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Foreword
A. Ruellan. Convenor, Chairman of the ISSS Committee on Education in Soil Science.
For human societies, life roots in soil. Through plants, animals, water, the soil feeds men : their
health are depending on it.
Yet, amazing observation, soil is not, or very badly known by men even by those who use it
directly. All over the world, everybody knows from childhood on, how to recognise, describe a
plant or an animal; but very few people are able to do the same for soils.
This is partly why there is an increasing degradation of soil, due to man : human societies already
have such difficulties to preserve the environments and the resources they know ; so when the
question arises to protect an unknown resource...!...
This situation is all the more paradoxical since the discovery of soils, the understanding of their
fertilities, are not uneasy subjects. The only difficulty in fact, is of a deeply cultural nature ; which
relies on taboo.
Indeed, to learn and understand soil, require to open it, to dig it, to make deep holes (1 or 2 meters),
to go down into these pits, to carefully look there at the colours, mottles, porosity ... just as one
carefully looks at the leaves, flowers, and fruits for a plant; the eyes, mouth, legs and sex for an
animal.
Whereas to dig holes in soil, indicates sacrilege, and death ...!
This cultural lock, to be found in all human societies, makes the visual, morphological and
naturalistic approach of the soil, its properties and potentialities, seldom taught. Therefore, the
intelligent relationship between man and his soil is greatly altered, the soil being observed only from
the surface and through the intermediary of chemical analysis, practiced on samples which are taken
in a blind manner with augers.
This situation is dangerous for the future of human societies. There won't be any sustainable
development of the world without a sustainable management for soil resources. Education in soil
science is a priority for everybody : it is of the first responsibility for soil scientists to be engaged in
this way in working together so as to produce pedagogical methods and tools.
The new ISSS Committee on Education in Soil Science, issued from the Kyoto Congress (1990),
has decided to promote a collective reflection about approaches and tools for education as its main
objective. This present symposium, and its accompagnying permanent exhibition, are a first
concrete expression of this committee's activities.
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Multimedia Software Program for Soil Education: Soildisk
M.E. Collins, and H. Beck. Soil and Water Science Department and
Agricultural Engineering Department, University of Florida, Gainesville, Florida
32611, USA.

Abstract. Multimedia environmental software programs such as SOILdisk
are created to educate through the use of text, hyperlinks,
motion, audio, and slides. Multimedia programs are becoming more
common place in commercial computer retails. At universities the
trend is moving towards an electronic university. Many classrooms
are being converted to multimedia rooms, but software programs to
be utilized have not been created.
This paper discusses the
recent developments in a multimedia project to instruct
individuals in the dynamic world of pedology.
Introduction. SOIL: A four-letter word representing a natural resource
that, in general, the world's population little understands. One
of the difficulties in studying soil is that it cannot be as
readily seen. As a result, it is poorly understood by non-soil
scientists.
Environmental education activities are increasing
with the common objective of compelling the citizens of the world
to be more aware of the limitations of our earth. Very few of
these activities have been devoted to sharing the mysteries of
soils. Many of these activities are using multimedia techniques.
Multimedia, the use of several media computer methods (sound,
still images, animation, motion video, text, and graphics) is
becoming an important mode in today's computer world.
Background. Soil science has been taught in American universities
for generations.
Students in general soils or pedology (soil
genesis, morphology, and classification) courses are exposed to
soils by the use of slides in a classroom setting or during field
trips. Computers have not become an interactive part of pedology
teaching assemblage.
Environmental educational interests are now turning to
electronic methods of presenting information. Soil science must
join this wave of enthusiasm.
Multimedia and The Electronic University. Application of multimedia techniques
definitely has a place in the sphere of soils.
Electronic
textbooks, "CD-ROM textdisks", are being developed.
At the
University of Florida this transformation is taking place in the
teaching of pedology by using SOILdisk.
CAMS was developed as a means of teaching soil morphology to
an upper level pedology class at the University of Florida
5

(Collins, et al. 1993).
The program integrated slides, texts,
diagrams, and menus. CAMS was the first attempt to use computer
technology to instruct students on soil morphology.
This
technology allowed the students to revisit soil profiles, master
horizon designation examples, and definitions of subordinate
horizons as many times as the student needed.
CAMS did not,
however, have hyperlinks, motion, or audio files. Revisions in
CAMS were made, and the updated version named SOILdisk. SOILdisk
is still in the developing stage but many of the modules used were
utilized in CAMS. A detailed description of the components in
CAMS is addressed in Collins et al., 1993.
Segments of SOILdisk.
The retrieval software was developed for the
Microsoft MS-DOS and MS-Windows operating systems.
Extensive
multimedia information applications may be applied to this
software.
It also allows the multimedia developer to prepare
applications that can be easily modified and distributed to users.
Questions that the multimedia developer must ask include: Who
will be using the program?
How much information should be
included? How should the menus and submenus be created? In what
form is the information? Motion? Text? Graphs? Figures? Slides?
Will modifications to the information be necessary?
How best
should that information be presented? How will hyperlink files be
connected?
Student Testing and Acceptance. Student reaction was positive. The students
liked the freedom of using the program when time was available to
them. It did allow them to "visit" other soils and morphological
features that do not exist in Florida.
Administrative and Legal Restrictions. The major administrative restriction is
time allowed to write multimedia textdisks for classroom use.
Legal restrictions are more concerning than administrative
limitations.
The major component of legal restrictions is
copyright laws.
Conclusions. SOILdisk is one illustration of the intensity towards
development of electronic information resources, multimedia
educational software programs. This technology will become the
standard instructional techniques in the latter 1990's.
Literature Cited.
Collins, M.E, D.L. Cantlin, and D.G. Watson. 1993. ComputerAssisted Morphology of Soils:CAMS. Utilization of Soil Survey
Information for Sustainable Land Use. Proceedings of the 8th
International Management Workshop. USDA-SCS, Lincoln, NE. pp. 113118.

6

MULTIMEDIA SOFTWARE PROGRAM FOR SOIL EDUCATION:SOILDISK
MM. Collins* and H. Beck. Soil and Water Science Department and Agricultural Engineering
Department, University of Florida, Gainesville, Florida 32611, USA

Introduction. SOIL: A four-letter word representing a natural resource
that, in general, the world's population little understands. One
of the difficulties in studying soil is that it cannot be as
readily seen as trees, animals, or flowers.
Also, it is a
continuum , not an entity. As a result it is poorly understood by
non-soil scientists.
Environmental education activities are
increasing with the common objective of compelling the citizens of
the world to be more aware of the limitations of our earth. Many
of these activities include the use of computer-aided instruction.
Very few of these activities have been devoted to sharing the
mysteries of soils.
Environmental
educational
projects must
include
soil
information in their objectives. Various morphologies of soil and
its associated chemical, physical, biological, and mineralogical
properties must be "uncovered" in a form useful to non-soil
scientists.
This can now be accomplished through the use of
multimedia software programs.
Multimedia, the use of several media computer methods (sound,
still images, animation, motion video, text, and graphics) to
explain a concept, to sell a product, or to visit a far distant
country, is becoming an important mode in today's computer world.
Utilizing all of the multimedia technologies mentioned is difficult
and expensive (Kirby, 1992; Hannaway et al., 1992), but it is an
impressive method of educating. Multimedia programs are flexible
and can be written at specific levels for specific audiences.
The initial undertaking was CAMS (Computer-assisted Morphology
of Soils) Version 1.0 that demonstrated the use of this technology
for soil instruction. CAMS was simplistic in design using menu
files, text files, and slides. A second version of CAMS (Version
2.0) was developed with more information on soil morphology
(Collins, et al., 1992).
Now, a more sophisticated version is
being created, SOILdisk. It is hoped that the multimedia software
program, SOILdisk, discussed in this paper is the beginning of new
instructional techniques in pedology.
Background. Soil science has been taught in American universities for
generations. Students in general soils or pedology (soil genesis,
morphology, and classification) courses are exposed to soils by the
use of slides in a classroom setting or during field trips. There
are limitations to this approach in teaching soil science. First
is the limitation the instructor has in providing slides of soils
to students. In most cases the instructor has a limited number of
soil slides and those slides are normally taken within a limited
geographic area and soil orders. As a result, students' exposure
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to different soils is confined. Second limitation is field trips.
It is becoming more difficult to show students soils in the field
due to time restrictions, driving distances, access to field sites,
transportation requirements, and liabilities.
Soil science
laboratory periods are becoming more and more laboratory exercises
rather than field exercises. It is nearly impossible to give the
students the experience needed to map soils for a soil survey.
Third limitation is insufficient teaching funds. Even though there
is greater interest in the quality of teaching, educational funds
have not increased to support the interest.
How soil science is taught is changing. Instructors must be
more creative and use what resources are available. One resource
that is becoming more available to instructors, as well as
students, is computers.
Computers have been used for word
processing, spread sheets, graphics, and demonstrating simulation
models for several years. Computers have not become an interactive
part of pedology teaching assemblage.
One of the restrictions
computers had was that soil color could not be shown with 16-color
monitors. Another restriction was the lack of a suitable method to
digitize pictures of soils, landscapes, diagrams, and associated
environmental factors into the computer for students' use. These
restrictions no longer exists. Low cost graphics hardware (i.e.
SuperVGA monitors) now have the ability to present infinite numbers
of colors and a new generation of hardware allows us to digitize
data, characters, and figures by scanning pictures, slides, graphs,
or text in a relative short time at a low cost.
Environmental educational interests are now turning to
electronic methods of presenting information. Soil science must
join this wave of enthusiasm. Multimedia allows for several forms
of media to interact in a computer program. If a soils' multimedia
program was created, soil, as a dynamic resource, could be explored
anywhere in the world. CAMS was developed to allow students the
opportunity to discover the world of soils. CAMS development,
revisions, and use by students and others will be presented, as
well as administrative and legal restrictions to creating
multimedia teaching programs.
Multimedia and The Electronic University. Application of multimedia techniques
definitely has a place in the sphere of soils.
Computer-aided
instruction, the use of computers for interactive teaching, has
always made the most of available media. In the 1970's, the PLATO
system (Programmed Learning and Teaching Operations) made extensive
use of computer graphics to provide an operating environment that
was easy to use by students and provided a precursor to today's
microcomputer system. In the early 1980's, interactive video disk
added sound and motion video to programmed instruction.
More
recently, there has been much interest in multimedia in computer
applications. Multimedia refers to the use of several different
media (text, computer graphic, sound, animation, motion video)
combined within the same application. Though the capabilities for
producing multimedia have been available through video disk for
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over 15 years, the ease of development and accessibility have been
enhanced recently through the advent of low cost/high-powered
microcomputer systems.
Multimedia programs can be separated into three general
categories: business applications, classroom use, and CD-ROM
textdisks.
Business applications involve the construction of
electronic
presentations
for
meetings.
These
computer
presentations can be simple multimedia programs taking 1/2 day to
assemble or complex displays taking several days to compile.
Development of effective multimedia applications is a time
consuming challenge for instructional designers.
Lecture use
through multimedia classrooms is being tried at several
universities in the United States including the University of
Florida. Traditional classrooms are being converted to multimedia
environments. The only problem with this is the lack of multimedia
courseware to be shown in these new classroom environments.
Electronic textbooks, "CD-ROM textdisks", are being developed
especially in the medical and veterinary sciences. Development of
these textdisks is an extremely laborious process. Similar disks
have been developed at Cornell University where veterinary
assignments are computer simulations of real-animal situations with
audible heartbeats. Medical schools are using this technology to
teach students how to operate before they enter an operating room.
Greek and ancient civilizations are being studied by students in a
CD-ROM program called Perseus from Yale University Press. The disk
hold 25 volumes of Greek text, a 35,000 word dictionary, and 6,000
photos and drawings illustrating archaeological sites. The cost of
this disk is considerably lower than a textbook. Numerous examples
can be presented that are commercially available through computer
stores.
In teaching, a number of areas where this process is already
occurring can be identified. The electronic textbook (textdisk) is
one such area. With the cost of the traditional printed textbooks
becoming higher and higher, electronic texts on media such as CDROM offer at least a cost savings in publication. Electronic text
offers a number of advantages over the printed textbook.
In
addition to multimedia (the ability to provide quality color images
and motion video at very low cost), the organization of materials
in the text can be designed to provide students better access to
information. Hypertext and fulltext searching techniques provide
extensive cross-referencing and rapid searching capabilities.
Semantic data modeling techniques provide a way to model the
structure and organization of knowledge within a subject area. The
ability to customize textbooks would allow an instructor to add or
exclude materials as needed for the next semester's course
(traditionally many of the chapters in the printed textbook are not
even used!).
Effective multimedia presentations require competency in
graphics design, and an ability to match the appropriate medium
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with the subject matter.
It is best to keep it simple,
entertaining, and informative. Therefore, development of quality
programs requires artistic production skills, and can be very
expensive. Any multimedia programming must not be loaded down with
glitz and gimmicks.
Universities are an indispensable foundation of information
and this information will become more accessible to the university
community and beyond through computers.
As the electronic
information age proceeds, there will be strategies of converting
information which is currently in printed books, lecture notes, and
in the minds of lecturer, researchers, and thousands of experts at
the university to computer-assisted form.
The traditional ivy
tower physically located at a central location, the campus, will be
transformed into a distributed network accessible to anyone in the
world.
Already the process of conversion to an electronic
university has begun in earnest at several major universities.
Increasingly
multimedia
computer
teaching
classrooms
and
laboratories are appearing, and instructors are becoming educated
in ways to prepare their materials for the new media.
The university library is another structure that will be
converted to computer-assisted. The electronic library will be not
merely a storehouse of books, but an integrated web of knowledge.
The electronic library will include a new kind of librarian, an
electronic assistant who can help locate information. Students
will check-out CDs rather than books. Library users will also be
able to "check-out" information through modems without leaving
their homes, dormitory rooms, or business offices.
Computers with projection screens will replace the traditional
blackboard. The lecturer will have a database of lecture notes,
course materials, examples, references, images, simulations, and
other materials which can be called up as needed to make a point or
answer a student's question.
Thus, all information associated with a course, the textbook,
lecture notes, and even programs for individualized study, should
come from the same source. This source would be an information
base containing the course content, organized in a formal database
to provide integration and searching, and using multimedia to
present the materials in a variety of formats.
At the University of Florida this transformation is taking
place in the teaching of pedology. The following discussion will
highlight the advancement of CAMS and other multimedia programs.
Multimedia Techniques Applied to Environmental Pedology instruction. Each year thousands
of students in the world enroll in soil science courses. A lesser
number of students matriculate in soil genesis, morphology, and
classification (pedology) courses. At many universities pedology
is considered to be the second most important course taken by a
student after a general soils class. In a pedology course, the
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students are exposed to the vernacular of soil science. Therefore,
it is imperative that the students in a pedology course, no matter
where it is taught, be exposed to as many pedological concepts,
processes, and principles as is possible. Because of the three
teaching limitations mentioned earlier, this is not possible. One
viable alternative would be the development of a multimedia
interaction computer program where students could learn at their
own rate, comfort, and environment. The need for such a program
generated CAMS VI.0 and V2.0, and the more sophisticated SOILdisk
multimedia program.
CAMS V2.0 was developed as a means of teaching soil morphology
to an upper level pedology class at the University of Florida
(Collins, et al. 1993).
The program integrated slides, texts,
diagrams, and menus. It did not, however, have hyperlinks, motion,
or audio files.
Revisions in CAMS were made, and the updated
version named SOILdisk.
Evolution of SOILdisk. Until approximately three years ago, hardware and
software limitations restricted the development of computer
programs for soil use.
Hardware restrictions included low
resolution and 16-color monitors. Maximum hard disk space for
personal computers was < 20 MB and drive speeds were slow.
Commercially available multimedia programs were elementary in
style.
In 1991, Watson et al., (1991) reported that commercially
accessible multimedia information systems were insufficient for
information retrieval systems which unite full-text searching,
hypertext, high resolution digitized images, and retrieval
databases. Therefore, the University of Florida - Institute of
Food and Agricultural Sciences developed an information retrieval
software which integrated these technologies and used to deliver
cooperative extension databases on CD-ROM to all counties in
Florida (Beck et al., 1994). This retrieval software since 1991
has gone through many revisions. It is used extensively in FAIRS
(Florida Agriculture and Information Retrieval Service).
Also, recent innovations have made computers more powerful and
much faster.
More recently, commercially available multimedia
computers able to show motion and create sounds and multimedia
software programs able to integrate motion and audio files have
made it possible create a multimedia program to view and hear
entities, their inherent color, detail, motion, and natural sounds.
These software programs can be apply be applied to any educational
object. Without these recent programs, faculty had to be computer
programmers to apply computer technology in the classroom.
CAMS was the first attempt to use computer technology to
instruct students on soil morphology. This technology allowed the
students to revisit soil profiles, master horizon designation
examples, and definitions of subordinate horizons as many times as
the student needed. Before the use of CAMS, students were exposed
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to soil morphology only through classroom lectures. When the endof-the-period bell rung and the lights went out, the students'
interaction with soil morphology ceased.
Since CAMS, other multimedia programs educating the users on
Florida's Entisols, hydric soil indicators in Florida, and use of
Soil Taxonomy with emphasis on application to Florida's soils have
been written. SOILdisk is a new venture incorporating hyperlinks,
sound, and motion and presenting this information on CD-ROM. It is
still in the developing stage but many of the modules used were
utilized in CAMS. A detailed description of the components in CAMS
is addressed in Collins et al., 1993.
Developing SO/Ldisk. The components used in developing SOILdisk are shown
in the flow diagram (Fig. 1) . The retrieval software was developed
for the Microsoft MS-DOS and MS Windows operating systems. The
software allows the multimedia developer to prepare applications
that can be easily modified and distributed to users.
The flow diagram indicates several steps in the creation of
SOILdisk. Before multimedia programs can be created many questions
must be addressed such as: Who will be using the program? How much
information should be included? How should the menus and submenus
be created? Is that information available? In what form is the
information? Motion? Text? Graphs? Figures? Slides?
Will
modifications to the information be necessary? How best should
that information be presented?
How will hyperlink files be
connected? When all these questions have been answered then the
architect of the multimedia program can begin construction. The
information in each components must be assembled.
Who will be using the program? Upper-level undergraduates and
graduate students will be using SOILdisk, as well as professionals
that need a quick reference to pedological concepts. Therefore,
the terminology used can be more technical than if written for
younger audiences.
How much information should be included?
The size of
multimedia programs can be customized to meet the computer need of
the user. In SOILdisk, high resolution 35-mm digitized slides are
as large as 250K bytes of memory. Text files are much smaller. A
30-sec motion file may take as much as 5MB. The executable portion
approaches 1MB.
How should the menus and submenus be created?
Menus and
submenus files must be created with the user of the program in
mind.
Selections in the first menu organizes the user for the
submenus.
Within each submenu are selections with additional
submenus. Therefore, the selection becomes geometric.
Is the information available?
It is much easier to use
information that is available than it is to create the information.
Copyright questions arise when information is used that has been
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published. Creating the information is more time-consuming, but
copyright issues are not a concern.
In what form is the information? Decisions must be made on
how to present the information in a multimedia program.
These
decisions are not made quickly. For example, would a slide of a
buried soil horizon be more appropriate than just describing this
feature?
A graph of clay depth distribution explaining the
significant clay increase may be more effective that a slide in
which you cannot see a clay increase.
Therefore, should a
particular piece of information be presented as a text file, graph,
data, slide, motion, etc. Motion may be best to show how one
determines texture. A 15-sec segment can show how sandy-textured
soils do not form ribbons, while soils high in clay do.
Will modifications be necessary? Modifications to image files
are time and labor intensive. Simple changes such as adding text
to the image may not enhance the image.
Putting two images
together, i.e. a soil profile positioned on the landscape, may take
several hours to accomplish, but its lasting affect on the student
being able to see the soil and landscape together will outweigh the
time.
A library of unmodified image files must be kept.
Individual files modified in different ways may be used several
times in the program.
How will hyperlink files be connected? The program developer
must decide what information will be hyperlinked to what other
information.
Two examples used in SOILdisk are hypermaps and
hypertext. In SOILdisk, maps of the state of Florida have been
digitized in several ways; one map shows the water management
districts, one map shows the soil orders, and another map shows the
counties. These maps are used in hypermap links. As an example,
if a program user was only interested in Entisols in Florida, one
would place the cursor on the delineation. Only information for
Entisols would be available. Hypertext files provide additional
information about a subject.
As an example, if the user was
reading a text file discussing kandic horizons and did not
understand effective cation exchange capacity, hypertext would
allow the individual to place the cursor on the highlighted words
and a sub-file would give necessary information either as a graph,
slide, or additional text.
Constructing hyperlink files is a
challenge.
SOILdisk Menus. A main menu "Introduction to Soil Morphology" displays
18 selections (Fig.2) including "How to Determine Soil Horizons";
"Soil Color", "Soil Texture", etc. Submenus are displayed from
these main selections. As an example, in the main menu selection
"Subordinate Horizons" the submenu presents all the subordinate
horizons. A portion of the selection is given in Fig. 2. Within
each subordinate horizon selection, i.e. b horizon, there is a
definition (Soil Taxonomy) and the option of printing out the text
or seeing a slide in which a buried horizon is shown. In the text
words can be highlighted indicating that they are hyperlinked to
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other information. At this time the image files cannot be printed
directly from the program. Another program is needed to capture
the image and print it.
In the main menu or in submenus maps can be a selection, i.e.
"Soils of Florida." This is a colored-map showing the distribution
of the four important soil orders; Entisols on the Central Florida
Ridge, Ultisols in the Southern Coastal Plains, Histosols in the
Everglades area, and Spodosols in the North Florida Flatwoods.
Questions for the students can be a selection. For instance,
on the main menu is the question "What are the Horizons in this
Soil? (Fig.3). The students read the text and then go to the soil
slide. When they have delineated and identified the horizons, they
select "Answer" in the main menu to confirm their answer.
"Special Features" selection contains a submenu that presents
information on "What are Mottles in Soil?", "Description of
Mottles", "Roots", "Pores", "Coatings", to name a few.
An
archaeological soil is also featured allowing students to compare
morphologies of natural soil profiles to human-influenced soil
profiles.
The number of selections in the main menu and submenus is not
a restriction. The author of the program decides on the concept
for the selections presented on the main menu and submenus.
Student Testing and Acceptance. During Fall Semester (August - December)
1993, as the project involving SOILdisk was being constructed, CAMS
VI.0 was available to students in "Soil Genesis, Classification,
and Survey" in the Soil and Water Science Department, University of
Florida. Also, an assignment was given to the class to supplement
what they had learned from CAMS. Student reaction was positive.
The students liked the freedom of using the program when they had
the time.
They indicated that they spent more time studying
because they enjoyed using the computer.
It allowed them to
"visit" other soils and morphological features that do not exist in
Florida. Several students wanted to buy the program to continue to
use it. With the addition of motion and audio to SOILdisk and an
increase
in hyperlinks, the program will allow computer
visualization and graphic representation of soil never before
imagined. As in the book "Fantastic Voyage" where the participants
were injected into a human body in which they traveled, students
will voyage into the body of soil and experience soil's complex
morphological, chemical, biological, physical properties.
Administrative and Legal Restrictions. As with any unique idea, there are
administrative and legal restrictions that restrain some of the
developments of multimedia software for classroom use. The major
administrative restriction is time allowed to write multimedia
textdisks for classroom use.
Many American universities are
converting rooms to multimedia classrooms without the necessary
computer programs to use in these futuristic classrooms. Faculty

14

must be allowed the time to learn about multimedia programs and
then the time to created software for their classes.
In some
universities, administritors are waiting for other universities to
produce the software. Who will lead? Who will allow the faculty
the time to move their lectures into 21th century classrooms?
Legal restrictions are more concerning than administrative
limitations.
The major component of legal restrictions is
copyright laws. As mentioned early, where is the information that
is used in these program originally published? Will publishers
allow this information (i.e. text, diagrams) to be included in
multimedia programs? Some individuals equate this obstacle with
those that are associated with writing a book.
Slides may be
copyrighted.
Therefore, permission must be obtained before
publication of copyright material can be used. It is believed that
new copyright laws will be legislated to address the use of
information in electronic forms. These obstacles will slow the
establishment of textdisks.
Conclusions. SOILdisk is one illustration of the intensity towards
development of electronic information resources, multimedia
educational software programs. SOILdisk includes an underlying
database of instructional materials in pedology. It includes both
hypertext and fulltext searching (as well as more formal querying
facilities) and uses multimedia in the form of text, images,
sounds, and motion video, to present pedologic concepts, processes,
and principles.
Multimedia educational methods, such as SOILdisk, will become
the standard instructional techniques in the latter 1990's in presecondary and post-secondary educational levels. We must begin now
to create such instructional techniques.
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Regards sur Ie sol : I'enseignement de la science du sol
par 1'approche morphologique
M. Dosso et A. Ruellan. Centre National d'Etudes Agronomiques des Regions
Chaudes, 34033 Montpellier cedex 01, France.
Résumé : To help developping the awareness of the importance of soil, we propose a
morphological approach of soils as, both, a teaching method and a way to diffuse knowledge on
soils. Based on this principle, a pedagogical chain is progressively builded which meets the interest
of various publics : farmers, technicians, agronomists, academics. This educational effort
originates in a scientifical approach, the structural analysis of the soil cover, which has the merit of
being an effective and quality tool for transferring knowledge towards every public.

