74
1.22

" The flow increases 1.6 per cent for each degree F.

SAND OVERLAID WITH ( L A Y
In the second part of the experiment, part of the sand was removed and
clay was put on top of the remainder (fig. 2). The elevation of the soil
surface and top of the glass tubes (Table 5) were also different from
those in the sand experiment.
7.1 HLE 5.—Elevations of glass tidies and surface of ground in
experiment with sand
No. of glass tube
1
2
3
4
5
ti
7

Elev. of top of tube,
feet

3.662
3.660
3.658
3.676
3.642
3.682
3.667
8
3.662
9
3.477
10
2.938
11
1.900
B. M. used for taking readings of w. 1. in inlet
tank

Elev. of ground surface at each tube, feet
1.247
1.267
1.274
1.304
1.320
1.373
1.462
1 542
1.658
1.728
1.722
1.912
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6.—Summary of groundwater elevations, discharges, etc., under different
heads; soil used:—sand overlain with clay
Average of 3 Average of 2 Average of 2 Average of 2
readings
readings
readings
readings

Elev. of w. 1. intake
Elev. of w. 1. outlet
Total head
Head at observation tube 10
Discharge cc./rnin.
Temperature
Observation tube 1
Do
2
Do
3
Do
4
Do
5
Do
6
Do
7
Do
8
Do
9
Do
10
Do
11

1.574
0.310
1.264
1.116
38.4
21.4° C.
0.522
0.665
0.790
0.889
0.997
1.135
1.199
1.231
1.345
1.426
1.497

1.574
0.783
0.791
0.687
34.2
21.6° C.
0.909
0.974
1.082
1.117
1.205
1.302
1.347
1.395
1.430
1.470
1.478

1 192
0.310
0.882
0.566
24.6
24.5° C.
0.452
0.510
0.562
0.649
0.752
0.783
0.807
0.837
0.865
0.876

FIGUBE 2.—Elevations of groundwater table under varying heads.
sand overlain by clay

1.192
0.783
0.409
0.241
13.1
25.5° C.
0.863
0.875
0.881
0.928
0.932
0.966
0.988
0.999
1.012
1.024
1.048

Test soil used: fine

Tables 5, 6 and 7 and Fig. 2 show the effect of the clay top stratum, for
different heads and different outlets.
It will be noticed from Fig. 3 that the discharge when the sand was
overlain by clay is practically reduced to one-half of the discharge when
only sand was used for any given head. The clay stratum reached down
to the lower opening of the outlet tank and becomes gradually thinner.
At the inlet tank this stratum was only a few millimeters thick.
The shape of the groundwater table as seen on Fig. 2 has a sharper
curvature when located in clay than when located in sand. The hydraulic gradient is in no case (neither with sand nor sand and clay) a straight
line from inlet to outlet.
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TABLE 7.—Varying discharges with various heads and temperatures in experiments
with sand overlain with clay (plottedfig.3)
Temperature

Discharges
Total
Head

Head at
glass 10

°c.

°F.

21°.4

70.5

1.204

24°.5

70.1

21°.6
25°.5

70.9
77.9

corrected
to 70° F.

cc./min.

cu. ft./day

1.116

38.4

1.95

1.97

0.882

0.566

24.6

1.2.5

1.37

0.791
0.409

0.687
0.241

34.2
13.1

1.74
0.665

1.77
0.747

Position of
ground water
table
Partly in
clay
On boundary
to clay
In clay
In clay

CONCLUSIONS
The results of the experiment show the following:
For a given head, the discharge of a water-bearing stratum is considerably reduced when the outlet is elevated, the reduction being in

FIGURE 3.—Discharge of soil water in sand and sand overlain by clay

direct proportion to the rise of the water level or of a straight line function
if texture, porosity, and temperature of the soil are uniform throughoul
the water-bearing stratum. In open channels the discharge varies as the
square-root of the head.
That in case the water level of the outlet has such a position as to let the
soil water drain through a sand stratum, but is later raised to such an ex-
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tent that the soil water is forced to drain through a finer textured soil, the
discharge is not only reduced in proportion to the decrease in effective
head but also considerably reduced on account of the overlying denser
textured stratum. In the experiment with the clay having 27 per cent of
the grains less than 0.005 mm. in size, this reduction was three-fourths
greater than when the clay was absent.
That if the flowing groundwater touches or rubs against an upper
denser soil stratum, its velocity and thus its discharge is reduced. This is
shown by curve 2 in Fig. 3. The upper denser stratum acts as a brake
on the moving soil water.
SPRING FORMATIONS IN UNSTRATIFIED SAND
The sand was packed in the tank and its surface topography was laid
out to scale (fig. 4 and Table 8) to correspond with a particular land area
I

3

2

3

4

S

6

7

6

9

I

0

Discharge
through hwer
opening
u
• — _ Discharge
through upper opening
%—«.— x— 8j hours after gage II was put in

1'iGURE 4.—Average readings of groundwater elevations in experiment with springs.
Soil used: fine sand

along the Wisconsin River, where farmers made claims that springs have
been formed due to the construction of the Prairie du Sac Dam, on lands
that had previously been perfectly dry. This particular area is located
in the south half of Township 12 North, Range 9 East, Columbia County.
Wisconsin about 6 miles south of Portage and about 20 miles upstream
from the power plant.
In order to measure the water from the spring produced at the break in
topography, an iron plate was installed in the sand so as to catch the
seepage water and conduct it to a shallow dish where it could be measured.
Water was supplied until the sand was fully saturated and then allowed
to run for 48 hours with the water in inlet tank at a constant position and
the discharge taken through the lower opening. Readings were then
taken (Table 9) for determining the position of the groundwater table and
the discharge. There was no evidence of a spring at the break in topography.
After the above measurements were made, thwlower opening was closed
and the water in the outlet tank raised 0.474 feet. The following day a
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TABLE

8.—Elevations of top of glass lubes and of ground surface close to each tube in
experiment on springs in sand soil

No. .of glass tube

Top of glass tube, feet

1
2
3
4
5
(i
7
8
9
10
\v. 1. in inlet bank

3.58
3.57
3.57
3.56
3.56
3.56
3.57
3.55
3.55
3.59

Surface of ground at glass
tubes, feet
0.85
0.93
0.98
1 00
1.03
1.06
1.16
1.27
1 .78
1.90
1.60

small spring was produced beneath the iron plate at the break in topography, the sand above and close to the plate was very wet, but the amount
seeping out was not measurable. The water table showed a distinct rise
(Table 10) with the discharge of 12.6 cc. per minute.
TABLE !).—Readings of groundwater table when water drains through lower opening
and the discharge was 27.8 cc. per minute.
Total head producing flow = 1.39 f'eet

No of glass tube

Elevation of top of
tube

Readings

Elevation of groundwater table

1
2
3
4
5
6
7
8
9
10

3.58
3.57
3.57
3.56
3.56
3.56
3.57
3.55
3.55
3.59

3.17
3.14
3.05
2.93
2.82
2.75
2.68
2.60
2.54
2.53

0.41
0.43
0.52
0.63
0.74
0.81
0.89
0.95
1.01
1.06

The same kmd of observations were repeated several times for the two
different heads and the average of these observations are shown in
Table 11.
The above results on the height of the groundwater table are plotted in
Fig. 4. The sudden change in the hydraulic gradient at the inlet of the
water in the sand is a remarkable thing as it did not occur in the preceding
experiment with sand.
An extra glass was installed close to the inlet wall in order to observe the
break in the hydraulic gradient immediately after the water entered the
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TABLE 10.—Readings of groundwater table when water drains through upper opening
and the discharge was 12.6 cc. per minute. Total head producing flow=0.917 feet
No. of glass

Elevation of top of
tube

Readings

Elevation of groundwater table

1
2
3
4
5
6
7
8
9
10

3.58
3.57
3.57
3.56
3.56
3.56
3.57
3.55
3.55
3.59

2.75
2.72
2.66
2.63
2.58
2.54
2.51
2.46
2.43
2.41

0.83
0.85
0.91
0.93
0.98
1.02
1.06
1.09
1.12
1.18

sand. This break in the hydraulic gradient was around 0.65 of a foot
before the glass No. 11 was put in. It decreased to 0.33 feet after the
putting in of the extra glass tube and the groundwater table assumed a
higher elevation throughout the whole sand column.
TABLE 11.—Summary of elevations of groundwater table and discharges when the
water drains through lower and upper opening
Drainage through
No. of observation tubes

1
2
3
4
5
6
7
8
9
10
11
Change in hydr. gr. between
inlet and tube 10
Discharge in ee. per minute.

lower opening average of
3 readings, feet

upper opening average of
5 readings, feet

0.42
0.45
0.55
0.64
0.74
0.81
0.90
0.96
1.01
1.06
1 .40

0.83
0.85
0.91
0.93
0.98
1.02
1.06
1.09
1.12
1 .16
1.36

0.58
26.9

0.48
13.7

The reason for this unusually high water table, shown by the dotted
line (fig. 4) is undoubtedly due to the fact that the sand resting against
the inlet wall was somewhat disturbed, making an easier entrance for the
water. This condition was only temporary and after a few days the same
big break in the gradient was observed. (Table 4). The possible reason
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for this phenomena is that the sand hill is located only a few feet from the
inlet tank, and does not offer the same resistance to the flowing underground water as was the case in the preceding experiment. In other
words, the inlet is too close to the spring outlet and the water sinks down
immediately to the saturation zone and runs in a smooth line toward the
outlet tank.
TABLE 1J.—Elevation of groundwater tabic eight hours after the installation of glass
No. 11 as compared with average readings
No. of glass Tubes
1
2
3
4

.")
(i

7
8
9
10
11

Elev. of gr. w. 8 hr. after
T. No. 11 was put in

Average of 3 other rdgs.

0.44
0.52
0.67
0.78
0.93
1.00
1.11
1.19
1.25
1.32
1.36

0.42
0.45
0.55
0.64
0.74
0.81
0.90
0.96
1.01
1.06
1.40

Whenever the water at the outlet was raised, a spring appeared at the
break in topography but, its discharge was most of the time so small that
it could not be measured.
.

CONCLUSIONS

The results of above experiment show the following:
Whenever the groundwater table is raised to such an extent that it
comes close to the surface of the ground, a spring is produced. The
springs will show up wherever there is a heavy break in the topography.
With the raising of the water level in the outlet, the discharge was decreased in proportion to the loss of head. If the same amount of water
had to be discharged the rise of the groundwater would have taken place
all through the column and thus created a heavy spring at the place where
the iron plate was installed.
SPRINGS I N STRATIFIED SANÜ AND CLAY
The purpose was to observe the flow from springs formed at the surface
outcrop of relatively impervious clay overlain by previous water-bearing
sand strata.
Sand and clay were placed in strata overlying each other, (figs. 5 and
7). The clay had been dried and pulverized before it was used in the
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experiment. The bottom stratum which is marked on Fig. 5 as Sand I,
reached up to the bottom of upper opening from the outlet chamber. The
other strata designated with Clay I, Sand II, ('lay II, Sand III, Clay III,
Sand IV and Clay IV, were of the same thickness, each 0.2 foot. With
the exception of Clay IV, the clay strata did not reach to the wall of the
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5.—Stratification of sand and clay in experiment with springs

inlet tank, (fig. 5). The glass tubes were eliminated since they would
modify the flow of the springs.
TABLE 13.—Elevation* nf man important jiointx
in experiment on springs in stratified
Kami and clay
Elevation

Feet

Top of tank
Bottom of tank
Lower opening
Upper opening
Water level at position 1
Water level at position 2
Water level at position 3
Surface at spring 1
Surface at spring 2

2.000
1.150
0.310
0.783
1.210
1.568
1.960
0.958
1.360

The experiment was started on February 26, 1921 at 4:00 P.M. The
inlet tank was filled with water to a height of 0.9 feet above the lower
opening of the outlet tank and after 47 hours water began to drop out
from lower opening. The four clay strata were pretty well saturated at
this time. After 72 hours moisture determinations were made (Table 14).
The moisture content was higher for the lower sand strata than for the
upper sand strata while the opposite is the case with the clay strata. The
probable reason for this condition is the upper clay strata are located
closer to the inlet tank and have had more time for saturation. The rate
of discharge was 23.8 cc. per second for a head of 0.9 feet with no evidence
of spring formation at the clay outcrop.
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On March 2, 1921 at 9:30 A.M., 13.5 hours after the lower opening was
closed, a spring was formed in the boundary between Clay Stratum I and
Sand Stratum II, thus showing the direct effect of the raising of the water
0.473 feet in the outlet tank (Tables 14 and 15). The elevation of the
spring was 0.175 feet above the water in the outlet tank and 0.75 feet from
it (fig. 8A). The amount of water seeping out on ("lay I, however, was so
small that it could not be measured. The flow from the outlet chamber
was 9.7 cc. per minute, and the total head producing it was 0.427 feet.

Glass gage for observing
the groundwater table

I

Iron plate put in the sand
at the foot of hill to catch
the spring water

s

Porcelain dish for measuring the outflowing water

FIGURE 6.—Sketch of the arrangement installed for catching the spring water
TABLE

14-—Per rent moisture in noil with varying devotion of water level in intake
ami outlet chambers
Number of moisture determinations

Soil Strata

1

2

3

Per cent water as determined on dry matter content of soil
Clay 1
Sand 2
Clay 2
Sand 3
Clay 3
Sand 4
Clay 4
Elev. of Intake
Elev. of Outlet

32.10
24.01
36.25
23.7.".
38.46
22.38
39.50
1.210
0.310

40.70
27.72
40.35
25. OS
40.57
22.60
39.75
1.210
0.783

56.15
26.18
42.15
25.29
42.30
25.64
40.65
1.568
0.783
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TABLE 15.—Comparative date before and after rise of water level in outlet tank
Rise 0.473 ft.
Before
After

Total head

Temperature

Discharge in cc.
per minute

Corrected discharge 15° C.

0.900
0.427

14° C.
17° C.

23.8
9.7

23.1
10.3

2.9 per cent more flow for each degree centigrade.

Fight and a half hours later the water level in the spring had subsided
a little (fig. 8B).
The decrease in discharge is much larger than the corresponding decrease in head and the only reason is
that the clay strata, in spite of the fact
that they are located above the higher
outlet level, retards the flow of water.
Figured in per cent, the decrease of head
was 52.6 but the decrease in discharge
was 55.4.
In order to obtain more definite figures for the discharge capacity of the
produced springs, the water level in inlet tank was raised to a higher elevation, position 2 (see Table 13). The
total head for opening I and opening 11
under the new level in inlet tank were
respectively, 1.258 and 0.785 feet. A
heavy spring was created on Clay
strata I and a slight one on Clay Strata
II with the outlet at the upper opening.
A third moisture determination was
made (Table 14), which shows the heavy
increase of moisture in the clay strata
as compared with previous tests.
The discharge through upper opening
was 22.8 cc. per min. with a total pressure head of 0.895 feet. Thereafter the
lower opening was opened and the next
day the springs had disappeared. The
discharge was measured 18 hours after
the loweringof the outlet and a m o u n t e d
to 41 CC. per min. with a total head of
, „_„ . ,

FIGURE 7.—General arrangement
PP ar *tus in experiment on spring
formation in stratified soil

of a

1.2o8 feet.
With an increase in head of 28.9 per cent the increase of discharge was
44.4 per cent, showing the same fact reversely as before stated, namely
.
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how the presence of the clay stratum affects the flow of underground
water considerably. The water in the inlet tank was raised to a still
higher level so that the surface was a fraction of an inch lower than the top
of the tank. The total head producing flow in the soil after elevating the
water level in the inlet tank to position 3 were, for lower and upper openings, respectively, 1.650 and 1.177 ft. No more samples for water deterSand

M

Sand

M

Clay

B

Experiment on
Spring Formation

Sand

E

Free Water
at S.JO J.M.
W.L. .175'above
water in outlet
chamber

Clay I
Outlet

chamber

Oi scharqe

FIGURE

tank

8.—Sketch of arrangement for studying spring formation

mination were taken. It was thought that direct measurements of the
flow would give better accuracy.
At 10:20 A.M. March 11, 1921 the investigation was started again with
the highest total head, 1.050 feet. With this high head springs were
formed both on Clay I and II. (fig. 7.)
The discharge of these springs was measured 8 hours after the run
started (Table 16).
TABLE 16'.—Data on the discharging capacity of springs when the water level in the
outlet lank is elevated 0.473 feel
No. of run

1
2

Elev. of w. 1. in
intake

Elev. of \v. 1. in
outlet

Total
head

feet

feet

feet

1.960
1.960

0.310
0.783

1.650
1.177

Dis. in cc. per
hr.
Spring
1
21.8
196.0

Spring
2
1.2
91.2

Tern.

15.8° C.
15.7° C.

The creation of these springs was entirely due to the presence of the
denser soil strata which led the water to their surface outcrops. In the
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case of a uniform soil, the hydraulic gradient would not have reached the
surface under otherwise similar conditions.
After the above measurements were made, the lower opening was
closed and the water in the outlet tank was raised 0.473 feet. The next
day the discharges from the springs were each measured and the results
arc given in Table 16 together with the results from the first spring measurement.
With the rise of the water level in the outlet tank, there was an immense!
increase in the discharge from the springs, nine times as much for Spring 1
and seventy-five times as much for Spring 2.
CONCLUSIONS
It is evident that whenever the groundwater table reaches the surface,
springs are formed. The discharge of the spring is dependent upon the
amount of flow in the water-bearing stratum. Whenever the outlet for
the soil water is elevated, the groundwater table will also be elevated in
about the same proportions. If by such a rise of the groundwater, it
breaks through the surface of the ground, the spring thus produced is a
direct result of raising the water level in the outlet.
If an almost impervious soil layer is overlain with pervious water-bearing sand, springs will be formed at the outcrop of the pervious soil.
By elevating the outlet heavy springs were produced on top of the clay
strata. By an additional rise of the outlet the discharge capacity of these
springs was greatly increased, thus showing the effect the presence of a
fairly impervious clay stratum has in controlling the flow of underground
water.
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PEAT INVESTIGATIONS IN CANADA
B. F.

HAANEL

Department of Mines, Ottawa, Canada

FUEL IS NEEDED IN CENTRAL PROVINCES
The peat investigations which have been conducted in Canada have
but little bearing on the problems with which this Congress is primarily
concerned. The United States is so generously supplied with coals of all
kinds situated in almost every state in the union, and has for so long a
time been the principal source of crude oil, that there has been, up to the
present, little incentive to conduct investigations concerned with the
utilization of peat for industrial and domestic purposes. Investigations
of this nature, however, have been carried out in a most admirable manner
by the United States Bureau of Mines during the past few years.
The situation is quite different in Canada. In that country the coal
resources, which are of great extent and comprise practically all kinds of
coals, are situated in the extreme eastern and western extremities, namely,
the provinces of British Columbia, Alberta, and Saskatchewan, in the
west, and Nova Scotia and New Brunswick in the east. Lying between
these provinces is a large area, in which are situated the provinces of
Ontario and Quebec, which is devoid of economic coal measures.
When wood was plentiful and the principal fuel used for industrial,
railway, and domestic purposes, neither the value of coal measures nor
the extent to which these two provinces would have to rely in later years
on foreign sources for their fuel supplies, was appreciated. The spectacular development of industries of all kinds, in the course of a comparatively
few years, bringing with it tremendous increases in railway and other
transportation facilities and the generation of mechanical energy on a
colossal scale, has practically eliminated wood as a fuel for industrial,
power, and even domestic purposes; and consequently, coal today is not
only recognized as the principal source of the mechanical energy produced
in the civilized countries of the world, but as a substance indispensable;
to our metallurgical, chemical and other industries, and for the heating
of homes and other buildings.
The increasing demands for power, necessitating the utilization of coal
on a large scale for railway and other purposes, and the almost complete
dependence on coal, or some modified form of coal, for heating homes,
has compelled the inhabitants of the central portion of Canada to evaluate
832
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the extensive peat resources of this portion of the Dominion, and to
ascertain, by means of investigations both in the field and in the laboratory, means and ways for converting peat, economically, into a fuel suitable for domestic, and in certain cases, industrial purposes.
INSTALLATION AND OPERATION OF FIRST PEAT
MANUFACTURING PLANT
The first investigation conducted under government auspices in
Canada was undertaken in 1908. The Mines Branch of the Department
of Mines in that year commissioned a Swedish engineer to investigate the
status of the peat industry in Europe, and the methods employed for
converting the raw peat of the European bogs into a fuel, and generating
power from the same. The results of this investigation were embodied
in a report entitled "Peat and Lignite," and the engineer, Mr. Nystrom,
recommended to the then Director of the Mines Branch, Dr. Eugene
Haanel, that a small commercial peat manufacturing plant, similar to
several hundreds employed in Sweden and other European countries, be
purchased, erected on a suitable bog near Ottawa, and operated for the
purposes of acquainting the people with this type of fuel.
It was the Director's intention that this plant be operated principally
as a demonstration plant, to show those interested in peat fuel manufacture how peat can be manufactured on an economic basis, and to determine the cost of manufacture, distribution, etc., in addition to data of
scientific interest. The Director of the Mines Branch was of opinion
that the utilization of Canadian peat resources for the manufacture of a
fuel could be best promoted and assisted by the establishment of such a
plant, just as the agricultural industry is assisted by the maintenance of
experimental farms throughout the Dominion. This plant, which had a
maximum capacity of 30 tons of air-dried machine-peat per day of 10
hours, was dependent largely on manual labor; the macerator, and a
cable way for operating the small tram cars being the only portions of the
plant operated by mechanical power.
The elimination of manual labor was not at that time a necessity in
Kuropean countries, and even in Canada in 1908 to 1910, it was considered
that manual labor could be employed to advantage in the manufacture
of peat into a fuel. But since that time conditions rapidly changed, and
the Director of the Mines Branch realized that the manufacture of peat
fuel on a commercial basis could not be carried on successfully unless
machinery were developed, capable of reducing the employment of
manual labor to the utmost extent. In 1911 the government disposed of
this plant and bog to a private company, which was prepared to put into
effect the recommendations of the Department of Mines, namely, to
design and construct a plant equipped with labor saving devices, such as
a mechanical excavator, etc. This company began the erection of their
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plant some time in 1912, but were not prepared to operate on a commercial
scale until early in the summer of 1914.
The outbreak of the Great War in the summer of that year forced this
company to abandon operations on account of the withdrawal of financial
assistance which had been promised. From that time to 1918 no attempts were made in Canada to manufacture peat fuel or to improve the
process adopted by the Department of Mines.
INVESTIGATIONS OF T H E PEAT COMMITTEE
DEVELOPMENT OF MECHANICAL EQUIPMENT

Early in 1918, however, the grave fuel shortages experienced in Canada
revived interest in the possibilities of the peat resources, especially of the
provinces of Ontario and Quebec, and the Federal Government and the
Government of the Province of Ontario, decided to conduct a joint investigation under the direction of a peat committee. The objective of
this investigation was the development of machinery capable of performing the necessary operations in the manufacture of peat fuel, under the
conditions then obtaining, namely, high cost labor and machinery. The
Peat Committee's investigation was initiated at a time of maximum
prices, as regards both labor and machinery. This must be taken into
account when evaluating the results obtained.
The Peat Committee, which was composed of four members, all engineers, conducted a preliminary survey of all processes possessing merit,
which had been developed, other than the air-dried machine-peat process,
for manufacturing peat fuel, in order to satisfy itself that the air-dried
machine-peat process was the only process for manufacturing peat fuel
which might be successfully employed in Canada. After making a
decision in favor of the latter process, the Committee designed and constructed two types of plant, both equipped with mechanical excavators—
one according to the designs of Aleph Anrep, Sr. of Sweden, which was
partially tried out by a private company in 1912 and 1913; and the other
designed by E. V. Moore, which had a special mechanical device for
distributing the macerated peat to the field for drying and for cutting the
same into blocks. Both of these machines were thoroughly tried out and
the results analyzed, and the opinion of the Committee and its operating
engineer was that neither of the machines was suitable for the manufacture of peat fuel on a commercial scale, but that both possessed
certain features which, if incorporated into an improved machine, would
enable peat fuel to be manufactured, economically, on a commercial scale.
The Committee recommended that such a machine be constructed and
tried out on a commercial scale during an entire operating season. It
was, however, unable to obtain the necessary funds for carrying out this
program. The Committee, therefore, decided to construct an improvised
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plant composed of certain parts of the two existing plants and such new
parts as were absolutely necessary to demonstrate the principle, and to
try this plant out for a sufficiently long period to obtain data on which
an opinion regarding its economic possibilities could be based.
ESTIMATED COST OF MANUFACTURED PEAT