Introduction. Au cours de cette deuxième moitié de 20 ème siècle, cinquante a cent ans après les
travaux de Dokoutchaev, les progrès realises en Science du Sol ont eu trop souvent tendance, un
peu partout dans Ie monde, a privilégier des démarches qui éloignent les chercheurs du terrain.
Et pourtant, un certain nombre d'équipes francaises, qui ont eu la chance de pouvoir longuement
travailler sur Ie terrain, en particulier en milieu tropical, ont démontré, au cours de ces dernières
décennies, 1'importance fondamentale de ces travaux pour la comprehension mondiale des
couvertures pédologiques, de leurs structures, de leurs fonctionnements, de leurs fertilités (9).
Lorsque 1'on considère I'enseignement de la Science du Sol, en tous les cas pour ce qui est de la
France, on est en general conduit au double constat suivant:
1) il s'agit d' un enseignement peu diffuse, qui n'atteint pas Ie grand public ;
2) I'enseignement donné, qui ne concerne pratiquement que les lycées agricoles et les écoles
supérieures d'agronomie (les enseignements sont rares dans Ie cadre des universités), 1'est sous
une forme abstraite et analytique ; peu de place, sinon aucune n'est accordée, en cours et sur Ie
terrain, a la découverte des sols, a la description morphologique des couvertures pédologiques.
La Science du sol est une science du milieu, une science naturelle. Elle ne peut done se passer
d'une approche morphologique détaillée, conduite a toutes les echelles de 1'organisation
tridimensionnelle des couvertures pédologiques. Toutes les recherches récentes Ie démontrent, et
ceci nous conduit a proposer que I'enseignement moderne en Science du Sol, quelque soit le
public, soit fondé sur la découverte et 1'interprétation des structures (5).
La démarche.
- Premier choix pédagogique
La démarche proposée pour introduire a la Science du Sol et pour 1'enseigner, est 1'approche
morphologique du sol , dite aussi analyse structurale tridimensionnelle de la couverture
pédologique. Le point de vue scientifique, sous-jacent a cette approche, est de considérer le sol
comme un milieu continu, organise, qui se transforme continuellement. Découvrir et comprendre la
couverture pédologique revient done a décrire et analyser progressivement ses différents niveaux
d'organisation : depuis les organisations élémentaires (échelle du microscope et de 1'agrégat)
jusqu'aux systèmes pédologiques (échelle du paysage). C'est une approche morphologique, car
fondée sur 1'observation ; le type de raisonnement fait a 1'échelle d'une lame mince est le même a
1'échelle d'une toposéquence : c'est 1'analyse structurale des géologues.
Les deux choix pédagogiques suivants découlent de 1'adoption de ce point de vue scientifique.

21

- Deuxième choix pédagogique
Après la découverte, 1'observation et la description de 1'organisation du milieu sol, on est amené a
en montrer la diversité : nous avons choisi d'expliquer la diversité des sols observes a 1'aide d' une
logique historique. Cette presentation de la diversité des sols, guidée par leur degré de
differentiation (sols peu, moyennement ou tres différenciés) permet d'éviter 1'ennui ou 1'angoisse
du recours aux différentes classifications existantes, dont les logiques sont trop souvent
partiellement artificielles. La logique historique permet de rattacher tous les types de sol observes a
ï'une des trois categories citées (et reliées entre elles) et n'empêche nullement par la suite,
d'introduire aux différents systèmes de classification existants.
- Troisième choix pédagogique
Le profil de sol, que 1'on apprend a décrire sur Ie terrain, est présenté comme étant une unité
d'observation du milieu sol ; ce n'est pas une unité d'organisation. A 1'échelle du terrain, 1'unité
d'organisation, qui permettra de comprendre la structure de la couverture pédologique, est le
volume de sol que 1'on nomme "horizon" ; a 1'échelle de 1'unité de modelé étudiée, 1'unité
d'organisation est le système pédologique, que 1'on devra décrire, en coupes et en plan (pour en
avoir une representation en trois dimensions).
En pratique : la chaine pédagogique. L'enseignement propose consiste en une alternance de
séances de cours et de séances sur le terrain, selon une progression rythmée par les différentes
étapes de la démarche. Pour la mise en oeuvre de eet enseignement, une chaïne pédagogique a
progressivement été élaborée. Elle comprend déja sept maillons distincts :
1 - un film
2 - une brochure
3 - une mallette pédagogique
4 - une exposition
5 - un livre
6 - un CDI
7 - une banque de données image.
Cette chaïne, du fait de la démarche morphologique qui la sous-tend et du fait des outils qui la
constituent, permet de s'adresser a tout public susceptible d'etre intéresse par les sols : aux
agriculteurs aussi bien qu'aux universitaires, aux enfants aussi bien qu'aux adultes. Quelque soit le
public, le point de depart est le même, la démarche est la même ; on va simplement plus ou moins
loin dans 1'analyse.
(1) Le film : "Terra pra viver". Co-production franco-brésilienne , il s'agit d'un film de fiction,
tourné avec des acteurs brésiliens connus. Realise en 1988,1'objectif de ce film fut d'abord de
faciliter, au Brésil, une première sensibilisation des agriculteurs au problème de la nécessité d'une
bonne conaissance de son sol pour pouvoir rester sur sa terre. Depuis, ce film est largement diffuse
et utilise, au Brésil et en France, dans les milieux agricoles, dans les lycées agricoles, dans les
universités, dans les associations. Il est égalemement diffuse dans quelques pays asiatiques et
africains.
(2) La brochure : "Découvrir le sol". Rédigée d'après le film "Terra pra Viver", cette brochure, en
couleurs, est utilisée conjointement au film. Elle reprend les principales images du film consacrées
au sol et va un peu plus loin que le film en matière d'observation des sols ; en même temps elle
constitue en quelque sorte une mémoire du film.
(3) La mallette pédagogique : "La découverte des sols". Cette mallette contient, outre le film et la
brochure, des diapositives, des transparents, des fiches pédagogiques et le livre "Regards sur le
sol". Cette mallette est destinée a faciliter le travail de tous ceux qui veulent réaliser des
enseignements, en milieu technique comme en milieu lycéen ou universitaire.
(4) L' exposition : "A la découverte des sols". Cette exposition vise tous les publics, jeunes et
adultes, gens des villes et agriculteurs, de tous pays. Son objectif est de faire découvrir le sol au
quotidien, d'apprendre a le lire, a le connaitre et le reconnaitre, a le comprendre pour mieux
1'utiliser.
(5) Le livre : "Regards sur le sol". Il s'agit d' un livre de morphologie des sols dont 1'objectif est
d'enseigner les bases scientifiques et la démarche de l'étude morphologique des sols et de ses
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applications a 1'agriculture et a 1'environnement. Par une approche d'observation directe, ce livre,
tres illustré, donne a voir, a travers la diversité des formes et des couleurs observées, la
structuration du milieu sol, depuis 1'échelle du mineral jusqu'a celle du paysage. Ce livre est con?u
de telle facon qu'il puisse intéresser, a la fois, différents publics : scolaires, universitaires,
agriculteurs, agronomes, etc...
(6) Le CDI : ce projet est actuellement a l'état de maquette. II s'agit d'un multi-media éducatif
présentant de maniere interactive, la découverte d'une couverture pédologique.
(7) La banque de données images : ce projet, actuellement aussi a l'état de maquette, permet de
gérer plusieurs centaines d'images couleurs de sols (schémas et photos, de paysages, de profils, de
détails micromorphologiques) : chaque fiche descriptive se composant de plusieurs dizaines de
champs, 1'utilisateur de la banque peut facilement accéder a 1'information souhaitée en faisant
porter son interrogation sur de nombreux critères. La capacité de cette banque images sera
progressivement portee a environ 3500 images.
Résultats et discussion : utilisation de la chaine pédagogique. Différentes experiences
de formation ont déja été réalisées, principalement en France et au Brésil:
- sessions de formation a la découverte des sols (d'une semaine) pour des agriculteurs, pour des
techniciens, conseillers agricoles, pour des ingénieurs agronomes, pour des étudiants et chercheurs
universitaires ;
- cycles de cours dispenses a des étudiants de second cycle et de troisième cycle universitaires
(30h.);
- sessions de formation (d'une semaine) pour des enseignants de lycées agricoles ou de
1'enseignement supérieur agronomique.
Sur cette base, on peut dire ceci:
- pour un public qui n'a que peu de connaissances scientifiques relatives au sol: sa reaction est
toujours enthousiaste. Le cas des agriculteurs est particulièrement interessant: dans les pays en
voie de développement, le savoir des agriculteurs est souvent ignore ; or dans ce cadre, au
contraire, cette approche leur permet de valoriser leur savoir et la session de formation se
transforme vite en une session d'échanges et de partages entre deux types de savoirs (8).
- pour un public qui a déja des connaissances scientifiques relatives au sol: eet enseignement lui
permet de resituer ses connaissances dans un cadre plus vaste qui leur donne leur signification ; les
connaissances anciennement acquises prennent un sens.
Bien évidemment pour être confirmés ces résultats mériteraient d'etre déduits d'analyses
statistiques de réponses a des enquêtes d'évaluation : procédés que nous n'avons pas encore
formalises.
Cependant, sans base d'enquêtes, nous pouvons encore faire les deux remarques suivantes :
- 1'analyse morphologique, par definition, fait largement appel a 1'observation : e'est une voie
d'entrée facile pour n'importe quel public ;
- cette observation doit cependant être progressivement guidée : pour cela, il est tres souvent fait
appel a 1'image; or les moyens technologiques actuels nous permettent progressivement d'exploiter
au mieux ce type d'informations.
C'est pourquoi, sur la base des résultats déja obtenus, nous pensons a la mise au point d'une série
de video-cassettes permettant un enseignement a distance, par voie de television.
Conclusion. L'enseignement de la Science du Sol sur des bases morphologiques, done
richement illustré, donne envie aux uns de découvrir ce milieu mal connu et généralement cache, et
permet aux autres de redonner vie a leurs anciennes connaissances. Les moyens modernes de
traitement de 1'image sont une aide tres efficace pour le développement de cette methode
d'enseignement, methode développée sur la base des acquis scientifiques de ces cinquante
demières années.
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L'expérience tunisienne en education
relative a la science du sol
T a h a r G U E L L A L I Professeur de pédologie - Facullé des Sciences de Tunis,
Campus Universitaire - Tunis 1060- Tunisie.
Introduction. Le problème de l'éducation en science, souvent posé a chaque réforme des
programmes scolaires et universitaire*, dépasse aujourd'hui le cadre de l'institution
d'enseignement classique.
Avec la médiatisation de la science, surtout depuis les annécs quatre-vingt, l'éducation en
science du grand public {Public Understanding of Science ou Scientific Literacy) est devenue
1'unc des ces questions qui interpelle la société dans son ensemble.
Plus qu'auparavant, la science prend par ses applications une importance croissante dans la vie
de tous les jours.
Element fundamental de la culture moderne, force dynamique qui provoque des changements
économiques et sociaux, la science se doit, au nom de 1'argument dérnocratique et civique,
d'etre comprise dans sa démarche et ses choix par le citoyen.
Or la science est en mouvement. Elle évolue tres vite. Il en résulte que 1'on frise
1'analphabétisme scientifique en cette fin de siècle et que les specialistes eux mêmes ne sont pas
souvent au courant des domaines qui ne sont pas les leurs.
Se pose alors la question : comment éduquer le plus grand nombre de citoyens dans un
domaine en perpétuel devenir ? Que devrait-on savoir sur les sciences ? quel est le fond
commun ou le minimum de connaissances a partager entre les citoyens ?
Ces questions, qui se posent la science dans sa globalité, concement aussi les géosciences de
1'environnement et la science du sol en particulier. Les connaissances pédologiques font-elles
alors partie de ces informations fondamentales nécessaires a la vie dans le monde moderne ?
Autrement dit la connaissance du sol doit-elle faire partie du "glossaire" ou du lexique qui
permettrait a ses lecteurs de parier intelligemment des problèmes d'actualité et de prendre une
part significative aux affaires publiques (Durant 1993).
Matériels et methodes. Pour présenter l'expérience tunisienne en matière d'éducation en
science du sol, nous nous sommes bases :
- sur 1'analyse historique du développement de la science du sol en Tunisie.
- sur notre propre experience de pédologue ayant démarré sa carrière en tant que chercheur en
pédologie au Ministère de 1'Agriculture pour devenir par la suite professeur de pédologie dans
une faculté des sciences.
- et sur notre participation è la commission supérieure de la réforme du système éducatif
instituée depuis Mai 1989.
Résultats et discussions.
1/ Apercu historique : la pédologie se Ion Ibn Al-Awam
En Tunisie, comme dans tout le pourtour méditerranéen, le sol n'est pas seulement cette terre
nourricière, il est aussi référentiel culrurel. En effet, des Phéniciens aux Arabes, jusqu'aux
Tunisiens d'aujourd'hui, les civilisations qui se sont succédé ont généré une aridoculture
performant* b*sée sur une connaissance approfondie du sol et de son fonctionnement.
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C'est avec les premiers habitants de la Chaldée et de 1'Arabie Petrée, fondateurs de 1'agriculture
nabathéenne, que Ie sol a commence par être un sujet d'étude, Cet intérêt est devenu plus grand
en Babylonie ou les sols alluviaux entre Ie Tigre et 1'Euphrate étaient les plus recherches pour
la production des céréales.
Ce savoir a commence par s'étendre et s'accumuier dans Ie monde de 1'époque oü les Romains
jouèrent un róle de pionnier pour domestiquer l'eau et 1'utiliser. Mais, emportés par leurs
conquêtes, ils désertèrent les champs pour les villes, et confièrent la culture de la terre aux
classes inférieures et aux esclaves.
II a connu un essor sans precedent avec la conquête arabo-islamique qui, en rompant avec
l'oppression de 1'oligarchie romaine, a introduit 1'égaJitarisme dans la gestion des ressources
naturelles, favorisant ainsi 1'exploitation collective de l'eau et l'extension des foyer.'
hydrauliques jusqu'aux confins du Sahara.
Les Arabes ont fait des sols de la Tunisie, des champs d'essai et d'expérimentation pour tester
les espèces introduces en vue de les étendre a toute l'Ifnkya, 1'Andalousie comprise.
L'union de deux mondes, Ie monde asiatique et Ie monde arabe, réalisée par cette conquête a
constitué un grand tournant dans l'histoire de 1'agriculture maghrébine se traduisant par
1'éclosion d'une école agronorrüque arabo-andalouse tres florissante du llème au 13ème siècle
(El-Amami 1984).
A partir de la fin du 13ème siècle, la Tunisie, a beneficie des acquis agricoles accumulés en
Andalousie grace a l'arrivée des réfugiés andalous musulmans qui ont introduit différentes
techniques devaluation et d'utilisation des terres.
Déja, Ibn Al-Awam, savant andalous mort en 1145, 1'un des premiers agro-pédologues de
notre histoire, classait les sols en une douzaine d'espèces. Il parlait de terres rouges (sols
rouges méditerranéens ou sols fersiallitiques d'aujourd'hui). II expliquait la genese des sols par
1'altération des roches sous faction combine* de l'eau et de la chaleur. Il préconisait les residu
végétaux comme amendements organiques et 1'apport des marnes pour corriger Ie déséquilib.
textural dans les sols sableux.
Mieux encore, il creusait déja des profils pour observer Ie sol, recourait a Ia couleur et 1'odeui
pour décrire les sols notamment la sulfato-reduction dans les sols salins.
Cet heritage a sécrété une terminologie qui se distingue par sa précision, et bien des termes
comme alcali, soda, gypse, jessour font partie du lexique pédologique d'aujourd'hui.
2/ La pédologie moderne
Le changement brutal introduit dans les structures agraires par la colonisation rVancaise a
discrédité la culture pédologique locale, mais a introduit en même temps la science du sol
moderne.
La pédologie, venant de Russie a la France, a été introduite en Tunisie par le professeur
AGAFANOFF en 1932 lors de 1'élaboration de la première carte pédologique (sols types de
Tunisie 1/800.000), Cette carte était établie pratiquement en même temps que la carte de
France au 1/2. 500.000 en 1935/36 (Mami et al, 1981).
Cette phase d'exploration a été complete* par la creation d'un laboratoire de chimie des sols en
1932 a 1'école coloniale d'agriculture de Tunis.
Ce travail méritoire d'AGAFONOFF, même s'il ne permettait pas de faire le raccord avec les
sols des terroirs et la terminologie vernaculaire, est è 1'origine de 1'introduction de la conception
naturaliste de type pédologique resultant de l'Ecole russe de DOKOUCHAEV. Pour celle-ci, le
sol est avant tout un corps naturel tout a fait caractéristique de 1'interface biosphere -
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lithosphère. Il peut done être 1'objet d'une science autonome POCHVOVE DEN1E ou la
SCIENCE DU SOL, (Pédro, 1984).
A 1'indépendance de la Tunisie, la pédologie qui était rattachée au service des travaux publics, a
été totalement intégrée a partir de 1958 au ministère de 1'agriculture qui a eu la lourde tache
d'établir les cartes pédologiques et thématiques destinées aux planificateurs et aux aménageurs.
Ce travail a permis de dresser l'inventaire pédologique de Tunisie, qui est probablement Ie plus
exhaustif du Maghreb. A partir 1970, les documents sont caractérisés et les informations
mémorisées. En 1969 paraissait la carte des états des études pédologiques (Hamza 1969).
Cette carte actualisée en 1979 a fait 1'objct d'un traitement infonnatique et en 1993,1'une de
nos étudiantes a réactualisé ce travail de gestion des études pédologiques de la Tunisie
(Bouchakour, 1993).
3/ La pédologie au service exelusif du champ agricole
Depuis Ie rattachement de la pédologie a l'agriculture, 1'enseignement de la science du sol a
collé, aussi bien dans son organisation que dans safinalitéa sa tutelle administrative.
Parce que Ie sol n'était percu que comme support de la vie végétale et animale, son étude s'est
limitée a la valorisation de cette fonction, certes fondamentale, mais non exclusive.
II en est résulté que :
• Seuls les élèves des lycées agricoles recevaient un enseignement en science du sol. Ces lycées
ne drainant pas forcement l'élite du milieu scolaire, les élèves étant eux même issus de milieu
rural et cherchant plutöt a Ie ruir, la science du sol s'est trouvée dévaloriser, du reste comme
tout 1'enseignement technique, agricole en particulier.
- Au niveau de 1'enseignement supérieur agronomique, elle était enseignée surtout pour ses
I applications, souvent en déconnexion des sciences voisines.
Ainsi, la géomorphologie était-elle enseignée par les géographes dans les facultés des sciences
humaines, la geologie dans les facultés des sciences, I'hydrologie et l'hydrodynamique dans les
écoles d'ingénieurs de génie civil oü la modélisation et la simulation ne laissalent guerre de
place a la morphologie.
Ainsi, Ia science du sol devenait au gTé des ses enseignants tantöt chimie agricole oü Ie sol
broyé est Ie sujet d'analyse et d'étude, tantöt phytotechnie axée sur Ie profil culturel.
4/ La pédologie en tant que discipline des sciences de Ia terre
Il a fallu attendre Ie début des années quatre-vingt pour voir 1'engouement vers l'éducation
relative a 1'environnement d'une part et ('introduction de la pédologie dans les facultés des
sciences d'autre part, favoriser la prise en compte de la science du sol dans Ie secteur éducatif.
Un enseignement structure avec ses cours magistraux, travaux dirigés et pratiques, ses sorties
sur Ie terrain, a été introduit au premier cycle comme enseignement de base, en maitrise
commune enseignement modulaire et au troisième cycle comme enseignement de formation par
la recherche.
Intégrée avec les autres disciplines des sciences de la terre, la pédologie s'est inspirée dé leur
démarche, notamment de la sédimentologie. Enseignée en tant que matière scientiftque, elle
n'avait pas a se justifier en mettant en avant son cóté utilitaire.
Les generations de professeurs es-sciences naturelles (biologie et geologie) qui ont repu a
raison de 200 étudiants par promotion, depuis 1980/81 1'enseignement de pédologie a
l'université, ont été a l'origine de la diffusion de la science du sol dans la population scolarisée.
Cette dernière constitue plus que Ie quart de la population totale tunisienne.

27

La réforme du système éducatif mise en place depuis 1991, n'a fait que consolider cette
tendance, les programmes et les livres scolaires traitent aujourd'hui du sol en chapitres entiers.
II reste que si la science du sol a commence par être enseignée dans des établissements
scolaires, force est d'admettre qu'elle ne se transmet pas encore avec le même bonheur que les
sciences voisines comme la physique ou la biologie, pour lesquelles les outils pédagogiques et
didactiques sont sufllsamment élaborés et largement accessible».
Conclusion : la pédologie, science interactive ?
A cöté de cette education qui passe nécessairement par les établissements d'enseignement
classique, se développent en Tunisie des techniques complémentaires qui vont de l'animation
audiovisuelle aux expositions itinérantes, l'exposition organise* par la société des sciences de la
Terre a eu succes populaire remarquable en 1991.
La finalité de cette education multimédia étant d'éclaircir le "mystère sol" utilise par l'homme
depuis des millénaires mais restant, cependant une formation naturelle peu connue des hommes
(Ruellan et al, 1993).
Pour percer ce mystére, la pédologie terait certainement plus de progrès et toucherait un public
plus large si, a 1'instar de certains expositions de biologie ou de physique, elle pouvait se
médiatiser, devenir amusante pour les jeunes, plus morphologique et anatomique pour les
adultes, bref une science interactive I
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Crucial Knowledge About Soils, What Children are Taught
and Future Needs
M. H. Milfonl* and J. M. Dettling.
Departments of Soil and Crop Sciences
and Department of Agricultural Education - Instructional Materials Service,
Texas A &M University, College Station, Texas, US-4
Abstract. One hundred twenty-two professional soil scientists were asked what everyone
should know about soils. Two hundred fifty-four university students were asked what they
learned about soils in the primary and secondary school years. Earth science, biology, and
physical science textbooks were perused for treatment of soil as a topic. Exercise materials
and curriculum development proposals have also been reviewed. Soil scientists emphasize
knowledge of the soil as a vital, dynamic, fragile, manageable natural resource. It supports
plant growth and is useful for disposal of wastes and other purposes. Students remember
learning that soils support plant growth. They also know that there are different types of soil
and that they are layered. Some of them know about specific properties of soils. Less than
5% of them gave responses similar to those given by the soil scientists. Soils receive less
treatment in the perused earth science textbooks, than geology, meteorology and similar topics
do. Interest in the environment by the public provides an excellent opportunity to give soils
and water much greater prominence in primary and secondary school curricula.
Introduction. Soils and water are vital natural resources, all too frequently abused in use.
They are little appreciated by large masses of presumably well educated people. Much
evidence, documented by Hillel (1), suggests that the well being and strength of civilizations
have been associated with the use and management of these resources.
In The United States of America (USA), as the percentage of the population having
a close association with the land decreases, formal schooling becomes increasingly important
for developing knowledge of land based resources. Having some familiarity with the content
of curricula used in primary and secondary schools, we hypothesize that most primary and
secondary students learn little about soils. Further, we believe that certain fundamental
properties receive more attention than developing knowledge about the soil's role in the
environment and its importance for our existence. Crucial knowledge about soils, the
information that primary and secondary school children learn and the means for providing
needed knowledge to children are topics addressed in this paper.
Material and Methods. What should the world's adult population know about soil? How and
what do the children of the USA learn. What do primary and secondary schools teach
students about soils? How can we educate today's children so that tomorrow's adults will
know what they need to know? Soil scientists within this department, across the state and in
various states of the USA have been asked similar questions. Written responses have been
received from 65 of the 122 to whom we wrote. Telephone and face to face conversations
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have been held with others. We have developed, from all of the information and thoughts so
freely shared with us by others, composite responses to the questions posed.
What do recent high school graduates remember learning about soils in primary and
secondary school? Students in a large class in our university were asked the question.
Agronomy 301-Soil Science was a class of 260 students in Texas A&M University in Fall
Semester, 1993. At the first class meeting students were given five minutes to make a few
brief comments about their exposure to soils in primary and secondary schools. Suggested
emphasis was on particular facts, experiences, demonstrations, and comments that they
remember. If known, the class and/or grade at the time of the experience was to be specified.
The students were majors in many different agricultural disciplines, geology, geography, and
science education. Their responses were placed in four major categories, as follows: What
I learned about soils in primary and secondary school, how I learned it, the course or subject
in which I learned it, and the grade or level in school that I learned it. Not all students made
comments in each category. Almost one-third (79) of the respondents said they could
remember learning nothing about soils. Responses in the what I learned category were
grouped into 10 topics that reflect our interpretation of the gist of the responses made by five
or more students. Some students mentioned only one such topic while others addressed as
many as five topic areas.
We referred to several textbooks written for earth science, biology, chemistry and
physical science classes at the secondary school level. References to soil in the respective
indexes were considered. In addition we collected examples of materials prepared for use in
primary and secondary schools to teach students about soils.
Results and Discussion. All responding soil scientists had thoughts about what everyone
should know about soils. A minority had specific suggestions for teaching it in our schools.
Few know what is being taught in primary and secondary schools.
Statements of what everyone should know about soils were grouped into 10 major
categories. Each is listed in order from largest to smallest number of respondents mentioning
the category.
Soils, essential for sustained food production, are vital, fragile, finite natural
resources. They are subject to degradation under poor management. (33
responses)
•