At the conclusion of the Peat Committee's investigations, it issued an
interim report in which it made the recommendation that "AVhile the
('ommittee has completed research work requisite to the development of
a successful peat manufacturing plant, and is able to place at the disposal
of those interested, construction data and operating statistics, it is of
opinion that the establishment of a peat industry is of such importance
to Canada, and especially the province of Ontario, that the Governments
should undertake the construction and operation of a perfected plant
until its possibilities are fully demonstrated." In this interim report
the Committee also stated that "The costs, based on the performance
of the experimental combination plant and the estimated cost of an
entirely new and remodelled plant, complete with an efficient power unit
and larger macerator, would be:
Production costs
Overhead charges

10 hr. day
$2.00
2.48

.'.0 hr. day
$2.00
1.50

or a total cost of finished peat fuel, on board cars at siding of the plant of
$4 48 for a 10-hour day for a season of 100 days, or $3.50 for a 20-hour
day during the same season. A total production of saleable fuel in the
first case is 10,000 tons and in the second, 20,000 tons. Since, however,
the overhead costs mount rapidly as the production decreases, the Committee recommended that plants of this type should be operated for 20
hours per day." It further stated that "The necessity for increasing the
length of the working season by operating 20 hours per day will be readily
appreciated, when it is realized that the considerable investment represented in plant is, under the most favorable conditions, lying idle practically two-thirds of the year. Thus the overhead would be distributed
over the production of only one-third of a year, thereby greatly increasing
the cost. Working two shifts is equivalent to operating 10 hours a day
for 200 days. Night operation with this combined plant is entirely
feasible; it was not the case with either of the others."
N E W PLANT UNDER CONSTRUCTION

The final recommendation of the Peat Committee was not carried out,
and the perfected plant, consequently, was not constructed. The Peat
Committee was disbanded in 1923, and shortly after a private company
was formed to take over the plants left by the Peat Committee, and to
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make the necessary alterations to the final improvised plant to enable it
to conform to the recommendations of the Peat Committee. This company, known as Peat Fuels Limited, succeeded in entering into an agreement with the two governments interested, to take over the plant and
other property owned by the two governments, on the condition that
they carry out the recommendations of the Peat Committee as regards
the construction of a new plant according to the designs approved by the
Peat Committee. On account of financial embarrassment this company
was unable to carry out its program, and in 1927, the Federal Government
and the Government of the Province of Ontario decided to construct a
new plant on a-new bog situated about 40 miles from Ottawa, and to
operate the same for one full working season. It is expected that this
plant will be in condition for operation some time in July.
MANUFACTURE AND UTILITY OF PEAT F U E L

The conclusions of the Peat Committee as set forth in its final report,
are as follows:
(1) The only methods or processes which can be economically employed
for the manufacture of peat fuel are those employing air-drying.
(2) Climatic conditions in Ontario and Quebec (acute fuel area) are
favorable for the manufacture of peat fuel on account of moderate rainfall,
long summer days, and the comparatively high temperature.
(3) The manufacture of air-dried machine-peat fuel can be carried on
in these provinces for 100 days, from the early part of May to the latter
part of August. Continuous operation is impossible on account of the
severe frost during the winter months.
(4) A peat bog should be drained only sufficiently to provide a firm
surface for supporting machines, harvesting tracks, etc., and to provide a
suitable area for spreading and drying the macerated peat.
(5) The quantity of fuel produced on any bog during the working
season is limited by the length of the working trench and the width of the
drying-area available. The maximum width of the drying-area which
can be utilized economically is limited by the maximum length of the
portable belt conveyer which can be employed to the best advantage.
The length of the portable belt conveyer is limited mechanically, and the
maximum length appears to be about 800 feet.
(6) The rate of drying of the macerated, spread peat is influenced by
the thickness of the spread, to a certain extent by the degree of maceration, and by weather conditions. The maximum thickness of the spread
during the earlier portion of the season, and up to the end of June, is 6
inches. Thereafter the maximum thickness should not be more than 4J^
to 5 inches.
(7) Under the average weather conditions prevailing in the provinces
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of Ontario and Quebec during the summer months, it is possible to obtain
two complete spreadings of the drying-area in each season.
(8) The use of caterpillar aprons for supporting heavy machinery on
the surface of a peat bog is far more efficient than the old method of supporting machines on rails and ties.
(9) A swing hammer pulverizer is more than efficient and satisfactory
for carrying out the operation of maceration than the convention types of
macerators heretofore employed.
(10) The portable belt conveyer designed and operated by the Peat
Committee proved highly efficient.
(11) Labor costs with the combined Anrep-Moore plant designed by
the Peat Committee were reduced to a minimum in relation to the capacity and output of the machine.
(12) The most expensive item in the manufacture of air-dried machinepeat fuel is that of harvesting the dried peat. Mechanical appliances
have been devised which effect important economies in the carrying out
of the operations involved, but the actual picking up of the fuel from the
drying-ground must still be accomplished by manual labor.
(13) The total cost of a ton of peat fuel is greatly influenced by the
overhead costs, and successful commercial operations are, therefore,
dependent largely on strict business management.
(14) The peat fuel produced by the Committee at Alfred was of good
quality, and was suitable for domestic, industrial and other purposes.
(15) The fines produced in screening the fuel before loading on cars
for shipment are not to be considered as a waste product, since they are
of value for use in the manufacture of commercial fertilizers and for other
purposes, and may, according to market conditions, command prices
equal to or even higher than that of the fuel itself.
(16) Owing to the high cost of transportation the limit to which peat
can be shipped to advantage, under present freight tariffs, is approximately 100 miles.
(17) Peat is a most admirable fuel for utilization in producer-gas
plants, either of the non-by-product recovery, or by-product recovery
types, and is also suitable for steam-raising when the cost is low enough
to permit the fuel to be used in competition with coal.
(18) The commercial production of peat fuel on a large scale can be
conducted on many of the bogs which have been examined in detail, and
which are favorably situated with regard to inhabited communities and
transportation facilities.
MACERATION-

A large amount of time was devoted to research work in connection
with the maceration of peat, in order to determine the relation between
maceration, rate of drying, and density of fuel. The conventional type
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of macerator which had heretofore been employed on Swedish and other
European peat machines, was abondoned, and a swing hammer mill,
such as is used for shredding wood, crushing stone, etc. was employed.
This type of mill gave complete satisfaction. Maceration is one of the
most important operations in the manufacture of peat fuel, inasmuch as
in this operation the peat obtained from the various layers of a peat bog,
i.e., from the floor to the surface, is thoroughly mixed, and moreover, the
gelatinous substance, sometimes called hydro-cellulose, which occurs
unevenly throughout even a particular layer, is more evenly distributed
throughout the mass, thus affording in the final pulp a homogeneous
substance. The density, hardness, and resistance to breakage, as well
as the color, depend largely upon the degree to which maceration is carried.
A I R - D B I ED MACHINE-PEAT

The air-dried machine-peat process, as now carried out with the
machinery developed by the Peat Committee, consists of the following
steps:
(1) Kxcavation of raw peat from the bog.
(2) Pulping or maceration.
(3) Transportation to drying-field.
(4) Spreading on drying-area.
(5) Cutting into blocks.
(6) Turning partly dried blocks.
(7) Collecting the finished fuel.
(8) Transportation to railway cars or storage.
POUTAISLJO BELT CONVEYER

The transportation of pulped peat to drying field is greatly facilitated
and the cost very materially reduced through the utilization of the portable belt conveyer, which enables a row of peat, 750 feet long by 13 feet in
width, with a depth varying from 3 to G inches, to be spread, before it is
necessary to move the belt conveyer. The moving of the belt conveyer
for the laying of the next row is performed by a simple mechanical contrivance which permits the eleven caterpillars supporting the spreader
to move the entire conveyer the required distance. The development of
this belt conveyer and the introduction of a swing hammer mill for
macerating, are probably the principal contributions resulting from the
Peat Committee's investigations.
OTHER INVESTIGATIONS
Ever since 1908 the Federal Government, through its Department of
Mines, has maintained an engineer versed in peat, to investigate, map
and sample the various peat bogs situated within reasonable distances of
inhabited communities and railway or other transportation facilities.
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U p to the present time some 300,000 acres of peat lands suitable for fuel
purposes have been examined in detail. Such a survey consists in dividing the peat bog into squares 500 feet or more on the side, depending on
the size of the bog, and taking samples, at different depths, from each
corner of the squares. Thus, a bog 12 feet deep might have samples
taken at 3-foot intervals in depth, which would permit the composition
and fuel value of the peat for the entire area at these different depths to
be determined with accuracy. This type of survey involves a large
amount of work in the field, and a large amount of work in the chemical
laboratory in connection with the making of chemical analyses of the
various samples.
INVESTIGATION OF PROCESSES FOR MANUFACTURE OF AND
UTILIZATION OF P E A T

Officers of the Federal Government have studied in detail the processes
which have been developed and which have been tried out, both on an
experimental and commercial scale in European countries, for the manufacture and utilization of peat, and have also personally visited plants
which have been erected for utilizing peat fuel for the production of power,
gas and for other purposes. The various processes which have as their
objective the elimination of the high moisture content by pressing, by
heat treatment, or a combination of both, and briquetting the resulting
mass, have been thoroughly examined; and as a result, the officers of this
department do not hesitate to express the opinion that the air-dried
machine-peat process is the only economic process in existence today.
Peat is too low grade a fuel to permit of excessive handling, expenditure
of a large quantity of heat, or the introduction of costly machinery for
processing; and therefore, the heat of the sun is utilized for removing the
large moisture content, and manual labor is reduced to the lowest limit
possible.
The utilization of peat fuel for the generation of power through the
medium of a peat gas producer and gas engine, has been investigated in
detail by means of exhaustive tests in a peat producer gas engine power
plant specially imported from Germany for this purpose, and installed in
the Fuel Testing Station at Ottawa. Some 300 tons of peat fuel manufactured in the government plant at Alfred were shipped to Ottawa, and
a large quantity of this peat was used in the making of those tests and in
steam-raising tests in an experimental steam-raising plant. The tests
were conducted by the staff of the Division of Fuels and Fuel Testing.
A large quantity of peat was also shipped to the Standard Chemical Company of Canada and carbonized in one of their standard hardwood
carbonizing retorts. The results of this particular commercial run were
very interesting, inasmuch as they showed that peat, under certain
conditions, could be utilized as a substitute for hardwood in a standard
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hardwood distillation plant, for the manufacture of charcoal and certain
chemicals.

PEAT FOR AGRICULTURAL PURPOSES
Apart from a certain amount of work conducted in connection with
the utilization of peat fines resulting from the manufacture of peat fuel
for soil conditioning purposes, the Department of Mines has done practically nothing to ascertain the value of peat for agricultural purposes.
However, when preparing a bog for the manufacture of peat fuel and in
the actual operation of excavation of the raw peat from the bog, the
ultimate use to which the depleted bog may be put is always kept in mind.
For example, a foot or more of peat is always left on the floor of the bog,
so that the same may be turned into the clay or marl which generally
forms the floor. This, of course, is the practice commonly followed in
European countries where agricultural areas are in great demand. Inasmuch as a bog must be drained before peat fuel manufacturing operations
can be conducted, a depleted bog will be in better condition for agricultural purposes after the peat has been taken out, than it was before, and
consequently, will command a much higher price per acre.
It should be stated that the peat which is especially suitable for the
manufacture of a fuel, is not in any sense as suitable for agricultural
purposes as the peat of more recent formation where humification has
proceeded to a lesser degree. There are, of course, many peat areas in
Canada which are suitable for agricultural purposes, i.e., the raising of
certain types of vegetables, etc., but the area, other than peat, suitable
for agricultural purposes in the provinces of Ontario and Quebec is so
extensive, that fanners and agriculturists in general have not seen the
necessity of developing-peat areas except for special purposes.
P\{()SPI<;CTS FOR UTILIZATION OF PEAT
Peat has been used for the manufacture of moss litter, as a packing
material, and for general sanitary purposes, but the industry as characterized by these products is not a very extensive one as yet. As regards the
manufacture of peat fuel in Canada on a commercial scale, it may be said
that the prospects are very bright. If the operations which have been
undertaken this year by the Federal and Ontario Governments, result
in complete success, it is quite certain that several peat manufacturing
plants will be erected in the near future, on several of the bogs conveniently situated with respect to inhabited communities and transportation
facilities.
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INTRODUCTION
During the past three years the Department of Agricultural Chemistry
at the University of Arizona has devoted much time to a chemical study of
alkali soil problems. While it is not the purpose of this paper to review
this work (which has appeared elsewhere) two or three points have been
made which will contribute to a better understanding of it if restated
at this time. The first is that sodium hydroxide, rather than sodium carbonate, has been shown to be the chief source of the alkalinity in black
alkali soils (2). Second, that both sodium silicate and sodium aluminate
have been found to exist in considerable amounts in the water extracts of
black alkali soils, and may be secured from many neutral soils by treating
them with alkali hydroxide solutions ( I I ) ; and third, that during reclamation by leaching, the permeability or movement of water through black
alkali soils is usually greatly reduced and often entirely stopped by the
precipitation within the soil mass of both aluminum hydroxide (11) and a
colloidal zeolite (3) where percolation has lowered the alkalinity of the
soil to pH 8.5 or below, or when soil solution concentrations have been
increased by evaporation. In other words, the soluble silicates and
aluminates dissolved from the soil minerals by the highly alkaline solutions of black alkali soils, act as mobile carriers of silicon and aluminum
within the soil mass, remaining in solution as long as certain conditions of
reaction and concentration are maintained.
The present paper has to do with a discussion of products formed and of
reactions taking place when soil conditions are such as to favor zeolite
precipitation. It is divided into two parts: First, a study of zeolite formation within soils together with an account of the synthesis and composition
of artificial zeolites formed from the same constituents; and second, the
base exchange capacity of soil organic-matter or humates.
T H E FORMATION AND COMPOSITION OF SOIL ZEOLITES
ZEOLITE FORMATION IN SOILS

As stated in the introduction, we have shown by previous work that
sodium aluminate and sodium silicate often exist in the soil solutions of
84!}
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black alkali soils. It has also been demonstrated that, when sodium
silicate and sodium aluminate combine, the base of the precipitate formed
is replaceable by other bases, thus exhibiting an outstanding property of
zeolites. The question, therefore, arose as to whether we might not
consider such a precipitation as important in the formation of naturallyoccurring soil zeolites. Our results showed that, in fairly concentrated
solutions, reaction is not a governing factor, a mixture of the two setting
at once to form a zeolitic gel even in the presence of high hydroxyl ion
concentrations, but when we bring these two compounds together in dilute
solutions, there is no gel formation at all unless the alkalinity of the solution is reduced. It appeared from these facts, that in alkaline soils, the
alternate wetting and drying process might increase the zeolite content, or
that changes in a soil's reaction might be followed by changes in its
content of compounds exhibiting the base-exchange property. A number
of experiments were conducted bearing upon this point.
In the first experiment, solutions of sodium aluminate and sodium
silicate were added to a neutral soil and, after thorough mixing, the whole
allowed to evaporate to dryness at room temperatures when replaceable
bases were determined. Four portions of soil of 300 g. each were added
to 4 1-litre bottles and treated as follows:
No. 1. To this bottle was added 600 cc. of water.
No. 2. To this bottle was added 600 cc. of water in which was dissolved 0.24 g. of sodium aluminate and 1.26 g. of sodium silicate.
No. 3. The 600 cc. of water added to this bottle contained 0.48 g. of
sodium aluminate and 2.52 g. of sodium silicate.
No. 4. The 600 cc. of water here used contained 1.20 g. of sodium
aluminate and 6.3 g. sodium silicate.
The following procedure was used in adding the solutions to the soils.
Kach soil was first shaken with 200 cc. of water, after which the 200 cc. of
sodium aluminate solution was added and shaken, and finally the 200 cc.
containing the sodium silicate. The bottles were then shaken in a machine for 2 hours, allowed to stand 2 days, and the excess of solution
removed from the soils by pressure filtration. The soils were now dried in
the air and their total replaceable base contents determined with the
following results:
Soil No.
Total replaceable bases expressed as ('a
(percent)

1
0.265

2
0.378

3

4

0.420

0.512

In view of the fact that we were here interested in the total base exchange
capacity only, portions of these soils were leached first with 0.1 N CaCl2,
then with water until free from water-soluble calcium, and finally with
0.1 N BaCl 2 to replace the calcium. Calcium was determined in the
barium chloride leachings and is expressed in the table as total replaceable
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bases in terms of calcium. This experiment shows that it is possible for
zeolites to be formed within a soil by the addition thereto of solutions
containing compounds which unite in their formation.
The next step was to ascertain if zeolites could be formed simply by the
addition of alkali solutions to a soil, depending upon the solvent action of
the alkali upon the soil minerals for the solution of the sodium aluminatc
and sodium silicate. The following experiment was conducted with this
in mind. Four 500-g. portions of black alkali soil from the University of
Arizona Farm were weighed into 1-litre bottles. To the first was added
500 cc. of 0.05 N NaOH, to a second 500 cc. of 0.1 N NaOH, to a third
500 cc. of 0.2 N NaOH and to the fourth, 500 cc. of 0.5 N NaOH. The
above mixtures were shaken in a machine for 2 hours and poured into
enamelware pans in which they were evaporated to dryness at room temperatures. Replaceable calcium and sodium were then determined with
the following results, expressed as per cent of dry soil:
Soil No.
Replaceable Ca
Replaceable Na (Ca equiv.)
Total

Original
soil
1 2
3
4
0.048 0.033 0.033 0.036 0.042
0.194 0.210 0.228 0.234 0.240
0.242 0.243 0.259 0.270 0.282

It thus appears that merely increasing the hydroxyl ion concentration
of the soil solution, followed by drying out in the air, will increase the
zeolite content of certain soils. At least a progressive increase in the
amounts of sodium capable of ready replacement was shown.
In the next experiment we sought to show that the colloidal zeolite
which had been formed in these soils was the result of a reaction between
compounds which had been in true solution and that it could be dissolved
and reformed under acid as well as under alkaline conditions.
A synthetic zeolite was prepared by mixing one part of sodium aluminate
with two parts of sodium silicate and adjusting the reaction to pH 6.5, as
previous titration experiments had shown this to be the point at which the
precipitated colloid was least soluble. About 100 cc. of this gel was dissolved in a slight excess of dilute hydrochloric acid and dialyzed through a
paralodion bag. The solution in the beaker in which the bag and contents
were suspended was also kept slightly acid in order to maintain the same
reaction both inside and outside, thus preventing a precipitation of
aluminum hydroxide as would have resulted had distilled water been used.
The products of solution were completely dialyzed, showing that the
zeolite molecule had been split and its components, in true solution, had
passed the semipermeable membrane. The diffusate was then evaporated
on the water bath, but before it had reached a sufficient concentration to
form a gel, was divided in two portions. One portion was neutralized to
pH 6.5 by the addition of sodium hydroxide solution, and evaporation
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continued until it gelled. The other portion was evaporated to a gel
without partial neutralization and was very acid. The first gel, when
tested, showed an active base replacement capacity. It is thus apparent
that we have split the zeolite molecule into its soluble components in an acid
solution, passed these through a semipermeable membrane and brought the
soluble components together again to re-form a colloidal zeolite molecule.
Base replacement properties characterized both the original and the final
colloids. The second, very acid gel did not show the base exchange
property. Only true chemical reactions can be invoked in explanation of
t hese facts.
In the determination of replaceable bases in black alkali soils by leaching
with salt solutions, the first filtrate to appear where moist soils are used
is merely a displaced soil solution and will have the characteristic black
color of dissolved organic matter. As the salt solution passes through the
soil column and reaches a sufficient concentration in the percolate, there
will be a material reduction in alkalinity and a precipitate often forms
therein. This precipitate, if filtered, washed and tested, usually shows
the property of base exchange. It is apparently a natural zeolite which
has been formed from the sodium aluminate and sodium silicate present
in the original soil solution before leaching.
We believe that these results, chosen from among many such, indicate
that soil zeolites (basic hydrated aluminum silicates with base-exchange
properties) are chemical compounds which may be formed by the combination of their soluble constituents when these are present in either acid
or strongly alkaline soil solutions. We consider such formation of zeolites
to be a possible source of these compounds within soils although it is not
our contention that this is the only source. A number of investigators
have discussed the possible origin of soil zeolites, but so far as we have
been able to ascertain, no one has suggested the combination of crystalloidal compounds soluble in either acid or alkaline soil solutions, under
definite conditions of reaction or concentration, as being a possible source
of these substances.
(icdroiz (8) distinguishes between what he terms the "old zeolites"
and the "new zeolites." The former result from a pulverization of the
solid particles of the mother rock to particles of colloidal size. The latter
or "new zeolites" he says are formed as follows: " During the processes of
chemical decomposition there are formed such substances as silicic acid
and iron and aluminum hydroxides which give in the soil a dispersed
system. Such colloidally dispersed substances on coming in contact with
one another and with the electrolytic products of weathering will flocculate one another giving rise to mineral adsorption complexes." Regarding
these complexes, he states: "The particles of colloidal silicic acid carrying
a negative charge and the particles of aluminum hydroxide carrying a
positive charge may unite with one another. At the point of contact
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between the surface molecules of the particles of silicic acid and of aluminum hydroxide, a chemical reaction takes place with the formation of
definite chemical compounds. Thus, the greater the degree of dispersion
the greater the surface exposed, and hence the greater the proportion
taking place in the reaction. Therefore, independently of the purely
chemical reaction between the molecules of silica and alumina, at the
points of contact of the colloidal particles of these substances, we will
generally have not a chemical compound but an adsorption compound.
The connection indicated above explains the fact that the newly-formed,
mineral absorbing complex in the soil, the secondary zeolitic part of the
soil, decomposes easily even in the presence of very weak reagents, into its
constituent parts. In this respect, these secondary formations are
sharply distinguished from the primary absorbing complex, which is a
final result of colloidal subdivision of old alumino silicate substances."
From this and other statements it appears that Gedroiz does not believe
that a stable soil zeolite can be formed by a quick reaction between
substances in true solution (7).
A review of the literature reveals many investigators who have long
advocated the true chemical character of base exchange reactions within
soils, while an equally impressive list have adhered to the physical adsorption theory. We cannot say that the question has been satisfactorily answered at the present time, although a majority of the more recent
investigations tend to favor the former viewpoint.
Previous to the work on soil zeolites by Gedroiz, Hissink, Kelley and
others, Hilgard's theory of black alkali formation in soils was almost
universally accepted. According to this theory, sodium carbonate
results from the interaction between either sodium sulfate or sodium
chloride and calcium carbonate. The formation of sodium carbonate by
such reactions has been demonstrated experimentally both by Breazeale
(1) and by the writers of this paper. At the present time, however, Hilgard's theory has been discarded by many investigators, and in its stead,
the hydrolysis of sodium zeolites is invoked as the chief source of the
alkalinity in black alkali soils.
While we realize that sodium zeolites may be formed and hydrolyzed
under certain conditions to form alkaline soils, it is suggested that we may
here be " putting the cart before the horse." Unpublished data from our
laboratory show that continuous washing with distilled water not only
hydrolyzes and dissolves appreciable quantities of a pure sodium zeolite,
but also alters the chemical composition of the undissolved zeolite remaining behind, the percentage of soda becoming progressively less and that
of both silica and alumina increasing. The calcium zeolite also loses the
base more rapidly upon prolonged washing, although the process is much
slower. This indicates that, in soils where water partially saturated with
COj is often present, a gradual disruption and loss of zeolite is to be
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expected, and as this may be a relatively rapid process, active recuperative
measures should be considered whereby zeolites may be restored to soils.
May we not regard the alkaline solutions, formed in Hilgard's reactions
or from the weathering and hydrolysis of basaltic rocks, as solvents and
thus as being instrumental in the formation of new sodium zeolites within
soils?
STUDIES OF SYNTHETIC ZEOLITES

As previous work had shown that black alkali soils often carried sodium
silicate and sodium aluminate dissolved in their soil solutions, and further,
that these compounds would readily unite under proper conditions to
form a zeolitic substance possessed of active base-replacement properties,
the next logical step appeared to be to synthesize this zeolite, study its
properties, and, if possible, determine its composition and structure.
A perusal of the literature shows that a large amount of work has been
done in synthesizing zeolites or permutites, for the artificial "softening"
of industrial waters. Three general methods for the manufacture of these
compounds have been used: First, the wet method, in which sodium silicate and sodium aluminate alone or with other substances as acids or
sodium sulfate, have been caused to react in aqueous solutions; second,
fusion methods using silica, aluminum hydroxide or sodium aluminate
and basic oxides, or using kaolin and sodium carbonate; and third, the wet
grinding, granulating and drying of naturally occurring zeolites.
At the inception of our work with artificial zeolites it seemed fair to
assume, as a working hypothesis, that we were dealing with definite
chemical compounds capable of ionization and true chemical reactivity.
In writing the simplest possible reactions between sodium aluminate and
sodium silicate, four equations differing only in the ratio of aluminum to
silicon are possible yet maintaining a balanced equation.