Soils, water, air, plants, animals and people have interdependent relationships
in ecosystems. (22)

•

Soils are dynamic living systems whose productivity, through good
management that often includes addition of nutrients, organic materials, and
water, can be sustained indefinitely. (16)
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•

Soils, as a function of inorganic and organic compositions, exhibit unique
physical and chemical sorptive qualities and dynamics. (15)

•

Soils cycle carbon and other nutrient elements in the environment and can be
used for managed disposal of wastes. (12)

•

Increasing population places greater stress on the non-expanding soil resource
for food, feed and fiber production and other uses. (11)

•

Civilizations rise and fall as a function of wise use of natural resources,
including soils. (9)

•

Great diversity occurs among soils, sometimes in very small areas; often they
are nonrenewable when abused. (8)

•

Quantifiable characteristics determine reaction to land use. (5)

•

Erosion is the soil's single most destructive process. (4)

A recurring theme in responses is that soils and water are vital, often fragile natural
resources that can sustain productivity when wisely managed, but can degrade irreversibly
when abused. Another is that soil, water and air quality are interdependent. Soils, which are
dynamic and an integral part of the biosphere, compose a major segment of the environment.
They possess unique physical and chemical sorptive qualities and dynamics that enable them
to support structures, and decontaminate liquids. Almost invariably soil scientists think
everyone should appreciate soils as vital, versatile, fragile, manageable resources. Only three
respondents mentioned specific basic soil properties as crucial knowledge. Similarly,
regulatory and assistance agencies and policies received scant notice.
As a group, the respondents knew very little about the teaching of soils to children in
school. Frequent comments were, to paraphrase, not much at all; soils form when rocks
weather; mismanagement leads to erosion that is bad; farmers pollute land and water, plants
grow in soil. Cited examples of hands on learning included school gardens, field trips, soil
cores in the classroom, and land judging. One respondent noted that uneducated people living
close to the land often know more about the nature of soils and our utter dependence on them
than educated people who lack a close association with the land. Another respondent noted
that education about soils has emphasized control of erosion, suggesting that is sufficient for
healthy soil. Some respondents expressed the feeling that much teaching is almost entirely
negative. For example, farmers may be characterized as polluters, abusive users of pesticides,
or the principal cause of soil erosion, rather than as the world's foremost environmentalists.
Suggestions by soil scientists for educating tomorrow's children are arranged into 13
categories. They are listed below from most to least frequently mentioned.
•

Emphasize soils education for all science teachers with regard to soils. (16)
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Encourage use of field trips, outdoor classrooms and hands on opportunities.
(13)
Emphasize the soil as a major component of the environment globally. (8)
Work with other earth scientists to incorporate natural resource topics into the
teaching of science. (6)
Support workshops for teachers that emphasize interactive demonstrations. (5)
Use soils to teach concepts in physics, chemistry and biology. (5)
Support teachers with materials, such as soil cores, monoliths, growth media.
(5)
Support teachers with exercises and Science Fair topics. (5)
Obtain greater exposure via television and videos. (3)
Emphasize the hydrologie cycle to include movement of water, biodegradation,
bioremediation. (3)
Replace an existing course (health? vocational agriculture?) with better home
living which would emphasize home repairs, use of biocides, care for yards and
gardens. (2)
Teach total social function in terms of elemental flow or resource management.
(2)
Use local problems to teach soil dynamics. (2)
In the view of respondents, teachers, especially those in science, need to know more
about natural resources. They need ready access to materials that encourage them to use
hands on learning exercises with their students. Soils can be studied with environmental
issues, the hydrologie cycle, nutrient cycling, nutrition and health, the basic sciences and
agricultural sciences. The unique physical, chemical and biological properties of soils along
with their ubiquitous occurrence and interactions with water, air and plants make them an
excellent material to use in the illustration of many principles taught in basic science courses.
We asked students, in very general terms, what they had learned about soils in primary and
secondary schools. We wanted to see what they remembered without prompting. Seventynine of the 254 students completing the questionnaire did not remember anything learned
about soils in primary or secondary schools. Surprisingly, very few (Table 1) of those who
did remember something cited those things that soil scientists think everyone should know.
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Table 1.

Student Recollection of Things Learned in Primary and Secondary School.

Things Learned About Soils
• that there are different types of soil (29)*
• that soil is top layer of earth's crust and/or soils have horizons (28)
• that different size separates - sand, silt & clay - influence properties (24)
• that soils are often subject to accelerated erosion (23)
• that essential nutrients cycle through soil and/or may be depleted (21)
• that soils form from the weathering of rocks (20)
• about conservation and erosion control (8)
• that pH is indicator or properties (7)
• about soil organisms, other than roots (5)
• that water holding capacity, permeability and/or drainage are important (5)
* Number of responses out of 254 student respondents.
Those who had recollections of things learned most often mentioned specific characteristics
or properties. Twenty-nine students said that they had learned that there are different types
of soil. Approximately 10% of the students mentioned that soil occupies the top layer of the
earth's crust; that sand, silt and clay size separates influence properties differently, that soils
may erode at an accelerated rate and that soils contain depletable essential nutrient elements.
Only 12 of the students commented on the global importance of soils as part of the earth's
biosphere. They made statements as follows:
•Soils are important for life; they support growth of photosynthetic plants. (6)
•Soils have an important role in the environment. (2)
•Soils cycle carbon and are used for waste disposal. (2)
•Soils are the basis for all land life, a national treasure. (1)
•Soils are essential for survival. (1)
We thought that our question would more likely elicit responses like these than the specific
soil characteristics shown in Table 1. Perhaps students thought'big picture' responses would
be too obvious, though they knew that any response would earn a 'bonus-point'.
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The most frequently mentioned sources of information were earth science class (35
students), biology (31), agricultural science (25), physical science (15), science in junior high
(16), science in elementary classes (15), geology (11), general science-environmental science
in middle school (8), geography (7) and chemistry (5). Only 10 percent of the students
mentioned farm experience or the taking of agricultural science or vocational agriculture
classes. Grades 2 through 12 were cited as the level of learning about soils by students.
(Table 2). The junior high grades, when earth sciences is a common class, were mentioned
most frequently. After reading about soils in earth science, biology and physical science texts,
Table 2. Grade Level That Students Studied Soils.
2 (3)

7(15)

11 (0)

3 (3)

8 (20)

12(4)

4(4)

9(12)

10-12 (24)*

5(4)

7-9 (10 )*

6(2)

10(5)

* Grade in junior high or high school unspecified.
we are not surprised by the student responses to our question. It is entirely conceivable that
their exposure has been in terms of a few specifics. Earth science, an 8th grade subject in
Texas, contains a segment on soils. Treatment is confined often to identifying it as a product
of rock weathering that covers the earth's land surface. The role of soils in the total
environment of the biosphere may have received scant attention. Agricultural science
materials (2), which treat various aspects of soils, give limited attention to the global
importance of soils that soil scientists think everyone should feel. Few students revealed
exactly how they learned about soils. Those who did invariably list 'hands on', direct contact
with the soil, experiences (Table 3). The assumption must be that students already know the
Table 3. Student Means of Learning About Soils.
Growing Plants (18)

Field Trip (3)

Farm - Ranch (17)

Science Fair Project (1)

Land Judging Team (16)

Youth Range Workshop (1)

Gardening (5)

Soil & Water Conservation
Contest (1)

Work (4)

Worm Digging (1)

Dozer Operator (1)

fundamental importance of the earth's natural resources, their interdependence and our utter
dependence on them. This would explain the emphasis on technical knowledge about the
resources and the basic sciences.
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Soil scientists clearly emphasize different common knowledge than university students
say they remember learning in primary and secondary schools. We conclude, therefore, that
students learn specific properties of resources without appreciation for the importance and
interactive relationships of the resources.
Soil Science or Soils is not a major topic area in any of the reviewed textbooks for
earth science. One book (3) with a chapter entitled, The Earth's Changing Surface, does not
mention soil on the introductory page of that chapter, but later mentions the weathering of
rock to soil. Soil is defined as "the loose material on the surface of the earth that supports
plant life." In the chapter, topsoil enriched by humus and subsoil are mentioned; erosion is
treated; and transported and residual soils are described.
In another book (4), soils are
defined in a unit, The Changing Earth, as "loose material on the earth's surface in which plants
with roots can grow. All life depends on soil." The latter sentence conveys, quite succinctly,
what soil scientists think people ought to know, but the definition conveys an abiotic
perception of soil, except penetration by roots. Soil topics treated in the unit include
components, minerals, humus, water, air, layering, types and texture. In a third book (5), soil
is first referenced in Chapter 15, Changes in Rocks. It is described as the cover for most land
surfaces. Farmers view it as the material in which plants grow. Earth scientists view it as a
weathered zone of rocks to which organic materials have been added. The authors mention
residual soils, horizons, soils forming factors and classification. A fourth book (6) mentions
soil in the introduction and in Chapter 10, Soils, Food, and People, the writers treat
weathering, layering, humus, deterioration, fertilizers, formation and erosion control. They
preface the discussion with the statement "without soil, we could not grow food". Soils
receive more attention in a fifth book (7) that contains a chapter, Weathering and Soil.
Weathering, formation, composition, types, erosion, conservation, pollution and reclamation
are topics. "Living organisms depend on soil directly or indirectly as a source of food." is the
statement in this book that addresses the real importance of soils. Another feature of this
textbook, not seen elsewhere is an inset on having a career as a soil scientist.
Treatment of soils in each of the Earth Science texts that we reviewed is cursory. In
only a few instances would it be possible for a reader to visualize soils as dynamic, fragile,
non-renewable, vital, members of the biosphere, as opposed to being the abiotic top layer of
the lithosphere. Courses in agricultural sciences (2), taken by a small percentage of high
school students, emphasize basic soil properties, management considerations, soil erosion and
its control, soil survey interpretation and agencies having regulatory and assistance functions.
Biology texts treat soils most often as media in which plants grow. Topics treated include
composition of weathered rock and organic materials, depletion of nutrients through use,
erosion hazards, conservation practices and different types. The treatment in physical science
texts is nonexistent to cursory treatment of soil pH, fertilizers and essential nutrients.
The soil resource is a major topic in an environmental science textbook (8). One
chapter, Problems Facing World Agriculture, contains discussion of soil erosion and
agricultural land conversion. It has a quote from Neil Sampson, "[In most places on earth]
we stand only six inches from desolation, for that is the thickness of the topsoil layer upon
which the entire life of the planet depends", and one from Thomas Jefferson, "Civilization
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itself rests upon the soil". Another chapter, Feeding (he World's People, addresses use of
agricultural lands and devotes a major section to soil and soil management. Formation,
management, erosion control, tillage systems, conservation measures, and nutrients are among
the topics treated in this section. Achieving cost effective conservation of resources is the
concluding topic. Treatment of soils and other resources in this textbook could inspire a
student to become a soil scientist. However, less than 20% of the students in the local school
district take a course in environmental science. The course isn't an option in many small
districts.
Soil scientists suspect inadequate treatment of soils and other natural resources in
school systems. They are beginning to develop exercises and other materials for use by
elementary and secondary school teachers. Teachers burdened with many classes and little
time for preparation seek and readily accept user friendly materials. For example, the Soil and
Water Science Department and Florida Cooperative Extension Service, University of Florida
(9), acting jointly, have produced a series of five lessons for high school students on the
topic, Soil, Water, and Land Use - Understanding Pesticide Interaction. Water Quality, Soil
Properties, Soil Interaction With Water, Pesticide Interaction with Soil, Water and Plants and
Practical Applications are the lesson titles. Each includes preparation steps, learning activities,
data sheets, and visual aids. Students use a computer program, Chemical Movement in Soils Youth Version, to evaluate the movement and persistence of organic chemicals in well
drained soils. Properties of the compound, soil properties and hydrologie conditions are
variables in the program. The lessons provide a means for understanding the relationships
between soils and water, chemicals used in the production of food, and environmental quality.
They do not address directly the things that soil scientists think every one should know. The
Soil Conservation Service of the United States Department of Agriculture (USDA) publishes
a series of comic books to draw the attention of elementary students to the earth's natural
resources. Slide sets and exercises for use with high school students have also been prepared.
Also, the USDA publishes bimonthly, Ag in the Classroom Notes (10), to "help students
understand the important role of agriculture in the Unites States economy." Reference
materials for use in the classroom are included. The Department of Agronomy and the Natural
Resources and Environmental Program at Purdue University (11) has prepared a set of Science
Demonstrations in Soil, Crop and Environmental Science. Exercise titles are variability in
natural systems, measurement of pH, acid rain, aluminum toxicity, nitrates and nitrites in
water, colloid charge, soil color, making monoliths, and plant growth exercises. These
exercises also treat specific soil-water relationships without addressing the global significance
of either resource.
In Texas, the Instructional Materials Service (2) has prepared reference materials by
topic that treat soil properties, land management, land judging and related subjects. Reference
materials for the topics entitled Identifying Depletion of Land Resources, Importance and
Formation of Soils, and Soil and Plants: Importance and Relationship point to the importance
of soil resources. These materials are more often available to teachers of agricultural science
than to other science teachers.
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Students in the primary and secondary schools of the USA apparently are learning very
little about the interdependence of the earth's natural resources and its biosphere. If so,
corrective action is appropriate. Hopeful signs do exist. The North Central Branch of the
American Society of Agronomy, at its 1993 annual meeting, held a workshop on K-12 agroenvironmental science education. University professors and science teachers from schools
shared ideas and teaching materials. In 1992, with federal grant funds obtained from the U.
S. Environmental Protection Agency, the University of Michigan formed the National
Consortium for Environmental Education and Training (NCEET). Its primary focus is
improving efficiency and effectiveness of environmental education in K-12 classrooms (12).
To do so, it is making a state-by-state needs assessment, establishing a computer network,
EE Link, to provide information and resources that will help teachers address environmental
issues. It is developing a teacher training manual, The Toolbox, with resource aids for use
in environmental education workshops. The American Association for the Advancement of
Science (AAAS), in its publication, Science for All Americans, provides a conceptual
framework for science literacy. It proposes seven topic areas, Agriculture, Information
Processing
and
Communication,
Health
Technology,
Energy,
Transportation,
Materials/Manufacturing, and Human Presence. Project 2061 (13), sponsored by AAAS, is
to encourage reform of science teaching in grades K-12. Science literacy, as an identifiable
common core of instruction, is a goal. Students would have diverse learning experiences in
an environment that encourages accomplishment of goals in science. The American
Geological Institute (14) is seeking grant support for a major proposal to improve the teaching
of science. A source book and mentor program would be developed for earth science in
elementary schools. Soil scientists would participate in this effort.
Revitalization of the teaching of science in primary and secondary schools is receiving
attention by scientific organizations. Soil scientists must make and take advantage of
opportunities to be participants in these efforts. A primary objective should be to insure that
students learn about the earth's environment, their dependence on its natural resources and the
stewardship of them that is everyone's responsibility. With this knowledge they may be more
eager to learn about science and resources in all their complexity and beauty
Conclusions.
•

Soil scientists think every one should know that soils are vital, fragile, finite
natural resources.

•

Recent high school graduates know about a few soil properties, but few
describe soils in terms of their global importance.

•

Earth science textbooks give soils attention that is subordinate to that given to
other subjects such as geology.

•

Soil scientists and professionals need to promote soils with educators,
especially those who prepare teachers and materials for classrooms.
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Teachers, especially those of science at all levels, need a clear understanding
of the earth's environment, especially the roles, diversity and fragility of vital
resources.
At all levels, natural resources provide opportunities for 'hands on' learning
experiences that students tend to remember.
Soil science is a major topic equivalent to geology, geography, meteorology,
and astronomy, and should be treated as such in earth science textbooks.
Soil-water-air-plant-animal-energy interactive relationships should be taught in
science classes.
Soils and water should be incorporated as interest topics in basic and applied
science courses of secondary schools.
At the elementary level, soils and other natural resources may be introduced
with the study of language arts, math, science and spelling.
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A Soil Safari: Introducing Soil Science to primary school
children in the National Curriculum in England and Wales
S. Nortcliff* and E.M. Bridges. Department of Soil Science, The University
of Reading, London Road, Reading, RGl 5AQ, United Kingdom and ISRIC, PO
Box 353 6700 AJ, Wageningen, Netherlands.
Abstract
In the last two years a National Curriculum has been introduced in England and Wales across
a range of subjects with attainment targets for pupils at key stages. Soils and soil materials
offer the opportunity to address many different aspects of the National Curriculum in Science.
The British Society of Soil Science have produced a small educational pack for use by
teachers and pupils at the First and Second Key Stages. The pack illustrates low cost ways
of addressing many of the attainment targets of the National Curriculum using soil and soil
materials as a widely available teaching resource. The inherent variability of soils in the
landscape is an asset to the teachers as it enables contrasts to be made. The scheme has
proved to be successful and has increased the awareness of soils and Soil Science amongst
our younger school children.
Introduction
Following the Education Reform Act of 1988 there have been a number of developments in
the establishment of a national curriculum for science education through the ages 5 to 16
years. Most recently the Department of Education produced DES Circular 17/91 which
outlined the Attainment Targets and Programme of Study in Science, which was laid before
Parliament in December 1991 to come in to force on 1st August 1992. There are identified
four key stages in the development of science training within the schools with the following
broad equivalences.
First Key Stage
Second Key Stage
Third Key Stage
Fourth Key Stage

7 years
11 years
14 years
16 years

At each of these stages there are attainment targets established and levels of achievement
identified for each set of targets. The aim at the first and second key stages is to develop a
pupil's "intellectual and practical skills which will allow them to explore and investigate the
world of science and develop a fuller understanding of scientific phenomena, the nature of
the theories explaining these, and the procedures of scientific investigation".
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The four attainment targets cover broad areas but are broadly summarised as follows:Attainment
Attainment
Attainment
Attainment

Target
Target
Target
Target

1
2
3
4

-

Scientific Investigation
Life and Living Processes
Materials and their Properties
Physical Processes

•

Many teachers have found great difficulty in assembling a diverse set of material to illustrate
aspects of the new science curriculum. In a few cases the soil and soil materials are cited as
examples within the documentation supporting the National Curriculum, we propose that the
study of soil and soil materials offers the opportunity of excellent examples within a number
of the areas of the National Curriculum for Science, but also in the National Curriculum for
other subjects such as Geography. Partly in response to the development of a more structured
curriculum throughout the school system within England and Wales and partly in response
to a wish to promote awareness of soils within the population of school children, the British
Society of Soil Science introduced and supported a simple but structured programme of soil
study in the upper forms of the junior schools in Britain ( 9 - 1 1 year old children). The
programme was entitled 'A Soil Safari'. Some of the more academic members of the Society
have raised objections to the title, but the scheme is not aimed at the academic members of
the tertiary education sector, and it does appear to have an appeal for the children it is meant
to interest.
Increasing awareness
Soil scientists have become more active in recent years to make the general public more
aware of the importance of soils and more conscious of the need to conserve a valuable
natural resource and not to "treat it like dirt". Because soils consist of a diverse range of
materials and can be related to the landscape and underlying parent materials (and geology)
it is possible to introduce children to a holistic approach needed in studies of the natural
world. Soils can be seen to be the link between the inanimate world of rocks and minerals
and living trees, grass and crops that grow upon them and the animals that live in association
with them. From this point it is a small jump to indicate that 99 per cent of human food is
produced from the land. Soils are used to grow crops which can be eaten directly, or to grow
fodder which cows, sheep and other herbivorous animals convert into meat and dairy products
for us to eat.
The Concept of Soil Safari
The British Society of Soil Science has promoted an approach to the study of soils in the
primary education curriculum through a project entitled 'A Soil Safari'. This involves a series
of simple 'hands on' exercises based on pupil work cards and practical exercises with
supporting notes for teachers. In the initial period when introducing the project to schools,
members of the Society assisted with the exercises and provided support for the teachers,
many of whom had no previous experience o f dealing with soils. Subsequently the Society
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has provided follow up support where necessary.
To enable teachers to take full advantage of this teaching resource and to facilitate the use
of soil related approaches in the classroom it is essential that:
(a)
(b)

simple straightforward guidance is given to teachers and
exercises for the children be presented in a clear and concise manner which provides
information and elicits responses to specific questions from pupils across the full
ability range.

There are few children who do not like to dig holes in the ground, and given the right
encouragement will find the physical work enjoyable especially when it is incorporated in
certain aspects of scientific exploration. Children are also naturally curious and surprisingly
observant. They are quite capable of noting the differences in the soil cover in the landscape
whether it be getting covered in mud where their playing fields are on loamy or clayey soils,
or remaining relatively clean where rapidly-draining sandy soils occur. Once these
observations and interpretations are encouraged the children seem to take great enjoyment in
drawing these linkages.
Using a question and answer approach, the attention of children can be drawn to the different
textures, colours and structures present in most soil profiles. Colours can be inexpensively
demonstrated by use of commercial paint colour charts; and the use of the Munsell Soil
Colour Charts can be demonstrated. The children can observe where plant roots occur within
the soil, their nature and how deep they penetrate. If the pit is dug the previous day, they
will find whether or not it is a gley soil with a water table, standing in the soil profile.
In the BSSS Soil Safari, we have found that children can use soil to extend their powers of
observation and description in attempting to describe and draw the profile of a soil exposed
in a pit dug in the school grounds. It is a simple matter to indicate to children differences
in the feel of soils - providing in the first place soils from clearly differentiated textural
groups are chosen: a loamy sand, a silt loam and a clay or example.
Although some children may make expressions of disgust at spiders, slugs, worms and
beetles, others will show their bravery by catching these minibeasts from a spadeful of topsoil
and sorting them out into different groups based upon their size, body form, speed of
movement, etc. If a strong magnifying glass can be obtained by the teacher, some of the soil
microfauna, the mites and springtails can also be demonstrated in the class room in a follow
up session. Again it is possible for sketches of these animals to be made and notes made of
their form. Classification is a key element in primary mathematics and science and these data
provide an excellent opportunity to illustrate the range of alternative classifications for a
single data set. Similarly with advice to the teacher the notion of food webs in the soil
system may be developed and the children often find the diversity of fauna fascinating, and
in some schools soil fauna have replaced dinosaurs as the 'favourite beasts' at least in the
short term!
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Another simple exercise concerns the hydraulic conductivity of soils. Using such simple
items as plastic cups, soil from the neighbourhood, water, a ruler, a watch or clock and some
paper towelling, it is possible to find out how long water takes to pass through a cup full of
soil. Comparisons can be made of soils from different parts of the school catchment areas.
The children can measure the amount of water added, whether it has flowed through the soil
and out of the cup, and how much has flowed out, and if not why not. Slightly older children
may be introduced to the principle of bulk density by measuring the capacity of a small
container and the weight of soil it can hold. The hydraulic conductivity experiment may be
repeated at different bulk densities.
Advantages of Soil Safari
Soils are present in the immediate locality of virtually all schools and it is usually not difficult
to obtain permission to excavate a pit and to take samples for subsequent classroom use in
follow-up exercises. These range from developing knowledge of soils as part of the local and
national environment through to the use of soil maps and direct observation, and the exchange
of information with schools in other regions. Use of mathematics may be introduced through
simple measurement and calculation, and by the presentation of simple graphs. Scientific
methods can be introduced through the understanding of simple physical concepts such as
volume, weight and density, and biological concepts such as food webs, simple morphological
and functional classifications of soil meso- and macrofauna and soils as components of
ecosystems. These approaches complement the increasing environmental awareness of our
children and also provide the teacher with an almost universally available resource.
Conclusions
To date the Soil Safari project has proved to be very successful, with excellent response from
pupils and teachers, and additionally through coverage of the project in national and local
media. Soil Science has received substantial publicity. With an increasing environmental
awareness amongst both the pupil and teacher population the soil offers a readily available,
cheap (free?) teaching resource which is of paramount importance to the future of mankind
and the planet, which also may be used to illustrate key aspects of the science and other
curricula in England and Wales. The British Society of Soil Science have found that their
limited funds have enabled more people to be aware of soils and their importance and have
made a significant contribution to making science fun!