NaAl(ÜH) 4 + 3Na 4 Si04^I=IZ!:Al

^Si0 4 Na 3
Si0 4 Na 3 + 4Na()H
~^Si04Na3

(1)

2NaAl(OH) 4 +3Na 4 Si0 4 ;ZZZZ!Al

^_^Si0 4 Na 3
Si04Na., + 8NaOH
""^SiOjAl

(2)

3NaAl(OH) 4 +3Na 4 SiO,

lXaAl(()H) 1 + 3Na4Si().l

^Si0 4 Na 3
Si0 4 Al +12NaOH
(3)
"~*^Si04Al
(Nephelite)
^.Si04Al
ZÜA1
Si0 4 Al+16NaOH
(4)
~^Si04Al

ZLAl
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It is immaterial whether we consider the silicate molecule to be a salt of
ortho-silicic acid, or of the meta-silicic acid, the reactions in aqueous
solution should be similar. The first three formulae are the same as those
given by F. W. Clarke (4) for the simplest hypothetical zeolites. It
would lend added proof to the true chemical nature of the synthetic compounds which we have obtained in our experiments, and likewise to soil
zeolites, could they be shown to be identical with these simple substances,
or if more complex, to be derived from them by substitution reactions.
Nephelite is the only natural zeolite known to exist in this series. Its
theoretical composition is given in Table 1. It should be possible readily
to substitute calcium for sodium, thus forming a calcium derivative of this
zeolite. The theoretical composition of such a "Calcium Nephelite"
also appears in Table 1.
TABLE

1.—Composition of artificial zeolites
Per cent of water-free material

Artificial Zeolite
Si0 2

A1203

Nephelite
"Calcium Nephelite "
Natrolite
Scolecite (Calcium Wellsite)

42.3
43.5
52.4
53.4

35.9
36.5
29.0
30.1

Calcium zeolite No.
Do
No.
Do
No.
Do
No.
Do
No.
Acid zeolite No. 1
Do
No. 2
Do
No. 3

53.4
52.0
48.0
48.0
50.1
79.3
78.2
78.1

29.0
31.0
32.7
34.0
32.9
16.2
17.2
17.7

1
2
3
4
5

CaO

Na20

Total

21.8
20.0
18.0
16.5
15.7
16.1
17.0
16.6
16.1
3.5
3.9
4.0

0.5
0.4
0.3
0.4
0.2
0
0
0

99.2
99.5
99.0
99.1
99.3
99 0
99.3
99.8

A lack of time prevents a discussion of several of our preliminary syntheses. Approximately normal solutions of sodium silicate and sodium
aluminate finally were made up and their respective silica and alumina
contents determined. 1 In an endeavor to synthesize the four theoretically
possible aluminum silicates shown in the reactions above given, 1, 2, 3, and
4 mols of sodium aluminate were added respectively to 3 mol portions of
the sodium silicate. The four precipitates thus formed were filtered,
washed free from traces of carbonates and converted into the calcium
1

It should be stated that it is impossible to purchase sodium aluminate free from sodium carbonate. We found it best to make the latter from pure alumina cream and
CCvfree sodium hydroxide. As the synthetic sodium zeolites are washed free from
soluble carbonates with extreme difficulty, it is wise to exclude these materials from the
reagents wherever possible.
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zeolites by treating with N CaCl2. The calcium zeolites were washed
free from chlorides and water-soluble calcium, dried and ground to pass a
100-mesh sieve. The analyses of these compounds appear in Table 1
as Calcium zeolites Nos. 1, 2, 3, and 4. Less than 0.5 per cent of sodium
was usually found, showing that calcium replacement had been practically
complete.
From the analyses of these zeolites, two things appear evident: first,
irrespective of the initial proportions or amounts of the reacting ingredients, zeolites of very similar chemical composition are formed in each
case; second, the composition of the zeolite does not coincide with calculated values for any of the four possible compounds shown in the above
equations. The proportion of aluminum to silicon is approximately 2 to
3, as is the case in equation 2, but the percentage-composition is at variance. With the information thus gained, we now made about 200 g. of
this zeolite for future study, using theoretical amounts of the constituents.
An analysis of this large lot also appears in Table 1 under the heading
"Calcium zeolite No. 5."
A comparison of the composition of our zeolite with those of the naturally occurring compounds as given by Clarke (4) and others, apparently
showed ours to be a calcium wellsite, or scolecite, which may be formed
from natrolite by treating it with a soluble calcium salt. Natrolite
appears to be directly synthesized from sodium aluminate and sodium
silicate in the following reaction:
Si() 4 = Na-j

^
^^AlSUOgsAl
4NaAl(OH)4+6Na 4 Si0 4 +4Hi!0=Al^——Si0 4 = Naj
+24NaOH
^"~--Si0 4 = Al
In making up this zeolite it has been found best always to have a slight
excess of the soluble silicate present; otherwise there is a tendency for it to
adsorb aluminum in considerable quantities, and, whether adsorbed or
precipitated as the hydroxide when the alkalinity is reduced by washing,
this excess of aluminum is exceedingly hard to remove. The tendency for
this zeolite to analyze high in alumina and correspondingly low in silica is
evident.
While several of the zeolites reported in Table 1 vary somewhat from
the theoretical composition of scolecite, they approach it too closely to
suggest another compound as being more probable. Furthermore, they
give the typical quantitative base-replacement reactions which would be
expected from the indicated composition.1
1

It may be said at this point that Dr. Magistad in our laboratories has improved our
synthetic technique somewhat, and has shown by very closely agreeing analyses that the
Xa zeolite first formed is natrolite, that its Ca derivative is scolecite, and its Ba derivative
is edingtonite, while other derivatives, including acid zeolites, are at present receiving
attention.
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The amount of water of constitution in the naturally occurring scolecite
is given as 6 molecules. Our analyses show from 7 to 8, but it is possible
that this may vary slightly in the artificially prepared compound, although, due to the low molecular weight of water, small errors in its
determination are often exaggerated in computation.
It is of interest to note Clarke's statement that natrolite often occurs
as an alteration product of nephelite in nature, and that Doelter x has
produced natrolite from nephelite artificially by substitution reactions.
A large number of base replacement determinations were made on all of
the synthetic zeolites shown in Table 1, using different concentrations
(from 0.1 N to Ar) of BaCl 2 and NaCl solutions. Three methods were
tried: (1) Shaking a known weight of zeolite with the replacing solution for
a short time, filtering, and determining the calcium in the filtrate; (2)
leaching a known weight of zeolite placed on a filter paper with the replacing solution and determining the calcium in the filtrate; (3) a combination of (1) and (2). Similar results were usually obtained by all methods
although the last is preferable. From 75 to 100 per cent of the total
calcium, depending upon conditions, was found to be quickly replaceable
at room temperatures. When half-gram portions of the calcium zeolites,
together with 50 cc. of iV Ba('l 2 solution, were sealed in Pyrex glass tubes
and subjected to temperatures of 250° to 300° C , in a bomb furnace for
periods in excess of 4 hours, complete replacement resulted. No attempts
were made to use trivalent bases in our replacement studies, for, due to
the acid hydrolysis of soluble tribasic salts, probably no true replacement
would result unless by hydrogen ions. Both Hissink (9) and Gedroiz (5)
state that iron and aluminum are never found in soils in exchangeable
forms, as are the bases of lower valence. Studies on the energies of replacement of the different bases is now in progress in our laboratories and
will form the basis of a separate contribution.
Although several attempts were made at different times to synthesize
zeolites under acid conditions, only two will be considered here. In 'the
first, 9 g. of sodium silicate were dissolved in 500 cc. of water and neutralized to pH 6 with dilute hydrochloric acid. Six g. of aluminum chloride were dissolved in another 500 cc. portion of water and neutralized
with a small amount of sodium hydroxide solution until a slight, permanent precipitate was noted. This solution was filtered and the two solutions poured together. A slight precipitate at once formed which increased somewhat on standing. The reaction of the mixture was pH 3.8.
At the expiration of 2 days, the clear supernatant liquid was poured off
and the precipitate filtered and washed. After transforming it into the
calcium zeolite, it was air-dried and ground, and found to be active in
base exchange reactions. The analysis of this zeolite appears in Table 1
as "Acid zeolite No. 1." All of the calcium was found to be replaceable.
1

Nenes .Tahrb. 1 ilSOOÏ, p. 134.
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The second experiment was performed in our laboratories some months
later by Dr. Magistad, using different proportions of aluminum sulfate
and sodium silicate. Two acid zeolites were synthesized. In the first,
13 g. of sodium silicate and 35 g. of aluminum sulfate were used; and in the
second, 15 g. of sodium silicate and 25 g. of aluminum sulfate. The salts
were dissolved separately and the silicate solutions poured into the acid
sulfate solutions so that an acid reaction was maintained at all times.
The pH of both zeolite suspensions after mixing was about 3.6. The
zeolites were filtered, washed free from sulfates, dried and ground. They
were then analyzed, with the following results:
Acid Zeolite No. 2—80.1 per cent Si0 2 ; 17.6 per cent A1203; 1.8 per cent
Na 2 0
Acid Zeolite No. 3—79.1 per cent Si0 2 ; 18.0 per cent Al2Os; 1.5 per cent
Na 2 0
One g. of each was shaken with 100 cc. of N BaCl 2 solution, allowed to
stand over night, and an aliquot of the clear, supernatant liquid titrated
with standard sodium hydroxide, using phenolphthalein as the indicator.
The results showed the amounts of replaceable hydrogen in these zeolites
to be 0.08 per cent for acid zeolite No. 2, and 0.09 per cent for acid zeolite
No. 3. What remained of each of these compounds was converted into
calcium zeolites by treating with ATCaCl2 solutions, after which they were
washed free from calcium and chlorides and again dried and ground. The
analyses of these calcium derivatives appear in Table 1 as Acid zeolites
Nos. 2 and 3. Thus far, our attempts to find in the literature a description of a naturally occurring zeolite of this composition have been futile,
although ptilolite, as described by Dana in his "System of Mineralogy,'"
6th edition, page 572, approximates it. He represents this compound as
carrying 5 molecules of water of composition which exactly corresponds
with the amount of water lost by our compounds between 100° C. and
dull red heat.
It is interesting to note that the three acid zeolites, synthesized at
different times and from different materials are practically identical in
composition; also that the zeolites precipitated in acid solutions carry
only about one-fourth as much replaceable base as do the compounds
synthesized under alkaline conditions.
This work on artificial zeolites is in the nature of a preliminary report.
These compounds are at the present time receiving further attention in
our laboratories and soon will form the basis of another paper; but from
the data already secured, we feel that soil zeolites are true chemical compounds, that they have a definite solubility, and are capable of ionization
and true chemical reactivity. We consider that base exchange reactions
in soils or in test tubes come under the head of double decompositions
rather than physical adsorptions.
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T H E BASE EXCHANGE CAPACITY OF SOIL
ORGANIC-MATTER
Judging from the work of Gedroiz (6), Page (12), Robinson and Williams
(13) and others, it seems to be a general opinion among investigators of
base replacement phenomena in soils that the so-called humates, or
organic-matter, as well as the zeolites, possess a considerable capacity
for base exchange. This property of humates appears to have been accepted without contest in spite of lack of direct experimental proof, and
apparently is based largely upon an assumption that the humatc complex is so little understood that almost anything may be assumed regarding its many properties.
We quote the following from the work of Gedroiz (6):
" I t is known that on treating a soil with sodium carbonate the sodium
of this salt is exchanged by the calcium of the soil; a part of the sodium
enters into the zeolite part of the soil and a part into the organic. That
this actually takes place is shown by the fact that the solubility of the
humus, after treating the soil with sodium carbonate, considerably increases after the removal from the soil of the sodium carbonate with
which the soil has been treated. We have had occasion to show and to
prove that the part of sodium carbonate in this process of increasing the
solubility of organic substances is only indirect. It is merely a question
of the sodium ion, and any other sodium salt could be used:
Calcium humate-|-2NaCl = Sodium humate + C a C ^ . "
In the papers which we have thus far been privileged to read, little
direct proof that soil humates possess a true base exchange capacity has
been offered.
As mentioned above, in our experiments where certain soils were
treated with sodium hydroxide solutions, the replacement capacity of the
soil was in no way decreased by the entire removal of the alkali-soluble
organic-matter. This led us to believe that the so-called humates might
not possess the true replacement property, but that the apparent insolubility of humus in the presence of salts of divalent bases might be merely a
solubility or a "salting o u t " effect. A number of soil extracts were made
from a black alkali soil of the Salt River Valley, Arizona, as follows:
No. 1. One hundred g. of soil were shaken with 500 cc. of distilled
water in which 10 g. of NaOH had been dissolved, and the solution
filtered through a procelain filter-candle under pressure.
No. 2. One hundred g. of soil were shaken with 500 cc. of distilled
water in a glass-stoppered cylinder and allowed to settle 1 week. The
white-alkali-salt content of this soil was sufficiently great to cause the
soil to flocculate and settle, leaving only small amounts of clay suspended
in the black, supernatant liquid. This liquid was removed with a syphon.
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No. 3. One hundred g. of soil were shaken with 500 cc. of distilled
water and filtered through a porcelain filter-candle under pressure.
No. 4. Five hundred cc. of a 1 to 5 water extract of this soil, after
filtration through a porcelain filter-candle, was acidified with hydrochloric
acid to precipitate the organic matter. This was filtered and washed free
from acid, the organic matter redissolved in dilute sodium hydroxide
solution and the whole made up to original volume with distilled water.
To the above solutions an excess of calcium chloride was added and
each shaken. Two aliquots from each of these humus suspensions, representing approximately 75 cc. of the 1 to 5 soil extracts, were then poured
onto 15 cm. paper filters. One set was washed with 0.1 N N a d and the
other with distilled water until the organic-matter was as free as possible
from calcium. It was found to be impossible to accomplish this completely
in Nos. 1 and 2 even after washing continuously for 3 weeks, during which
time over 2.5 1. in each case had come through. The sodium chloride solution was no more effective than the distilled water in washing out the (replaced?) adsorbed calcium. In No. 3 and No. 4 the organic matter was
washed free from calcium with 11. of either distilled water or 0.1 N NaCl.
This shows the high degree of base adsorption which the precipitated organic-matter possessed for the calcium used in its precipitation or "salting out." Following the above operations, the remaining adsorbed
calcium was determined as follows:
The organic precipitates which had been washed with 0.1 N NaCl
were leached with 250 cc. of 0.1 jVCaCl 2 , the calcium determined in the
percolates, and compared with the calcium content of the original solution. The differences represented the calcium removed from the solution
by the organic matter either by absorption or by replacement of sodium.
The results of these analyses expressed as milligrams of calcium removed are as follows:
No.
Mg. ("a

1
1.4

2
2.3

3
None

4
None

These figures show that no adsorption or replacement occurred in Nos.
3 and 4.
The organic precipitates which had been washed with distilled water
were leached with 0.1 AT BaCh and the calcium determined in the leachings
with the following results:
No.
Mg. Ca

1
1.2

2
3.3

3
3.7

1
None

These results indicated that some calcium, except in one case, had been
retained by the organic-matter after washing with 2.5 1. of distilled water.
We have already shown that sodium silicates and aluminates are soluble in the water extracts of black alkali soils and that they will combine to

MISCELLANEOUS PAPERS

855

form compounds with base replacement properties. Consideration of this
fact was taken into account in planning the above experiment in which
the organic-matter was prepared by four different methods. In No. 1, the
alkali extract was free from colloidal substances (no Tyndall effect), but
we might expect a small amount of calcium zeolite to have been formed
from its constituents during the precipitation of the organic-matter with
calcium chloride solution from the extremely alkaline soil suspension.
This precipitate might therefore be expected to show a slight capacity for
base exchange, which it did. In No. 2, the soil extract was not filtered
and contained not only traces of sodium aluminate and sodium silicate
in solution, but also small amounts of clay in suspension. This clay would
be coagulated with the organic-matter upon addition of calcium chloride,
and we should thus expect the organic precipitate here to show some base
replacement capacity, which it did. In No. 3, there should be small
amounts of sodium aluminate and sodium silicate present, but less than
in No. 1 where sodium hydroxide was added, and we might anticipate a
slight base replacement capacity in this organic precipitate. Where the
precipitate was washed with 0.1 N NaCl it was negative, but where
washed with distilled water a slight, positive base replacement was shown.
In No. 4 soil extract, we precipitated the organic-matter with hydrochloric
acid first, in order to separate the dissolved organic-matter from the sodium
aluminate and sodium silicate, which would be soluble in acid solution
and removed subsequently by washing. This acid-precipitated organicmatter, on redissolving in sodium hydroxide and then precipitating with
calcium chloride, should show no base-exchange capacity unless the socalled "calcium humate" itself possessed this property. Our analyses
showed no base replacement whatever for organic-matter alone, as prepared in No. 4. This experiment was repeated with similar results.
We believe that this work shows that the absorption of divalent bases
by soil humates is largely a variable physical phenomenon and that the
precipitation of organic-matter from an alkaline soil extract by means of
neutral salts is a "salting o u t " process.
As bearing on the above, it may be of interest to describe the following
tests which were made on a highly colored, alkaline soil extract. Five cc.
portions of this extract were poured into test tubes containing N solutions
of the following salts: Na 2 C0 3 , NaHC0 3 , NaCl, CaCl 2 , and BaCl 2 . All
showed a precipitation of organic-matter, least in the sodium chloride
solution and increasing in the order given. The calcium chloride and
barium chloride entirely precipitated the organic-matter leaving clear,
colorless, supernatant liquids while, with the sodium salts, precipitation
was only partial as shown by a yellow color still persisting in the supernatant liquids. These results apparently show a "salting o u t " effect of
the bases and neutral salts. The precipitates when tested showed base
adsorption but no quick base-exchange capacity.
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A recent study of the absorptive capacity of humic substances by
Kawamura (10) is pertinent to this discussion. With artificial humus
he secured data from absorption-isotherm curves which led him to conclude that humic acid would form definite chemical compounds (humates)
with bases (he used hydroxides). These basic humates then acted as absorption compounds, showing a strong absorption for the bases above that are
necessary for what he termed "chemical combination." He found sodium
humate to be markedly soluble, while barium and calcium humates were
relatively insoluble.
From the data here presented (and from other data not here included)
we do not consider that soil humates possess the ability to take part in
true base-exchange reactions, but that they are able markedly to physically adsorb solutes to their surfaces. If a calcium humate is prepared by
precipitating the organic-matter from an alkaline soil extract by the
addition of calcium chloride, a small amount of calcium zeolite may be
formed from the soluble aluminate and silicate dissolved from the soil and
present in solution. This zeolite will then impart to the precipitated organic-matter a slight base-replacement capacity. Where purified calcium
humates were used, no rapid replacement by the bases of other salt
solutions was shown, although a slow leaching-out of apparently adsorbed
bases was noted.
SUMMARY
We have shown in previous contributions that sodium silicate and sodium aluminate both usually are present in the soil solutions of strongly
alkaline soils. These two compounds unite under certain conditions, to
form a basic hydrated aluminum silicate (zeolite) possessed of active base
exchange properties. When solutions of these two substances are added
to soils and the latter air-dried, their base exchange capacities are greatly
augmented. This is the case, to a lesser degree, when certain soils are
treated with sodium hydroxide solutions. A colloid with base exchange
properties was also formed under acid conditions. It is suggested that
similar reactions may be considered as playing a part in the natural formation of soil zeolites. From our work, we do not feel that Hilgard's theory
of "black alkali" formation in soils is untenable, but rather that the reactions which he proposed are associated intimately with both zeolite
formation and "black alkali" formation.
A series of artificial zeolites were synthesized in alkaline solutions using
different proportions of sodium aluminate and sodium silicate, finally
replacing the sodium with calcium. Although the analyses of these compounds varied somewhat, it appeared evident that the same, or at least a
very similar zeolite was formed in each case. This zeolite is thought to be
scolecite, and a reaction for its formation is proposed. The analyses of
another series of zeolites, synthesized under acid conditions from alumi-
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num sulfate (or chloride), silicic acid and sodium chloride, are also given
and discussed. Smaller amounts of bases, in replaceable forms, were here
shown.
We consider zeolites to be chemical compounds, capable of ionizing
and entering into true chemical reactions, and that base exchanges in
soils are double-decompositions rather than adsorptions.
Data are presented which are thought to show that soil organic-matter
(humates) do not possess a true base-replacement capacity, but rather the
ability merely to physically adsorb solutes. If care is not exercised in
purifying the organic-matter dissolved from soils by means of alkalies
and precipitated as dibasic humates, the alkaline extraction also may
dissolve traces of soluble silicates and aluminates from the soil minerals
which later may react to form small amounts of zeolites. These latter
compounds, if present, will impart slight replacement properties to the
precipitated dibasic humates.
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THE SATURATION CAPACITY OF COLLOIDAL
CLAY SOILS
R. BEAD FIELD

University of Missouri, U. S. A.
INTRODUCTION
By the saturation capacity of a soil is meant the sum of the amounts of
all the exchangeable cations which it contains. It is commonly expressed
in terms of milliequivalents of exchangeable ions per gram or per 100 g.
of dry soil. It is commonly obtained by determining the exchangeable
acidity and the exchangeable bases on separate samples then adding these
two values. The exchangeable base content of a soil presents no special
difficulties in most cases, but the values obtained for exchangeable hydrogen by different methods and in the hands of different investigators vary
quite widely. This is due in part to the fact that the hydrogen ion is the
most difficult ion to displace quantitatively and to the fact that the
amount displaced is affected more by slight changes in the pH value or
nature of the replacing salt solution than are other ions. The effect of
hydrogen ion concentration has been amply demonstrated and the differences in the "energy of replacement" of different cations is also well
known. From the theoretical standpoint the easiest way of determining
exchangeable hydrogen would be by titration with a standard base. With
most turbid or highly colored solutions in which the use of the ordinary
indicators is not feasible, the endpoint in the titration can be detected by
means of conductivity or potentiometric measurements.
These methods have not proved entirely satisfactory with many soils.
The endpoint is not sharp as a rule and equilibrium is established rather
slowly. There is also a prejudice against the use of alkalis because of the
fact that soils seem to have an almost unlimited capacity for absorbing
bases from very alkaline media. Cowan (1) has recently studied the
effect of hydrogen ion concentration upon the absorption of calcium by
colloidal clay and found that the amount absorbed continued to increase
as the pH value increased. In fact, the effect of each unit increase of pH
was even more marked between 10 and 11 than at the lower values.
There was no indication of a definite saturation capacity. Such results
lead us to doubt the validity of this conception. In our neutral salt
extraction methods are we dealing with a saturation in the ordinarily
accepted sense of the word or are we dealing only with an equilibrium
condition the position of which may be shifted by slight changes in the
experimental conditions?
858
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STUDIES OF COLLOIDAL CLAY
A rather intensive study has been made of the acidity of colloidal clay
at the Missouri Laboratory with the hope that some light might be shed
upon this very important question. Most of this work has been done on
electrodialyzed colloidal clay. Such material is well suited for such an
investigation because the degree of acidity is the maximum possible as all
exchangeable bases have been replaced by hydrogen. For the same
reason, possible complicating side reactions are kept at a minimum.
These clay soils were prepared from soils brought fresh from the field and
they have been kept in the sol condition continuously. The particles in
the sol are all under forty jtx/x in diameter. When titrated with bases
such sols usually come to equilibrium very quickly.
It may not be possible to duplicate the results obtained with this purified clay sol with our ordinary dry soils, but we feel that the work on this
material although impractical is of some theoretical value. When this
electrodialyzed clay sol is titrated with sodium hydroxide and barium
hydroxide by means of the hydrogen electrode curves similar to C and D
in Fig. 1 are obtained. In general, the curves are of the type to be expected of very weak acids. The endpoint is sharper than that obtained
with ordinary soils, but is still not so very sharp. The endpoint (point of
maximum inflection) comes at about pH 7.0 with barium hydroxide and
at 8.5 with sodium hydroxide. These values correspond to equivalent
quantities of the added bases. The higher value obtained with sodium is
due to the stronger hydrolysis of the sodium clay. A titration curve of a
highly purified silica sol is also shown in Fig. 1 (Curve E). The contrast
between the silicic acid and the acid clay curves is quite striking. The
clay is well buffered against sodium hydroxide between pH 5.5 and 7.0.
while the buffer action of the silicic acid is shown only in the alkaline
region above pH 8.0.
The amount of base absorbed by the colloids at any desired pH value
can be determined fairly accurately by comparing the amount of base
required to reach that pH value in the same volume of water in the presence and in the absence of the clay. The method has been used with
success in the case of proteins by Loeb (4), Gortner and Hoffman (3) and
others. Curves A and B represent the pH values obtained with pure
water.
EXPERIMENTAL
The amount of' base absorbed at the different pH values is shown in Fig.
2. B represents the amount of barium absorbed by the electrodialyzed
clay, C the corresponding curve for sodium hydroxide, while A represents
the values obtained with silicic acid and sodium hydroxide. These curves
illustrate several very interesting relationships. (1) The barium and
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sodium curves are parallel, thus proving that chemically equivalent
quantities of the two bases are absorbed. (2) Both curves are sigmoid
with a convex portion extending up to 54 milliequivalents and a concave;
portion above that point. (3) These two parts of the curve join at
pH 7.0 in the case of barium hydroxide and at 8.5 in the case of sodium
hydroxide. (4) The silicic acid curve is not sigmoid, but is similar to the
upper part of the clay curves. Silicic acid can absorb sodium hydroxide
in appreciable quantities only in alkaline media. At the higher pH values,
however, this capacity becomes enormous compared to colloidal clay.
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These curves lead to some very interesting speculations. The sigmoid
character of the clay curves indicates that two fairly distinct, consecutive
reactions are taking place. From the practical agricultural standpoint
we are concerned almost exclusively with the lower portion of these curves.
This fraction of the curve seems to represent the exchangeable hydrogen.
It indicates that there is a fairly well defined saturation capacity as far as
this particular reaction is concerned. The exact nature of the reaction
taking place above pH 8.5 is not fully understood. We are inclined to
feel at present, however, that it represents a breaking of certain bonds in
the alumino-silicate complex with the formation of some basic aluminates
and simple basic silicates. Analyses of the supernatant liquid above
alkaline mixtures and colloidal clay indicate that this is the case.
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The curves in Fig. 4 show the amounts of A1203 and Siü 2 dissolved from
1 g. of colloidal clay by different mixtures of potassium chloride and
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FIGURE 4.—-A comparison of the conductometric and potentiometric titrations

potassium hydroxide of varying pH values. The reaction is probably
similar in nature to that taking place in the fusion of soils with sodium
chloride.
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If it is conceded that two distinct reactions may be involved when acid
soils are treated with bases, the next question is how can we best differentiate between them?
Our curves indicate that one of the simplest methods would be to
determine the amount of barium hydroxide necessary to bring the soil to a
pH value of 7 or the amount of sodium hydroxide required to bring it to a
pH value of 8.5. The hydrogen electrode could be used with either
solution and the quinhydrone electrode with the barium hydroxide. Our
experiments indicate that the latter electrode is not satisfactory for titrations with sodium hydroxide because of the alkalinity of the endpoint.
Hissink (2) has proposed conductometric titration with barium hydroxide as a means of determining exchangeable hydrogen. A fairly
satisfactory endpoint is obtained with most soils. Our results with this
method indicate that it gives values which are considerably higher than
(hose obtained with the other methods. In the case of the electrodialyzed
colloid clay, however, conductometric titration with sodium hydroxide
gave values identical with those obtained with the other methods. Typical curves are shown in Fig. 4. The conductometric titration with
barium hydroxide (D) gives a different type of curve than sodium hydroxide. The exact reason for this difference is not known. Of course
the conductivity of a solution is a function of the concentration of all of
the ions present, while the potentiometric measurements with the hydrogen electrode are specific for the hydrogen ion. Since the titrations
with these two bases give similar endpoints with the hydrogen electrode it
seems logical to attribute the differences observed between the conductometric titrations to some other type of reaction such as the separation of
some insoluble compound. The aluminates and silicates of barium arc
not as soluble as those of sodium and their formation may be responsible
for the peculiarities of the conductometric barium hydroxide curve.
Curves obtained with calcium hydroxide are similar to those obtained with
barium hydroxide. The results obtained by the titration methods have
been compared in several different ways with data obtained by the neutral
salt extraction methods. A few typical results will be cited.
Samples of the natural clay sol were washed with neutral N solutions
of LiCl, NaCl, BaCl 2 and CaCl2 by decantation, using the centrifuge to
settle the flocculated clay, until the washings were practically neutral in
reaction. This required several weeks washing. The excess salts were
removed and aliquots of these "base saturated" clays titrated conductometrically with both barium hydroxide and sodium hydroxide. The
curves for the Ba-clay are shown in Fig. 5. The sodium hydroxide curve
shows no inflection point and would seem to indicate that the sample was
free from exchangeable hydrogen. Again the value obtained with barium
hydroxide seems high.
The percentage saturation of these different salt saturated colloids as
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indicated by the conductometric titration with sodium hydroxide are
shown in Table 1. These results indicate that very prolonged washing
with neutral barium chloride or calcium chloride will remove replaceable
hydrogen completely, but that sodium chloride and lithium chloride are
not as efficient. It has also been found that the acetates of calcium or
barium are much more efficient than the chlorides.
TABLE 1.—Degree of saturation in colloidal clay after prolonged leaching with
different normal neutral salt solutions
1 reatment
LiCl
NaCl
CaCl,
BaCl,

Residual replaceable hydrogen

Saturation
capacity

14.0
0.0
0
0

54.4
Do
Do
Do

Percent
saturation
74.1
82.3
100
100

If the conductometric titration with sodium chloride is a trustworthy
method of determining exchangeable hydrogen in clay sols it should be
possible to obtain their exchangeable base content by subtracting the
exchangeable hydrogen content of the natural sol from that of the hydrogen-saturated sol obtained by electrodialysis. Such titrations with
both sodium hydroxide and barium hydroxide are shown in Fig. 6. The
TABLE 2.—The saturation capacity of the Putnam Colloid determined by
different methods
Method
(1) Titration of electrodialyzed clay with
ILrelectrode and NaOH to p H 8.5
(2) Titration of electrodialyzed clay with
H 2 -electrode Ba(OH) 2 to p l l 7.0
(3) Titration of electrodialyzed clay by
conductivity method using NaOII
(4) Titration of electrodialyzed clay by
conductivity method using Ba(OH) 2
(5) (a) Titration of natural clay sol by
conductivity method with NaOH
(b) Total exchangeable bases by electrodialysis
(6) (a) Titration of colloid saturated with
Ba by BaCl treatment conductivity
method using NaOII
(b) Total exchangeable bases in Ba
saturated clay by electrodialysis.
(7) Clay salt with NH,C1 by method of
Kelley

Exchangeable
hydrogen

Exchangeable Saturation
bases
capacity

53.0-56.0

none

53-56

53.0-56

none

53-56

53.0-56

none

53-56

72.0-71)

none

72.0-76

29.0

50.0

53.0

53.0

52.3

52.0

19.0-22.0
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difference in endpoint between the sodium hydroxide curves A and B is
about 34 milliequivalents for the amount of exchangeable bases present.
Electrodialysis experiments give but 29 milliequivalents.
Data has been obtained for calculating the saturation capacity of this
colloidal clay by several different methods. A summary of these results is
given in Table 2.
CONCLUSIONS
An analysis of this table and of the data presented earlier in this paper
seems to justify the following conclusions:
(1) When acid soils are treated with bases, two rather distinct reactions
take place. First, the replaceable hydrogen is neutralized. This reaction
is practically complete in the case of the alkali earth bases at the neutral
point, in the case of the alkalis at pH 8.0 to 8.5. The endpoint of this
reaction can be located by either potentiometric or conductometric titrations. Second, as the solution becomes alkaline the colloidal material
begins to disintegrate with the formation of simpler silicates and aluminates which are soluble in the case of the alkalis bases and more insoluble
in the case of the alkali earth bases. Because of the much smaller combining weight of these compounds the capacity of a soil for absorbing
bases from strongly alkaline solutions seems almost infinite in comparison
with their capacity for ordinary exchange reactions with neutral salts.
(2) The inflection points on either conductometric or potentiometric
titration curves give values which seem to be identical within experimental
error with the results obtained with the neutral salt extraction methods.
(3) Conductometric titrations of colloidal clay with barium hydroxide
give more complex curves and unsatisfactory endpoints due apparently to
complications resulting from the formation of precipitates of silicates and
aluminates.
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THE INFLUENCE OE ACCELERATORS ON
SULFUR OXIDATION
T. F. MANNS

University of Delaware, U. S. A.
INTRODUCTION
We are indebted to Dr. J. B. Lipman and his associates for the great
impetus given the study of sulfur oxidation. Naturally the question foremost in our minds, is, Can sulfur oxidation, a biological process common to
all responsive soils, replace the present cumbersome and expensive acidulation
process in making the phosphorus of rock phosphate (tricalcium phosphate)
available to plants? To answer this question the factors of food supply,
temperature and soil reactions, and the influence of specific activators
upon sulfur oxidation must be determined. Lipman and his associates
have shown the importance of organic matter. Possibly this has been
over emphasized. Joffe1 has pointed out certain accelerators and paralyzers to the process.
All of our commercial biological processes of today are built upon definite food supply, accurate temperature range and specific accelerators
which speed the processes. The writer and his associates the past three
years have attempted to learn what specific activators influence the process of sulfur oxidation in compost and field practice. My associate,
Paul H. Mautz, cared for the composts and did the analytical work from
1924 to 1926 inclusive. Raymond Russell has assisted in routine chemical analysis. The gravimetric method of phosphorus determination has
been adhered to in spite of its slowness. Much of the work with activators has been carried out on muck composts; preliminary work showed
that a high grade muck was a very favorable medium for sulfur oxidation
studies. Much of the compost work was carried out in 4-gallon glazed
crocks with half inch opening at the bottom. The basic compost consisted of 6000 parts or g. of muck (air-dried containing about 50 per cent
moisture), 2000 parts or g. of tricalcium phosphate and G00 g. of inoculated
sulfur. The crocks held about 10,000 g., so all parts were weighed out in
grams. The activators were added directly to the sulfur-floats mixtures
in amounts from 0.1 of a per cent to 10 per cent or more. Our interests
centered about the present day fertilizers, including sources of nitrogen
and potash. We soon learned that nitrates, cyanamids and chlorides
(including Kainit) in excess of 1 per cent were at first strongly inhibitive
1

Mew Jersey Agr. Exp. Sta, Bul. 374, 1922.
Sf.9
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to sulfur oxidation; after several weeks the cyanamids and chlorides permitted some progress. The sulfates proved to be the strongest activators,
although several of the sulfates of the heavy metals were markedly toxic
in amounts less than 0.1 of a per cent, the most inhibitive being the sulfate
of mercury. The sulfates of copper, lead, tin and barium were active in
small amounts. The sulfates of cobalt, lithium, thorium and uranium
were toxic in amounts less than 0.1 of a per cent. Among the many
sulfates tried including cadmium, manganese, zinc, nickel, cobalt, lithium,
thorium, uranium, ferrous, ferric, potassium, sodium, ammonium, copper,
lead, barium, mercury and aluminum, the strongest activators were those
of potassium, ammonium, iron (ferrous), aluminum and magnesium.
The fact that ammonium and potassium sulfates may be used in amounts
to the extent of 10 per cent of the compost, with strong acceleration of
sulfur oxidation, makes it possible to produce a complete fertilizer of a
high grade with the nitrogen and potash available and with possibilities of
the sulfur oxidizing organisms supplying available phosphorus. Certain
organic sources of nitrogen including activated sludge and Peruvian
Guano may be used to several per cent with considerable stimulation to
sulfur oxidation. The writer has briefly reported on this work in Delaware Bui. 147, the 1926 Annual Report.
EXPERIMENTAL
Using a basic compost of 6000 g. of muck, 2000 g. of tricalcium phosphate and 600 g. of inoculated sulfur, the following summary (Table 1)
shows the influence of some of the sulfate activators.
In studying the work of the activators as given in Table 1, it is interesting to note that in some cases (see No. 19) an activator to the amount of
about 1 per cent may double the rate of sulfur oxidation, and such an
activator accomplished more in 3 weeks (38.4 per cent citrate-soluble)
than did the same compost in 12 weeks (37.4 per cent) without an activator. Increasing the activators to 5 per cent (see compost No. 42) including
the sulfates of potassium, ammonium, ferrous, aluminum and magnesium
(1 per cent of each) more than 50 per cent of the phosphorus was made
citrate-soluble in 3 weeks, about 60 per cent of which was water-soluble.
In all this work, those composts which made 20 per cent or more of the
phosphorus citrate-soluble had more than half of this phosphorus in a
water-soluble form.
The next question of importance is, what takes place when such activated composts are placed in the soil as by farm drills. Thin layers were
experimentally applied to soils as would be done by shoe drills or hoe
drills. The evidence indicated that sulfur oxidation was even more rapid
than in the composts. Table 2 shows the per cent of the phosphorus made
citrate-soluble in 12 weeks when varying amounts of the compost (compost No. 4 in Table 1 was used) is added to a soil.

MISCELLANEOUS PAPERS

871

TABLE I.—Influence of activators on sulfur oxidation in muck-rock phosphate,
sulfur composts

Amount and kind of activators added

Per cent of phosphorus
citrate-soluble in
3 weeks 6 weeks 12 weeks

1.
2.
3.'
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
Hi.
17.
IS.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
a

Muck and rock' phosphate—no sulfur
Muck, rock phosphate and sulfur
Ammonium sulfate
10 grams
Do
SO Do
Do
320 Do
Do
. 1280 Do
Potassium sulfate
10 Do
Do
80 Do
Do
320 Do
Do
640 Do
Do
1280 Do
Magnesium sulfate
SO Do
Ferrous sulfate
SO Do
Aluminum sulfate
SO Do
K>> 80, (NH,) 2 b
20 Do
K 80, Do
SO Do
K 80, Mg
20 Do
K 80, Do
80 Do
K 80, Fc
20 Do
K 80, Do
SO Do
K 80, Al
20 Do
K 80, Do
SO Do
K 80, (NH 4 ) 2 80, Mg
20 Do
K 80, Do 80, Do
80 Do
K 80,
Do 80, Fe
20 Do
K 80,
Do 80, Do
SO Do
K 80, Do 80, Al
20 Do
K 80, Do 80. Do
SO Do
K 80, Mg 20, Fe
20 Do
K 80, Do 80, Do
SO Do
K 80, Do 20, Al
20 Do
K 80, Do 80, Do
SO Do
K 80, Fe 20, Do
20 Do
K 80, Do 80, Do
80 Do
K 80, (NH,) 2 80, Mg 20, Fe 20 Do
K 80, Do 80, Do 80, Do 80 Do
K 80, Do 80, Do 20, Al 20 Do
K 80, Do 80, Do 80, Do 80 Do
K 80, Do 80, Fe 20, Do 20 Do
K 80,
Do 80, Do 80, Do 80 Do
K 80, Do 80, Mg.20, Fe 20 Do
K 80, Do 80, Do 80, Do 80, Al 80

9.7
17.7
23.5
26.5
21.3
14.9
22.5
35.5
34.4
27.1
26.3
33.2
27.7
34.4
31.5
34.3
27.8
32.1
38.4
38.4
34.3
42.2
42.0
39.9
43.0
43.4
40.9
46.9
36.3
38.5
35.2
40.1
34.7
38.3
40.1
41.1
41.1
45.5
42.4
48.4
42.7
51.7

9.9
28.9
33.7
41.1
42.3
13.9
40.7
41.7
43.5
46.6
34.0
34.7
36.0
41.2
40.9
38.6
38.7
38.3
40.9
38.6
41.2
45.0
42.1
40.4
50.1
43.3
45.0
49.2
41.2
42.7
43.0
45.2
49.8
49.8
42.1
42.6
43.4
47.0
45.8
51.0
42.5
51.1

10.0
37.4
37.7
44.3
44.9
8.7
43.5
46.9
61.5
53.0
54.6
45.6
47.4
52.5
46.5
49.3
46.0
47.6
49.3
46.5
48.0

In composts No. 3 to No. 42 these activators were added to the basic compost No. 2
b
above.
Abbreviated for sulfates of the elements indicated (15-42).
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TABLE 2.—Citrate-soluhlc phosphorus when compost No. 4 tras mixed with different
amounts of soil

1.
2.
3.
1.
5.
6.

Amount of soil

Amount of compost

1000
1332
1600
1778
1883
1000

1 (XX) parts
666 Do
400 Do
222 Do
117 Do
1000 Do
to which additional activator was added:—5 parts
of ferrous sulfate, 40
parts of ammonium sulfate and 40 parts of potassium sulfate

parts
Do
Do
Do
Do
Do

Per cent of Dhosnhorus
citrate-soluble in 12 weeks
84.04
77.7
68.9
65.4
52.3
94.7

Pot work with wheat indicates possibilities for these activators in making phosphorus available by the biological process of sulfur oxidation for
general farming. More experimental work is needed along these lines.