MicroLEIS+: A PC-based Tool for Transmission of
Knowledges in Soil, Climate and Agricultural Sciences
D. de la Rosa*, J. Crompvoets, and J. A. Moreno. Consejo Superior de
Investigaciones Cientificas, Instituto de Recursos Naturales y Agrobiologia,
P.O. Box 1052, 41080 Sevilla, Spain.
Abstract. Land evaluation develops the assessment of land performance when used for
specified purposes, providing a rational basis for land use planning. To carry out this
interpretative process, soil surveys along with other natural resource inventories are the
basic building blocks. Suitability, vulnerability, land management and sustainability are
concepts to be simultaneously incorporated in an extended land evaluation approach.
To this end, emerging technology in data and knowledge engineering provides excellent
possibilities for using. The automatic data handling allows to develop the fundamental
purpose of land evaluation: to predict the consequences of change in different scenarios.
According to this new framework, MicroLEIS+ system is an extension of traditional
land evaluation procedure based on works previously developed. The system uses a
set of readily available input parameters, and makes special application of expert
system techniques. It pretends to transmit useful information for the needs, not only in
land use planning and environmental studies, but also in sustainable agricultural
management.

Introduction
For land use planning, "soil utilization in harmony with Nature" is equivalent to define
sustainable land use and management systems. Presently, the big challenge for land use planning are
to sustain biophysical land potentiality and to diversify agricultural land use. According to the
sustainability concept, land use and management systems have to be defined not only in terms of
economic production, but also in terms of its impact on the environment (1).
Land evaluation techniques, as a matching process of land qualities with land use
requirements which are specific for a particular land use type (2), is a correct way to assess
economic and environmental sustainable land use and management systems. The assessment of land
use sustainability must consider the land potential and land degradation. Also, land management
aspects which have been considered only as a prerequisite in traditional land evaluation must be
incorporated as diagnostic criteria; in response to the growing need for integrating agronomical
information in a new land evaluation framework. Soil, relief, climate, land use and management
factors show a huge variety as well as many sensitive interrelationships. The development of general
rules for a quantitative assessment of sustainability requires that all these relevant aspects are
simultaneously taken into account (3). Spatial variability of soil (pedo-diversity) is a main factor
which complicates the assessment process. This extended evaluation process, which analyses
variability and interactions between biophysical and agricultural factors, can be currently developed
by application of data and knowledge engineering techniques.
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Emerging technology in data and knowledge engineering, such as computer-based data
collection, processing and integrating systems, provides excellent possibilities in the land
interpretative process. Databases, e.g. FAO-ISRIC-CSIC soil database (4), and expert system
techniques, e.g. ALES shell (5), are particularly useful to automatic information handling in land
evaluation.
The previous versions of MicroLEIS (Appendix 1) were in general accordance to the
traditional FAO-Framework for Land Evaluation (6) and based on integrated biophysical land
evaluation methods, in order to develop a tool to aid on-policy decision making. Several land
capability, suitability and yield prediction methods could be automatically applied. According to soil
and climate parameters, land evaluation procedures were combined by using corresponding scaleappropriate models, which vary from qualitative through semi-quantitative to quantitative empirical
models.
Based on this background, the aim of MicroLEIS+ was to establish an interactive and userfriendly procedure for the computerised definition of sustainable land use and management systems,
under Mediterranean agricultural conditions. To this end, the main objectives have been: a) to
improve the precision of previous biophysical land evaluation modules; b) to develop land
vulnerability assessments, with special reference to soil erosion and chemical contamination as two
dominant types of soil degradation; c) to extend the land evaluation framework towards scientific
land management evaluation and global assessment of sustainability, and d) to automate the data
handling, such as the input parameter capture and the output result display, by making use of
evaluating scenarios.

Biophysical Basic Information
According to the traditional framework of land evaluation, the biophysical basic information
on which the evaluation approach has been founded are basically referred to site (geomorphology
and hydrology), soil, climate and land use. To develop MicroLEIS"1" the soil information referred to
representative soil profiles from Andalucia (7) and the European Community (8) was stored in the
SDB soil database (4). This database was designed to store and manipulate conventional soil profile
information, such as field descriptions and laboratory data. It includes input, edit, print, selection
and file creation facilities. The soil layer generator, as a part of the SDB-MicroLEIS+ interface,
provides excellent possibilities of application for users. The climate information referred to selected
meteorological stations from Andalucia (7) and the European Community (9) was collected in a
database (CDB) to manipulate monthly time-step data. The CDB contains not only air temperatures
and amount of precipitation but also the known Penman variables. The manipulation of climatic data
involve mainly agro-climatology determinations which are of particular importance in areas of
marginal moisture availability, such as in the Mediterranean regions.
The biophysical information is geo-referenced to spatial units which in terms of land
evaluation are equivalent to soil-units or land-units. The central concept of a soil-unit is closely
related to soil series as the lowest category of any hierarchial taxonomie classification (10). On the
other hand, a land-unit is considered to be spatially homogeneous in terms of all elements of
physical environment, particularly soil and climate. To generate this information, standard methods
of soil survey are required, along with any particular studies of soil moisture properties.
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Land Management Information
Traditionally, one of the most disappointing aspects of land evaluation has been the scarce
relations with other areas in soil and crop sciences. However, when attempting to analyze land
potential variability versus geographic variability, the part of land value variability attributable to
influences from agricultural management can be very important. Extended land evaluation
procedures must be able to predict suitable land use types and to define high precision management
systems This soil specific management, often referred to as "farming by soils" (11), includes crop
properties and cultivation practices. To develop MicroLEIS+, the following crops: wheat,
sunflower, barley, cotton, sugarbeet, maize, patato, tobacco, chickpea, alfalfa, rice, olive, vine, citrus
and almond, were considered to elaborate the information summarized in the Table 1. For the
current regional scenario of Andalucia, this information on land management was collected by a
study of published bibliography and agricultural statistics, farmer contacts, and discussion with
extention personnel. In this sense a management knowledge and database (MKB) was developed for
this region. The management factors are considered as inputs exclusively described in technical
terms and for regional scenarios. The socio-economic aspects, such as inputs-outputs relationships
or cost-benefit analysis, are not considered.
The land management information is geo-referenced to observation sites which in terms of
land evaluation are equivalent to field-units. The field-units are defined as the units of analysis,
which are considered to be the total natural and technical environment within a particular agricultural
production takes place.

Land Capability Evaluation
The overall structure of MicroLEIS+ is shown in Figure 1. Each compartment of this
extended land evaluation system forms a module or sub-system. The different modules, some are
complex and others very simple, make use of qualitative methods although the expert systems are
most widely utilized. As pointed out by Dent & Young (2), land characteristics can provide directly
a valid basis for estimating evaluation classes. The main problem is that no account is taken of
interactions between characteristics. Land qualities take account of such interactions. However, the
main disavantage is that of greater complexity, because it is necessary an intervening stage of
converting characteristics into qualities. The expert systems technique (5) is a very appropiate
procedure to develop this conversion process.
The land evaluation terms and concepts of FAO-Framework (6), along with some new
adoptions (Appendix 2), are used. Application of the whole model can be made to give a detailed
response of the land behaviour, in terms of sustainable land use and management systems.
However, the different modules can be independently used to predict particular aspects. The land
characteristics or input parameters of the system are related in Appendix 3.
General Land Capability Module. This module (named Cervatana) represents a physical land
evaluation method as a first stage to separate land units, suitable or not suitable, for agricultural use.
Capability is the potential of land for general kinds of use. Potentialities are considered as land
properties which have a possitive effect on capability. On the contrary with potentialities,
limitations are land properties which have an adverse effect on capability. The flow of the method
(12) gives a general capability rating for agricultural use, taking into account limitations imposed by
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Table 1. Summary of MC's and their classes from the management knowledge base (MKB)
referred to the main current FUT's in Andalucia region.

Management
Characteristics
Plant type
Plant age
Plant height, cm
Rooting depth, cm
Leaf size, cm2
L A I , max
G S L , day
Kc, mid-season
Harvest index
Primary tillage:
Plow, times
Cultivator, times
Plastic paded
Secondary tillage:
Cultivator, times
Clearing, times
Rolling pin, times
Plant density, plant/ha
Row spacing, cm
Sowing/planting date
Fertilizers, Kg/ha:
N
P
K
Herbicides, times
Plaguicides, times
Irrigation:
Times
System
Artificial drainage
Harvesting
Harvesting date
Crop residues
Conservation
Rotation

Classes
2
Crop properties
nill
set aside
seeding
juvenile
<100
100-175
<50
50-100
<2
2-10
<5
5-8
150-200
<150
<0.9
0.9-1.1
0.15-0.30
<0.15
Cultivation practices
1

3

4

annual
full size
175-250
100-150
10-50
8-10
200-225
1.1-1.2
0.30-0.60

perennial
old
>250
>150
>50
>10
>225
>1.2
>0.60

nill
nill
not

1
1
yes

2-5
2-5

>5

nill
nill
mil
<5000
<15
autumm

1
1
1
5000-50000
15-70
winter

2-5

>5

2-5
50000-1 mill
70-200
spring

>5
>lmill
200-1000
summer

nill
nill
nill
nill
nill

50-100
20-30
30-50
1
1

100-250
30-60
50-75
2-4
2-5

>250
>60
>75

nill
nill
not
manual
autumm
nill
nill
nill

1
2-5
>5
sprinkling
dripping
furrow
yes
machinal
winter
spring
summer
burning
ploughed-in
few
many
winter-summer annual-perennia 1 independent
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Figure 1. Global diagram for assessing sustainability of land use and management using MicroLEIS+
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the following land qualities: topography, soil profile, erosion risks, and bioclimatic deficiency. With
relation to the previous versions, the estimation of the last quality has been improved by a simple
soil water balance model.
Matching tables were used to express inferences and define, by the maximum limitation
method, four capability classes: Class S1-Excellent, Class S2-Good, Class S3-Moderate, and Class
N-Marginal and Nule. Four subclasses are also defined according to the most limiting land qualities.
Fertility Soil Capability Module. This module (named Marisma) was developed as a part of the
general model of ACCESS EC-project (13), and includes a technical system to classify the natural
fertility of soils. As an adaptation to the Sanchez et al. method (14), it emphasizes quantificable
topsoil parameters as .well as subsoil properties which are directly relevant to plant growth. The
natural soil fertility classification is particularly based on chemical soil properties. Although the
natural fertility has a relatively small impact on the soil production as compared to other soil
parameters (texture, drainage, soil depth), because it is easy to abolish the most fertility-related soil
constraints, its prediction is very important from the sustainability point of view.
This interpretative soil classification is based on ten soil properties or characteristics, which
are measured in a control section of the soil profile taken over 50 cm depth The data and
knowledge have been captured by making use of ALES shell (5), through a decision tree. This
approach classifies two catogories, classes and subclasses, of natural soil fertility. Three classes are
considered: Class F1-Rich, Class F2-Moderate, and Class F3-Poor. The classes F2 and F3 have
the possibility to be divided in subclasses according to the particular soil fertility limitations.

Land Suitability Evaluation
On the contrary with capability, suitability is the potential of land for single and clearly
specified kinds of use. Thus, suitability assessment has a sharp focus, looking for sites possessing the
positive features associated with successful production or use The initiative for developing
procedures to predict the relative land aptitudes for different uses was taken by FAO through the
"Framework" (6) Following these general criteria, several suitability modules for selected forestry
species and strategic crops were developed in MicroLEIS+.
Forestry Land Suitability Module. This module (named Sierra) develops a first approximation to
land requirements of 22 representative forestry species, to be applied in agricultural marginal lands
(12). The land use requirements were estimated as the minimum conditions of land necessary for the
successful and sustained grown of a given species, according to limitations imposed directly by land
characteristics. These land characteristics are referred to site, soil and climate factors.
The basis of these tentative land requirements was structured so that a land suitability
classification indicated whether a land unit was assessed as Suitable (Order S) or Not suitable (Order
N) for the forestry species under consideration. The procedure of maximum limitation was followed
to establish the physical suitability method for forest use. The evaluation results output includes a list
of suitable species for each land unit evaluated.
Agricultural Soil Suitability Module. The soil suitability module (named Almagra) was
respectively based on an analysis of soil factors which influence the productive growth of twelve
traditional crops: wheat, maize, melon, potato, soybean, cotton, sunflower, sugarbeet, alfalfa, peach,
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citrus and olive (15). Seven soil properties are considered by land characteristics as diagnostic
criteria of direct effect on the production.
For each soil characteristic, it was established a gradation matrix which relates the soil
characteristic value with the corresponding soil crop requirements. Following the procedure of
maximum limitation, five relative suitability classes are determined: Class SI-Very High, Class S2High, Class S3-Moderate, Class S4-Low, and Class S5-Very Low. The subclasses are indicated by
the letters corresponding to the main limiting soil diagnostic criteria.
Crop Yield Prediction Module. This module (named Albero) is composed by multiple regression
equations for predicting yield of wheat, maize and cotton crops (16). These statistical models were
formulated, calibrated and validated over a particular range of management practices, climate, soils
and time scales. The experimental parameters which define the selected benchmark zone are the
following: high level of land management, general characteristics of the Mediterranean climate, best
agricultural soils and estimated average yields obtained in recent years.
As diagnostic criteria or X variables were considered seven soil properties. Several
interactions are also included in the polynomial equations. According to the statistical test, the
independent variables and their interactions accounted for a great part of the variation (78-84%) in
yield productions. The evaluation results are the production of wheat, maize and cotton in t/ha.

Land Vulnerability Evaluation
Vulnerability is the capacity of land to be harmed. In MicroLEIS+, the concept of
vulnerability is considered by two major environmental degradation hazards in Mediterranean
regions: soil water erosion, and agrochemical soil and groundwater contamination. Erosion and
chemical contamination modules interpret degradation risks at field scale combining soil and climate
properties with land management criteria. Thus attainable land vulnerability classes estimated on
basis to biophysical factors are converted in corresponding actual vulnerability classes by making use
of the management factors. The inference mechanism to relate the management knowledge with the
biophysical land evaluation results were basically developed into ALES system shell (5). Both
vulnerability methods can be directly applied for estimation of the environmental impact of
agricultural activities.
Soil Erosion Risks Module This environmental module (named Raizal) was developed as a part of
the general model of ACCESS EC-project (13). It makes application of expert system techniques to
predict three different types of erosion vulnerability risks: attainable, management and actual. The
attainable erosion risk is dependent on the land qualities rainfall erosivity, soil erodibility and relief.
The management risk is dependent on recent land use and land management at a regional level. Two
management qualities are considered: crop properties and cultivation practices.
The attainable soil erosion risk sub-module separates four risk classes: Class Val-Very
small, Class Va2-Small, Class Va3-Moderate, and Class Va4-High; and its corresponding subclasses
according to the most limiting land qualities. The management soil erosion risk sub-module
separates four risk classes: Class Vml-Very low, Class Vm2-Low, Class Vm3-Moderate, and Class
Vm4-High; and its corresponding subclasses according to the most limiting management qualities.
Finally, the actual erosion vulnerability classes are a combination of attainable and management soil
erosion risk classes for each field unit evaluated.
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Agrochemical Contamination Module
This environmental module (named Arenal) is a
knowledge-based model that allows to predict the relative vulnerability of the different fields to agrochemical compounds, in terms of soil and groundwater contamination (17). Within this module, the
land characteristics: precipitation; physiography, water table depth, soil texture, salinity, pH and
CEC, are combined with the management characteristics: farming system, artificial drainage and
water extraction.
Expert knowledge was captured by making application of expert system techniques,
through computer-based decision trees. It was specially taken in mind the mobility of agricultural
pollutants, fertilizers and pesticides, by soil infiltration and into groundwater. Four actual
vulnerability classes: SI-None, S2-Slight, S3-Moderate, S4-Severe, were determined and defined.
An extension of this module is being developed, in order to facilitate a more detailed
assessment of vulnerability to chemical degradation of agricultural land. The following different
processes of chemical degradation are distinguished: salinization, alkalinization, eutrophication,
acidification and toxicity. Further many land management characteristics are considered as
diagnostic criteria of the actual vulnerability classification offieldunits.

Scientific Land Management Evaluation
An important part of MicroLEIS"1" has been developed to define specified management
practices in basis to suitability and vulnerability classes. Thus, this extended land evaluation
procedure is also able to define high precision farming systems. The optimum management, referred
to as a "Guide for Scientific Management", was defined with special emphasize on water needs and
fertilizer requirement for selected strategic annual crops. The high precision or scientific agricultural
practices are determined, beside the climatic conditions and the requirements of cultivated crops, by
the soil properties.
Irrigation Water Needs Module. This module (named Vega) assesses the soil moisture supply
capacity by the moisture deficit, which is determined for every growing seasons as the difference
between potential and actual evapotranspiration (18). Based on long-term weather data and on a
monthly time-step calculations, the potential evapotranspiration (by climate) is estimated by
Thornthwaite or Penman method. For each strategic crop, the maximum evapotranspiration (by
plant) is calculated by using the crop coefficient values corresponding to the growing season
development stages. The actual evapotranspiration (by soil) is calculated by making use of effective
precipitation and soil water capacity. Based on the previously estimated yield target (suitability class)
and leaching degree (vulnerability class), the moisture deficit or irrigation water need is finally
calibrated The schedule of irrigation is not considered by this module.
Fertilizer Requirements Module. This module (named Campina) calculates the approximate input
of fertilizers (supply of N, P, K) needed to meet a set production target. In order to optimize
fertilizer application as precisely as possible (19), the fertilizer requirement for crop can be calculated
knowing the nutrient uptake requirement (by dry masses of yield and straw and their respective
minimum element concentrations), the base uptake (by theoretical yield-fertilizer response curves),
and the recovery fraction (by the nutrient concentrations of comercial fertilizers and the soil
material). The soil properties are taken into account according to the following points of view:
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amount of fertilizer that the soil retains during leaching (vulnerability class), capacity to hold
.moisture and therefore to support growth (suitability class), and organic matter and therefore the
soil capacity to relaese N by mineralization. Fertility class is also considered to estimate the yield
from unfertilized land. The timing of fertilizer applications is not considered by this module.

Global Approach to Sustainability
As pointed out by Dumanski (3), a recent and important research development is the effort
. to develop an international framework for evaluation of sustainable land management. Sustainable
land management is defined as "the combination of technologies, policies and activities which
integrate economic principles with environmental concerns, so as to manage land in a way that
would simultaneously: mantain or enhance production/services; reduce the level of production risk;
not deplete soil and water quality, and achieve environmental stability; be economically viable and
socially acceptable". These are considered as the pillars of sustainable land management and the
main requirement is that they are achieved simultaneously. Therefore, research in sustainable land
management can be considered as an extension of land evaluation.
Within this context, the sustainability may be defined in the sense that a sustainable or
optimal agricultural land use system must include the maximum land suitability, the minimum field
vulnerability and the optimum land management. In other words, a sustainable land use system
would be one in which the potentialities corresponding to the suitability class are equal to or greater
than the limitations corresponding to the vulnerability class. Consequently, a global and
simultaneous application of all the modules developed by MicroLEIS"1" (Figure 1), could be a
realistic and precise assessment of sustainability. As a summary of this global application, a set of
sustainability classes are defined automatically. This extended and global land evaluation approach
may be useful to give a generalized view on the difficulty of achieving sustainability, following a
comparison procedure of evaluating scenarios.

Evaluating Scenarios
The fundamental purpose of land evaluation is to predict the consequences of change. As
pointed out by Dent and Young (2), evaluation involves comparison between alternatives. It has
been found by experience that if an evaluation is made for only a single kind of land use then it loses
much of its force. Therefore, it is necessary to present two or more alternative kinds of use, with
each its consequences. To this end, an important part of MicroLEIS+ is the set of computer
programs with menus and explaining screens to aid generation (preparation and editing) of input data
for the system; and to display (in tabular and/or graphical mode) results of the evaluation. By using
automatic data handling, it is easy to modify parameters creating new evaluating scenarios, run the
evaluation modules and observe their effects. The evaluating scenarios, as a complete set of
observation sites, can be redefined according to current or potential land and management
conditions. The potential conditions can be referred to land use, climatic or global changes.
Input Data Generator. The input parameters, such as related for the different modules in the
Appendix 3, can be generated for each evaluating scenarios to be analysed. To do that, the
computer keyboard following a menu system and help screens mode, and the SDB, CDB and MKB
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interfaces can be used. Input data are generated from each evaluation module, although can also be
generated from the global application option.
Dataset and Toolkit The dataset is a summary of biophysical and agricultural information from
Mediterranean regions, referred to all the input parameters of MicroLEIS+, in order to help for
application of the evaluation modules. The dataset is composed by several standard data files of
monthly time-step climate, landscape, soil morphological and analytical data, and crop and
management data for specific land-use systems, geo-referenced to selected benchmark sites.
In basis to the principle of using a set of readily available input parameters, the toolkit
includes a group of climate and pedo-transfer functions. Derived climate parameters, such as
bioclimatic classification, rainfall erosivity and leaching degree, along with soil physical properties,
can be estimated from simple climate and soil data.
Output Results Display. The effort devoted to presentation of the evaluation results has basically
been emphasized to the practical importance and transmission of the information. By application of
the capability evaluation modules in any given evaluating scenario, the tabular output shows the
capability classes (physical and fertility) and corresponding subclasses (or kind of limitation) for each
observation site. Vulnerability subclasses referred to erosion and chemical degradation are also
included. Finally, recommended forest species, suitability subclasses for the selected strategic crops,
predicted yields and optimum land management (irrigation water and fertilizer requirements) are
tabulated.
The graphical presentation of the evaluation results, making use of simple frequency
distributions of classes and subclasses, pretends to facilitate the comparison between alternative
evaluating scenarios. The output can be provided as standard file formats acceptable to a range of
geographic information systems.
Computing Environment MicroLEIS+ was designed and constructed to be applied, as sequential
and user-friendly set of computer programs. The mainprogram developed in CLIPPER language
comprises the input data generator and result display. The capability, suitability, vulnerability,
sustainability and toolkit modules were turned into subroutines, in BASIC or C languages. The
executables subroutines, when called from the "Main Menu", apply the corresponding evaluation
options. The dataset was structured in a dBASE IV environment. Several documentation files
develop an ample information on MicroLEIS+ such as an "Electronic Manual", and the "Presentation
Language" to change to Spanish or English languages, are also utilities of this system. The package
runs on IBM-compatible PC platform.

Conclusions
Based on the results of this work, the following conclusions are drawn.
a) Simple types of information describing land natural resources and land management can be
combined by using computer-based technology in data and knowledge engineering, in order to
develop extended land evaluation procedures for the prediction of sustainable agricultural systems.
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b) In order to predict the consequences of change, the automatic data handling of MicroLEIS"1"
allows to modify parameters creating new evaluating scenarios, run the evaluation and observe their
effects The evaluating scenarios can be redefined according to current or potential land and
management conditions. The potential conditions may be referred to land use, climatic or global
changes.
c) MicroLEIS+ appears to be an useful tool for transmission of knowledges in land resources and
agricultural sciences. This Mediterranean land evaluation information system can aid not only onpolicy decision making, but also on-farm decision making.
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Appendix 2. Glossario of Terms Used
ES

Evaluating Scenario. Complete set of observation sites or evaluating units which can be
classified and reclassified by the different evaluation modules.
EU
Evaluating Unit. General term to identify the spatial unit of analysis or observation site to be
evaluated by the different modules of MicroLEIS+
FU
Field Unit EU which is considered to be the natural and technical environment within
which agricultural production takes place. A FU is characterized by LCs and MCs. This is
the EU for Raizal, Arena), Vega and Campina modules.
LU* Land Unit. EU which is the focal point in land evaluation A LU is considered to be
spatially homogeneous in terms of all elements of physical environment: climate, site, soil
and use This is the EU for Cervatana and Sierra modules.
SU
Soil Unit. EU which is considered the basic building blok for developing soil interpretations.
Soil series, the lowest category of any hierarchial taxonomie classification, is the most
homogeneous and closely related to the central concept of a SU. This is the EU for
Marisma, Almagra, and Albero modules.
FUT Field Utilization Type. This is an extension of the LUT with special attention to agronomic
or management characteristics (crop properties and cultivation practices), exclusively
described in technical terms.
LC* Land Characteristic. Attribute of land that can be measured or estimated and which can be
employed as a mean of describing LQs or distinguishing between LUs of different
suitabilities or vulnerabilities for use It considers basically climate, site and soil factors.
LQ* Land Quality. Complex attribute of land which acts in a manner distinct from the actions of
other LQ's in its influence on the suitability of land for a specific kind of use.
LUR* Land Use Requirement. Each LUT poses specific requirements to the land.
LUS Land Use System. This is a combination ofoneLU and oneLUT. Without socio-economic
considerations, a LUS is equivalent to a FU.
LUT* Land Utilization Type. This is a more specific interpretation of land-use which considers the
biophysical, technical and socio-economic attributes of a LU.
MC
Management Characteristic. Attribute of management that can be estimated and which can
be employed as a mean of describing MQs. It considers basically crop properties and
cultivation practices.
MQ
Management Quality. Complex attribute of management which acts in a manner distinct
from the actions of other MQs in its influence on the suitability or vulnerability of field for
specific kind of use.