ON THE COLORIMETRIC MEASUREMENT OE
THE REACTION OF SOILS
S. KÜHN

Royal Hungarian Geological Survey, Budapest
The colorimetric measurement of the reaction (pH) of soils up till now
very often presented insurmountable difficulties, caused by the extremely
slow sedimentation or even the totally consistent state of the aqueous
suspension. An essentially more rapid and more perfect sedimentation
can be obtained by adding to the suspension (prepared with water or KC1)
barium sulfate ("pro Röntgen") in an amount 5 to 10 times greater than
the weight of the soil and shaking it well. The sedimentation starts
generally after 5 to 10 minutes with a well defined upper limit (eventually
on the top there accumulates a scum) which increases 1 to 2 cm. during
15 to 25 minutes. The clear part of the Huid is, in fact, nearly transparent
and colorless. Occasionally we meet soils, the sedimentation of which
proceeds more slowly, or occurs only upon addition of more barium sulfate. In particular cases even this method does not enable us to extract
the brown colloids entirely from the clear part of the fluid. Yet even in
this case the fluid is cleared so much, that with intensively colored indicators (as we are going to recommend) the determination of the color
can be carried out readily.
The guiding principle for the amount of the barium sulfate to use is
to add it to the well shaken mixture till the latter "turns white" enough.
To weigh the barium sulfate would be foolish, it is sufficient to add it
" a d oculos" into the test tube.
Another way of judging the amount of barium sulfate is to pour water
upon the soil in the test tube and to add it until it forms upon the soil
a layer about 3 times as high as the soil itself. After this shake the mixture
together and put it away for sedimentation.
Working with soils (containing no Na 2 C0 3 ) the pH value of which is
but very little or not at all changed by dilution, the measurement of the
soil and of the water can be simplified. In such cases—especially for fieldwork—use small test tubes with 8 mm. inner and 11 mm. external diameter and 15 cm. in length, with a rounded lower and a straight upper end.
Of course they must be made of colorless glass. Two circular marks are
applied, at the volumes of 0.7 cc. and 4.2 cc. The average specific gravity
of the soil being (especially if pulverized and dried in the air), inclusive
of the air contained among the small crumbs, about 1, there is no great
difference if we count instead of grams of weight cubic centimeters of
873
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volume. We fill the test tube to the lower mark (0.7 cc.) with soil (shaken
into it), pour distilled water on it to the upper mark ( = 3 . 5 cc. that is the
five-fold quantity of water), then we add barium sulfate to it, till the
above-mentioned three-fold height or perhaps more, drop in the necessary
quantity of indicator, shake the whole mixture well, and after sedimentation we determine from the color the observed pH value of the soil. Experience has shown that these tubes and this method yield, on the
whole, correct results (limit of exactness 0.5 pH).
The quantity of barium sulfate can be increased, but not till the consistency of the mixture becomes pulpy, because in the latter state practically no sedimentation is to be expected. By the use of a centrifuge,
sedimentation can, however, be brought about even in such cases.
Because of the barium sulfate more water is required than the 2.5fold quantity used generally for colorimetric work. In our experiments we
used the five-fold quantity of water (for instance 2 g. of soil and 10 cc. of
water) and this proportion was prescribed also for the alkali-soil investigations of our country. Further on it will be proved that in most cases
the alteration caused by a greater dilution is not appreciable.
In order to be able to judge the sedimenting capacity of barium sulfate
I ranged the soils from the point of view of their sedimentation in ordinary
suspension (with 5-fold water) into 5 groups. The soils were shaken in
the test tubes in the afternoon and the sedimentation observed next
morning. The classification can be made as follows:
(1) Totally clear sedimentation.
(2) Clear, part of the liquid opalescent.
(3) Suspension, sedimentation turbid.
(4) Turbidity very intensive, but near the meniscus there is a somewhat cleared part.
(5) Sedimentation, even near the meniscus, scarcely or not at all to
be observed.
After some practice we are able to judge also the interpolate classifications (2/3, 3/4, 4/5).
Perfect colorimetric observation is only possible with soils of the first
class of sedimentation and even there only after a rather long time of
sedimentation. Fair observations can be made with soils of the second
class. Roughly approximate determination of the shade of color is possible with the third class of soils, while in cases belonging to groups 4
and 5 no colorimetric observations can be made at all.
Using barium sulfate in the right manner, the first three groups allow,
after half an hour (in the highest case), perfect colorimetric determination
(During the alkali-soil investigations of our country such were 30-40
per cent of the cases). After half a day's sedimentation the fourth group
also entirely clears up. Even the soils of the fifth group settle in most
cases sufficiently to allow at least an approximate observation of the color.
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Sedimentation does not take place at all, if too much barium sulfate has
been used and the loamy soil attained with the barium sulfate a pulpy
consistence. In such cases a somewhat greater dilution helps.
The above mentioned results can, of course, be obtained only after
some practice in every case, because very much is dependent on the right
treatment with barium sulfate. Further addition of barium sulfate or
water requires a further space of time for sedimentation.
The radical sedimenting effect of barium sulfate can be ascribed, on
the one hand, to adsorption, on the other hand, to its mechanical filtering
capacity. In the suspension a descending filter is formed by the densely
placed, heavy particles of the barium sulfate, by which the suspended
soil particles become filtered.
The barium sulfate must not contain any soluble foreign material, a
requirement which barium sulfate "pro Röntgen" meets completely.
The barium sulfate alone, shaken together with water ought to give a
reaction about pH of 7.
If the barium sulfate should be contaminated with soluble neutral
salts, through an exchange of bases, a lower value could easily be obtained
than the right one. Using barium sulfate "pro Röntgen" there is no
fear of this danger. The solubility of barium sulfate itself is so small
(about 1/50,000 normal), that in practice it is not to be taken into
consideration.
Between pH of 4 and pH of 8.5 the "Universal Indicator" furnished
in dropping bottles and with a scale of colors, ready for use, by Merck, in
Darmstadt, proved to be the best. Using this indicator, only the judgment of the tint of the color is necessary. This judgment is—after some
practice, surely possible between the limits of 0.2 to 0.3 pH units. In
the case of alkaline reactions above pH of 8.5 separate indicators have
been used up till now, namely thymol blue (pH of 8 to 9.1G), phenolphthalein (8.2 to 10), thymolphthalein (9.3 to 10.5) and alizarin yellow
(10.1 to 12.1). According to our experiences great mistakes can be made,
when using separate indicators, on the one hand, because of their varying
concentration, on the other hand, by errors in the judgment of the intensity. Because of the remarkable adsorption of the soil and of the
barium sulfate it is very difficult to judge the concentration of the indicator. This inconvenience can only be overcome by the use of a complex
indicator, the tint of color of which is to a high degree independent of its
concentration.
If complex indicators are used, it can be supposed that the soil and the
barium sulfate in a partial and selective manner might adsorb only one
indicator, or the other. By this the tint of the color might be altered and
hence mistakes might result. Up till now, however, we did not observe
anything like that in a perceptible degree, except in suspensions prepared
with potassium chloride for the determination of the base-exchange-acidity.
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For the determination of alkaline reactions above 8.5 a new complex
indicator has been prepared in our laboratory, the description of which
will be published later.
Concerning the use of the indicator it has been proved by experience,
that it is better to mix and shake it at once together with the barium
sulfate and the soil, than to drop it in after the sedimentation, into the
clear part of the suspension. This method requires greater quantities of
indicator and is also connected with the danger of selective adsorption,
yet this must be employed, because the subsequent addition of the
indicator very often gave results falling 1 to 2 units below the correct ones.
Since this observation is systematically observed in soils containing
little quantities of soluble salts, the fact could be explained by the weakly
buffered condition of the soil. According to this explanation the pH
acidity of such weakly buffered soils would be altered already by the effect
of the normal weak acidity of the indicator, of course, in the direction of
its own reaction. That is the reason why we obtained, with our alkaline
soil solutions, always smaller values. In other words, the number expressing the reaction of the soil-solution is not stabilized enough to express the natural acidity of the indicator. In contradistinction to the
solution, the soil particles seem to be—perhaps because of the superficial
adsorption of the salts—better buffered and, therefore, able to conform
more effectively to the pH of the indicator, a fact which produces an alteration of the color. It is, therefore, necessary to shake the indicator well
together with the soil and that is also the reason why we would find different reaction values with the soil particles, with the filtrate, or even the
clear part of the suspension.
We made parallel experiments with the above-mentioned method and
the electrometric method on most different soils and attained the following
results:
It was in every case possible to observe the tint of the color quite
readily. The average time of the determination (working time) did not
exceed 2 to 5 minutes, all methods of measurements included.
The results of the electrometric and the colorimetric methods with a
few exceptions agreed within 0.5 pH units.
Our method seems to be more trustworthy than the electrometric one
because, when employing the latter, eventual defects of the apparatus,
the quinhydron-alteration, errors of calculation, etc., can cause mistakes,
which are hardly controllable, whereas the colorimetric method, though
not as exact, because of its extreme simplicity is more reliable. In all
cases, when greater differences had been found between the results of
parallel work with the two methods, it was always the electrometric one,
that should be corrected. The colorimetric method is essentially cheaper
than the electrometric one, and considering the very simple apparatus,
it is especially fit for field-work.
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SUMMARY
Description of the method of sedimentation with barium sulfate, which
renders it possible to prepare within a short time without filtering from
any soil a solution suitable for colorimetric observations.
Of the indicators, the complex ones proved to be best.
Notes and explanations concerning the use of the indicators within
the above mentioned method are given.
Parallel experiments with the colorimetric and electrometric methods
proved that our new method is the best in practice.

ON A METHOD OF CONTROLLING THE
AZOTOBACTER ACTIVITY IN SOILS
AND ITS IMPORTANCE
S. WlNOGRADSKI AND M M E . J . ZlEMIECKA

(Pasteur Institute, Paris, France)
The study of the Azotobacter activity in the soil and of the conditions
which influence it is yet at its very beginning.
For the purpose of this study a standard method was devised and used
during nearly 25 years, which consists in inoculating the Beijerinck's solution, to which carbonate of lime is added or not, with soil; only the dose of
the inoculum is varied, reaching, after the Remy-Löhnis method, 10 per
cent of the solution.
The use of this method allowed only to distinguish two categories of
soils, the one giving an Azotobacter culture, the other not. In the first
case, the presence of Azotobacter germs in the soil was proved, but not
their absence in the second, for the germs could well be present in the soil
and not develop in the solution culture.
It was found that the Azotobacter are generally absent in soils, whose
pH is less than 6,0 (Gainey), as also in soils lacking in lime (Christensen).
The importance of available phosphate for their development was also
pointed out by many investigators. A further advance in this direction
was not possible by means of the method used.
A second method (Christensen), based on a certain relation between the
power of soils to break down mannitol, and the fixation activity, was still
less suitable for the purpose, presenting a procedure too long and complicated for a repeated and rapid control, at any rate.
The importance of a rapid and sure method to compare the fixation activity of soils, correlative with the development of Azotobacter, is manifest, for only repeated and numerous tests will permit a clear insight
into the conditions which favor or hinder this activity.
As the senior author insisted elsewhere, a suitable method ought to give
means to determine not only the presence of specific germs, but also their
density and the state of their activity in the soil.
It is certain that a maximum density, giving proof of recent multiplication, can be considered as corresponding to an active condition of the
germs present in the soil, not less certain is it, that a minimum density is a
sign of their resting state. But the intermediate densities may be regarded as good ascending as a descending specific population curve.
To determine which of these is the case a special test is necessary, destined
878
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to indicate whether the natural medium may be considered as fertile to
its specific microflora.
The technique of a method answering to these claims is described in detail elsewhere by the senior author. The procedure comprises two operations :
(1) Culture on elective silica-jelly plates of 20 cm. in diameter, besown
with 1 g. of the soil sample, on dry basis.
(2) Cultures spontaneous or natural in or on the given sample itself,
kept in a stratum or kneaded in small plates, respectively.
As to the last manipulation, the tests with different samples have led the
authors to adapt the mode of preparation to the nature of the sample. In
the case of a heavy, plastic soil the old method is used with powdered
starch as energetic material. Whereas with light soils the starch is replaced by 0,5 per cent of mannitol, and to the mixture 20 per cent medical
washed kaoline powder (previously sterilized) is added, to increase its
plasticity.
This modification proved necessary by the fact that light sandy soils
are nearly lacking in anaerobic germs which rapidly transform the starch
into dextrine, so readily used by Azotobacter (Omeliansky), while the latter seem themselves incapable of developing on crude starch.
The quantity of 100-150 g. of sifted earth, additioned with starch or
mannitol respectively is divided into three portions, of which one, marked
O, is kneaded with distilled water, the second, Ca, with the same, but after
addition of 2-3 per cent of carbonate of lime, the third, P, with a one pro
mille solution of mono- and bibasic phosphate of sodium, giving a pH
equal to 7,0-7,1. If necessary a fourth plate with a potassium fertilizer
can be added to the set.
The tests are made with every soil, sampled and prepared lege artis, according to a plan, so devised as to be as simple as possible.
With every sample a couple of large silica-jelly plates and a set of small
earth plates are prepared simultaneously and incubated at 30°.
A count of the Azotobacter colonies on the silica-jelly plates is to be
made after 40 to 48 hours, not later. At nearly the same time the sets of
the small earth plates are to be examined. Samples with a maximum
density on the former, will produce on the latter innumerable small colonies.
These samples will not show any appreciable difference between the
three plates (O, Ca, P) of the set; which leads to the conclusion, that these
samples are well provided with necessary mineral nutrients.
With the samples showing less dense population there is, on the contrary, to be observed a marked, often even a striking, difference between
plate O, plate Ca, or P; the first being for instance quite devoid of
colonies, whereas the plate P (most frequently), or Ca, is crowded with
well formed colonies. In these cases the obvious conclusion will be that
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it is the deficiency of the respective mineral nutrient which is one of the
causes of hindered activity.
If no difference whatever is noticed, the densities being nevertheless
low, the limiting factor must be looked for elsewhere, namely in the data
for the treatment of the given soil.
As can be seen the tests are of a very simple nature and their execution
does not require more than 3-4 days.
What concerns fixation experiments with silica-jelly plates, as described
elsewhere, they can be used for the differentiation of soil only in taking
the factor time in consideration. The samples will then range nearly in
the same order as they do according to their densities, but without
proportionality, for the evident reason that rarely situated colonies on
plates arc much more vigorous in growth than densely seated ones. And
that is what makes the differentiation by means of fixation experiments
less reliable than the above described simple tests, and it therefore can
be easily dispensed with.
It is evident that a control of this kind cannot deal with absolute values
and that it can give no more than a comparison between samples of one
and the same region and the same type, the treatment of which must be
known for as long a period as possible. The sample showing the densest
population, correlated with the best fertility for the latter, will be taken
as standard; and the activities of the others, admitted proportional to
their densities, expressed in terms of percentage to the standard.
To illustrate the procedure, a series of tests is described, which were
made on a lot of ten soil samples, taken from the plots on the Experimental
Vineyard at Montpellier. We owe them to the kindness of Prof. Lagatu,
who sent them, aseptically collected and bearing only the numbers of the
plots without any indication about their treatment. The latter was
communicated to us only after the results of the tests were known.
The complete fertilizing mixture used on the soil, characterized as non
calcareous alpine deluvium consisted, per hectare, of:
Nitrogen 80 Kg., of which 50 per cent as dried blood, 25 per cent as
horn meal, 25 per cent as potassium nitrate.
Potassium 90 Kg., of which nearly 70 per cent as nitrate, nearly 30
per cent as sulfate.
Phosphoric acid 75 Kg.
This treatment was reduced, completed or modified on different plots,
as indicated in the first column of the table. The number of the plots are
disposed on it in the order of decrease of the fixation activity. The second
column shows the counts of the colonies on silica-jelly plates; the third,
the densities of the Azotobacter population in percentage to the standard;
the fourth, the indication of the earth plate of the set O-P-Ca, which
showed the best development, that is to say, the mineral limiting factor.
Finally, to complete the data, the net nitrogen gains of the respective
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silica-jelly plates are reported, after incubation of 96 hours, during which
time the standard sample completed the breaking down of 2 g. of
mannitol, leaving all the other samples behind. (Sec the above remarks
concerning the fixation test.)
Number of plots and
treatment

Counts on
silica-jelly

3. Potassium and phosph. acid
only
1. Check, no fertilizers

12,000
2,000

100
21

6. Complete mixture

:>00

4

8. Complete mixture nitrogen in
double dose

400

3.3

21. Mixture without phosph. acid

000

5

9. Mixture complete and lime

420

3.5

2. Mixture without potassium

360

3

12. Mixture complete and sulfate
of iron
16. Mixture complete but all nitrogen as ammonium sulfate
18. Mixture complete but all potassium as KC1.

Density in
per cent

Limiting
Nitrogen
factor
fixed
in mg.

1'

1>

Ca

170

1.4

Ca

CO

0.5

Ca

t

0

?

17.21
16.03
14.72
15.24
14.94
15.07
12.92
15.04
14.40
14.18
'12.75
10.98
10.73
( 10.34
6.29
7.00
1.72
1.18

As can be seen in the table, the results of the tests lead us to divide the
samples into three groups:
The first contains No. 3, which is the standard, and No. 4, which is of
considerably inferior activity, phosphoric acid being the limiting factor.
The second group is formed of samples 6, 8, 21, 2 and 9 of nearly equal
activity. In No. 21 phosphoric acid appears as the mineral limiting factor.
in No. 2 that factor is calcium. For the other three no such factor is to
be noted. In spite of that, the density in all the group is no higher than
5 per cent of the standard.
The third group marks, with the samples 12 and 16, a further decrease
in the specific population, which leads to its total disappearance in sample
18.
If, to find out the reason of so marked a difference in the activity of the
plots, we compare their treatment, the striking fact is immediately noted,
namely: the active samples are taken from the only two plots that did not
receive any nitrogenous fertilizers during six years. All the others, regularly manured with nitrogenous fertilizers of different kinds, have become
inactive, with the only difference between them that the germs, probably
in a resting state, are more numerous in six of them, while in the last two,
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the addition of physiologically acid salts has led to a nearly complete
dying out.
Among their numerous tests the authors have chosen the series from
Montpellier for the reason that it gives opportunity to point out the whole
importance of a biological factor, which regulates the activity of Azotobacter in soils and which is itself a function of the nitrogenous regime of
these soils.
It is known since the first researches on non-symbiotic fixation, that the
elective conditions for them are to be found in a certain amount of energetic carbonaceous matter, combined with a lack of available nitrogen.
The experiments with spontaneous cultures by the senior author are
especially instructive in that respect, for they faithfully reproduce the
biological condition of a natural soil. They have shown, that very small
doses of nitric nitrogen, added with mannitol, to the soil are sufficient to
eliminate completely the Azotobacter, replacing them with bacilli.
A set of experiments, yet unpublished, made with silica-jelly plates
enabled the authors to follow in all details this process of elimination of
Azotobacter as a consequence of their being overgrown by the bacilli, after
the addition of nitric nitrogen.
The indirect effect brought about by available nitrogen, so easy to prove
in laboratory experiments, led to the conclusion that it may be the same
play of microbial energies that ought to be considered as the auto-regulator of fixation activities in the soil. The Montpellier tests give us a
demonstration quite as decisive as the laboratory experiments.
The microbiological factor that is here in play has not been recognized
in previous observations, through the lack of a suitable method, yet it is a
factor of this kind that will decide if a soil, sufficiently provided with
organic and mineral nutrients, will be active or not.
If this paralyzing effect of nitrogenous manure on fixation will be observed in the majority of cultivated soils, a fact of considerable economic
importance will result, namely, that the expenses caused by manure will
be still augmented by the loss of the microbial nitrogen.
The logical idea comes to mind of a more rational nitrogen régime, based
on the exploitation of the natural synthesis, and it is clear that the first
thing to do in this direction is to establish a rapid and easy procedure
of controlling the activity of Azotobacter in soils.

THE DIVISION OF THE SOIL INTO FRACTIONS IN
MECHANICAL ANALYSIS *
G. W. ROBINSON

University College of North Wales, Bangor
INTRODUCTION
In reply to the circular of enquiry sent out by Dr. Novak in December,
1925, eighteen replies have been received, namely from:
Prof. Albert, Eberswalde, Germany
Prof. K. O. Björlykke, Aas, Norway
Dr. Bornebusch, Mollelangen, Springforbi, Denmark
Geological Institute, Copenhagen (Dr. V. Madsen)
Geological Institute, Leipzig (Dr. F. Hartel)
Geological Institute, Stockholm (Dr. G. Eckstrom)
Dr. D. J. Hissink, Groningen, Holland
Dr. A. F. Joseph, Khartoum, Sudan
Dr. Leiningen, Vienna, Austria
Dr. N. Liatsikas, Athens, Greece
Dr. A. N. Puri, Pusa, India
Prof. A. A. J. de'Sigmond, Budapest, Hungary
Spanish Branch of I. A. S. S. (Dr. Munoz et al)
Czechoslovakian Branch of I. A. S. S. (Prof. Kopecky)
Dr. O. Fauser, Stuttgart, Germany
Prof. Seiwerth, Zagreb, Jugoslavia
British Branch of I. A. S. S. (Dr. B. A. Keen)
Czechoslovakian Branch of Vlth Commission (Dr. R. Janota)
Prof. P. Kóttgen, Giessen, Germany
GROUPING OF SOIL FRACTIONS
There is an almost unanimous expression in favor of international
agreement on the grouping of soil fractions. It would seem that the subdivision of fractions is not generally desired except for the purpose of obtaining a compromise between different systems of particle-grouping. As
to the scale of fractions suitable for mechanical analysis, Albert, Björlykke,
Madsen, Hissink, Joseph, Lciningen and 'Sigmond are in favor of the well
known Atterberg scale with successive particle size limits 2—0.2—0,02—
1
Report of the Rothamsted Meeting of Commission I, received too late to include in
Proceedings.—EDITOR.
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0,002 mm. Eckstrom adopts the Atterberg scale, but with each principle
fraction subdivided, e. g., 0,2—0,06—0,02 mm. Liatsikas approves of
the Atterberg scale modified so as to give the successive limits 2—0,2—
0,1—0,05—0,02—0,002 mm. Kopecky, Janota, Seiwerth, and Fauser
propose a modification of the Schone scale with successive limits 2—0,1—
0,05—0,01—0,002 mm. Bornebusch proposes the successive limits
2—1,00—0,5—0,2—0,1—0,05—0,02—0,002 mm. The other workers including Puri, Munoz and Keen make no concrete; proposals.
With regard to the question of a normal apparatus, Albert, Puri,
Kopecky, Janota, Seiwerth, Hartel and Keen do not consider it necessary
or practicable. Björlykke and Leiningen favor the Atterberg cylinder
as a normal apparatus. Bornebusch favors the Schone apparatus whilst
Copenhagen recommends the Atterberg apparatus for the finer fractions
combined with the Orth and Schone Apparatus for the coarser fractions.
'Sigmond, Hissink, Joseph and Munoz favor a normal apparatus without
making specific recommendations.
DETERMINATIONS OF SOIL FRACTIONS
There are of course two main methods of performing mechanical
analysis, namely the elutriation method (Schlarm methode, Spulmethode)
in which use is made of currents of water of varying velocity, and the sedimentation and pipette methods in which the particles settle in a stationary
column of water. Both methods are in wide use, but whilst many workers prefer the elutriation method for fractions down to 0,01 or 0,05 mm.,
there is a general feeling in favor of the second group of methods for the
finer fractions. Albert, Bornebusch, Madsen, Hartel, Liatsikas and Munoz
emphasize the necessity for securing correspondence between hydraulicvalues in elutriation and settling velocity in sedimentation and pipette
methods. Madsen, Hartel, Puri, Keen, Kopecky, Janota, and Seiwerth
think that equivalence can be generally assumed. 1
Albert, Björlykke, Madsen, Hartel, Joseph, Leiningen, Puri, 'Sigmond,
Keen, and Munoz propose that sedimentation velocity should be taken
as the basis, whilst Liatsikas, Kopecky, Janota, and Seiwerth propose
hydraulic value as the basis.
DISCUSSION AND RECOMMENDATIONS
Before discussing those problems which form the main body of our
subject, I may venture to allude to one aspect which has not teen mentioned but which seems to merit consideration. I refer to the basis on
which mechanical analyses are reported. The most usual practice is to
show the whole of the soil as fractions dry at 100-105°, including in the
several fractions calcium carbonate and humus. In the co-operative
1

The first proposal in this direction was from Noitak.
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experiments on the pre-treatment of samples for analysis, the water
methods yielded this type of result. When, however, humus is destroyed
by hydrogen peroxide and calcium carbonate is removed by acid, then the
total of the fractions must be less than 100 and the calcium carbonate and
humus must be separately reported. In England we report calcium carbonate and volatile matter (including organic matter and water of constitution from clay) whilst the fractions are reported as ignited and carbonate-free. This matter is of equal importance with the question of
pretreatment and I would suggest the adoption of a uniform procedure.
The calciun carbonate and organic matter should, I think, be separately
reported, and the fractions should refer to humus-free and carbonatefree material only. I propose that this matter should be discussed and agreement obtained.
One of the principal difficulties facing the work of this commission is
the fact that different countries and different institutions have already
accumulated very large numbers of results by established methods. It is
hardly possible to propose the abandonment of these methods, which
have already given valuable results in practice. I think that any proposals which we make should be directed towards securing that that the
results already obtained, shall be convertible to an agreed scale which
shall be generally used for analyses intended for international publication. The difficulty can be met and a basis of comparison obtained if we
•proceed from the basis of settling velocities or hydraulic values, and I think we
shall make no great error in assuming them equivalent. Personally, I prefer
settling velocity as the criterion. Our first step should be to settle on an
agreed relationship between sedimentation or elutriation velocity and particle
size. I think equivalent velocities should be set out for the coarser particles separated by sieving. The tables should be compiled for a standard
temperature, e.g., 20°, so that when analyses are conducted at other
temperatures appropriate corrections may be applied for variations in
the viscosity of water.
The following table from the report of the Czechoslovakian branch of
the I. A. S. S. might serve as a basis for discussion:
Less than 0,002
0,002-0,01
0,01 -0,05
0,05 -0,2

mm.
mm.
mm.
mm.

0.00035
0.02
0.2
2.0

cm./sec.
cm./sec.
cm./sec.
cm./sec.

It might be better to modify the table on the assumption that Stokes'
Law holds good. I therefore propose that a small subcommittee should be
appointed to draw up a scale of correspondence between velocities and particle
sizes at different temperatures.
If mechanical analyses are expressed using velocity as the basis of
separating the fractions, it becomes possible to transpose results readily
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from one scale to another by means of mechanical composition curves.
I give some examples of such curves on the accompanying diagram.
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For convenience I have calculated all the results so that the fractions
add up to 100. Each experimental point on a curve shows the percentage
of particles having a settling velocity less than the amount indicated by
the corresponding abscissa expressed as a logarithm. For example, on
curve A, representing a heavy clay we have 69 per cent of material with
settling velocity less than 0,0001 cm./sec. (log. V = 4, 0) By means of the
pipette method it is possible to draw curves with a large number of experi• mental points. The curves obtained are generally very smooth and of
characteristic form. For materials of uniform origin they are generally
sigmoid in type. Mixed materials give curves such as C which is apparently composed of two curves.
The character of these curves shows the possibility of transferring
results from one scale to another by interpolation and extrapolation.
For example a certain clay soil was analysed on the British scale and also
separately on the Atterberg scale. From the curve obtained by the
.British scale the Atterberg results were obtained by interpolation and

MISCELLANEOUS PAPERS

ssr

vice versa, extrapolating for the lowest limit on the British scale which
falls below the lowest limit on the Atterberg scale.
The results are shown below.
Atterberg Scale
Calculated from British

British Scale
Actually
found

1.
2.
3.
4.

44.0
22.5
21.0
0.0

45.0
20.8
21.2
0.0

Volatile matter

12.5

13.0

Calculated from Atterberg
1.
2.
3.
4.
5.
Volatile matter

38.3
23.5
11.5
13.7
0.0
13.0

Found
37.3
24.7
12.7
12.6 '
0.0
12.7

It will be seen that the agreement between the calculated values and
those directly obtained is exceedingly good and I have several similar
instances. If this can be generally assumed, I see no reason for any
country or institution to make any change in the velocities used, provided
they are well distributed throughout the range. For the purpose of international communications, the results obtained by the local or national scale
could be readily transferred to an agreed international scale. I have no
decided opinion as to the scale to be adopted, but the British scale has
the advantage that the velocities are simple fractions, namely, 0,1-0,010,0001 cm./sec.
To sum up, I think that it would be impracticable and unnecessary to impose an international scale to supersede the scales already in use. I would
rather propose a scale based on velocities as a supplement for international
comparative purposes, to which the results obtained by the scales already in
use could be readily transferred by interpolation as shown above. I would
also direct attention to the value of mechanical composition curves for the
characterization of soils.

RUSSIAN PEDOLOGY IN AGRICULTURAL
EXPERIMENTAL WORK
N. M. TULAIKOV

Leningrad, U. S. S. R.
INTRODUCTION
Agricultural Experimental Work, as a special branch of agricultural
investigation, has at present assumed a perfectly definite, though by no
means uniform, aspect in different countries.
In order fully to appreciate the great importance of agricultural experimental work in the progress of agriculture in various countries, it is
sufficient to recall the world wide fame of the Rothamsted Experimental
Station, the work of agricultural experimental stations in Germany, which
has become classic, the extremely varied accomplishments of the American
experimental investigations, and lastly, though as yet little known in other
countries, the advances made in that branch of the science, especially for
researches in the field, by the experimental institutions of our Soviet Union.
As regards the importance of soil science for experimental research, mostinformation may be obtained from the records of those countries, where
the greatest attention is paid to field work, or, in other words, to the study
of the soil, as one of the principal factors in the production of field crops.
To such countries primarily belong: England, the United States of America, and the U. S. S. R. In every one of these countries experimental
work, although differing in particulars, is esssentially the same. We shall
later attempt to give in outline an account of the great importance that is
attached to soil science by agricultural experimental work in the Soviet
Union. That this importance of soil science in that work is especially
great in the U. S. S. R. is possibly due to such a tendency having first
arisen in that country, a tendency which is now being followed by nearly
every other country.
Towards such a result must have undoubtedly contributed the fact that
the greater number and the oldest of the agricultural experimental institutions in our country had principally devoted their work to field research,
and had therefore always been in touch with the soil, as the fundamental
agent in the production of field crops.
This continual contact with the soil and the clearly revealed dependence
upon it of the experimentalist's success, have unconsciously induced him
long since to fix his attention on the importance of the soil in the production of crops, whereby the soil has gradually become as independent an
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object of investigation as climate, methods of culture, or even cultivated
plants themselves.
I. ON T H E DEVELOPMENT OF OPINIONS REGARDING T H E
SOIL AND T H E NECESSITY OF ITS INVESTIGATION
FOR E X P E R I M E N T A L PURPOSES
One of the first attempts in experimental work in Russia was directly
connected with soils. Soon after the emancipation of the peasants in the
sixties of the last century the Free Economical Society entrusted to
D. I. Mendeleev, since famous as a chemist, the conduct of experiments
on the influence of fertilizers on the crops of various cultivated plants in
different parts of European Russia. However, these experiments did not
last long. They were applied to very different soils near Petersburg
(now Leningrad), Moscow and Simbirsk (now Ulianovsk), and we consider that their chief positive value consisted in the inference reached by
their organizer, D. I. Mendeleev, according to whom the failure of mineral
fertilizers, fully demonstrated by these experiments, may be explained
by their having been summarily applied to different soils which were,
moreover, entirely unknown to those who conducted these experiments.
The necessity of a perfect acquaintance with the soil in order to obtain
successful results had thus been very definitely manifested.
But the science of soils, in the present Russian sense of that term, did
not then exist, and it may possibly be said without much exaggeration
that these very unsatisfactory experiments with fertilizers gave an impetus to the rise of that science, and were a stepping stone to the work
of Prof. V. V. Dokuchaiev, the creator of Russian pedology. Soon after,
the experiments with fertilizers ceased, and the Free Economical Society
proposed to one of its members, V. V. Dokuchaiev, to undertake researches
on chernozem, and the work on Russian chernozem, since become classic,
published soon after, was their result.
Later, however, Russian agricultural experimental work developed in a
considerable measure independently of the influence of Russian soil
science. Experimental institutions, mostly for field experiments, were
founded by the Zemstvos, by private individuals, and even by the Government, somewhat fitfully, without any preconcerted general plan, and
totally ignoring the importance of the soil factor.
It was but many years later that Prof. P. A. Kostychev, then Director of
the Department of Agriculture, endeavored to introduce more uniformity
in the organization of agricultural experimental work, and to establish a
whole network of well equipped experimental institutions to be founded in
such districts of European Russia as may be typical in their natural
conditions. Unfortunately, his plan was only partly realized, and of the
stations organized by Prof. Kostychev there now remain but the Engelhardt Agricultural Experimental Station on podzolised loams of the boul-
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der type in the government of Smolensk, the Shatilov Experimental
Station on degraded chernozems in the government of Tula, and the
Kostychev Station on a complex of brown and alkaline soils in the German
Republic on the Volga, formerly the district of Novouzensk of the government of Samara. The Turkestan Experimental Station on serozems,
near Tashkent, is not here taken into consideration, as it is now being
utilized for horticultural purposes. The organization of agricultural
experimental institutions on typical chernozem and other characteristic
soils was not carried out.
The number of agricultural experimental institutions in this country
has considerably increased with the beginning of the present century.
Their growth was still more noticeable in the last years before the Great
War. Rut still the part taken by pedologists in the choice of suitable
places for agricultural experimental institutions was by no means universal during this period, neither can their share in the subsequent work
of these institutions be deemed to have been in any way adequate to the
purpose.
Towards this time, however, experimentalists began to realize the
necessity of a detailed acquaintance, first with the soil of their own institution, and then with that of the whole surrounding territory with a view
to be able to form an opinion on the district, to which the results of their
experiments on definite soil types could be applied.
The first Russian agricultural experimental station, where the soil had
been investigated with sufficient accuracy before the institution of properly
conducted experiments, was probably Kostychev's Experimental Station,
situated in the former district of Novouzensk of the government of Samara, now the German Republic on the Volga. It should be noted that
the first Director of this agricultural station, the agronomist V. S. Bogdan,
commenced his work in 189Ö by studying the natural conditions of the
territory of that station itself, and of the surrounding region. It would
be advisable here to quote some lines from the first chapter of the report
of the Kostychev Experimental Station written by himself.1
"The necessity of such a study (of natural conditions. N. T.) is obvious,
especially to the experimentalist himself. Without knowing exactly all
t he conditions of the field cultivation of any one plant, it will be impossible
to indicate the causes and to explain the phenomena observed in the fields,
whereas every experiment with any pretence to be scientific must be
accounted for, i.e., the causal relation between its conditions and the final
result must be shown.
But besides this, it is not without importance to the experimentalist
1
Report of the Valuiki Experimental Station, year 1895-1896, I—II, p. 2. Published by the Department of Agriculture in 1900 (bibliographical rarity) [Russian]. The
Valuiki Station of that time being now a land improvement experimental station is now
called: The Kostychev Agricultural Experimental Station.
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and to the farmer, in their desire to test any method of cultivation
adopted at the Agricultural Experimental Station, to know the conditions,
wherein the method is applied, with a view to put it to the test before its
final adoption.
As a matter of course, the territory of the experimental field must be
studied first, and such investigation should be extended as much as possible
over the whole surrounding region. It would, of course, be most advisable
to complete the investigation of the experimental plots before proceeding
with experiments in the field. The experimentalist, however, should nol
be satisfied with such investigations, as but few factors, such as the topography of the locality, remain almost if not absolutely immutable, most
being subject to many changes due to the nature of things, as well as to
the mighty intervention of man: the character of the soil changes under
the influence of cultivation, of the growth of wild and cultivated plants, of
irrigation, etc.; the moisture of the soil, its composition, and the level of
ground-waters, depend upon the weather, methods of cultivation, etc.
The explanation of the causes and character of these changes is just as
important as the fundamental investigation of the locality in the indicated
direction. All these considerations only tend to support the opinion expressed at the beginning of the chapter that the "study of local natural
conditions must be the constant aim of the Regional Agricultural Experimental Station" (the words in italics are mine. N. T.).
The opinions of V. S. Bogdan, expressed more than 30 years ago, are
now binding for every one, even for the youngest of the beginners in
experimental work, to whom they are being expounded from the professor's chair. But at that time these thoughts were new, and V. S. Bogdan
can justly be considered the first Russian naturalist, who had paid so
much attention to the study of natural conditions in general, and of those
of the soil of Valuiki (now Kostychev) Experimental Station, in particular.
On the basis of a detailed study of the vegetation of the Kostychev
District Experimental Station, at that time almost untouched by culture,
V. S. Bogdan compiled a soil map of the steppe-district of that station, on
which are recognized light-chestnut alkaline soils, soils transitional to
chestnut and to black colored soils. Unfortunately, more detailed
reports of the Kostychev Agricultural Experimental Station, during the
time of V. S. Bogdan's work, as also records of laboratory investigations
of types and sub-types of soils determined, have not been published. This
is especially to be regretted, since with the assistance of artificial irrigation
it would have been very easy to trace the gradual modification of the soil
under the influence of the superfluous water introduced by man, and of the
alterations occasioned thereby in the water system, as also of other properties of soil and subsoil. The soils of the Kostychev Agricultural Experimental Station were subsequently studied in detail by the pedologists
L. L. Nozhin and I. L. Shcheglov. A diagrammatic soil map of the terri-
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tory of the station was used by its author for the institution of a set of
experiments, and various parts of the experimental field, differing from
one another as regards the soil, were assigned for corresponding cultures
and experiments.
At about the same time G. F. Nefedov, whose method, however, was
not adopted later, was studying the soils of the Shatilov Experimental
Station, and of the neighbouring Novosilski district.
We are unable here to follow the gradual growth and recognition of
V. S. Bogdan's ideas. We shall only endeavor to note the more prominent stages of their expression in Russian agricultural experimental work.
It was under the immediate influence of V. S. Bogdan that the idea of
the absolute necessity of a detailed preliminary study of the soil, before
the establishment of an experimental field, was acted upon in a district
still more typical as to climate and soil, when, in 1907, the Temir Experimental Field was organized by S. K. Chaianov in the government of
Turgaisk, now that of Aktubinsk in Kazakstan.
The district for the Experimental Field being selected, the place underwent a minute soil investigation in the spring and summer of 1907, and
the Director of the Experimental Field, S. K. Chaianov, spent the winter
in analyzing the samples of soil collected during the investigation of the
territory of the future experimental field.
In the first report of the Temir Experimental Field (1907-1908), the
chapter concerning soils of the Experimental Field occupies the most
prominent place. The soils are very circumstantially described, and the
data of chemical analyses, a detailed classification and a list of the wild
plants, as well as of weeds collected on the territory of the Experimental
Field, are attached to the report.
Subsequently, this same Chaianov, since 1910 Director of the Experimental Station newly founded by the Zemstvo of Voronezh, as also of a
whole network of experimental fields, organized exceptionally detailed and
varied investigations of the natural conditions of the government of
Voronezh, undertaken for the first time for the benefit of experimental
work; he had the opportunity to enlist in this work the services of the
most competent men in every branch of science.
"Although the chief object of the work was an acquaintance with the
natural conditions of the region with a view to its subdivision into physicogeographical districts for the benefit of experimental work only (the words
in italics are mine. N. T.), the investigations of the natural conditions of
the government of Voronezh, undertaken by the Zemstvo of Voronezh,
were carried through in such a way that they could be of equal use for
all kinds of purposes connected with agriculture, valuation of land,
etc. . . ."»
1
S. K. Chaianov. Investigation of the natural conditions of the government of
Voronezh in 1911-1915, Voronezh, 1916 [Russian].
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In this report on experimental work to the Regional Commission in
Voronezh, in December 1913, S. K. Chaianov gives a short account of the
investigations illustrating the alterations of the soil under the influence
of man (the types of soils are indicated according to Tumin), and a scheme
of soil-investigations, which had been made and were to be made in
future on the Voronezh Experimental Field, organised by him in 1911.
This work,1 and especially the subsequent work of S. K. Chaianov and
S. S. Mishchenko "Methods of Soil and Botanical Investigations conducted
on the Voronezh Experimental Field," Voronezh, 1915, give for the time
a particularly detailed scheme of soil investigations on the territory of the
field mentioned, and especially emphasize the necessity of a comparative
study of the changes occurring in soils in relation to time, as also the
effects of definite methods of culture.
The importance of agricultural experimental institutions in the study
of the natural conditions of agriculture in any given locality was discussed
at the Conference on Experimental Work, held in Petersburg in February
1913 (see: "Transactions" of the Conference, 1913, 3 vols., and "Resolutions" of the Conference, published by the Department of Agriculture in
1914). Two questions among others were submitted for deliberation
to the members of this Conference: (1) What data relating to the natural
conditions of the country should lie at the base of any scheme for the
distribution of a network of experimental institutions, and: (2) The
determination of the place occupied by agricultural experimental stations
in the study of the natural conditions in relation to the agriculture of
a given locality. Some of the conclusions of a special Committee appointed for systematizing the reports presented to the Conference, as
also of the General Meeting of the Conference, are of essential importance:
(1) " A preliminary investigation of the local natural conditions regarding the soils, vegetation, and climate, must be deemed compulsory
for a rational organization of a network of agricultural experimental
institutions.
(6) With a view to a proper development of agricultural experimental
work, this preliminary research should be carried out thoroughly and
with the greatest possible minuteness.
(7) A detailed study of the local natural conditions, carried out in
close connection with local needs and primarily having as its object the
investigation of the dynamics of these conditions, particularly with
regard to the activity of man, should form one of the principal problems
of experimental work." 2
One of the subsequent conclusions of the Conference indicates the
1
Contributions to experimental agricultural work carried out in the government of
Voronezh, No. 2, pp. 14-24 [Russian],
'-' See: Resolutions of the Conference on Experimental Agricultural Work, 1913, Petrograd, 1914, pp. 8-9. Published by the Department of Agriculture [Russian].
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necessity of organizing special sections for this purpose, to which could
be entrusted the task of systematizing such investigations, relating to
the country surrounding the station.
As a consequence of several local meetings and conferences in different
parts of Russia at that time, and as a result of the above mentioned
conclusions of the Conference, special sections of soil science were organized in every newly opened regional agricultural experimental station.
These pedological sections were entrusted with the investigation of the
soils of the region in general, and of the station in particular, with reference
to the dynamical processes caused by the intervention of man in various
forms. A detailed soil investigation of the same character was at the
same time organized, where possible, at stations previously opened.
It must, however, be stated that the consummation of this scheme, so
important in regard to agricultural experimental work, met with many
obstacles. First of all, with the commencement in 1914 of the war with
Germany, the growth of appropriations for agricultural experimental
work ceased, which had the most unfavorable effects on its development
in general, and on the progress of pedological research, in particular.
The training of new workers in this branch of science was suspended,
and pedological work at experimental stations was stopped for a long
time.
The importance of such a creating genius of Russian soil science, as
was V. V. Dokuchaiev, in the history of the importance of pedology in
the agricultural experimental work of this country was not limited to
what has been mentioned above. The name of V. V. Dokuchaiev is
connected with the work of the Agricultural Experimental Station of
Kamennaya-Steppe in the government of Voronezh (now Dokuchaiev's
Kamenno-Steppe Agricultural Experimental Station). The work of the
Permanent Expedition of the Forest Department which, under the direction of V. V. Dokuchaiev, had particularly developed after the famine
of 1891, famous for its consequences, had to be considerably reduced
within a relatively short time, and there remained only a series of experimental forestry stations, of which that of the Kamennaya-Steppe in the
district of Bobrov of the government of VoronezTi was one. The study of
the climate, soils and vegetation of the steppes, and the discovery of the
means for struggling with the periodical droughts of the steppe district
of our country being the object of the Expedition under Dokuchaiev, the
Department of Agriculture, after the cessation of that Expedition's work,
repeatedly attempted to constitute that service anew. After many
attempts, the matter was finally satisfactorily settled in the organization
of such a Forestry Station by the former Scientific Committee of the
Department of Agriculture in March 1911, and in the following June
obtained official sanction.
The fundamental program of the work of this Experimental Station
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has been formulated by the Scientific Committee» of the Depart ment of
Agriculture as follows:1
(1) Study of local natural conditions as regards the soil, climate,
vegetation, and fauna (in their interdependence).
(2) Investigation of the dependence of the water regime upon different
conditions and methods of culture.
(3) A close investigation of the influence of the zone of protection
upon the water régime and upon the growth of cultivated plants as
effected by the different methods of tending plants and cultivating the
soil.
(4) Investigation of other means of accumulating and preserving
moisture in the soil.
(5) Investigation of virgin soil and its vegetation, and of fallow land
of different ages.
In the section of the program under the title "Soil investigations,"
the following objects closely connected not only one with the other, but
with other purposes of the agricultural experimental station, are indicated :
(1) Investigation and description of the statics of the soil covering
of the experimental station's territory for the determination and study of
the different soil species.
(2) Investigation of the life of soils as affected by position, character,
vegetation (steppe or forest), intervention of man and animals:
(a) The influence of the micro- and macro-relief of the land.
(b) The importance of the age of fallow, the renewal of the structure, and the changes in the physical properties of the soil and in the
accumulation of organic matter in the soil
(c) The influence of forest-growth on the composition of chernozem and its properties.
(d) The influence of a lasting culture of certain agricultural
plants on soils.
(e) The part of fertilizers in the process of the renewal of the
fertility of chernozem in connection with the alterations in its
stiweture and physical properties.
(f) The effect caused by burrowing steppe animals in the process
of soil formation.
(3) Study of the processes of the circulation of soil solutions and of
leaching as a means of revealing the origin of chernozem in its primitive
stages, under cultivation and other conditions.
1

Transactions of the Dokuchaiev's Kamenno-Steppe Agricultural Experimental
Station, 1914, vol. I, pp. 18, and following. Published by the Department of Agriculture
[Russian.1
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(a) The depth of the horizon of effervescence as affected by
the relief, tillage, and the presence of steppe or wood vegetation.
(b) The presence and quantity of salts in different horizons of
chernozem.
(c) The quantity of salts in chernozem as affected by the level
of the water-table and of atmospheric precipitation.
(d) The quantity of salts in flood-waters, pools and groundwaters. " '
From this program may be seen a clearly defined tendency of investigating the soils by means of stationary methods, and of closely observing
all the alterations in soils, caused by the diversified activity of man and
natural processes.
II. P R E S E N T CONDITIONS OF WORK
In Russian experimental institutions soil work exhibits continual
growth, but as yet it has not progressed quite so much as might have
been expected, if the long acknowledged importance of pedology in agricultural experimental work and the present condition of soil science in
the Soviet Union be taken in consideration.
It must be noted that in some governments of European Russia,
before the war, soil investigations were partly begun and even accomplished with a view to institute a division of the territory of these governments into districts for the proper distribution of agricultural experimental
institutions. The government of Tambov is an example in point, since
very circumstantial soil investigations were carried out there for the
benefit of agricultural experimental work. But, unfortunately, the work
in this government was not conducted in accordance with such investigations. The second government, where detailed soil investigations
were executed, was that of Moscow (before and after the war and Revolution). The agricultural experimental institutions of that government
were mostly established in districts, where soil properties were clearly
defined, being fairly typical of extensive physico-geographical and economical districts of the government.
Although, whenever general schemes for the organization of regional
experimental stations throughout the Union were under discussion, it
was invariably resolved to institute a special soil section at every newly
established experimental station, yet in actual practice this decision was
far from universally carried out. When the program of the agricultural
experimental stations work was under discussion many opinions generally
arose, but full agreement was reached on but two more or less definite principles, which served as a basis for the program of these soil
1
Transactions of Dokuchaiev Kamenno-Steppe Agricultural Experimental Station,
1914, vol. I. pp. 20-21 [Russian].
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or pedological sections. These were the study of soil types of the station
district and the investigation of the dynamical processes occurring therein.
The course of the deliberations on the organization of a pedological
section at the Moscow Regional Agricultural Experimental Station in
1912 can best be followed in the literature on the subject. The Committee, founded for the purpose, decided that: " T h e general object of the
pedological section at a district agricultural experimental station is the
thorough study of the soils of the region of that station in their natural
state, in connection with the conditions of relief, the geological nature of
the subsoil, etc., by means of stationary methods and laboratory investigations, and the determination of every kind of process of change
and transformation in the soil, occurring under the influence of natural
and artificial factors, as also as detailed a study as possible of the properties of the mineral, as well as organic ingredients of the different soil
types of the district, and of their mechanical varieties." l
In compiling a general plan for the pedological section, the above
named special Committee decided: (a) that in the first place attention
should be drawn to investigations of all types of soils as regards their
deposition, with a view to ascertain in detail their origin and geographical
distribution; (b) a study of the dynamics of physical, chemical, microbiological and biological soil processes, as also of the influence of the latter
on the morphology of soils, in their relation to
(1) virgin soils,
or soils as affected:
(2) by different methods of mechanical treatment,
(3) by different kinds of manure, acting directly or indirectly,
(4) by different methods of improvement, radically altering the natural
conditions of the life of soils.2
But the organization of pedological work at the Moscow Regional
Agricultural Experimental Station could only be proceeded with in 1918.
when Prof. V. V. Hemmerling was invited as consulting specialist. His
work began in a detailed investigation of the nature of the soil covering
of the station's territory, and by determining by means of a series of
lysimeters the balance of moisture in every natural soil horizon, its
circulation in these horizons, and the removal of different chemical
compounds from one horizon to another of the soil solutions. Great
attention was paid in the subsequent work of the section to the question
of soil moisture: the moisture in podzolised soils was investigated here
with an utmost fullness. The question of the distribution of the root
system of different plants in different horizons of podzolised soils was
likewise made a subject of research.
1
Contributions to the study of experimental work in the government of Moscow, 1912,
Moscow, vol. 3, p. 10.'?. Published by the Zomstvo [Russian].
- Ibidem, p. 10:!.
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The work of this section is the oldest and the most thorough of any
conducted at leading agricultural experimental stations.
Notwithstanding the duration (if but only formally) for quite a long
period of pedological work at the Saratov Regional Agricultural Experimental Station, constituting now an integrant part of the general work
of the Field Experimental Section, it was only lately, that that work has
acquired a definite shape. It is also but now that the soil section of the
North-Western Regional Agricultural Experimental Station, under the
direction of Prof. S. P. Kravkov, has begun to assume the same character
of thoroughness.
Unfortunately, stationary investigations of soils, as well as the study
of the processes occurring therein, carried out in special pedological sections at other experimental stations by experienced pedologists, are but
imperfectly known to us. It seems that at present such special sections
have not yet been organized at most agricultural experimental stations
of the regional type, although investigations of the dynamics of soil
processes are made at every station that is provided with a sufficiently
well equipped laboratory.
At the present moment the Experimental Field of the Timiriazev
Agricultural Academy under the direction of Prof. A. G. Doiarenko, a
specialist in agricultural chemistry, occupies quite an exceptional position
in this respect. The researches in agricultural physics and chemistry,
undertaken by Prof. A. G. Doiarenko ever since the war and Revolution
at the Experimental Fields of the Timiriazev Academy, are now recognized as particularly valuable by all Russian specialists.
Acknowledging the present demands of agricultural science in regard
to technical methods of field cultivation as being based upon scientific
knowledge, Prof. A. G. Doiarenko has ever since 1911 put forward, as one
of the main objects of research at the Experimental Field of the Timiriazev
(ex Petrovsk) Academy, theoretical investigation and rationalization of
methods of culture "as being characterized by the latter, affecting in one
way or another all factors of the life of cultivated plants and of their yield,
in so far as these are subject to such influences in field conditions." 1
While studying the question of the yield of various crops on different
plots of the experimental field under different conditions of culture and
treatment, Prof. A. G. Doiarenko includes within the sphere of this
work likewise the dynamics of soil processes and the life of the soil itself,
as a medium for the development of cultivated plants. The following
elements enumerated in the above-quoted paper of this author, are included in his program for the study of the influence of different methods
in the cultivation of the soil:
1

A. G. Doiarenko. On the connection between soil tilth and the principal factors of
the life of plants. Selected Works and Papers, in 2 vols., Moscow, 1926, vol. I, p. 147.
Published by the Moscow Regional Land Department [Russian],
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(A) Water.
(1) Soil moisture, changes to which it is subject in point of time,
and its distribution in the turf layer of the soil.
(2) Evaporation of soil moisture.
(3) Water permeability of soils.
(4) Condensation of water-vapor in soils.
(5) Freezing and thawing of soils.
(B) Air.
(1) Air contents in soils and its composition.
(2) Air permeability of soils.
(3) Interchange of gases between soil and atmosphere.
(4) Absorption and discharge of gases by soil.
(5) Mobilization of carbonic acid in soil, soil solutions, soil air
and that of the atmospheric layer in contact with the earth's
surface.
(C) Constitution of soils.
(1) Porosity of soils.
(2) Soil texture, as representing the coordination between capillary
and non-capillary porosity.
(3) Capillary and non-capillary aeration.
(4) Tenacity of soils.
(D) Nutrition.
(1) Accumulation of assimilable nitrogen in soils by moans of
cultivation.
(2) Transformation of the different forms of nitrogen.
(3) Mobilization of other nutritive substances in soils.
(4) Soil solutions.
(5) Osmotic pressure of soil solution.
(6) Its concentration.
(7) Grade of electrolytic dissociation.
(8) Concentration of the H-ions.
(E)
(F)
(G)
(H)

Transformation of organic substances in soils.
Microbiological activity in soils.
Fouling of fields by weeds.
Yield.