* Traditional terms defined in the land evaluation FAQ Framework (6).

Appendix 3. Input Parameters of Micnil I IS'
Cervatana Module: General Land Capability
Site slope gradient (4 classes, %)
Site water table depth (cm)
Soil usefiil depth (4 classes, cm)
Soil textural class (2 classes)
Soil superficial stoniness (3 classes, % ground covered)
Soil drainage (3 classes)
0
Soil field capacity, as pF 2.5 (%)
° Soil wilting point, as pF 4.2 (%)
Soil salinity (4 classes, dS nr 1 )
Soil erodibility (3 classes)
Climate maximum monthly precipitation (mm)
Climate mean monthly precipitation (mm)
Climate maximum monthly temperature (°C)
Climate minimum monthly temperature (°C)
Use/vegetation density (3 classes, % ground covered)
Marisma Module: Fertility Soil Capability
Soil pH, or Al-content of CEC (-, %)
Soil weatherable minerals (% minerolog. composition)
Soil cation exchange capacity (meq lOOg"1)
Soil base saturation (% exch. basic cations)
Soil sodium saturation (% exch. Na-ions)
Soil salinity (dS nr 1 )
Soil C/N ratio (2 classes)
Soil gley properties (2 classes)
Soil potasium supplying (meq lOOg"1 exch. K-ions)
Soil P-fixation power (2 classes)
Sierra Module: Forestry Land Suitability
* Capability class
Site latitude (30-45, degree)
Site altitude (0-2800, m)
Site physiographical position (6 classes)
Soil useful depth (3 classes, cm)
Soil textural class (3 classes)
Soil drainage (4 classes)
Soil pH (4.0-8.5)
Climate mean monthly precipitation (mm)
Climate maximum monthly temperature (°C)
Climate minimum monthly temperature (°C)
Almagra Module: Agricultural Soil Suitability
* Capability class
Soil useful depth (cm)
Soil superficial stoniness (3 classes, % ground covered)
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Soil textural class (5 classes)
Soil drainage (6 classes)
Soil carbonate content (%)
Soil salinity (dS m"1)
Soil sodium saturation (% exch. Na-ions)
Soil profile development (4 classes)
Albero Module: Crop Yield Prediction
* Capability class
Soil useful depth (20-120, cm)
Soil clay content (14-75, %)
Soil hydromorphic features (30-120, cm)
Soil carbonate content (0-28, %)
Soil salinity (0-8, dS nr 1 )
Soil sodium saturation (0-8, % exch. Na-ions)
Soil cation exchange capacity (6-53, meq lOOg"1)
Raizal Module: Soil Erosion Risks
* Capability class
Site physiographical position (5 classes)
Site slope gradient (%)
Soil useful depth (cm)
Soil textural class (12 classes)
Soil superficial stoniness (% ground covered)
Soil organic matter (% dry soil mass)
Soil drainage (3 classes)
Soil sodium saturation (% exch. Na-ions)
Climate maximum monthly precipitation (mm)
Climate mean monthly precipitation (mm)
Climate mean monthly temperature (°C)
Crop type (3 classes)
Crop leaf duration (2 classes)
Crop growing season length (days)
Crop sowing date (month, season)
Crop specific leaf area, maximum (m2 Kg-1)
Crop maximum plant height (m)
Crop maximum rooting depth (cm)
Cultivation tillage practices type (4 classes)
Cultivation tillage depth (2 classes)
Cultivation soil conservation techniques (2 classes)
Cultivation artificial drainage (2 classes)
Cultivation irrigation system (2 classes)
Cultivation plant density (plants, trees ha-1)
Cultivation row spacing (cm)
Cultivation crop rotation (4 classes)
Cultivation use of herbicides (2 classes)
Cultivation residues treatment (3 classes)
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Arenal Module: Agrochemical Contamination Risks
* Capability class
Site physiographical position (4 classes)
Site water table depth (cm)
Soil clay content (%)
Soil silt content (%)
Soil salinity (dS nr 1 )
Soil pH
Soil cation exchange capacity (meq lOOg"1)
Climate mean monthly precipitation (mm)
Climate mean monthly temperature (°C)
Cultivation farming system (4 classes)
Cultivation artificial drainage (2 classes)
Cultivation water extraction (2 classes)
Vega Module: Optimum Irrigation Water Needs
* Suitability class, yield target
* Vulnerability class, leaching degree
Site latitude (degree)
Site water table depth (cm)
0
Soil field capacity, as pF 2.5 (%)
° Soil wilting point, as pF 4.2 (%)
° Soil infiltration rate (mm/h)
0
Soil satured hydraulic conductivity (cm day"1)
Climate mean monthly temperature (°C)
Climate mean monthly precipitation (mm)
Crop type (strategic crops)
Crop growing season length (days)
Crop coefficients, kc/stage (5 stages)
Cultivation irrigation system (3 classes)
Campina Module: Optimum Fertilizer Requirements
* Fertility class, yield from unfertilized land
* Suitability class, yield target
* Vulnerability class, leaching degree
Soil general type (12 classes)
Crop type (selected strategic crops)
Crop deficiency symptoms (2 classes)
Cultivation fertilizer type (10 classes)
Cultivation fertilizer application (4 classes)

* Evaluating classes estimated by other modules of MicroLEIS+
Parameters which can be derived from simple data using the toolkit (pedo-transfer functions)

0
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Appendix 4. Institutions Currently Authorized to Use MicroLEIS
Departamento de Suolo
Dra. M. G. Gonealves
Estacao Agronomica Nacional
Oeiras, PORTUGAL.

Geological Institute
Dr.W. Verheye
State University Ghent
Ghent BELGIUM.

Scrvicio de Investigacion Agraria
Dr. J. Herrero
Diputacion General de Aragon
Zaragoza, SPAIN.

Departamento de Invesligacao Agraria
Mr. M. Benassi
CutraleS.A.
Araraquara, SP. BRASH,

Estacion Experimental del Zaidin
Prof. E. Barahona
CSIC
Granada. SPAIN.

Seccion de Agriculture
Ing. J. Martinez
DIRENA
Santo Domingo. REP. DOMINICANA.

Ceapla, Instituto de Geociencias
Prof. G. Garcia
Universidade Estadual Paulista
Rio Claro. SP. BRASIL.

Department of Environmental Science
Dr. D. Davidson
University of Stirling
Stirling, UK.

Desertification Control Programme
Dr. M. Mendoza
UNEP
Nairobi, KENYA.

Estacion Experimental de Aula Dei
Dr. J. Machin
CSIC
Zaragoza. SPAIN.

Soil Science Department
Prof. M Collins
University of Florida
Gainesville. Fla, USA.

Soil Survey and Land Research Centre
Dr. M. Rounsevell
Silsoe Campus
SilsocUK

Casa de Velazquez
Dr. F. Foumeau
Madrid, SPAIN.

W i l l Curso Intemacionat de Edafologia
Prof J. L. Mudarra
CSIC
Sevilla, SPAIN.

Institute for Technology Assessment
Prf S. Alber
Salesianergasse
Vienna, AUSTRIA

Departamento de Quimica Agricola
Prof G. Paneque
I 'niversidad de Scvilla
Sevilla, SPAIN.

Centro de Ciencias Sociales
Dr. J. L. L-abrandero
CSIC
Madrid, SPAIN.

Escuela de Biologia
Mrs. B. Corres
Universidad Autonoma de Guadalajara
Guadalajara, MEXICO.

Institut Geography
Mrs. E. Ecker
Universitat Freiburg
Freiburg. GERMANY

Departamento de Geografia Fisica
Dr. J. Ojeda
I Tniversidad de Sevilla
Sevilla, SPAIN

Agricultural University of Wageningen
Dr. S. Kroonenberg
International Training Course
Alora, SPAIN.

College Agriculture and Life Sciences
Dr. D. Rossiter
Cornell University
Ithaca, NY, USA

Wjnand Staring Centre
Dr. C.A. van Diepen
Wageningen. NETHERLANDS

Departament d'Agricuhura
Dr. J. Boixadera
Generalitat de Catalunya
Lleida, SPAIN.

Departamento de Geografia Fisica
Prof. F. Lopez-Bermudez
I mversidad de Murcia
Murcia, SPAIN.

International Soil Reference
Dr. N. H. Batjes
ISSS
Wageningen, NETHERLANDS.

Science du Sol
Dr. J. P. Legros
INRA
Montpellier, FRANCE.

Land and Water Development Division
Dr. Brinkman
FAO
Roma. ITALY.

Department of Soil Science and Geology
Prof. J. Bouma
Agricultural University
Wageningen. NETHERLANDS.

rrc

Dipartamento di Pedologia Applicata
Prof. D. Magaldi
Universita di L'Aquila
Aquila, ITALY.

Dokuchaev Soil Institute
Dr. V. Stolbovoy
Moscow. RUSIA

Curso Intemacional de Edafologia
Prof. Aguilera
UN AM
Cuernavaca, MEXICO.

Joint Research Centre
Dr. J. M. Meyer-Roux
CEC
Ispra, ITALY.

Soil Science Institute
Dr. S. P. Theocharopoulos
National Agricultural Research Foundation
Athen, GREECE.

MARS Agriculture Project
Dr. P. Vossen
JRC-CEC
Ispra, ITALY.

Centro Investigacion y Tecnologia Agraria
Dr. J. M. Ontanon
Gobiemo Insular Canario
La Laguna, SPAIN.

Istituto di Cbimica Agraria
Prof G. Vianello
Universita degli Studi
Bologna, ITALY.

Universidad Nacional Pedro H. Urena
Ing. A. Viflas
Santo Domingo, REP DOMINICANA.
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Dr. A. Farshad
Enschede. NETHERLANDS

Colegio de Postgraduados
Dr. E. Ojeda
Centro Edafologia
Chapingo, MEXICO.

Antony Regional Centre
Ing. Ph. Jannol
CEMAGREF
Antony, FRANCE.

Centre National de Coordination
Ing. A. Aatek
Centre National dela Recherche
Rabat, MAROC.

Dept. of Geography
Dr. S. Tao
Beij ing University
Beijing, CHINA.

Dept. of Agricultural Engineering
Ing. A Toro
University of Agricultural Sciences
Uppsala, SWEDEN.

Departamento de Produccion Vegetal
Prof. J. M. Osca
EUITA, Univ. Pol. de Valencia
Valencia, SPAIN.

Istituto di Idraulica Agraria
Prof. V. Sardo
Universita di Catania
Catania, ITALY.

School of Geography
Dr. T. Fihos
University of Oxford
Oxford, England, UK

I and Resources Division
Dr. M. Littleboy
Department Primary Industries
Queensland, AUSTRALIA.

Land Resource Research Centre
Dr. J. Dumanski
Agriculture Canada
Ottawa, CANADA.

Curso de Evaluacion de Suelos
Dra. M. C. Antolin
Universidad Intemacional M. Pelayo
Valencia, SPAIN.

Jomadas Impacto Ambiental en Agricuttura
Mr. M. Roca
EUITA, Cortijo de Cuarto
Sevilla, SPAIN.

Instituto Agustin Codazzi
Prof. J. C. Leon
Ministerio de Hacienda
Bogota, COLOMBIA

Technion-Israel Isthute of Technology
Prof. Y. Amimelech
Faculty of Agricultural Engineering
Haifa, ISRAEL.

Escuela Taller Restauracion Paisaje
Mr. J. L. Rosua
Fundacion Empresa Universidad
Granada, SPAIN.

Facuttad de Farmacia
Prof. J. Sanchez
Universidad de Valencia
Valencia, SPAIN.

School of Development Studies
Dr. Y. Biot
University of East Anglia
Norwich, UK.

Division of Soils
Dr. W. McDonald
CSIRO
Camberra, AUSTRALIA

Facultad de Agronomia
Prof. I. Plas
Universidad Central
Maracay, VENEZUELA.

Unidad Docente de Fitotecnia
Prof. B. Pascual
ETSIA, Universidad de Valencia
Valencia, SPAIN.

Departamento de Ouimica Agricola
Prof. R. Ballesta
Universidad Autonoma
Madrid, SPAIN.

Silsoe Research Institute
Dr. D. J. White
Wrest Park
Silsoe, UK.

Escuela Superior de Agricuttura
Dra. A Hereter
Diputacion de Barcelona
Barcelona, SPAIN.

Resource & Environmental Studies Centre
Mr. D. F. Guinto
Australian National University
Camberra, AUSTRALIA

Kstacion Experimental Agropecuaria
Ing. C. Angueira
INTA
Santiago del Eslero, ARGENTINA.

Soil Survey of England and Wales
Mr. R. G. Sturdy
SSLRC
Silsoe, UK.

Centro de Ciencias Medioambicntales
Dr. J. J. Ibaflez
CSIC
Madrid, SPAIN.

Secretary of LI Working Group
Prof. A. Zinck
ISSS
Enschede, NETHERLANDS.

Committe on Education in Soil Science
Prof. A. Ruellan
ISSS
Montpellier, FRANCE.

CORINE Project
Mr. M. Comaert
CEC-DG XI: Environment
Brussels, BELGIUM.

Direccion General de Calidad Ambiental
Ing. J. M. Arriaga
Agenda de Medio Ambiente, JA.
Sevilla, SPAIN.

Proyecto Agroasaja
Mr. P. Leiva
ASAJA-Sevilla
Sevilla, SPAIN.

ASDU/AIT
Mr. P. K. Hang
Bangkok, THAILAND.

PROMAG
Dr. C. Eerkens
Agro Business Park
Wageningen, NETHERLANDS.

Agriculture Canada
Dr. P. Mills
Research Station
Alberta, CANADA.

Escuela Universharia de Enologia
Prof. E. Cobertera
Universidad de Tarragona
Tarragona, SPAIN.

Instituto de Agroquimica
Dr. J. L. Rubio
CSIC
Valencia, SPAIN.

Facultad de Ciencias Experimentales
Prof. E. Romero
Universidad de Huelva
Huelva, SPAIN.

Catedra de Edafologia
Dr. L. Fernandez
Universidad de Extremadura
Badajoz, SPAIN.

Swedish Inst Agricultural Engineering
Mr. G. Gebresenbet
Uppsala, SWEDEN.

Seminario de Edafologia
Mr. A Lagoa
Universidad de Pontevedra
Pontevedra, SPAIN.

Fundacion San Tehno
Mr. A. G. Castro
Sevilla, SPAIN.
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CLASSOLS: A Macintosh expert program for
self-teaching soil classification
C. Dorronsoro*, J. Aguilar and J. Fernandez. Departamento de
Edafologia y Quimica Agricola. Facultad de Ciencias. Universidad de Granada.
18002 Granada. Spain.
Abstract. A computer program for teaching soil classification, based on the FAO system, has been
developed. The program is based on self-teaching by students and is compiled in HyperCard format
using the HyperTalk language for Apple Macintosh minicomputers. The data are taken from actual
soil samples (60 examples), and are complemented with full color images (more than 600 photos).
The program is divided into three stages, paralleling the structure of conventional soil science
studies. The first subprogram teaches students to distinguish the horizons present in each soil. In
the second subprogram, the soil is provisionally classified on the basis of data available from the
field study. With the third subprogram, students reach a definitive classification of the soil sample
using the necessary field and laboratory data. The program contains a self-evaluation component
that presents questions for the student to answer
Minicomputers are considered ideal for this type of teaching because they combine easy, rapid
document compilation with extraordinarily versatile, easy-to-use, attractive and above all,
interactive viewing. The storage capacity and speed of data handling make them ideal for highly
efficient and personalized teaching, and the self-evaluation features make the program especially
attractive to students. In addition, the system frees teaching staff from otherwise routine and
repetitive tasks.
Introduction. The problems with teaching soil classification are familiar to all pedologists. The
arduous task is complicated by the variety of types of data, which include morphological description
of the profile and its surroundings, as well as physical, chemical, physicochemical,
micromorphological and mineralogical analyses.
In our teaching experience we have found students to be apathetic, if not actually hostile, toward
learning this important branch of soil science. This obliged us to develop an integrated, interactive,
multimedia system to provide students with an attractive, straightforward introduction to the
material. The recent significant advances in the ability of microcomputers and monitors to process
and display color images has made it possible to develop an appealing program designed to teach
this complex area on personal computers.
Among the current systems of soil classification, we chose the key of the FAO Soil Map of the
World (1), because of its international applicability and its didactic content.
Soil classification problems in the CLASSOLS program are comprehensively presented in three
stages, in accordance with the methodology habitually used in pedological studies: recognition of
the soil horizon, provisional classification of the soil in the field, and definitive classification on the
basis of field and laboratory data.
The program, in addition to teaching classification technique, is expected to give students a basic
knowledge of the morphology and properties of the most common types of soils.
Hardware and software. The CLASSOLS program runs on any Apple Macintosh personal
computer, and requires at least 2 megabytes of RAM, 100 megabytes of hard disk memory, and a
13 inch (or larger) color monitor with an 8 or 24 bit video card. The CLASSOLS program is
adequately supported by the HyperCard 2.1 program.
The work station at which the program was written and edited consisted of:
* A Macintosh Ilsi personal computer with 5 megabytes of RAM, an 80 megabyte capacity hard
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disk, and a 13 inch color monitor with an 8 bit video card
* A SyQuest 88 megabyte removable hard disk.
* A Canon CLC500 scanner.
Images were digitalized with 24 bit colors from 35 mm slides. Digitalized images were edited with 8
bit with the Photoshop 2.0 program(4), and stored in PICT format. The images were retrieved
from the program's stack files using the Picture subroutine as an external function of the HyperCard
program.
The classroom application of the program took place in a computer science training room equipped
with individual Macintosh personal computers connected through an AppleTalk local area network.
A SyQuest 88 megabyte hard disk containing the soil images was shared with a TOPS server.
Description of the program. The CLASSOLS program is constructed in HyperCard (2) using
the HyperTalk (3) language.
Figure 1 is a flow chart of the teaching process as presented by the program, illustrating the three
subprograms.
The student may choose to answer in English or Spanish
The program is divided into three stages, paralleling the structure of conventional soil science
studies.
The first subprogram, Horizon Recognition, is designed to teach students to distinguish between
horizons in soils, the first step in all soil classification studies. A photograph of a profile is
displayed together with a table summarizing the main morphological and analytical findings for a set
of samples taken at different depths at 10 cm intervals (figure 2). The student is prompted to define
the principal horizons in each soil on the basis of the similarity or differences between adjoining
levels. The second option presents images the profiles from which sample points were chosen, to
ensure adequate sampling of each soil. The student's task is to chose the minimum number of
sampling points necessary to give an accurate representation of all horizons (figure 3).
The main objective of subprogram 1 is to teach students to recognize different layers on the basis of
their properties. Students are required to deduce the depth of each horizon, and the borders between
successive horizons (figure 2 and 3 and table 1). At this stage, they are not required to identify each
horizon as an A, B or C type, although this is a key factor in the subsequent two subprograms.
The second subprogram, Tipologie Tentative, accustoms the student to rapid classification on the
basis of a minimum of data from the field study. This tentative classification will subsequently be
verified with laboratory data. This second subprogram incorporated complementary data required
for classification; although these are laboratory data, the findings can be provisionally deduced, eg,
organic matter <1% or >1%, saturation <50% or >50% (figure 4).
The third subprogram, Soil Classification, gives examples with all field and laboratory data
necessary (with photographs and micrographs) for a final classification (figures 5 and 6).
In these subprograms, two levels of difficulty are used. The lower level displays, together with an
image of the profile, a table of data representing the horizons in the soil (figure 5), while at the
higher level, data for the horizons of interest must be requested by the student (figure 4).
The program contains a self-evaluation component that presents questions for the student to answer.
For each incorrect answer, an appropriate penalization is exacted. Optionally, the student can request
that the program display whether the answer chosen was correct or incorrect, and can also request
that the correct answer be displayed. The magnitude of the penalty increases with the amount of
extra information requested before responding
The students must answer nine questions in order to classify each soil. These questions are:
1. Master horizons (figure 7)
2. Transitional horizons
3. Mixed horizons
4. Letter suffixes
5. Discontinuities
6. Diagnostic surface horizons
7. Diagnostic subsurface horizons
8. Mayor soil groupings (figure 8)
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Figure 1. Row chart of the soil classification program.
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SELF
EVALUATION

9. Soil units (figure 9)
Complementary information is avalaible to the student to help him answer each question.
On completion of the questionnaire the correct result is shown (figures 10 and 11) and the student
may consult a screen where the reason for each question is explained, or pass on to another screen
in which the answers he has given to the nine questions are reproduced and he is shown the
penalisation received for incorrect answers.
In tables 1,2 and 3 are reproduced some of the more representative scripts of this program.
The current version of the program occupies 80 megabytes, and includes 60 examples of common
soils types (leptosols, fluvisols, arenosols, regosols, anthrosols, vertisols, andosols, calcisols,
cambisols, gleysols, solochaks, kastanozems, phaeozems, luvisols, alisols, nitisols, planosols and
podzols).
Practical experience. The program has been used for 4th and 5th course students of Geology
and Biology and postgraduate students in a master's degree course on environmental science. The
students' response was enthusiastic, and the program was found to be wholy effective in teaching
soil classification. Learning rates were high in comparison with those obtained with conventional
teaching methods; even though the examination at the end of each course included novel soil
samples not presented in the program, 76% of all students obtained the maximum score attainable
(10).
Based on classroom experience, instructors credited the following characteristics with the success of
the program:
1. Accessibility. The information in the program can be obtained by the student at any moment from
any situation within the program. The program frees the instructor from repeatedly reviewing
material with the students.
2. Variety. Information in the form of text, tables, graphics, diagrams and color photographs make
the program visually appealing. The students' interest is also piqued by the novelty of using
modern technology.
3. Versatility. The students manipulate information according to their own needs and preferences.
Adapting the information to their own inclinations and aptitudes markedly enhances their
performance.
4. Interactive nature. Student apathy is frequently the biggest obstacle to teaching. This serious
problem is overcome by interactive programs, which require the student's cooperation before
information is provided. Students are free to chose the information desired, and to make their own
way through the different screens and menus. This involves students actively in their own
instruction, and lends a personalized feeling to the training provided by this program.
5. Suitability. Personal computers are extremely easy to use, and are considered an ideal medium for
this type of instruction, because of their data and image storing capacity, and their power to locate,
display and process data.
6. Adaptability. The use of computers in teaching is most effective when instructors are able to
design their own programs, and adapt them to their own teaching needs. The job of
instructor/programmer is much facilitated currently by user languages that permit sophisticated
processes to be performed with a few simple commands.
7. Effectiveness. The features summarized above account for the students' high degree of
acceptance our program, and for the high grades they obtained. We believe our system to be
extremely effective, as other authors in different branches of science have also reported ( 5,6,7, 8,
9 and 10).
Avaibility. The program is available for educational purposes on request from the authors.
Literature Cited
(1). FAO. 1990. Soil Map of the Word. 1:5.000.000. Revised legend. Roma.
(2). HyperCard. 1990. Reference. Claris. Santa Clara. California. USA
(3). HyperTalk. 1990. Scrip Language Guide. Claris. Santa Clara. CA. USA
(4). PhotoShop. 1991. Adobe Systems In.Mountain View. CA. USA.
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1 1. MASTER HORIZONS
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Choose the sequence of horizons you believe
1 the analysed soil has. When answering, type the
1 number which precedes this sequence. Horizons
1 0 and H are disregarded if they exist in the soil.
1 = tr

2 = AC
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5 = A-B-C
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Figure 7. First question in the student's evaluation.
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8. SOIL GROUPING
Choose the major soil group which you believe best represent the
properties of this soil. When answering type the two capital letters
which precedes the soil name.

IRÖMJÉ

1 Pzpodzols

| PD podzoluvisols

| AT anthrosols

1 PT plinthosols

| G Y gypsisols

1 LPleptosols

| FR ferralsols
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| HS histosol

Puplanosols

| VR vertisols

1

1 FL fluvisols

| SN solonetz

[ A L alisols

| GR greyzems

| AC acrisols

| CH chernozems |

1 LV luvisols

| AN andosols

| KS kastanozems |

1 LX lixisols

| AR arenosols

| PH phaeozems

J CM cambisols
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Figure 8. Eighth question in the student's evaluation.
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9. SOIL UNITS
Choose the soil unit which you believe best represent the properties
of this soil. When answering type the first three capital letters of the
soil unit name
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Figure 10. Final screen of the evaluation in which the results of
the soil which has been analysed are shown graphically.
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Figure 11. Photomicrography from the master horizons of the soil of figure 10.
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•

SCRIPTS OF THE FIGURE 2
on openCard
global codigoV
put "10,30,40 Fdo29HTR" into codigoV
-(10,30,40 = solutions;
-(Fdo29HTR = photo name)
global codigoV
put word 2 of codigoV into figureV
picture figureV,file,windoid,false,8
set rect of window word 2 of codigoV to i
"10,20,151,368" -(window coordinates)
show window word 2 of codigoV at "10,20"
end openCard

-

:

-(the same "handler" is repeated for-.
-the remaining button)
global codigoV
put "5 0 0 hw 0 2 Cam CM Hum PNgraITT ->

217,194 633,194 217,248 633,248 -i
0,0 0,1 0,0 0,1 0,0 0,1 0,0 0,1 0,0 0,1 -i
TT: PNgralZoomTT" into codigoV
-(corrects solutions to the nine questions and
- t o draw the lines which represent the
boundary of the horizons in the soil)
global codigoV
put word 10 of codigoV into figuraV
picture figuraV,file,windoid,false,8
set rect of window word 10 of codigoV to ->
"10,20,151,368"
show window word 10 of codigoV at "10,20"
unlock screen
end openCard

-ANSWER BUTTON
on mouseUp
ask T y p e the chosen depths"
if it=empty then exit mouseUp
else
global codigoV
put word 1 of codigoV into numeroV
if it=numeroV then
put "TRUE" into bkgnd field "answerl"
put "That's the right answer" into bkgnd ->
field "answer2"
else
beep 2
put "FALSE" into bkgnd field "answer3"
put "Sorry, but that's not right" into bg i
field "answer4"
put T h e correct choice is:" into bg field ->
"answer4"
put word 1 of codigoV into bg field-"answers"
end if
end if
wait 3 seconds
hide me
choose line tool
set dragSpeed to 400
set lineSize to 3
drag from 173,149 to 633,149
drag from 173,175 to 628,175
drag from 173,187 to 628,187
- ( t o draw the lines which represent the
-boundaries of the horizons in the soil)
global codigoV
put word 2 of codigoV into figuraV
picture figuraV,file,windoid,false,8
set rect of window word 2 of codigoV to ->
"10,20,181,368"

-BUTTON1
on mouseUp
show card field "B1"
end mouseUp
- GO TO OTHER SOIL BUTTON
on mouseUp
lock screen
go to card "ResultsTable"
put empty into cd field "questions"
put empty into cd field "answers"
put empty into cd field "points"
go back
unlock screen
hide bg button "discussion"
hide bg button "evaluation"
hide card field "horizons"
hide card field "boundaries"
hide card field " B 1 "
-(the same "handler" is repeated for-i
-the remaining button)
set the hilite of card button 1 to false
--(the same "handler* is repeated for-i
-the remaining button)
global codigoV
put word 10 of codigoV into numeroA
if numeroA & return is in the windows then i
close window numeroA
if numeroA & return is in the windows then i
close window numeroA
put word 26 of codigoV into figuraB
if numeroB & return is in the windows then -i
close window numeroB
visual effect iris close
go to card "SoilSurveyClass"
end mouseUp

show window word 2 of codigoV at "10,20"
choose browse tool
end mouseUp
SCRIPTS OF THE FIGURE 4
on openCard
lock screen
hide bg field "abreviations"
hide cd field "QuestionsHide"
set the autohilite of card button 1 to true

TABLE 1. Some representative scripts

•

- 1 WITH SOLUTIONS
on mouseUp
visual effect shrink to top
go to card id 17744
- g o to card of the first question (figure 7)
end mouseUp

the figures 2 and 4.
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SCRIPTS OF THE FIGURE 7

On CorrectWrite
lock screen
go to card "ResultsTable"
global codigoV
put word 1 of codigoV into numerV
if numerV=1 then
put "C" & return after cd field "Solutions"
put "C" & return after cd field "Answers"
else
--(the same "handler" is repeated for
-the remaining sequence of master horizons)
end if
go toed id 17744
unlock screen
End CorrectWrite

--ANSWER BUTTON
on mouseUp
global nota
put 10 into nota
lock screen
ask 'Type the chose number"
if it=empty then exit mouseUp
else
global codigoV -codigoV is in figure 4
put word 1 of codigoV into numeroV
if it=numeroV then
put 'TRUE" into bg field "answerl"
CorrectWrite
else
beep 2
global IncorrectAnswer
put it into IncorrectAnswer
put "FALSE" into bg field "answerl"
put "Sorry, but that's not right" into bg->
field "answerl 1"
put" The correct choise is:" into bg field"answer2"
global codigoV
put word 1 of codigoV into bg field-"
"answer3"
global nota
subtract 2 from nota
Incorrect Write
end if
end if
global nota
put "points" into bg field notal
put nota into bg field nota2
NotaWrite
wait 200
put" " into bg field "answerl"
put" " into bg field "answerl 1"
put" " into bg field "answer2"
put" " into bg field "answer3"
put" " into bg field notal
put" " into bg field nota2
visual effect wipe left
go to next card
end mouseUp

On IncorrectWrite
lock screen
go to card "ResultsTable"
global IncorrectAnswer
if lncorrectAnswer=1 then
put "C" & return after cd field "answers"
else
--(repeat this last "handler" for every sequence
- o f master horizons)
end if
global codigoV
put word 1 of codigoV into numerV
if numerV=1 then
put "C" & return after cd field "Solutions"
else
--(repeat this last "handler" for every sequence
-- of master horizons)
end if
go to cd id 17744
unlock screen
End IncorrectWrite
On NotaWrite
lock screen
go to cd "ResultsTable"
global nota
put nota&& return after cd field "notas"
go toed id 17744
unlock screen
End NotaWrite

TABLE 2. Some representative scripts of the figure 7
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SCRIPTS OF THE FIGURE 9

set cursor to watch
go to cd "PNgraITT"
- ( card type I; example of the figure 4)
hide bg field "QuestionsHide"
hide bg field "abreviations"
show card button "SoilSurveyClass"
hide bg button "discussion"
hide bg button "evaluation"
hide bg button "ResultsTable"
hide cd field "horizons"
hide cd field "boundaries"
hide card field " B 1 "
--(the same "handler" is repeated for
-the remaining card field)
set the hilite of card button 3 to false
-(the same "handler" is repeated for the
-remaining button)
go to cd "AlsoAM34CS"
-(card type II; example of the figure 5)
hide bg field "QuestionsHide"
hide bg field "Abreviations"
show card button "SoilSurveyClass"
hide bg button "discussion"
hide bg button "evaluation"
hide bg button "ResultsTable"
hide cd field "horizons"
hide cd field "boundaries"
--(the same "handlers" are repeated for
-the remaining soil cards)
go to card "ResultsTable"
put empty into cd field "answers"
put empty into cd field "solutions"
put empty into cd field "notas"
go to cd "Portada"
--(first card of this stack)
set lockmessages to false
set lockrecent to false
set lockscreen to false
set cursor to false
end openStack

--ANSWER BUTTON
on mouseUp
global nota
ask 'Type the chosen name"
-next lines like the script of figure 7
global codigoV
put word 10 of codigoV into figureV
go to card figureV
choose line tool
set dragSpeed to 400
set lineSize to 3
global codigoV
put word 11 of codigoV into numerl
--repeat for word 12
numer2, etc
drag from numerl to numer2
-repeat for 3 to 4, etc
show card field "horizons"
show card field "boundaries"
set lineSize to 1
global codigoV
put word 10 of codigoV into figureV
picture figureV,file,windoid,false,8
set rect of window word 10 of codigoV -<
to "0,20,188,395"
show window word 10 of codigoV at "0,20"
wait 2 seconds
choose line tool
doMenu "Select All"
doMenu "Revert"
choose browse tool
show bg button "discussion"
show bg button "ResultsTable"
end mouseUp
SCRIPTS OF THE STACK
on openStack
hide menuBar
set lockmessages to true
set lockrecent to true
set lockscreen to true

TABLE 3. Some representative scripts of

figure 9 and of the stack.
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Some Incident Factors in the Academic Performance of
Students Majoring in Soil at the UAAAN
C. Moreno*. UAAAN, Soil Department, Buenavista, Saltillo, Coah., México. And
the UA de C, Faculty of Educational Sciences and Humanities, Campo Redondo.
Introduction. This research was done with students majoring soils at the Autonomous Agrarian
University Antonio Narro (ahead UAAAN), at Saltillo, Coahuila. At the time of this research, there
was no report or similar investigation done at this superior education center. On the other hand,
capacity planned for this research, including its objective and goal, were little explored at the region
surrounding the university, justifying the purpose of the project.
It was planned as purpose that conclusions, whatever they were, should clearly show specially
possible changes in the teaching and learning process and, in a lower grade at the superior education
administration. This purpose to benefit students and teachers of the Soil's career, as well as others of
the same University through extrapolation in a certain way of results obtained. Pretending also to
create the need of developing more educational investigation at the UAAAN and in the region,
contribuiting in obtaining a better outgoing student for the country.
As a general objective was to determine some of the factors that contribute on a variable grade
affecting academic yield of students at the UAAAN majoring in soil. And as a goal to discriminate
high, medium and low incidence affecting academic performance of students investigated.
Materials and Methods. Investigation because of the way it is performed, distinguishes as
descriptive and of diagnosis and, for its objective is considered of seeking, therefore it does not start
from suppositions and no verifying hyphothesis is required. We are after to fing the most relevant
relations that permit us explain the nature of the phenomenon this document is about.
Subjects. Population and sample were constituted by 34 people (5 women and 29 men), with an
average age of 22.3, mostly of rural extraction (64.7%) and in less proportion of urban origin
(35.3%).
Therefore, we must make clear that the soil career is to be finished in 5 semesters and the degree of
licentiate in 9 semesters (basic common courses: 4 semesters; career: 5 semesters).
Variables. 48 simple variables were taken; 5 referring to the basic common level and the 43
remaining, related with soil career.
Instrument. From selected variables for this research, an instrument to be applied to sample subjects
was built.
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Before its definite application, the instrument was tested with a small sample (10 people) to verify its
validity and trust. This step permitted adjusts in some reagents and to eliminate variables that gave
no significant answers.
Proceedings. The instrument was applied at four different stages, since sample was integrated by
four different cademic level group of subjects (5th, 6th, 8th and 9th semester).
Application at each group was during different days. Before each application it was explained that
the instrument was part of an educational research to omprove teachers and students labor in the
career of Soil, therefore maximum veracity was desire in their answers, which were confidential.
Each application was directed and assisted by the person responsible of the research.
Results and Discussion. Data obtained and discussed next were analyzed according to descripted
univariated statistic and correlated analysis (Pearson P.M.) 5% probability mistake (1).
I present as a sample one of the complex variables analysis that integrated this investigation having
the purpose of illustrating how the reading of data was done.
Rigidity in evaluation forms. Results presented relate to simple variables referring to rigidity of the
five most common ways to evaluate knowledges (variables 17, 20, 23, 26 and 29).
Table 1. Partial statistic behaviour of rigidity in evaluation formas.
No.

Evaluation form

n

%n

X

CV

S2

S

17
20
23
26
29

Homework and investigations
Written exams
Field and laboratory practices
Seminars
Oral examinations

31
19
34
15
23

91.17
55.88
100
44.11
67.64

3.10
3.05
3.14
3.40
2.35

35
40
41
48
47

1.22
1.49
1.70
2.68
1.23

1.10
1.22
1.30
1.63
1.11

In Table 1 is an appreciation consider by subjects in a given medium rigid level in this evaluation,
with a high rigidity tendency in seminars and a lower one in oral exams. In the five cases, was found
the two different criteria coexistanc according to infringed rigidity in this evaluation forms (CV>
33%).
It infers from Table 2 and Diagram 1 that seminars, written exams, laboratory and field practices are
considered most rigid evaluation forms by under age people and less rigid by persons of age. It is
shown that persons of age are more mature to overa gainst these evaluation forms, avoiding implicit
rigidity of evaluator event.
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Table 2. Correlated values of rigidity on evaluation forms*.
No.
6
7
14
16
19
20
22
24
25
26
27
29

Variables
Age
Study (hours)
Academic advice
Soil preparation
Hard tasks
Rigid written exams
Hard written exams
Adequate practices
Hard practices
Rigid seminars
Adequate seminars
Oral rigid exams

•Significant correlations:

Homeworks &
investigations

Written
exams
-.55
-.31
-.51

Lab & field
practices
-.37

Seminars

Oral
exams

-.73

-.41
.74
-.77
.66
-.63
.49
.70
-.53
-.49

5% probable error + .31
1% probable error + .55

It is also shown that at more number of hours of study and more academic advice received for a
written exams, the less rigidity experimented during the exam Rigidity increases with the grade of
difficulty of homework and investigations, written exams and laboratory and field practices; while it
decreases in the measure of seminars and laboratory and field practices are not adequate. Subjects
report the greatest rigidity mainly experimented during seminars and laboratory and field practices;
tending to lower it when seminars are seen by subjects as an adequate form to evaluate them Seems
like students consider rigidity in some forms of evaluation does not guarantee an efficient
preparation during their career.
This research shows the existance of a diversity of factors that in a variable way fall in academic
performance of pupils majoring in soil. The factores that influence since the basic common level and
are continued until the Soil major.
Gettin to determine incidence of these factors over academic progress of the student, is the main
contribution of this research, and also the method use in the information treatment (multivariated
statistic analysis). Aspects pretending to show that this type of investigation is trusty and
conformable to educational needs of the country and that investigations done on learning and
teaching at the region surrounding the university are very limited. Therefore with the hope of
promoting scientific educational investigation with this experience, permiting to produce an
objective knowledge of educational process.
We acknowledge investigation's limitants, from a non detailed search, since our meaning was to
make an exploratory description, having the purpose of making it deeper recurring to future
investigations in those topics to become priority on the opinion of the people interested. Although,
what was found is a real evidence of the need of changes in the educating process.
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Diagram 1. Correlational diagram corresponding to rigidity in evaluating forms.
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From what it was found, is essential to emphasize that the teaching work performed in the basic
common courses by teachers adscripted to the Soil Department, is important to the student and the
soil major itself. For the student because of edafologjc formation quality received at this level,
guarantees or not its subsequent entail to soil major and for soil major, since it is a logic way to
assert student candidates with real pedagogical vocation.
Regarding knowledge evaluation acquired, is prudent to comment about notorious rigidity in
different evaluation types (oral and written exams, laboratory and field practices, seminars, etc.), it is
convenient to have in mind a conformation of an adequate evaluation process, from learning to
teaching. Making clear that learning does not reduce to a simple knowledge acquire, but a more
complex and integral phenomenon occurs in the subject's cognoscent and that teaching is not only
divulging.
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On the other hand, it is clear that student population lacks of studying habits as well as the tendency
of looking for interpersonal relationship with their teachers, seeking for academic counselling.
Justifying the facts the implementation of action through subjects, that will allow the student to
develop his maximum potential and therefore a personal and more lasting educational formation.
Finally, it is also outstanding that soil major's practical aspect, does not gather excellence and quality
needed through laboratory and field practices, so student will end his soil career with enough
formation and total security of his professional performance will be successful and competitive.
Conclusions and Suggestions. Conclusions obtained in this research from the variables studied, are
the following:
1.
There is a poor important direct relation between the teaching work developed by teachers
participating in the basic common courses through courses with edafologic content (Edafology, Soil
Fertility and Soil Conservation) and the frequent academic advice given by these teachers to the
students. This relation may get to be very important if the academic advice received by students will
be given more frequently.
2.
Under age students, whinch are majority, consider medium adequate and rigid the evaluation
form of acquired knowledge, when done through seminars thought by them, oral and written exams,
laboratory and field practices; while elder men argue that these evaluation forms do not get to be
medium adequate nor rigid.
3.
The time students of soil career dedicate to study contents, concurs with exams, having a
medium tendency of doing it in the library. Out of this period is a little frequency of study, reflecting
a poor development in studying habits.
4.
Relation between students and teachers nominated to soil career is less regular regarding
quahty of academic advice, which deduces that students look for not too frequent advice and
consider as regular efficient academic preparation received in this discipline.
5.
Students consider that rigidity in some evaluation forms (seminars, mainly laboratory and
field practices) does not guarantee an efficient preparation on the career.
6.
Elder students which is minority, consider oral exams or oral evaluation forms more
adequate and homework and documental investigations, written exams and laboratory and field
practices less difficult.
7.
Frecuency of academic advice received by the pupil and subject quahty relationship with
councellors diminishes greatly difficulty experimented by the pupil in most of the evaluation forms.
8.
Rigidity and difficulty in the evaluation forms present a straight relation, opening the
possibility to say that difficulty is in a big part product of rigidity given to evaluation styles.
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9.
Students argue that laboratory and field practices are relatively easy, between medium
adequate and adequate, but coordination quality by teachers is regular.
10.
Subjects presented a low possibility of continuing postgrade studies at the UAAAN or at any
other university, this can be explaineed by the rural origen of most of them, low economic familiar
sources and other factors deduced from it.
11.
Generally, students said they were satisfied and sure to be studying the soil career and
licentiate at the UAAAN. But we must take in account the frequency in the relationship between
same students, relation quality with councellors and efficiency of preparation received are factors
deduced in an important and direct form in the satisfaction grade and vocational security.
Some suggestions are shown at this section in order to contribute on solution of detected
problematical.
1.
It is suggested more approach between basic common courses students and teachers,
participating at this level through academic advice, which will get to a multiple benefit for all parties
involved: student, teacher, soil career, university and to the same teaching-learning process.
2.
Evaluation forms must be examined, in orden to conform a real and excellent learning
process evaluation.
3.
We advice to attend with rigour and professionally what is related with basic common
courses studying habits and also the same learning and evaluation process, which is practiced by
different teachers during the career.
4.
In order to change favourable the efficiency concept students have about academic
preparation received during soil major, it is suggested that laboratory and field practices get to be
more adequate and better coordinated by teachers, lowering rigidity and difficulties in evaluation
forms.
5.
Oral evaluation forms permit subject tested to comment freely about ideas and concepts that
normally exposes in a restricted way when he does it in a written way. It is advisable to have in mind
oral evaluation forms in the examination process of acquired knowledge.
6.
It is important to have in mind the relation between teachers coordination quality from
laboratory and field practices and also that adequate forms of the same are direct, which also falls in
a direct manner in the efficient academic subject's preparation. This suggests that the professor
responsible for the subject, may personally coordinate laboratory and field work.
7.
It is prudent to suggest that if they agree that teaching performance is a professional service
offered to a student community, this service must be of enough quality to impact in an important
way such as satisfaction and security for been studying or have studied superior courses in an
institution such as Antonio Narro.
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Education in Soil Science
I.N. Stepanov. Institute of Soil and Photosynthesis of the Russian Academy of
Sciences, 142292, Poushchino, Russia..
Soil science has originated on a basis of empirical
knowledges
in their relationship with an agriculture. For this reason, up to
the? present
time, the soil
science
preserved
specifically
"empirical" scientific style. This needs careful 1 experimental data
estimation, arithmetical and algebraical calculations, field
works
on concrete samples descriptions, and also numerous chemical,
mineralogi cal , physical and other analyses. Activities of such a.
kind need analytical
ways of thinking, rather then synthetical
ones. The situation has resulted in that the theoretical
area of
the soil
science remained
almost without professionals
whose
attention is focused on a synthesis, on "figurative thinking" and
on theoretical direction of knowledges. Therefore, there is a sense
for teachers of Higher School to think about selection of
students
which are able for "figurative thinking", future theoreticians, and
also to rebiuld courses for more attention to be paid
to
lectures
on
geometry,
theoretical
physics,
theory
of
symmet' y,
crystallography, geophysics, astrophysics, mathematics.
The
conceptual
scheme
of
soil
science
follows
from
zero-dimensional
statements
(isolated
samples, horizon
without
differentiation of soils within it) to one-dimensional
statements
(Dokuchaev's soil profiles), further to two-dimensional statements
(catenas and m a p s ) , and further to three-dimensional
soil
bodies
constructions after them. Such transitions
with multi-dimensional
from one
level
of fundamental
knowledge to another one with
increasing dimension
force to pay larger attention to formalized
language. There is a need for soil science to have its awn language
for each
level of abstraction (one-dimensional, two-dimensional,
etc.) and to develop some metalanguage on the basis of languages of
geometry and physics.
It would
be reasonable to devide knowledges onto empirical and
theoretical levels in educational
programs for soil
scientists.
Each from these levels has its own methodology and language, and
they must not be mixed. For example, the concept of "soil cover" is
used
in empirical
knowledges level, whereas the
"soil space"
represents the theoretical one. The soil
cover
is real, it is
studied
immediately
in a field
by analysing its properties and
processes. On the contrary, the soil space, as any geometrical
and
mathematical
space, can and must be studied only by figurative
thinking, on a formalized level. It is of value to outline
that
forthcoming
achievements of soil science may be based on symmetry
laws. For such reasons
appropriate
principles and conservation
theoretical
problems are to play corresponding role in educational
process.
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Principles of Soil Scientists Education
at The Universities of Russia
A.D.Voronin', G.V.Dobrovolskij, D.S.Orlov. Faculty of Soil Science,
Moscow State University, 119899 Moscow Russia
Introduction. Beginning from foundering studies of V.V.Dokuchaev which
proved independence of soil as a nature-historical body similar to other kingdoms
of nature, soil science in Russia mainly developed as a special branch of a
natural history which has versatile purposes and application but not only as
agricultural discipline.
At the universities of Russia students were traditionally taught to fundamental
nature-historical sciences (mathematics, physics, chemistry, biology, geology)
therefore the initiative of V.V.Dokuchaev (1895) about the necessity of foundation
chairs of soil science
at
Russian
universities
was
understandable.
Unfourturnately it was possible to realize this project only almost thirty years
later but finally soil science chairs or soil departments consisting from several chairs
have been established at many universities of Russia and Soil Science Faculty has
been opened at Moscow State University at 1973.
At 1992 according to the Decision of Russian High School Committee soil
science was included into a number of nature-historical directions of base
high education similar to mathematics, physics, chemistry and biology with
conferment to graduates the degree of Bachelor of Soil Science. According to
accepted concept a Bachelor of Soil Science not only can work at different fields
of national economy and participate in scientific researches but also to be
guided for further education in master-courses which foresee deepening of
knoledges and specialisation in one of the fields of soil science.
Soils as complicated natural bodies fulfill many-sided functions in biosphere,
provide biological variety, stability of phytocenoses, bonding toxicants,prevent
pollution of conjugated environments of biosphere; industrial and social aspects
of humanity are closely connected with soil cover. Therefore Bachelors of Soil
Sciences need to know fundamental bases of practically all
nature-historical
disciplines:
mathematics, physics, chemistry,
geology,
biology, geography;
sociology, economics, history, politology have an important place.
Knowledges of bases of fundamental sciences then applied and developed in
special courses which are soil physics and melioration, soil chemistry, soil
biology,
soil
geography, agrochemistry,
soil protection from chemical
contamination, from water and wind erosion. Peculiarities of special courses for
Bachelor of Soil Science are in deep knoledges of soil formation theory, soil
classification and genesis, soil morphology and evolution. General structre of
education is shown at Table 1.
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Table 1.
Approximate structure of education for Bachelor of Soil Science (4 years)
Courses
Humanities and social
Phylosophy
Foreign language
Culture and history
Sociology and politology
Psychology
Economics
Chosen by a student
Natural sciences
Mathematics
Informatie
Physics
Chemistry
Biology
Geology

Total
hours
0
170
340
225
110
110
110
325
0
450
110
350
500
180
50

Ecology
Chosen by a student

70
330

Courses
Soil Sciences
Soil science
Soil geography
Soil chemistry
Soil physics
Soil biology
Soil biology
Soil melioration
Soil maping
Soil erosion
Agriculture
History of soil science
Special courses
Chosen by a student
All kinds of summer
practices

Total
hours
0
320
110
360
250
150
210
120
70
50
170
40
300
170
20 wk.