As a result of his numerous works, many of which have at present been
published by himself or his followers, A. G. Doiarenko comes to the following conclusion as to the influence of soil culture upon the main factors
of the life of plants and soils.
"Cultivation," says he, "while building the structure of the soil, regulates the behavior of air and water, insures the need of soil in water and
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air, as also its microbiological activity in the requisite direction. The
activity of microorganisms contributes to the decomposition of organic
matter, and thus forms assimilable elements for plants, as also the
physico-chemical properties of the medium, creating thereby the nutritive
principles of soils. Besides, the intermediate forms of organic matter,
continually arising, as also the colloidal components of soils, insure a
stable constitution to soils, while securing the continuity in the above
mentioned interactions in soils.'' 1
In consequence of a subsequent study of the above stated questions,
Prof. A. G. Doiarenko pointed out a series of new questions on soil life
for experimental field and laboratory research; these questions offer no
less interest and importance towards the explanation of soil processes and
of their influence on soil fertility. We mention some of these questions as
follows:
(1) Absorption of the gases by the soil as supplementing the air régime
of the soil.
(2) Different forms of carbonic acid in soils as a mobile system of
interrelation between the various states it assumes: as free gas or as gas
absorbed, dissolved, loosely or more closely combined with the soil.
(3) Atmospheric carbonic acid in contact with the soil surface.
(4) The respiration of soils, as creating an electrical field around plants
in connection with the radioactivity of soil air.
(5) Soil ferments and the dynamics of their activity under the influence
of cultivation. 2
The enumeration alone of these works shows what a wide scope soil
investigations on the Timiriazev Academy's Fields have covered. We.
experimentalists, welcome with special satisfaction this very study of
soils as so clearly manifested in Prof. A. G. Doiarenko's investigations.
On the territory of experimental fields we have to deal in this country
with sufficiently uniform soils and, but exceptionally, with certain
variations of the predominant type. Therefore, the knowledge of the
topographical position of diverse soil varieties on the territory of the
experimental fields, their detailed morphological and physico-chemical
characteristics, may be attained in a comparatively short time. But it is
just in our conditions that the intervention of man in the form of every
kind of culture, manures and land improvement, is conspicuously manifested, and different alterations in the soil cannot only be expected, but
also actually found, if only the activity of man has been exercised for a
sufficient period of time.
The principal lines of Prof. A. G. Doiarenko's researches on soils at
1

A. G. Doiarenko. On the connection of soil tilth and the principal factors of the life
of plants. Selected Works and Papers, in 2 vols., Moscow, 1926, pp. 165-100. Published by the Moscow Regional Land Department [Russian].
-Ibidem, p. 100.
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agricultural experimental institutions have now been more or less adopted
by such stations.
We must not forget, however, that when chemical laboratories were
just being organized at the Southern agricultural experimental institutions
of the European part of the Soviet Union, and no investigations of the
dynamics of soil processes had yet been contemplated among pedologists,
field experimentalists and agricultural chemists, researches on the dynamics of soil moisture, as of one of the principal factors in the cultivation
of crops in our dry South, had commenced. In this respect we cannot
pass unobserved the classical work of the Poltava Experimental Field that
has already given, as early as the beginning of this century, a general
solution of the question relating to the influence of diverse methods in
the cultivation of fallow upon the accumulation of moisture. The work
at the Odessa Experimental Field, referring to the circulation of water in
soils, may be considered as being no less important. These fundamental
principles found repeated and sufficiently unanimous support during
further investigations on the subject of moisture in fallow at other
agricultural experimental institutions of the Southern dry region.1
Next to investigations of soil moisture in general and its dynamics
under different conditions of cultivation, researches on the quantity of
the nitrogen in nitrates contained in soils in its different conditions were
also resorted to. They were carried on during the last twenty years at
nearly all the most important agricultural experimental institutions, and
have established with sufficient accuracy the principal processes of the
dynamics of nitrogen in soil nitrates under different conditions of culture
and with different cultivated plants. An exhaustive summary of these
works has been made by A. A. Kudriavtseva in the above mentioned
"Results of the Work of Russian Experimental
Institutions."2
The subject of other nutritive soil substances was also discussed by
agricultural chemists at Russian agricultural stations. Next to the
nitrogen in nitrates great attention has been called to the study of mobile
phosphoric acid in soils in different conditions of culture. An important
work has been accomplished in this respect by the staff of our experimental
institutions, in general, and by that of the Ploti and Shatilov Agricultural
Experimental Stations, as well as of the network of experimental fields,
founded by the Society of Sugar Mill Owners before the Revolution, and
of the Kiev Experimental Station in the last years, in particular.
Elementary work in the domain of soil microbiology has been instituted
at some relatively poorly equipped experimental institutions, but such
1

A sufficiently complete summary of the work relating to soil moisture, carried out at
our experimental agricultural institutions, has been made by P. A. Nekrasov. Water
régime in soils. Results of the work of Russian Agricultural Experimental Institutions.
Edited by Prof. A. G. Doiarenko, 1924, No. 5. Published by Sabashnikov [Russian].
2
Ibidem, No. 5, 192fi.
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work has not much developed for many reasons. In that respect the
serious investigations of Prof. Prianishnikov and Prof. Kossovich on the
importance of soil in the production of crops, carried out in greenhouses
and laboratories, may be also noted.
Thus, we have had a great number of sufficiently competent attempts
undertaken at Russian agricultural experimental institutions towards
the investigation of the soil as a factor of crop production. In endeavoring to follow the growth in the organization of the study of soils at agricultural experimental institutions—two definitely marked stages should
be noted. This study was commenced in some cases under the influence
of discussions on organization, in which specialists of various kinds and
pedologists took part, or else it arose as a result of personal preferences on
the part of the responsible organizer of the experimental institution.
In both cases the work consisted in the investigation of the soil covering
of the future experimental field and its region, in the compilation of a
detailed or diagrammatic soil map of the district, and in more or less
circumstantial chemical analyses of soil samples.
This work was further executed less from the standpoint of the pedologist than from that of the agricultural chemist and field experimentalist,
who were much more interested in the modification in the components of
the soil, exerting the greatest influence on crops in any definite place,
than in the soil itself. The earlier education of the field experimentalist
had certainly a definite influence on the choice of subjects and the manner
of their treatment in every particular case. But the applied character
of the study of different soil processes becomes manifest after a brief
acquaintance with the subjects treated in the laboratories of agricultural
experimental stations.
Only gradually since the admission of soil scientists to experimental
institutions, soil investigations came into an infinitely closer contact
with the present state of soil science as an independent scientific discipline. The combined work of the agricultural chemist and the pedologist-naturalist will undoubtedly secure the most efficient and fruitful
results.
The combined exertions of agricultural experimental workers, field
experimentalists, agricultural chemists, and soil scientists, have ultimately
put the projected plan of work in the domain of soil science at agricultural
experimental institutions into operation; the course taken may be found
embodied in the programs of soil sections of experimental stations, and
especially in that of the Dokuchaiev Experimental Station, where the
first stage in the investigation of the soil for agricultural purposes was laid
down.
The problems of agricultural experimental work at present demand
further steps in this direction, and there can be no doubt that just these
steps will be made in the immediate future.
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The main object of agricultural experimental work in the domain of
field culture may be truly stated to consist in the necessity of establishing
such agricultural methods, whereby the farmer may obtain a maximum
productivity of his soil in certain natural conditions. These methods of
culture should not lead to the exhaustion of the soil, but contribute to
its improvement and to elaborating easier and simpler modes of its
utilization.
Having as yet no practicable means of influencing climate and weather
so as to make use of their particular properties for the benefit of his
fields, the farmer can at present but adapt himself to the natural conditions peculiar to his district, and thereby tend to increase the yield of his
fields. Many instances of such adaptability may be found, man's activity as regards agriculture having in the past been mainly based on conforming himself to the climate of his district.
As regards the other natural factor, the soil, with which the agriculturist
has always to deal, the position of the farmer is a different one. Looked
upon as a medium for the growth of crops, the soil is theoretically amenable to be operated upon in such way as to become especially suitable for
the farmer's purpose, i.e., the increase of its yield. And practice has
already proved that operations upon the soil have in some cases reached
the limit, beyond which natural soil, with all its physical and chemical
properties, ceases to be of supreme practical significance. The culture of
plants in hot-houses, under glass, in market-gardens, orchards, can be
considered as examples of such extreme cases; in the first two instances
man also ignores to a very great extent the other natural factor—climate.
Such highly artificial conditions are, however, comparatively of little
interest to the field experimentalist, who has to deal with the soil and the
climate in their natural combinations. Therefore, the knowledge of the
climate, and especially that of the soil of the district, with a view to
the establishment of methods of field culture securing the highest productivity of the soil, are of particular importance to the field experimentalist.
In the desire to control the soil processes in order to obtain the highest
yield, the field experimentalist must thoroughly know the interactions of
the soil, at times in combination with manures introduced into it, with
the plants covering the soil, and grown under different methods in ordinary conditions; neither can he ignore the more special relations subsisting between the soil, subject to irrigation, on one hand, and the plants
and water used for the purpose, on the other.
Thus, a perfect knowledge of the properties and peculiarities of his
soils becomes quite indispensable to the field experimentalist, and by this
alone the proper direction of his work in future may be insured.
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Therefore, a careful morphological investigation of the soils, and of the
topographical distribution of soil types throughout the explored territory,
becomes a primary and indispensable obligation for the soil scientist at
agricultural experimental stations. His second task should consist in
the study of the physical and chemical properties of soil types and their
varieties, by which he and the field experimentalist may be led to a thorough knowledge of the main soil properties of the district.
Such a kind of investigation of the whole surrounding territory of the
agricultural experimental station falls within the province of the pedologist, and is but the beginning of his common work with the field experimentalist.
It is of especial moment for the latter to know the alterations in soils,
due to the intervention of man by means of permanent cultivation,
manuring, radical improvement, and continuous or alternating growth of
the same crops.
The study of these alterations only became possible, when the various
effects of different methods applied by man to the soil could be discriminated in accordance with various factors, acting in the soil in connection
with the growth of cultivated plants. The most detailed and exact
characteristics of these growth-factors have been formulated by Prof.
A. G. Doiarenko in the program of the Experimental Field of the Timiriazev Agricultural Academy whilst investigating the water, air and
nutritive régime of the Experimental Field's soils. In approaching the
solution of this question, Prof. A. G. Doiarenko endeavours to separate
the various growth-factors of agricultural plants by first studying each
of them singly, and later in their varied combinations.
The variety of cultivated plants on this Experimental Field and the
many different methods of their culture give good opportunities to
institute a kind of combination of these two essential conditions of a
detailed soil investigation. This circumstance greatly facilitates the
work of the soil scientist at agricultural experimental stations, provided
means for the investigation, and observation of separate soil properties
be always at his disposal.
Investigation of plants, covering the soil in definite conditions of
culture carried out at the same time, enable us to establish the interaction
between plant and soil, and thereby the means of acting upon the soil
in such a way as to realize a maximum of products of the best quality,
without exhausting the natural productive forces of the soil.
In this case the soil scientist in quite a definite manner helps the field
experimentalist to study technically perfect methods of soil culture
causing the soil processes to act in the most suitable way for the purposes
of the field experimentalist. The pedologist becomes a close associate
of the field experimentalist, who is called upon to qualify and express in
numbers the alterations occuring in soils during its cultivation by the
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experimentalist, the growth of different plants, or the time the soil is
lying waste.
By means of a detailed subdivision by the field experimentalist of the
processes of plant-growth into intervals of time, and of a concurrent
investigation by the soil scientist of the alterations in the soil, affecting
the composition of plant grown during these intervals, it will be possible
to detect the essential features of the interrelation between soil and
plant, and to account for the complex dependence of any given condition
of soil upon the activity of man. And as such activity is, of course,
entirely regulated by man himself, there seems no theoretical reasons to
discredit the possibility in future of controlling soil processes to his lasting
benefit.
But it should not be forgotten that every living plant in the field
cannot escape from the influence of the meteorological factors affecting
its growth. The apparent simplicity of the mutual relations between
soil and plant is actually complicated in every given case by the ever
capriciously changing meteorological factors. But even then, it may
be assumed that the plant will be affected directly by meteorological
factors without their acting upon it through the soil but for in the most
exceptional pathological cases. Most frequently, however, this influence
will be exerted through the soil, especially in such extreme manifestations
of climate, as droughts or superabundant moisture. Nor is in such
cases a minute knowledge of the peculiarities of soils in comparison to
normal conditions of less importance to the field experimentalist.
In the combined work of the field experimentalist and the pedologist,
the share of the latter is by no means subsidiary. It may be positively
affirmed that the above mentioned plan of work will become a subject
of the greatest interest to the soil specialist, and be further developed.
The more any question will be dwelt upon by the pedologist, the more
fruitful will be the result for the field experimentalist, and the nearer he
will get to the attainment of his main object, i.e., the controlling of soil
processes with a view to obtaining the maximum of yield, its highest
quality, and the least possible exhaustion of soil; perhaps even the
maximum development of the potential, as yet unutilized, productive
capacities of the soil may be reached.
Such combined work is the pledge of our success in agriculture in the
most varied districts of our country, and especially so, where the conditions of field work are the most difficult.
The variety of soils in the dry portions of the Soviet Union, very rich
in natural nutritive substances, but hardly at all utilized by the scanty,
but valuable corn crops of these regions; the complexity of the weather
conditions that generally determine the harvest in peasant cultures,
mostly primitive, insistently induces the field experimentalist to apply for
help to be afforded to the soil scientist in his varied attainments. The
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latter, thoroughly versed in the study of the origin of soils, their morphology, geographical distribution and other general physico-chemical
properties, should be invested with the spirit of the agriculturist. He
should set before himself the duty of utilizing his knowledge of the soil for
the practical needs of the farmer. He is called upon to supply the field
experimentalist well acquainted with the needs of the plants he cultivates,
with the methods, by means of which the physical and chemical properties
of the soil and the concomitant processes of biological life may be influenced. And these methods must lead to the creation of the most
suitable conditions for the growth and the yield of cultivated plants, and
the preservation in future of the productive properties of the soil.
Under such conditions there should be no need to dread the exhaustion
of our soil's riches by their excessive exploitation. It may be assumed
with perfect confidence that the human mind will find in future the
means of making use of the enormous riches of our soils, hitherto untouched. And contrary to Liebig's declaration, there need be no anxiety
for the present generation as to the future of their descendants.
In order to create better conditions of life for the Soviet Union's
citizens, we, agriculturists, are called upon to utilize our natural resources,
the soil and crops, to our utmost advantage. The enormous potential
possibilities enclosed therein are only beginning to be made use of.
The poor northern podzolised soils under the proper treatment of the
Timiriazev Academy workers produce most abundant crops in comparison
to the yield obtained by the peasants. The yields from the experimental
fields, both of the chernozem district and of the dry region, are not to be
compared with the poor harvest from the fields of peasants. The richest
chernozem soil of the Eurasian continent is hitherto utilized but within the
smallest degree of its productivity.
The knowledge of the properties and productive force of the soil, the
skill of adapting the processes occurring in it to the needs of our cultivated
plants, and of causing them to act when required in a desired direction—
therein lies the main problem of the field and soil experimentalist, a
problem, which will repay him a hundredfold.
There is every reason to expect that energetic and combined action
will eventually solve this problem to the lasting benefit of our country and
its agriculture.
CONCLUSIONS
Soil science and her workers were of the greatest importance in the
history of the development of agricultural experimental work in the
U.S.S.R. The casual distribution of a network of agricultural experimental institutions was ultimately replaced by a systematic organization
of regional experimental institutions, after the workers in this branch
had established, as a fundamental principle of the progress of agricultural
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experimental work—the distribution of experimental institutions of
agricultural character according to the natural regions of the country.
The knowledge of the territory's natural conditions and, principally, of its
soil and climate, was put at the basis of this principle.
A. preliminary investigation of the soils covering the region of the prospective agricultural experimental station, and a detailed study of the soils
of the fields of that station, not theretofore been resorted to, has now
become a necessary precedent for the organization of experimental
institutions. V. S. Bogdan and S. K. Chaianov were the first to raise the
question of a rational choice of a place for prospective experimental
institutions.
Quite apart from other Russian agricultural experimental institutions
must be considered the Dokuchaiev Kamenno-Steppe Experimental
Station, whose object consists in the study of local soils, their dependence
upon the climate, and their modifications in artificial conditions, introduced with a view to overcome the unfavorable climatic conditions of the
dry steppes. That is the only agricultural experimental institution in the
U.S.S.R., whose main object is the investigation of the soil as such,
without being engaged in meeting the immediate practical needs of
agriculture in the given region.
In establishing a regional system of experimental stations in this
country, it was reasonable to associate it with a series of special sections
dedicated to the study of the soil and accompanying physico-geographical
conditions. The main objects of these sections consisted of: stationary
investigations of soils on the territory of the experimental station, and
the study of the dynamics of soil processes in differently situated soils
from the morphological, physico-chemical, and microbiological points of
view.
The researches made by Prof. A. G. Doiarenko on the Experimental
Field of the Timiriazev Agricultural Academy, undertaken with a view
of studying soil dynamics, and creating methods of rational soil and plant
culture, are quite exceptional for their value in agricultural experimental
work. It should be remarked that these works were organized not by
a soil scientist, but by an agriculturist-naturalist, who was primarily
interested in the soil as a medium for the growth of cultivated plants.
Prof. A. G. Doiarenko's works relate to the water, air and nutritive soil
régimes, soil constitution, its microbiological conditions, the transformation of organic matter in soils, and recently, to soil gases and ferments.
The vast labor of investigating separate processes in soils of various
agricultural experimental institutions has hitherto been mainly restricted
to the effects of different methods of cultivation upon soil moisture and
soil nitrates. These researches have ascertained several general points
relating to the dynamics of soil moisture and nitrates in soils of different
types and under diverse conditions of culture, and have thus originated
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work of a stationary character. Stationary soil investigations have
hitherto been and will probably be in the future concentrated at agricultural
experimental institutions, as their equipment very much facilitates the
task of the soil scientist in his study of the dynamics of soil processes.
On the other hand, this work has the most fruitful influence upon that of
the field experimentalist by supplying him with facts and their explanations, these latter contributing towards a better comprehension of the
interdependence between the soil in its different conditions and the
cultivated plants it bears.
The ability to clearly understand this interdependence provides the
means of controlling soil processes, and of directing them in every separate
case in such a way, as to obtain the most profitable condition of the
crops and a maximum of productivity without exhausting the productive
forces of the soils. The attainment of such perfect knowledge of soils,
and of the needs of cultivated plants, would enable us to manipulate soil
processes in such a way, as to direct them in every separate case according
to our needs. Of course, we are as yet very far from obtaining such a hold
over soil processes, but even now the dynamics of soil moisture, as also
partly those of the nutritive soil solutions, are in no inconsiderable degree
in our grasp, and can be controlled according to our desire.
The combined work of the field experimentalist and soil scientist at
agricultural experimental stations is a pledge of success in this direction,
and therefore the development of pedological sections at agricultural
experimental stations and their close association with agricultural sections
seem to be the best means of solving the problems set before us, and of
making a successful use of our soil's natural riches through cultivated
plants as their product.