Significant part of educational time is dedicated to field practices in number
of fundamental and auxiliary disciplines (botany and geobotany, geology, landsurveying, geomorphology) and also in special courses for Bachelor of Soil Science
(soil maping and estimation, field physical methods of soil investigation).
Unique itinerary practice has the most important place among field practices,
when students in field conditions make the acquaintance of main nature and soil
belts of Russia, morphology, properties and rational utilization of main soil
types. Obligatory participation of students in research works which are fulfilled
inside fundamental programms or for industrial organisations is of important
role in soil scientists education. Results of such research works are often published
in scientific journals.
Multy-leveled system of high education which foresees training of diploma
specialists as Bachelor of Soil Science and Master of Soil Science in accepted now
in Russia. This system must be effective because it is counted on preparing
competable Bachelors and at the same time it allowes to reveal mostly talanted
students which can proceed education in order to get a degree of Master of Soil
Science.
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Present Situation and Perspectives of the Teaching Staff of the
Mexican Soils
R León-Arteta Facultad de Ciencias Agricolas. Zona Xalapa de la Universidad
Veracruzana. 91000. Xalapa, Ver., México.
Exposition
of
trie problem.
It
is undeniable
the
increasing
deterioration environmental, the worsening
the level of the life
of the majority of tie population of world and the lack of the
strategies to less to stop them. And in spits of the restriction's
that the sistems pol i ticianes-economi cs impose, the teaching staff
can play
a rale
trascentient.
Since? 1942 (3) it is talking of landscape; sick in Europe, but the
situation nas more deteriorated. The disappearance increasing of
live species, they s.re a indicator of be unusefulness of the? our
present
strategies
and
necessity
urgent
of
elaborate
news
expositiones.
Contextual frame. Although (6; the mad hunger present are a nroblem
of distribution and of habit's nutritional to word level. Can not
follow been (2) pasives onlookeres of the "global and national
issues dances. Our absences in conspicuous among those formulating
many of the agendas where soil science s hou. Id play a role, I
cosmetic surgery or and advertisind blitz be necesary four us to be
invited to the functions". The presention of those anxieties at a
international forum, can help us to try a common strategy.
Ftasent situation. Starting »rois the 60's it is implement the
si stem of the book's of free text and although it is eliminated
recently, it is influence, was important in the generationes school
on the age. It is efect has not been evaluated by the mexican's
edaphologiest and 1 ndubitablemently permit the image thar on the
alternationes enviromentales, has the mexican directing class and
this present on your daily decitions.
Analysis of the case. The education of the soiles to level primari
shool and your relation whit the high education. In a publication
of The Popular Education Secretary (1990), to sixth year of primary
school. In where oesides intervened the of urban developmentand
ecology and the salubrity and assistance. Where do not take in
consider to two organizatianes that more studies of the soiles have
carried out in the country. But in the document of long ago, begin
by considering the water and soil as retrainble natural resources,
whithout emphasise your high cost, "in Mexico, natural resources
are abundant's and diverse?. Some of them have ever-exploited and
exist the posibility of it is has lost, "the soil is an important
resource of it depend, on great measure (don't emphasize what
obligely), the present of the wild fauna and the flora and the
possibility of practices of the agriculture, the cattle raising".
Here it must it is influence in the fishing of the sweet water and
the maritime, but "should study them to profundity" they define
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soil and subsoil, repeating the outline of the mythical text of
Buckman and Erady . To divide to the soil in fertile arid don ' t
-fertile and confuse the concepts a-f- soil and terrain. The erosion
and the insaltpetre are
natural phenomena whithout economic and
so<::. i a 1 i mportan t.

Say that the "bog are
useless soil's" but make mention of the
chinampas. Talk of the clear, knock down, ana burning but don't of
the period of rest, "the agric.u.1 turales practices unsuitables, the
o ver-shepher herding and the f e 11 i g i n m o d e r a t e hi a v e d e t e r i o r a t e a
great part of the mexican soil's", mainly by the poor countrymen,
-rarmer
and cattle raiser without scruples. It in form of soil
capable for the agriculture utilizes on the construction of the
breaking-up as it is the case of Xochimilco in the México State,
without to outline when less the causes. Accuse the "extensive
shepherding {that; provoke the erosion an the lost o+~ the species
vegetales and animales, without present a examples that help to
explain the phenomenon. In summary in this text predominante an
descriptive orientation, whose influence should be taken is account
to expound propositiones better formulated.
In the other hand in of the operative part, of the process teaching
a p p rentice s s h i p (5) , a s in a 11 L. a t i n a m e r i c a exist rele a s i n g
betwen the diverses level and inclusive in the post-graduate (7)
areas of the Knowledge and between objetives and conditiones of
job. This is concatenate very good with our society contemporary(2), included certainly
the magisterial
predominant narcissist
sector, the deny the existence
of the pupil as individual and
between other thing's with necessities, emotiones and capacity of
reason.
Conclusion and proposal. Exist a knowledge
incomplete of the
iirtportance of the soil's between wide sectores of the mexican
society, inclusive the teaching body. It's urgent to expoud better
strategies in agreement and mexican scientific society of the soil.
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Achieving Sustainable Soil Management in Agriculture
Hans Hurni. World Association of Soil and Water Conservation, and Group for
Development and Environment, University of Berne, Hallerstrasse 12, 3012 Berne,
Switzerland.
Introduction. Agriculture and soil degradation are closely related. If agriculture managed its soils
in a sustainable manner, the problem of land degradation could be reduced to a fraction of its present state. According to a world map (4), 28% of all types of soil degradation at the global level are
caused by agriculture, and 35% by overgrazing. A further 29% are related to deforestation, a process which again results in agricultural land uses in most instances. Thus soil degradation is caused
in more than 92% of all cases by a variety of agricultural uses. Many types of processes are responsible for soil degradation, such as water erosion, wind erosion, and physical and chemical deterioration. By far the most important is soil erosion by water and wind, which accounts for 84% of all damage (4). When attempting to achieve sustainable soil management in agriculture, soil conservation
in its broadest sense constitutes an important component, hence the focus on it in this overview.
Theory. A brief analysis based on the theory of land management (1) shows that land degradation
is as old as agriculture itself, although in this century there has been a threefold aggravation: Land
degradation has never in history been so widespread, accelerating so rapidly and been so negative
in its consequences for the land user. First, farming activities have never been as widespread as at
present. Second, the acceleration of the processes is explained by marginalisation, whereby farmers
are forced to cultivate their land more frequently and on steeper slopes. Third, consequences are
particularly negative because land reserves in developing countries are nearly absorbed, or even
exceeded, due to the present number of land users and the restricted alternatives to land use. Sustainable soil management according to (2) is being achieved when (a) a number of soil parameters
(volume, fertility) remain unchanged for at least one generation, when (b) all soil degradation processes and toxic inputs are kept below tolerable limits, when (c) soil management does not affect
other criteria of sustainable use of natural resources (biodiversity, genetic maintenance of species,
and the sustainable development of the human societies), and when (d) soil management does not
hinder or reverse the overall sustainable development in the region.
Empirical Experience. Soil conservation, as a major component intended to increase sustainable
management of soils, has become an issue of serious concern in the recent past. Most of the introduced conservation technologies were not adopted by land users except when incentives, subsidies
or legislation were applied. This particularly concerned developing countries where there were extreme shortcomings in enforcement of legislation and policies, and where the governments could
not afford subsidies for additional inputs into soil maintenance and care. Hence, only projects developed through bilateral or international co-operation programmes implemented such activities. In
light of these negative experiences, an evaluation of technologies and approaches of sustainable soil
management was launched by the WOCAT project of the World Association of Soil and Water
Conservation (WASWC) in 1992 (3). Tens of projects are currently being evaluated on the basis of
a methodology developed by WOCAT. Criteria of success in this respect are considered central in
the evaluation (5), and a concept has been developed from the theory and the empirical experience.
Results. According to the concept of sustainable soil management (SSM), the criteria of success to
be evaluated in these projects can be clustered in the five fields given in the figure below. It can be
argued that every single cluster must be positive in a programme if it is to achieve sustainability.
The presented set of criteria constitutes a very strigent definition of success. This is opposed to
project evaluations where much weaker principles are normally applied, and a much shorter-term
perspective is taken. Field evidence in. projects assessed in the long term calls for such a strict application.
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Knowledge and awareness of problems of sustainable soil management (SSM) and of opportunities for improvements in land use and technology should be created in a participatory manner at all
levels, from the land users to the political decision makers. Failing to create such continuous understanding at any single level of interaction means threatening the long-term efficiency of the action.
Marginalised land users with scarce land resources in difficult environments, where certain land use
types should be even more restricted, will not be willing to adopt technologies that are not by themselves productive in the respective farming system. Technological innovations should therefore
constitute a productive asset in the fanning system, at least after an initial installation period. The
introduction of the technologies may need a minimum enabling incentive, either in material,
know-how, or financial investment, or a combination of these, up to a maximum period of five
years. The institutional environment at local and regional levels should allow long-term accompaniment of the required maintenance inputs and continuous upgrading of the technology. Longterm land use security, finally, should guarantee that the investment in sustainable soil management is safeguarded to the benefit of the land user.
Discussion. A "policy" is defined as "a plan of action as pursued by an organisation". Usually, policies are developed at national, regional, or organisational levels. The scientific and technical bases
for land use and soil conservation policies have been given above, but need to be further developed
according to capability and competence of the concerned institutions. Here, the socio-economic
framework for policy development and application will be decisive. For example, national economies must be assessed when deciding on incentives or subsidies to be used to support sustainable
land use and soil management. A further important issue for developing countries will be the international solidarity in agreements on trade (NAFTA, GATT), and the international funds which
must be mobilised to assure that investments in environmental improvements can be made for
small-scale farmers world-wide.
Literature Cited. (1) Brooküeld, H., 1993: Notes of the theory of land management. PLEC News and
Views No. 1, UNU, pp. 28-32, (2) Hurni, H., 1993: Sustainable use of the soil: From the individual exploitation to the international economy. Environment and Development Reports No. 7, GDE, Berne, pp. 15-27,
(3) Hurni, H., Herweg, K., Liniger, H.P. and Wachs, T. (eds): Proceedings of the 2nd international WOCAT
workshop, Berne and Riederalp, GDE, Berne, (4) Oldeman, L.R., van Engelen, V.W.P., and J.H.M. Pulles,
1990: The extent of human-induced soil degradation. Annex 5, ISRIC, Wageningen, (5) Reij, C, P. Mulder
and L. Begemann, 1988: Water harvesting for plant production. World Bank Tech. Paper No. 91, 123 pp.
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A Case Study: Design and Implementation of a
Promotion Law for Soils Conservation in Argentina
O. Santanatoglia1. Departamento de Suelos, Facultad de Agronomia,
Universidad de Buenos Aires, Argentina.
This case study addresses the background, design and implementation of Law 22428,
which promotes soil conservation in Argentina; and discusses the role of soil scientists
in these activities. Several legislation bodies -at provincial and national levels- have
been designed around the world since the beginning of this century. Very few of them
include the need to preserve natural rescues. There is legislation that considers
development strategies related to social equity, including the delivery of lands to
farmers. However, specific consideration to land degradation processes and their
control is scarce.
As background information to the legislation on soil conservation in Argentina, the
paper briefly describes general agroecologic characteristics of the country, main land
utilization types, and most common land degradation processes -soil erosion by wind
and water, and desertification as the final outcome. It took more than 40 years of
surveys, studies, and evaluations to convince policymakers to take specific actions: an
interinstitutional team started the design process in 1981 and the law passed in 1982.
The law is justified in terms of the significance of agriculture and livestock production
to the national economy and the recognition of accelerated and widespread processes of
soil degradation. Policy decisions towards fulfilling development needs of rural
communities, including the protection of the natural resource base, had been requested
by local authorities and farmers' organizations including the Federal Agrarian Council.
Within this framework, the paper analyzes the general guidelines and objectives of the
normative components of Law 22420, its content, and its modes of implementation.
It reviews the implementation of the Law from 1982 through 1989, outlining the
increasing rate of participation by farmers, noting some regional differences, and
highlighting the nature of management practices which received most promotion and
support by the program.
One of the most important aspects of Law 22420 is its non-coercive nature. It is called
a "promotion law" (Ley de Fomento in Spanish). This approach is justified upon
theoretical and practical considerations. It seeks voluntary efforts by local authorities
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and by farmers. In fact, being Argentina a federation of provinces, it is up to each
provincial authority to adhere to the law if that is its decision. Within each province,
the implementation of the law is based upon initiatives from farmers and ranchers who
can organize themselves in "soil conservation consortia". As members of these
consortia, farmers may obtain different types of benefits (tax exceptions, subsidies) if
they comply with a series of land use recommendations. Soil management practices are
supervised by soils professionals who share the responsibility of their implementation
with farmers.
Another aspect of the Law is education of the general public, making it aware of the
seriousness of the soil degradation problem. In order to achieve this goal, the Ministry
of Education included the subject of soil and water conservation in the curricula at
different levels of public education including primary school.
Finally, the case study addresses the need for the federal government to consolidate and
maintain the support to the institutional structures created to implement the Law, and
the financial support to farmers, as a warranty for its continuity. As a conclusion, the
problems faced by the soil scientists who were requested to collaborate in the design
and implementation of the Law are discussed.
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Monitoring a State Law on Soil Conservation in the
State of Parana Brasil
Simone Weber Polack. Secretaria do Estado da Agricultura, DEFIS,
Curitiba, Parana, Brazil.
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A Case Study: Soil Productivity Indexes for Tax
Policies in Uruguay
C. Victora'. Direction
Pesca, Uruguay.
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This case study addresses the participation of soil scientists in the design and
implementation of a system for taxing land in terms of potential productivity based
upon land characteristics in Uruguay.
For years, taxes on the primary sector had been based on actual production: a
percentage of revenues from exports (beef and wool) was collected as tax. With this
approach there was no incentive for increasing productivity. The idea of a new system,
based on soil productivity potential, emerged in the 60s. It intended to stimulate
farmers and ranchers to increase production per unit area, intensifying land use. Close
personal relationships between progressive ranchers, policymakers, and agricultural
experts, resulted in a parliamentary action allocating resources to initiate the design of
the new system in 1968. Soil scientists participated in the process from the beginning
and strongly supported it.
For the purpose of the new system, soil productivity is estimated under current
technology levels and expressed in potential production of three products: beef, wool
and sheep meat.
Responsibility for the design was assigned to an inter-agency committee with experts
from the government and representatives from farmers and ranchers organizations. The
final objective was to determine a tax index for each individual farm: this was an
extremely complicated task. It required: a) soil surveys; b) cadaster surveys; and c)
estimations of productivity indexes (Pis) for different soils. It implied: a) coordination
of activities by several agencies; b) compilation, standardization, processing and
storage of available and newly generated information; and c) integration of spatial
information into a single map. Available resources at that time included:
• A reconnaissance soil map.
• Regional soil surveys in priority areas at different scales.
• A national soil classification from 1949.
• Cadaster information from 1912, at different scales (1:20,000 and 1:40,000).
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•
•
•

Two recently completed aerophotographic surveys (1:20,000 and 1:40,000).
Comprehensive and trusty statistics on agrarian production.
A small but well trained team of scientists at the renewed Soil Service.

Initial activities were rectification of photomaps, update of cadaster information, and
processing of production statistics at a county level. The most time consuming task was
to conduct soil surveys at a scale compatible with cadastral information and useful at
the farm level. It involved photointerpretation, ground truth, and chemical/physical
characterization of representative profiles from dominant soil mapping units. These task
involved more than 10 years of work.
The assessment of Pis was also a difficult task. Initially, soil scientists attempted to
develop parametric approaches based upon relationships between selected soil
properties and production parameters. The failure of this approach lead them to rely
upon a "Delphi" system based on opinion of experts -both scientists and farmers- with
well known field experience in specific regions. These regional teams ranked mapping
units according to estimated relative productivity. The exercise was repeated in
different regions and tested with available statistics. The integration of the information
from regional to national level was carried out by soil scientists.
The final stage consisted in measuring soil areas and computing Pis at the farm level
considering distance to roads and cities as additional criteria. It is worthwhile to
mention that GIS were not available in Uruguay at that time. The analysis and
integration of all information was done manually. Land owners were notified and a
period for appeals was given.
The new tax system didn't succeed in increasing production.
Social and
macroeconomics factors have overriding effects. Main outcomes included:
• A 1/20,000 scale soil productivity map for every farm in the country, electronically
stored, available to farmers at a nominal cost, and periodically updated.
• A significant increase in knowledge about soils properties and their distribution and
a new taxonomie system.
• Update of the national cadaster.
• A well-trained team of soil scientists.
As an unexpected outcome, the cartography with its information on soil quality is not
only used for taxation purposes but also for decisions on credits, for land use planning,
and as a tool in real estate transaction by private farmers.
Main obstacles in the process were the procedures for determining Pis (soil/yield
relationships), and accuracy losses when transferring information across different
scales. The consideration of only three products as a basis for productivity estimates is
a weakness of the system. Soil scientists from the team recognize that adjustments can
be done to significantly improve the system, particularly, after 20 years of application.
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Land Taxation for Sustainable Development in Central America
the Role of Soil and Social Scientists
Rafael Celis and Alfredo Aivarado. ProDesarrollo Internacional, San José,
Costa Rica, and Centro de Investigaciones Agronómicas, Universidad de Costa Rica,
San Pedro de Montes de Oca, Costa Rica.
Introduction. Land ownership and land distribution, reflected by Gini Coefficient values lager
than 0.75 (1) (2), are recognized as key factors in determining land use patterns in Central
America. They have been found to explain a good deal of problems such as low sustainability,
soil erosion, soil degradation, deforestation, agricultural productivity and poverty. Land
policies, although sometimes well intended, have actually caused much land to be over- or
underutilized because they discourage investment and induce low productivity, deforestation,
squatting, and violence. This paper reviews some of the most recent propositions for policy
reform and enquires how soil and social scientists should cooperate to promote sustainable
development.
Results and Discussion. As Strasma and Celis (3) pointed "One implicit policy with damaging
repercussion has been not having an effective land tax. Because land taxes are low, city
dwellers can easily afford to own land as a speculative investment, inflation hedge, or for
weekend relaxing. And because these nonfarmers bid up the price of land, the landless worker
or small farmer can't afford to buy it. Without the revenue generated by effective land taxes,
local governments are impoverished, unable to provide needed roads, schools, and other services
to any residents, including the poor. Land taxes are one of the most effective potential policy
measures now available in Central America to reduce both poverty and the destruction of
natural resources in a manner compatible with sustainable development. Land-tax reform
already under way in Costa Rica, is a feasible solution elsewhere. If land values are established
with community input, and if revenues are earmarked to local governments, infrastructure, and
schools, a land tax could promote decentralization
and participatory
democracy while
increasing production and reducing poverty."
Both on equity and on efficiency grounds, a land tax should be designed to differentiate
between types of soils, their current utilization patterns and their potential uses. Consequently,
although community input is essential for determining market values of different types of
soils, in different physical and socioeconomic contexts, it would still be required that a soil
classification be an integral part of a cadastral survey. A land capability classification system
that considers tropical crops needs should be developed for a proper land planning system.
Conclusions. Within the current global interest on sustainable development, soil and social
scientist have an unprecedented opportunity to work together. Soil scientist must play a key
role in the design of land tax reforms in Central America. Among the types of specific
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contributions that soil scientists can make are: identification of major soil constraints for food
production, development of a land classification system suited for tropical crop needs, and
development of soil related indicators to identify and correct environmental degradation.
Literature Cited. (1) Martinez, R., Liboreiro, E. and Flores, L. 1983. Tenencia de la Tierra y
Reforma Agraria en Costa Rica. IICA, informe mimeografiado. San José, Costa Rica. 18p. (2)
Gonzalez, R. 1993. El Regimen de Tenencia de la Tierra en Costa Rica. Editorial UNA.
Heredia, Costa Rica. 177p. (3) Strasma, J.D. and Celis, R. 1992. Land Taxation, the Poor, and
Sustainable Development, in Poverty, Natural Resources, and Public Policy in Central America,
Ed. Sheldon Annis.
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A Soil Conservation National Program for Mexico
F. Maldonado* and R. Medina*, Drainage Districts Manager.
Comision Nacional del Agua. Department of Irrigation and Drainage,
Instituto Mexicano de Tecnologia del Agua. Mexico.
I N T R O D U C T I O N . The degradation of natural resources, specially soil erosion is serious
and growing. Official research indicates that 80% of the surface land in the country is affected
by different grades of erosion varying from losses of 25% to 100% of the soil surface layer.
With a national average erosion rate in the outlet on the rivers of 2.8 tons of soil per hectare
annualy only by water erosion, that means a loss of 535 million tons of soil per year, of wich
31% (160 million tons per year) is deposited in hydraulic storage works. If one considers that
this is a fraction of that which is generated at plot level since significant volumes are deposited
a long the pathway from plot to river outlet, it is estimated that the erosion generated at plot
level reaches more than 40 tons/hectare/year.
On the other hand, wind erosion is located mainly in the Northern zone of the country, where
strong winds, erodible soils a lack at vegetative cover cause losses of up to 70 tons/hectare/year
as is the case of the Altar Desert plains in Sonora.
Principal effects of erosion in Mexico are: loss of soil productivity, decrease in aquifer recharge,
floods in the lower watershed, silting of the hydraulic and hydroelectric infraestructure and water
contamination.
In our country, soil erosion advances due fundamentally to the ignorance of this phenomenon
and its aftermath, as well as to the use of soils in a form contrary to their potential or land
capability
u s e and
absence
of a p p l i c a t i o n
of
conservation
tecnologies integrated in the production systems.
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B A C K G R O U N D . The Federal Goverment has undertakern the fight against soil erosion,
in 1946 proclaming the Soil and Water Conserrvation Low and simultaneously creating the Soil
and Water Consevation General Direction in order to attend to these tasks.
The Soil and Water Conservation General Direction dissappeared in 1985 with the restructuring
of the Federal Government, with which were suspended the official support of natural resource
conservation materials.
From 1986 to the present, diverse operative and investigative Institutions of the Government
have carried out activites in this area attending to their own operations, attributions and
objetives. The Mexican Institute of Water Technology, has promoted soil and water conservation
through focus of conservation-production, mainly in the humid tropic environment. The
Postgraduate College (PC), Institution of investigation and human resource formation to
postgraduate level in agricultural sciences, is the first to study and investigate soil and water
conservation, beginning in 1974 to the present day. The Agriculture trust Institute (FIRA) of the
Mexico Bank for Agriculture, a discount bank with the Commercial Bank has operated since
1955 to carry out demostrative functions on production and sustainability aspects. The Shared
Risk trust (FIRCO), of the Rural Credit National Bank, supplies access for the establishment of
conservation practices and their link with credit, demonstration and validation of technology and
a regional stimulus program. The Agricultural Politics Direction, of the Agricultural and
Hydraulic Resources Secretary (SARH) starting in 1991 establishes goals and politics of
execution of objetives and atributions of SARH.
T H E P R O G R A M . Considering that in Mexico a great know-how as well as legal
dispositions and experience exist, in order to prevent and reduce the erosion problem, its
purpose is to establish a national soil conservation program than links conservation with
production in order to reach a sustainable use of the soil.
The following strategies for the program are contemplated:
- Promote the organization of producers so that they assume responsability for soil an water
conservation.
- Impel simple, low-cost conservation prectices in agreement with traditional production systems.
- Utilize farm labor in order to carry out the conservation actions.
- Introduce soil use change according to its productivity capacity.
- Supply incentives and stimulus in order to promote the reconversion of soils use and
applicable conservation practices.
Likewise, the actions in order to execute the program are the following:

107

- Formulate a detailed diagnosis of the problems of existing erosion in each selected basin, for
their adequate attention.
- Carry out agrology studies in order to determine the actual and soil potential use in priority
basins in order to establish conservation and production plans in units of production.
- Develop or modify Technical Guides for conservation and production, according to the
agroclimatic conditions for each selected area.
- Formulate and apply communication, and participation programs that foment the active
participation of local authorities and producers, in order to induce and consolidate a
conservationist culture on the rural population.
- Train technical adviser teams in order promote techology change for soil conservation.
- Establish a training program for producers in soil conservation.
- Establish reproducers and plant production and materials centers in order to support the
conserrvation actions.
- Apply simple conservation practices in accordance with the soil capability in critical areas
including: natural growing vegetation, pasture planting, forestry, debris basins constructed
of vegetative material and rocks.
- In zones of medium and high potential agronomic and mechanical practices with the necessary
technical advice include: contour farming, stripcropping, sediment basins, infliltration ditches,
liming and weed control.
- Construct the supportive infraestructura for conservation practices such as: gavion structures,
drains, terraces and drop structures.
- Develop and adapt conservation technology in agreement with selected areas.
- Utilize support mechanisms that some institucions have generated for producer's stimulus in
conservation activities suck as: credit support, shared risk guarantees, stimulus, technical
assistance, heavy machinery, among others.