A KEY TO SOIL PROFILES IN INDIANA
T. M . BüSHNELL

Purdue University, U. S. A.
INTRODUCTION
Over 130 series names have been used in the Soil Survey of Indiana.
Some were duplications and others have been dropped for other reasons
so that about 100 series names are now in use. This number may not
change much because many new series are unlikely to be found and
more of the old series may be consolidated.
Even 100 series are too many to remember without some system or
" k e y " to their classification. In 1921, most of these series were arranged
in a table with headings as follows. (The series names are not entered
in this table because the 1921 nomenclature would be confusing and is
not essential here.)
TABLE I.—Indiana Soil Series, 1921

General groupings

Light
or dark
surface
color

Subsoil
lighter
or
heavier
than
surface

Distinguishing subsoil colors
and drainage characters
Other
distinctions

Red
droughty

Yellow
good

Yellow
and
gray
fair

Gray
poor

I. Upland
a. Glacial
1. Calcareous
2. Non-calcareous
b. Residual
c. Aeolian
II. Terrace
a. Calcareous
b. Non-calcareous
Surface color
Other distinctions

III. Alluvium
a. Glacial source
b. Residual source
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Brown

Brown
mottled

Dark gray
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In recent years Soil Survey in this state has been influenced by many
new ideas, some of which conflicted with each other and with old notions
and unsettled the whole system. Sometimes it seemed that the old work
was all wrong and should be discarded.
In this period, new viewpoints and conceptions were introduced, such
as those represented by "Sou profile," A, B and C horizons: Solum and
parent material; mature, youthful and old soils; podsols, brown earths,
chernozems, rendzinas, laterites, solontshak and solonetz, soil structure,
consistency, breakage, etc.
It now appears that few of the older ideas actually need be discarded,
but that old and new can be properly evaluated and harmonized.
Through all the conflict of theories, the actual mapping of soil types has
suffered comparatively little change because the mapping units are
separated on fundamental differences in physical and chemical characters
of the soils.
TENTATIVE CLASSIFICATION OF INDIANA SOILS
The Key which follows shows a tentative classification of soil series
found in Indiana. Some changes must be made when certain soils are
finally correlated. The Key is based on profiles and uses only those
profile characteristics which are absolutely necessary in identifying the
various series. The separations are strengthened by differences in
characteristics not mentioned here, such as structure, reaction, etc. In
some cases words are borrowed from geology, etc., because no soil terms
are known to express the ideas. For instance, the word " t i l l " is used—
not to tell that the ice deposited the material but to indicate the lithological composition, etc., which characterize the till of this region.
In classifying the profiles, the most obvious features of the gross
anatomy of the soils, as expressed in their horizontal layers are used tofix the main groupings. Subdivisions of the main groups depend on
minor profile differences.
It is recognized that conditions in Indiana are limited and comparable
to only a portion of the earth's surface. A brief outline of conditions is
as follows: Rainfall ranges from 30 to 50 inches and is well distributed
throughout the year. Annual mean temperature is about 55°. Temperature changes are large and sudden. Elevations are from 300 to 1300
feet above sea level. Part of the surface is thoroughly dissected and part
quite smooth. Extensive marshes existed, but they have been artificially drained. Two-thirds of the state has been glaciated and exposed
drift is of three ages. The drift usually contained from 10 to 80 per cent
of carbonates. Some sands and silts deposits are windlaid. Stream and
lake laid terraces are found. Limestones, sandstones and shales are
exposed in the unglaciated region and underlie the drift.
The approach to soils both in thought and actual field study should be

MISCELLANEOUS PAPERS
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as easy and natural as possible. The first glance at a vertical profile
usually shows one of three general conditions. (1) A lighter textured
surface and a heavier textured subsoil. (2) No obvious textural contrasts,
but dark surface layers becoming lighter colored with depth. (3) A
soil section without definite or systematic layers.
These three general profiles can usually be predicted from the surface
form of the land. A convex to flattish elevated surface will usually give
the first profile, represented by the symbols A (eluviated layer) B (illuviatcd layer) C (parent material, etc., underlying A and B). A
depressed, concave to flattish surface usually indicates the second profile,
represented by the symbols H (humus bearing surface layer) M (mineral
layers without visible humus, but modified in some way) U (underlying
layer which may be parent material or simply foundation of the soil).
Where the materials are recent stream deposits, the correlation of surface
signs and profiles are not found, but there are layers varying according
to accidents of deposition, which may be represented by the symbols
"DD."
In the ABC division some soils are much alike in A and B layers but
vary greatly in total thickness of the profile, due chiefly to existence of
layers below the B and above an unweathered parent material layer.
In some cases a layer is found, having a "columnar structure," which is
tentatively represented by the symbol X. A profile of this class is represented by the formula ABXC.
In the Key, the letter " Y " is used for weathered parent material layers
other than the columnar " X " layer, while " C " is restricted to practically
unweathered parent material.
Sometimes the layers represented in the general profile formulae are
"rudimentary" or "incipient." This is indicated by placing the letter
in parentheses in the series symbol. For instance, Clermont 2A (B)
XYC shows that the B layer is not normally developed.
In other cases the series names have been used to cover a range of profile characters which might bo subdivided. For that reason, some series
names occupy more than one place in the Key.
The blank spaces in the key show possible combinations of characters
which might justify new series. Some of these have been found in the
field. Most of them logically must exist, but their extensive development
in Indiana is unlikely.
SUGGESTED RELATIONSHIPS BETWEEN PROFILES
In connection with the Key, the following theories are suggested as to
relationships between profiles.
A set of series like Cincinnati, Gibson, Rosemoyne and Clermont
which have the same general formula, the same geological age and the
same derivation, constitutes an "equilibrium sequence." That is, each

TABLE
Dominant colors
A2 layer

B layer

Yellow

Reddish
to
brownish
colors

Yellowish
brown
to
brownish
yellow

Mottled yel- Mottled yellow, gray
low, brown
and brown
and gray

Light gray

Mottled gray
yellow
and brown

A-B-C Soils

Character of
Lower C layers

A-B-C D-ivision
A-B-Y-C Soils

Series names

Formulae

Bellefontaine
Bellefontaine
Fox
Rodman
Warsaw
Jasper
Oshtemo

2A-2B-C
2A-3B-2C
2A-3B-2C
A-(B)-C
2A-3B-2C
2A-2B-C
2A-(B?)-C

4. Waxy clay on limestone

Edenton ?

2A-2B-C

5. Sandstone, shale
6. Replaced by bed rock
1. Heavy till

Muskingum 2A-2B-C
Milton
2A-2B-roek

Muskingum ?

Miami

2A-2B-C

Russel

Üwensvillc
Lucas
Fairmount

2A-2B-C
2A-2B-C
2A-B-C

1. Heavy till
2. Gravels
ISiowni.sh
to
reddish
yellow

1—Key to sail profiles of Indiana.

3. Clays, silts, sands

2. Gravels
3. Clays, silts, sands
4. Waxy clay on limestone
5. Sandstone, shale
6. Replaced by bed rock

Formula-

"Fox—deep phase" ?

Buckner
Princeton

2A-2B-Y-C
2A-2B-Y-C

Hagerstown

2A-2B-Y-C

2A-2B-Y-C

Series names

Formula'

Cincinnati

2A-2B-(X)-Y-C

Parke
Bainbrid,,'.Wheeling
Switzerland
Frederick
Cincinnati (P 84 phase)
Cincinnati (P 85 phase)

2A-2B-(X)-Y-C
2A-2B-(X)-Y-C
2A-2B-(X)-Y-C
2A-2B-(X)-Y-C
2A-2B-(X)-Y-C
2A-2B-(X)-Y-C
2A-2B-(X)-Y-C

Gibson
Cincinnati *.'

2A-2B-(X)-Y-C

Haubstadt
Elk?
Bedford

2A-2B-X-Y-C
2A-2B-X-Y-C

Zanesville ?

1. Heavy till

Crosby

2A-2B-C

2. Gravels
3. Clays, silts, sands
4. Waxy clay on limestone
5. Sandstone, shale
6. Replaced by bed rock

Stroh ? '
Homer
McGary

2A-2B-C
2A-2B-C
2A-2B-C

Randolph

2A-2B-rock

1. Heavy till

Bethel

2A-2B-C

Homer ?
McGary ?

2A-2B-C
2A-2B-C

2. Gravels
3. Clays, silts, sands
4. Waxy clay on limestone
5. Sandstones, shales
6. Replaced by bed rock

Series names

A-B-X-Y-C Soils

Fincastlc

2A-2B-Y-C

Rossmoyne ?
Vigo?

JA-(B)-X-Y-C

Robertsville

Fillmore

2A-2B-Y-C

Lawrence

2A-(B)-X-Y-C

"Tilsit—flat phase"

2A-(B)-X-Y-C

Vigo
Cory
Clermont

2A-(B)-X-Y-C
2A-(B)-X-Y-C
3A-(B)-X-Y-C

Calhoun
Robinson
Guthrie

2A-(B)-X-Y-C
2A-(B)-X-Y-C
2A-(B)-X-Y-C

Lickdalc

2A-(B)-X-Y-C

MISCELLANEOUS P A P E R S
TABLED.

H-M-U Division.

(H=Humus;

Group

III

M=Mineral;

U = I'tulerlyiiig

Other Characteristics

1 High humus
Over 1 5 % volatile
matter
II
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Dark, deep with gray subsoil
Less than 15% volatile
matter
Medium dark and deep with
yellow brown and gray subsoils

[V. 11-1) Medium dark, poorly
drained and partly dcposit ional

Brown, fibrous
Black: colloidal, woody
or fibrous 30 or 40'7
organic
Till I'
Gravel U
Sandy U
Till—neutral
Till—acid
Limy sand and clays
Silts—stratified
Rock
High colloidal content
Friable

titaterial)

Name
Peat
Muck
" Mineral muck "
Clyde
Abington
Maumee
Brookston
"Illinoian Brookston"
Rensselaer
Montgomery
Millsdale
Sharkev
Lvles

series represents a step in the varying equilibrium between forces of
weathering and of erosion, etc. Each series is a mature expression of the
effects of soil climate, etc., on the same parent material during the same
time, with the balance between soil forming forces controlled largely by
topographic form of the land.
A set of series, like Miami, Russell and Cincinnati, constitutes a
"maturity sequence." The series are derived from the same parent material, under the same environmental influences with the same appearance
of A and B layers and the same balance of weathering and erosion and
similar topography, but have developed through different periods of time.
TABLE

4.

1)1) soils of Indiana.
Alluvium—no definite layers formed subsequent to
deposition of qeoloqic parent material

Group on basis of
parent material
I. Calcareous till

II. Limestone,
sandstone,
shale and Illinoian t i l l
III. Sandstone and
shale

Color
Brown
Mottled
Drab
Drab
Brown
Mottled
Gray
Brown to
yellow
Mottled
Gray

Drainage

Reaction

Good

Series name

Alkaline and
neutral
PooiNeutral
Poor (friable) Neutral
Poor (colloidal) Neutral
Good
Neutral
FailAcid
Poor
Acid

(lenesee
Eel
Lyles
Sharkev
Huntington
Holly
Waverlv

Fair to good

Acid

Pope

Fair
Poor

Acid
Acid

Holly
Waverly
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According to depth of weathering and the amount of bases removed from
parent material, etc., the Miami is youngest, Russell older and Cincinnati
oldest. Even Cincinnati may not be the end product or "most mature"
expression for the material, climate, etc. It is recognized that the history
of the older series may be more complex than that of the Miami, with
great climatic variations, deposition of loess, changes of cover, and reweathering of older soils.
Sets of series like Miami, Crosby, Brookston and Genesee constitute
"soil associations" as they are found together, grade into each other and,
in mapping units, each may include small spots of the others.

What is a Soil?
What is a soil? This is a simple question but not so
simple to answer. The fact that a dictionary does not
define a soil does not necessarily mean that individual
soils do not exist as physical objects in nature, nor
does it mean that human beings do not know in a
practical way what soils are; but it does mean that
the men of science have been a very long time in
making what seems a simple discovery. After all, this
is not strange, for it seems that simple things are
hardest to understand and to discover.
Practically, a farmer cares little about soil definitions,
but every successful farmer is vitally interested in
knowing all he can about his soils — how to care for
them and how to make them profitably productive.
And he is concerned with the kind of fertilizer to use
and the source of the nitrogen. These are practical
things about which knowledge is very important in
profitable crop production.
A user of Chilean Nitrate of Soda may not know how
to define nitrate of soda (nor does he care to know),
but he KNOWS Chilean Nitrate of Soda by what it
does . . . in boosting his crops and in making those
extra bushels or pounds which, in turn, make the
profits. This is the reputation that Chilean Nitrate
of Soda has — a reputation welL grounded in the
practical experience of thousands of farmers and
growers throughout the world.

CHILEAN NITRATE of SODA
5 William Street

f'MuSjS^p

EDUCATIONAL BUREAU

N,cw

^ '"'^ City

The Farmer

Knows

International Trucks
Are Best for Year-Round
Service on the Farm

I

T is no wonder that farmers rely on International trucks to
bring farm hauling up on the plane with farming and
automobiling. Farmers in every community choose Internationals because they are fine, sturdy trucks to be proud of,
trucks that render many years of faithful farm service, always
ready for field or road work, and built to stand heavy loads and
hard going in every phase of farm hauling. They know that
Internationals have been working for tens of thousands of
owners, in city and town and country for many years, and they
know the value and security of International service rendered
by 142 Company-owned branches.
Speed up your hauling in time, quality and efficiency. Own
an International — the sizes run all the way from the J^-ton
Special Delivery to the 5-ton heavy-duty truck.
Let a fine International save priceless minutes for you —
make hours that can be used for profitable work. We will mail
you an International truck folder on request.

INTERNATIONAL HARVESTER COMPANY
506 SO. MICHIGAN AVE.

of America
{Incorporated)

INTERNATIONAL

CHICAGO, ILL.

S E V E N TY - E I G HT

YEARS

S E R V I C E

H. J. Baker & Bro.
Established 1850
IMPORTERS OF A N D DEALERS IN

FERTILIZER
MATERIALS
Sales Agents for

ANTONY GIBBS & COMPANY, INC.
O N IMPORTATIONS
NITRATE OF SODA

THE AMERICAN
CHEMICAL
FLORIDA L A N D

AGRICULTURAL
COMPANY

PEBBLE P H O S P H A T E

ROCK

Calcium Arsenate
271 Madison Avenue
BRANCH
BALTIMORE

*

New York City

OFFICES

ATLANTA
BUENOS AIRES

SAN FRANCISCO

Then Came the Steel Plow

T

HE emigrant wagons passed on blacksmith shop had solved the
— on toward the timber lands. problem of plowing the black prairie
From earlier pioneers the word soil. From early in the morning until
had passed back to the eastern states: late at night he was busy at his anvil
"Beware of the prairie lands. In the making the steel plows which he had
timber lands building material, fuel invented. Soon his new industry was
and fencing are easy to get; in the to expand into larger and larger John
prairie lands no plow will work after Deere factories, producing in great
the first breaking."
quantities plows that scoured. Then
"No ploiv will work" — that was the once-spurned, rich prairie soil
warning enough for every pioneer came into its own as the world's
seeking to establish a farm. One greatest producer of food for manmight well afford to haul logs for kind.
miles to a farm on the rich prairie,
but how could one farm where a
The prestige gained and held by
plow would not work? So the wide
reaches of timber along the large and John Deere plows up through the
small streams rang with the "chick- years of America's great agricultural
chack" of the axe and droned with development applies today to the
the hum of the saw, as pioneers complete line of John Deere farm
established their homes, while the equipment — prestige due to conprimeval silence pervaded the tinued growth of the long-established
belief among farmers that a John
prairies.
What a change was to take place Deere gives much more than a dolwithin a few short years! Already lar's worth of performance for every
John Deere in his little frontier dollar spent in purchasing it.

JOHN DEERE FARM EQUIPMENT
Leader in Quality f or nearly a

Century

SOIL LABORATORY
APPARATUS ^ °
MM

BORERS, CENTRIFUGES, SHAKERS,
SIEVES and STIRRERS
30990. SOIL B O R E R — F r a n k e l ; as per cut. Opening for sample, 95 x 8 m m . ; is closed by twist of
the handle. Total length 106 cm.; with removable
iron handle fastened by set screw
$20.00
19964-19966. C E N T R I F U G E S — I n t e r n a t i o n a l , Size 1,
Type C; with encased rheostat. In ordering give details
of electric current and advise head and tubes desired.
30870. SHAKER—Horizontal form; for hand and power;
with movable carriage, accommodating bottles up to 5
liter capacity; without bottle
$50.00
30940. STANDARD SIEVES—A. S. T. M. Up to 325
mesh. Advise mesh desired.
31400-31402. S T I R R E R S — G r a m e r c y , Electric. W i t h
Universal motor, 1/16 h.p.; on heavy iron support with
rheostat in base. Can be adapted for electrolytic work.
$37.50
In ordering give details of electric current.
For information in regard to other forms of soil borers, centrifuges, shakers, sieves and stirrers, also for other types of
laboratory apparatus and for chemicals, write
specifying requirements.

E I M E R
ESTABLISHED 18S1

&
'

>

A M E N D
«•

INCORPORATED 1897

/NEW YORK, NEW YORK\
^ T H I R D AVE., 18th to 19th ST. ƒ

Headquarters for Laboratory Apparatus and Chemical Reagents

Swift's Fertilizers
" I t pays to use them"

Swift & Company

Fertilizer
Works

Blood - Bone -Tankage
M n n u f i i I11 i f lis o f

High Grade Fertilizers
Keil Steer Brond

Packing Plants
Chicago, III.
Cleveland, Ohio
Denver, Colo.
Ë. St. Louis, III.
Fort Worth, Texa.«
Harrisburg, I'a.
Kansas City, Kans.
JerseyCity, N. ,1.
Moultrie, Ga.
Newark, N. J.
North Portland. Ore.
St. Louis, Mo.
Sioux City, la.
Omaha, Nebr.
So. St. Joseph, Mo.
So. St. Paul, Minn.

April, 1928.

SOIL SCIENTISTS OF THE WORLD.
Gentlemen:
It was a privilege to have as

guests at the Chicago plant of Swift & Company, the delegates to the First International Congress of Soil Science.

The contributions of the scientists to the complex problem of the use,
manufacture and sale of fertilizer is of
great importance.
Factories
Atlanta, Ga.
Albany, Ga
Baltimore, Md.
Charter, S. C.
Chicago, III.
Cleveland, Ohio
Columbia, S. C.
Fort Worth, Tern
Greensboro, N. C.
Hammond, Ind
Houston, Texas
Kansas City. Kans
LaGrange, Ga.
New Orleans. La.
Norfolk, Va.
North Portland. Ore.
Savannah, Ga.
St Louis, Mo.
Shreveport, La.
So. St. Joseph, Mo.
So. St. Paul, Minn.
Omaha, Netir

Toccoa,Ga.
Wilmington. N. C.

Soil scientists may feel assured
of a weloome and special attention from a
Swift & Company organization - anywhere any time.
Yours respectfully,
SWIFTS COMPANY.
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Make Sure Your Soil Is Right
one of these La Motte Sets you
can readily make your own tests and
quickly determine for just what plants
your soil is suited, or what treatment is
necessary to change the reaction of the soil to suit the
plants you wish to grow.
Every set includes full instructions, color chart and
handbook containing an extensive list of plants with
their soil preferences as well
as other valuable information.

WITH

La Motte-Kenny
Indicator Field Set
The simplicity of this set
recommends it to the gardener
and to all who have occasion
to make determinations of soil
reactions in the field. Readily
carried in the pocket, and with
it anyone can make a test in a
few minutes.
Price 55.00 delivered in U.S.A.
La Motte Soil Teskit
A handy kit that is very convenient for making approximate determinations. The ideal
set for the amateur because
of its unusual simplicity.
Price $1.50—postpaid in U.S.A.
LaMotte Chemical Products Co.
McCormick Bldg., Baltimore, Md.
U.S.A.

La Motte-Morgan
Soil Testing Set
This set is especially recommended for use by Agricultural
Schools, Experiment Station,
Florists, Nurserymen, Golf
Clubs, County Agents, etc.
It can be used on soils of any
texture; a test can be made in
from 2 to 5 minutes; and results are accurate to 0.2 pH.
Price $10.00 f.o.b. Baltimore

lalllotte

AMERICAN
AGRICULTURE

A Service to

POTASH . . .
is a necessary plant food. Used
in a complete fertilizer it produces profitable yields and helps
plants to resist disease.
greatly increases the yield of
cotton, prevents cotton rust,
and lengthens and strengthens
cotton fiber.
is absolutely essential to starch
production in potatoes and
sweet potatoes. It improves the
quality and increases the yield.
gives excellent body to tobacco
leaf, making it smooth, free
from blemishes, and bright in
color.
improves the yield and shipping quality of peaches, apples,
grapes, celery, lettuce, cabbage,
tomatoes, asparagus, strawberries and melons. It makes fruits
firm and gives them color and
flavor.
produces plump heavy seed of
corn, oats, and wheat. It helps
oats and wheat to resist lodging.
increases the yield and the sugar
content of sugar cane, sugar
beets, sorghum, and fruits.

Potash used in fertilizers is as
cheap as it was before the
war. This low price allows the
farmer a good profit in crop
production.
By furnishing a necessary
plant food at a low price, N. V.
Potash Export My. is rendering an essential service to
American agriculture.
An Agricultural and Scientific
Bureau is maintained by N.V.
P o t a s h E x p o r t My. T h i s
Bureau serves the farmer by
carrying on research work in
soil fertility problems and
fertilizer experiments and
demonstrations.
In 1927, the United States'
i m p o r t s of p o t a s h were
212,000 tons of actual potash,
or a p p r o x i m a t e l y 13% of
the total Franco-German
production.
Directors: J. N. Harper, C. J. Callister

lessens frost danger by lowering the freezing point of cell
sap in plants.
gives bigger yields of peanuts,
alfalfa, soy beans, velvet beans,
and other legumes. It improves
the yield and feeding value of
meadow grasses and hay crops.

Agricultural

and Scientific

Bureau

N.V. POTASH EXPORT MY.
of Amsterdam, Holland
Citizens* Bank Bldg.
19 Weal 44th Street
NEW YORK
BALTIMORE
McCormick Bldg.
Lampton Bldg.
CHICAGO
JACKSON, Miss.
Hurt Building
372 S. 15th Street
ATLANTA
SAN JOSE

Hitch More Science
to the Plow
THERE is no pride and little profit
in growing nubbins, culls or chaffy
grains; yet we keep everlastingly
at it. We blame the weather rather
than our mishandling of soil and
plants. We admit that "Bossy"
must be amply and properly fed if
she is to produce butter-fat, but we
take a gambler's chance on our field
crops and expect them to thrive and
grow quality product with an insufficient and generally out-ofbalance food supply. If we but stop
to think, we know that plant roots
cannot travel far for their food, and
that if an ample balanced ration is
not within the range of root growth
the plant must suffer in health,
quality, size and yield, as the problem of getting something out of
nothing has not been solved in field
or factory. The basis of successful
profitable plant feeding is what
might well be called stall feeding —
placing an ample supply of balanced available food in the plantgrowing area, creating zones of
local enrichment. This makes for
rapid, healthy, balanced growth,
for early maturity, for large yields
of first-quality product with splendid seed qualities.
Plants suffer from malnutrition,
and farmers foot the bills.
If we will but keep in mind the
fact that the underlying principles
governing plant feeding and stock
feeding are identical, that one is as
vital as the other, and act on this
knowledge, there will be a decided
increase in the quality of field
products grown on the farms of the
world. Market quotations do not
accurately reflect the prices obtained by farmers for their crops, as
so much of the product grown is
under grade. Top quality brings
top prices. Proper plant feeding

insures a maximum production of
quality product, whether fed on the
farm or sold as grown.
•

•

•

An important point to keep in
mind is that an ample supply of all
the elements needed for plant
growth must be present in available
form in the enriched zone, if
maximum quality production is to
be secured. Phosphorus at one spot,
potassium in another place, and
nitrogen somewhere else, does not
solve the problem. These elements
work together and must necessarily
be together.
*

*

•

Ample and proper plant feeding on
tilled crops insures a greater yield
per acre with a lower pound cost to
grow, and a higher value per pound
of production through better quality product — all to the good.
Farmers test their cows and dispose of the poor producers. Can't
this idea be applied to land — in
times of relatively low prices; till
only land best suited to cultivation;
convert the poorer land to pastures;
lime and fertilize this grass land?
Schneider, a leading German authority, writes: "I have demonstrated by keeping careful and
scientific accounts that no other
system of cropping gives as high
returns as a well-managed pasture."
The Armour Fertilizer Works
manufacture fertilizers especially
formulated for quick and bountiful
production of quality crops in
varying soils and climates of the
United States.
CHARLES H. MAC DOWELL,
President.
ARMOUR FERTILIZER WORKS
CHICAGO, ILLINOIS

Sulphuric Acid
Hydrochloric Acid
Nitric Acid
Aqua
Ammonia

Strictly
Chemically Pure
Nearly a century of experience! Grasselli has been
manufacturing chemicals
since 1839.
Our Quality Pledge shown
above, well known to every
chemical using industry, is
established assurance for
you that all Grasselli C. P.
products are of absolutely
unvarying quality and
strictly chemically pure.
The analysis is printed on
each label. Our numerous
branches are for the purpose
of serving you better.

THE GRASSELLI CHEMICAL COMPANY
Established 1839 — CLEVELAND
New York Office and Export Office: 347 Madison Ave., cor. 45th St.
ALBANY
BIRMINGHAM
BOSTON
BROOKLYN

Branches and Warehouses:
CHARLOTTE, N. C. MILWAUKEE
CHICAGO
NEW HAVEN
CINCINNATI
NEW ORLEANS
DETROIT
PATERSON

PHILADELPHIA
PITTSBURGH
ST. LOUIS
ST. PAUL