P R O G R A M O R G A N I Z A T I O N . The responsability and ruling program would be
assumed by Agricultural and Hydraulic Resource Secretary. By virtue of existence of other
societies that correlate program activities, has been proposed on a national level the creation of
a Committee composed of the different institutions to define politics, regulations, procedures,
criterion on operative mechanisms, as well as the establishing followup and evaluation
procedures of the national program. On a state level the creation of Soils Conservation
Committee is contemplated its function would be to support and coordinate the program for its
execution.
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INTEGRATING SOIL RESOURCE INFORMATION IN ECONOMIC
ASSESSMENTS OF LAND USE AND CONSERVATION POLICIES
1

J. D. Atwood, 2 C. Allan Jones, and ' K. Alt. ' Strategic Planning and
Policy Analysis Division, Soil Conservation Service, Washington, D.C., and
2
Blackland Research Center, Texas Agric. Exper. Station, Temple, TX.
Introduction. Recent advancements in computer technology and electronic communications
enable inclusion of soil resource information directly in modeling systems for assessment of
landuse and conservation policy in a timely manner, concurrent with policy development and
review. These technologies consist of computer hardware and software, telecommunication
networks, and simulation models. Faster processors and larger hard drives have enabled
development of user-friendly software for model application, allowing analysts to focus on
conceptual aspects of the policy evaluations rather than on detailed computer programs.
Models are coded in standard matrix algebra notation, nearly identical to their presentation
in a journal paper. These systems also enable storage and instant access to previous analyses.
The networking capability enables researchers at various institutions and agencies to
simultaneously use the same data and models.
Detailed National Resource Inventory (USDA, 1989) data were aggregated with soils data
taken from the Second Resources Conservation Assessment (USDA, 1989) to develop
numerical descriptions of resource characteristics by region, farming system, and other spatial
or temporal delineations depending on the policy. For example, policies targeting erosion
reduction on highly erodible land required a characterization of current farming situations and
feasible alternatives by level of inherent erodibility and management. The simulation models
then predicted how farming practices would change by region, soil, etc., and the associated
changes in farm income, consumer food costs, and environmental loadings. The integrated
modeling system enabled flexibility in model design and multiple simulations were compared
to determine exactly which aspect of a particular policy would be the most effective.
Examples shown are the Coastal Zone Non-point Source Pollution Management Act, Public
Land Grazing Management, the Reauthorization of the Clean Water Act, the Pacific
Northwest Salmon Habitat Enhancement Alternatives, and the Subsidy Reduction and Erosion
Conservation Compliance Components of Farm Policy (Atwood, et al., 1993).
Materials and Methods. Structured Query Language (SQL) script files, software, and
relational database techniques (Informix, 1991) link approximately one gigabyte of spatially
and temporally disparate data elements with economic, crop growth environment, and
hydrologie models. SQL outputs are electronically transferred directly as Generalized
Algebraic Modeling System (GAMS) (Brooke, et al, 1988) data matrices for economic
simulation models. SQL scripts imbedded in crop growth and hydrologie models enable direct
data access and linking with economic models (the original simulation models are described
in Chang and McCarl, 1992; Penson and Taylor, 1990; and Sharpley and Williams, 1990).
Unix workstation servers and local PC networks enable separate staff to jointly and
simultaneously utilize system data and models (CNRIT, 1993). With this system, staff and
computer expense are substantially reduced. Documented script files, fully attributed data,
and GAMS substitute for institutional memory and source code backups from previous
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evaluations, resulting in less computational errors and reprogramming for subsequent
evaluations.
Results and Discussion. Three important results are shown. First, the relationship between
required protection of the environment and economic impacts is significantly non-linear over
the relevant range. For example, in the U.S. Coastal Zone, 75% of the maximum erosion
reduction can be achieved with 25% the economic impact if farmers are allowed to use
approved Alternative Conservation Systems instead of being forced to control all erosion to
"T" (Chang, et al., 1993). Second, land use management problems that warrant national policy
may have significant local impacts while not affecting national agricultural and food markets.
In the U.S., quadrupling public land grazing fees would have no measurable impact on food
prices but would put the farmers who hold the grazing rights out of business. Finally, many
environmental policies which raise farmers' production costs would benefit the farming sector
as a whole, at the expense of consumers and those farmers who unfortunately are hit the
hardest by the policy. This is due to the ability of the farming sector to pass costs on to
consumers (though this ability is diminished with increased international free trade). These
three key results illustrate that the ability to provide policy analysis concurrent with policy
formulation greatly benefits society as a whole.
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Soils in an Environmental Context
M.J. Singer, University of California,
Davis, CA, USA
Warkentin, Oregon State University, Corvallis, OR, USA.

and

B.P.

Paraphrasing Nikiforoff (1959) and Ugolini (unpublished), soils are the excited
skin of the earth where the atmosphere, hydrosphere, biosphere and pedosphere
meet and interact. Soil is (literally and figuratively) the foundation of society, where we
build our structures, grow our food, and dispose of waste. Water is held by soil as it
passes from atmosphere to aquifer to become ground water. Soil influences the
success or failure of all these uses, and the quality of soil is influenced by the uses.
Understanding how soils "work" in an environmental context has been a long-term
goal of soil scientists. Although most frequently thought of as agricultural scientists,
soil scientists have many roles in modem science including environmental science.
An outstanding example of how soil science reaches beyond agriculture is the Nobel
prize winning effort of Selman Waxman, who changed medicine forever with his
discovery of the antibacterial properties of actinomycetes and whose comprehensive
paper on actinomycetes was published in the first volume of Soil Science.
Soil scientist's earliest environmental concerns were the consequences of soil
erosion by wind and water. These concerns and many publications led to the creation
of the Journal of Soil and Water Conservation in 1946. The Universal Soil Loss
Equation (USLE) of Wischmeier and Smith (1965), and subsequent models including
the Revised USLE and the Water Erosion Prediction Project (WEPP) have focused
world-wide scientific efforts on understanding the intricate processes that cause soil to
be eroded. This in-turn has led to new efforts at erosion control including the widespread use of conservation tillage.
Soils are the physical, chemical and biological filter that protects groundwater
from pollution by unintended additions of chemicals to soils through spills and leaking
underground storage tanks or by intended additions of agricultural chemicals. Soil
scientists have been the leaders in determining the fate of pesticides added to soils
and plants. Rachel Carlson's Silent Spring alerted the public to the potential dangers
of pesticides in the environment, but it has been soil scientists, in particular soil
microbiologists, who have pioneered the understanding of how pesticides degrade in
soils, what by-products are produced, the potential dangers of the by-products and soil
physicists who study the transport of pesticides and their by-products through soils to
ground-water. Soil scientists now are important members of teams that monitor,
predict and remediate the effects of unintended additions of pollutants to the soil.
Waste disposal in water is now severely limited and soil has become the
preferred medium for waste disposal. Soil scientists pioneered the understanding of
the use of animal waste in agriculture and subsequently extended knowledge to
disoosal and utilization of sewage effluent and sludge. A 1926 paper in Soil Science
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by Prince and Winsor was an early contributor to the discussion of converting sewage
from waste to a useful material. Soil scientists have also pioneered new methods for
on-site disposal of septic waste
Soil scientists study soils in the context of the landscape on which they are
found.
A full understanding of watershed hydrology and the transport of nutrients,
sediment and pollutants through the watershed is impossible without understanding
the distribution and properties of the soils that blanket the landscape. In severely
disturbed landscapes, soil scientists have been called upon to develop methods for
reconstructing soils and landscapes exploited by open-pit mining. Their work has
shown how to rebuild landscapes and recreate parent materials that function as "soils"
for the purpose of plant growth. Equally important has been the effort to develop
definitions of prime agricultural land, of measuring its value, and in creating unique
methods for preserving and protecting this natural resource.
Soils play a pivotal role in global cycling of water and nutrients, in particular
carbon and nitrogen. Carbon is stored in soils as organic matter and as mineral
carbonate (predominantly CaC03). Soils act as capacitors to buffer changes in
ecosystems whether the perturbations are caused by human activity such as the
production of acid rain or through global climate change.
Soils are a natural historical record of the past environment and their properties
are important clues for predicting future effects of global climate change. Since the
earliest days of soil science, climate has been known as a major factor of soil
formation. Jenny's 1941 book and many subsequent studies have shown the link
between soil properties and climate. The next major challenge for soil scientist is to
predict the effect of global climate change on soil properties and the effect of these
changes on human-kind.
As soil scientist continue to develop a better understanding of soil processes,
and how to maintain soil quality for different uses, the education and organization in
soil science will also evolve. There is emphasis now on working between traditional
disciplines, e.g. physics and biology to understand the soil habitat and to enhance
functions of micro and macro organisms. Understanding the important biological and
chemical processes in the rhizosphere will aid soil science contributions to crop
production. These studies will result in easier communication with our colleagues in
ecology. Because of the role of soils in natural processes, soil scientists can bring
ideas from other ecological sciences into sustainable agricultural production.
Nikiforoff, C.C. 1959. Reappraisal of the soil. Science 129:186-196.
Prince, A.L. and H.W. Winsor. 1926. The availability of nitrogen in garbage tankage
and in urea in comparison with standard methods. Soil Sci. 21:59-70.
Wischmeier, W.H. and D.D. Smith. 1965. Predicting rainfall-erosion losses from
cropland east of the Rocky Mountains. Agr. Handbook No. 282. US Dept. Agr.,
Washington, DC. 47 pp.
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The (Soil) - Acidity Scare, Old and New
G.H. Bolt. Department of Soil Science and Plant Nutrition, Agricultural
University Wageningen, Netherlands.
Early surmises about soil acidity. In this historical review of the
impact of soil acidity on human ;society, a number of periods are
distinguished. Firstly this concerns a pre-identification period
where—the. _ -benef-i.cial -effect—of -- -'-mar-ling-'- - - soil - -was- - noted- - butregarded as akin to manuring. The account given in Plinius'
Historia
naturalis
in the middle of the first century AC was
often quoted during centuries thereafter. Following the development
of chemistry as a branch of science in the 18th century, one finds
references to the presence of acids in soil in the early literature
on soils in the 19th century. Towards the end of this period the
nature of soil acids could become a topic of scientific discussion.
!
I
Opinions around 1930 about nature and amount of soil acidity.
Emphasis is placed on the vivid discussions on soil acidity arising
shortly after the first World War', in particular in northwestern
Europe, and spreading into the USA and Russia. In Germany, the
issue of soil acidity was addressed at several occasions; in
particular the meetings in 1924 of the'Verband Landwirtschaftlicher
Versuchsstationen'
(Agricultural Research stations) under the
sweeping title "The essence, signiificance and determination of soil
acidity"
*$|?tre WfrJ-1 documented lin the then newly established
'Zei^ts-crhrrft- - -f- - Pf-1 anzerrernaehrangr
ir. ~ Dusngang: 'The' concern~ for" "the
the implications of 'wide-spread' acidity in soil is demonstrated
in a report presented at the start of the above meeting in Hamburg
where it is communicated to the audience that "of the investigated
8868 soils (fields) there were aboijt 61% not acid and 39% acid".
It appears to the present reader i of the relevant literature in
Europe and the USA of the nineteen, twenties, that the concern noted
above is associated with the then incomplete understanding of the
actual seat of the soil acidity1. The distinction between the
protons and the acid molecules seems blurred. In fact the, in way
of thought ' pre-Arrhenius (1883 j'.JÏ'. contributions of Jacob van
Bemmelen to absorption phenomena^ in soil may have influenced
thinking until the late thirties. These
implied the actual
ormation of acids following the spg-ective absorption of base by
oil. As a result the above suggestion came forward that soils may
qontaj.n 'tremendous' amounts of' soil-peculiar acids that could
imply unfavorable properties as regards soil productivity. As these
amounts of soil acids became liberated only after the addition of
neutral salts the threat of a 'hidden' danger was posed.
Following intensive 'world-wide' discussions on soil acidity and
its seat and causes, in particular under the auspices of the ISSS
plenary Congresses and meetings of its Commission II (from 1925
until 1938), many of the earlier controversions on the seat of soil
acidity seemed to subside. The development of the
Hydrogen-gas
electrode, followed around 1930 by the less elaborate Quinhydrone
electrode enabled thorough
investigation of the pH-titration
behavior of soil systems. Also extensive field testing using pH-indicai.oE_d.yes—took— place-,—As—to—practical—-implications- of—s-o-irl—

i
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acidity for plant production correctional liming became leasable.
Determination of 'Lime requirement' became a routine at different
locations in the world, though local preferences as to the actual
execution remained. For the actual pH determination, the glass
electrode became increasingly popular, but in war-suffering Europe
it took until the fifties before the glass electrode had definitely
replaced the quinhydrone electrode.
Impact of colloid chemistry. As regards theoretical interpretation
of the pH-titration behavior of soil some aspects remained unresolved for the time being. One of these was the interpretation of the
so-called suspension effect, referring to the
pH difference
observed when comparing the electrometric pH value of a soil
suspension with that of its equilibrium dialyzate. This phenomenon
was brought to the attention of the soil research world by Wiegner
and Pallmann during the 1929 meeting of Commission II in Budapest,
although it had been noticed before. As was shown later, the
interpretation forwarded by Wiegner and Pallmann was not acceptable
in the light of equilibrium thermodynamics. Possibly in part
because of the untimely death of Wiegner in 1936 and of the
approaching and then exploding World War II, the suspension effect
was resolved publicly only in 1953, with relevant publications in
Science and J. Colloid Sci. Another item resolved only definitely
after the war was the role of Al in soil acidity. First suggested
in Daikuhara's famous paper in 1914 , rediscussed at length in
Paver and Marshall's monumental paper in 1934, the item reappeared
an .the. .s_o.il: -. chemistry. _ agend.a. with. Low.'.s...paper.in.. 1955 . Indeed.,, .it.
is known and accepted now that in soil the hexacoordinated A106
unit with linkages to neighboring Al, Si, or H is a central proton
bearing unit in acid soils. Perhaps in line with the above, it has
now also become increasingly clear that the colloid chemistry of
soil based on the behavior of constant (substitution) charge clay
minerals should not be considered as the sole proper base for
interpreting the behavior of acidic soil systems in temperate
regions. Instead the variable charge oxidic colloids, used already
as the proper model for the behavior of tropical oxidic soils
containing Al- and Fe-(hydr)oxides as the basic ingredient of the
soil adsorption complex, should perhaps also be used as the
starting point for the description of the behavior of partly
Al-coated adsorption complexes in ;acidic soils.
Soil acidity in modern industrialized society. Ir. the late 1970's
observations on disturbances in fish populations in natural waters
prompted much research on 'proton-balances' of natural environments. Extensive knowledge gained in previous years on the seat of
proton buffering mechanisms in soil proved highly useful. At the
same time the experience of acidity control via appropriate liming
as practiced in agriculture is of limited value, and the vulnerability of nature for proton influx depends much on the kinetics of
dissolution
of
primary mineral constituents of soil. While
degradation of natural sites due to excessive proton influxes may
thus be delayed in certain soils, control of exhaust fumes of
industrial society will be an obvious necessity for the near
future. References in: Bolt, G.H. 1994, Soil-pH, Catena, in press.
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Systematic Soil-Geomorphic Investigations - An Evolution in
Pedologic Interpretation
C. G. Olson. U.S. Department of Agriculture - Soil Conservation Service, Lincoln,
Nebraska, USA.
Introduction. Soil is a continuum on the land surface. In mapping, the pedologist
investigates the rate of change across the continuum. The ability of the pedologist to identify
and interpret this change, enhances both the efficiency of work and the accuracy of the map.
To understand soil genesis, geomorphology and classification characteristics, a fundamental
knowledge of the nature and history of the landscape is also essential. The pedologist needs
to think spatially rather than in a vertical profile or m the sense of a single pedon.
The introduction of landscape studies or soil-geomorphology to pedology gave new
dimensions to the interpretative elements of pedology. From Milne to Rune we see a
stepwise progression in understanding the synergism oisoil-landscape studies and pedology.
Soil-geomorphology trains the pedologist to think genetically, in process-oriented terms, and,
in three dimensions. A quantitative reconstruction of the landscape and its changes over
time follow. Robert V. Ruhe, is particularly noteworthy in that he pioneered the process
and quantification of landscape studies in modern soil science. Ruhe developed the basic
research method for detailed landscape analysis in use today and integrated it with the
geomorphologists' concept of stepped erosion surfaces.
Methods. In the standard soil-geomorphic research method pioneered by Ruhe, two
completely independent mapping programs are established. In one, the geomorphic surfaces
are mapped and in the other, the soils are mapped. At the conclusion of these mapping
procedures, the results are compared.
In the United States, field methods for soil mapping, description, and classification are
detailed in the Soil Survey Manual (4). The standard field approach for soil-geomorphic
mapping has been less formally presented and will be described in some detail here.
As with any research, collection of background literature is completed prior to
fieldwork. In soil geomorphic research, the collection phase also includes recognizing
sequences and their relative significance in time and space. Field reconnaissance, the next
phase, includes detailed description of exposures, road cuts and stream banks. These data
are assimilated with background material to fit patterns that reveal interrelations or predict
the nature of observations not yet made. Finally, and most critical to success, the field
design for acquisition of new data is prepared. In a soil-geomorphic study, the internal form
and structure, the soil stratigraphy, helps one reconstruct the evolution of the landform and
landscape. Drilling is necessary. It is in this phase that the work of Ruhe revolutionized the
importance of geomorphic relations to pedology, soil survey and mapping.
Geomorphic surfaces are related to drainage systems. Therefore the drainage basin is
the boundary of the field study area. Once the drainage basin is identified, drill transects
may be designed. The technique is illustrated in Ruhe et al. (3) and Ruhe (2). It is critical
that coring sites are established along main and tributary divides. For larger landscape
studies encompassing major drainage systems, drilling transects should coincide with
sequences of stepped erosion surfaces within the basin, but should be placed always along
the interfluve divide. This placement ensures that the maximum stratigraphic section will be
obtained from the most stable, least eroded, position on the landscape. Coring proceeds
from the highest to the lowest possible elevations (or vice versa) on divides, in each case
attempting to reach a common datum. This datum may then be used for three-dimensional
reconstruction of the soil-stratigraphy and the landscape. In more detailed studies focused
on smaller portions of a large drainage basin, additional drilling transects may be laid across
drainageways in a V-shapedpattern perpendicular to contours (2).
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Results. The premier soil-geomorphic study that provided the foundation for all future soilgeomorphic studies was that of the Greenfield Quadrangle, in southwest Iowa. This
watershed, characteristic of most of southwestern Iowa, consists of a series of gently stepped
multiple surfaces from valley stream channel to summit divide of surrounding hills. As many
as 5 stepped surfaces are present.
A systematic investigation of South Turkey Creek watershed was begun in 1953.
Surficial deposits were mapped. Drill sites were located carefully on drainage & tributary
divides and systemically on each of the major stepped surfaces within the watershed. The
cores were located geographically and described m detail. Wherever the stratigraphy from
one core to the next along the transect did not match, one or more intermediate holes were
drilled until the stratigraphic units could be correlated along that transect. A geomorphic
surface map of the watershed was developed and when combined with a surficial deposits
map provided a three-dimensional picture of the landscape, stratigraphy, and landscape
evolution that resulted in its current configuration.
Separately, a map of soils and soil associations was compiled. A nearly complete fit of
specific soil associations with each geomorphic surface or its surficial deposit was achieved.
This coincidence was a remarkable breakthrough in soil mapping as it showed that among
certain groups of soils, the position of each group relative to the others could easily be
predicted through study of the soil landscape. A model for soil landscape relations had been
developed. Using this model, soil scientists could predict where to place holes to quickly
verify map unit boundaries. Mapping efficiency was now greatly improved throughout much
of southwestern Iowa.
Additional studies followed the Iowa study in other climatic regimes including the North
Carolina coastal plain and the New Mexico desert projects. Results from these studies
reaffirmed these basic principles of soil-geomorphic investigations.
The Greenfield, Iowa case was a specific case in which geomorphic surfaces coincide in
an orderly chronological manner with soils. A soil-geomorphic study with very different
results was begun on the island of Oahu, Hawaii. The neatly predictable patterns and
principles developed in the Iowa and in some of the later studies were complicated by the
combined influence of several soil factors.
The same basic field design approach was used. A drainage basin was delineated
encompassing the Wahiawa basin between the Waianae Range and the Koolau Range.
Geomorphic surfaces were mapped and outcrops and stream cuts examined. Drill transects
were set up along major interfluves with at least one site drilled per geomorphic surface
along the interfluve divides. The coring strategy is depicted in Ruhe (2). Independently, the
soil associations were mapped and then compared with the geomorphic surfaces. In both
cases it was seen that a concentric arcuate pattern of soils and geomorphic surfaces existed
within the Wahiawa Basin. However the fit was not exact. A surficial deposits map
confirmed that parent material differences were the cause of some of the initial problems in
correlating soil associations to geomorphic surfaces. Soil associations reflected these
differences. Secondly, the dominant soil association did relate to a specific erosion surface
but most soil associations spilled over onto both younger and older surfaces. The soil
associations differed with elevation and corresponded to the climatic zones produced by
orographic effects on precipitation (1). Therefore differences in soil associations across
geomorphic surfaces were as likelv due to climate as to age or parent material. By isolating
the most relevant environmental factor, climate, the partial coincidence of geomorphic
surfaces and soil associations was better understood and a predictive soil-landscape model
was then developed for use in pedologic studies on Oahu.
Literature Cited.
(1) Ruhe, R.V. 1964. An estimate of paleoclimate in Oahu, Hawaii Amer. Jr. So. 262:1098-1115.
(2) Ruhe, R.V. 1975. Geomorphology. Houghton Mifflin Co. Boston.
(3) Ruhe, R.V., Daniels, R.B. and J.G. Cady. 1967. Landscape evolution and soil formation in southwestern Iowa
USDA-SCS Tech. Bull 1349:1-24Z
(4) Soil Survey Staff. 1993. Soil Survey Manual USDA-SCS. Agric Hdbk. Gov't Printing Office. In press.
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The catena concept - origin, transmission, use, and significance of a general concept in landscape analysis
Ch. Opp, KAI e. V., Funkenburgstr.

24, D-04W5

Leipzig,

Germany

Introduction. For about 60 years now the term "catena" has been in use in geosciences. The term is connected with or used for in the scientific literature of different
disciplines or branches written in various languages. The popularity of the term is
expressed, among others, by the fact that it has become the title of an interdisciplinary
journal. Therefore, it appears justified to analyse the origin, changes, present use and
significance of the catena concept, as well as to indicate future possibilities for its
application.
Material and Methods. First of all, 1650 sources of literature in which the term
"catena" is used or catena phenomena described were looked through and analysed.
This analysis of the literature was done in order to find precursors of the catena
concept and first mentions of the term, to describe the nature and change of meaning
the term underwent in soil science, soil geography, as well as related geo- and bioscientific disciplines, over time up to the present. In accordance with the change from
a simple mapping procedure to a multi-functional methodology of ecosystem analysis
in a landscape, the catena concept was used in various investigations ranging from the
registration of the structure of the soil cover up to the analysis and evaluation of
environmental stress on and stressability of soils as a compartment of landscape ecosystems. These investigations demonstrated both the diverse possibilities and the limits
of the catena concept when applied to modern soil, environmental, and landscape
analysis.
Results and Discussion. The analysis of the extensiv literature showed that, in principle,
t w o semantic contents can be distinguished in the use of the term "catena": 1. catena
as a really existing object of soils or spatial units respectively in landscape; 2. catena
as a concept or approach respectively when investigating slope-bound rules of change
of spatial units, of structural and process features within soil societies and landscapes.
Already before 1935, when the Englishman G. Milne introduced the term "catena" in
the literature (1) there were investigations of spatial changes of soils and other landscape features along hillslopes (cf.2,3). Milne was the first to use the term "catena"
(which means "chain") for the regular change of soils on slopes. Literally, he writes in
his main paper: "the word is intended to serve as a mnemonic, the succession of
different soils corresponding to the links in a hanging chain" (Milne 1936, p. 16/17).
Though already then the catena concept was described by Milne and Vageler as a
general rule of order in the geograpy of soils, for a long time it was "only" held to be a
mapping procedure good for effectively recording the distribution of soils in little investigated areas. Especially after Milne's death, the discussion among soil scientists
continued whether the parent rock in a catena had to be homogeneous, whether the
linking of pedological spatial units was in the way of a toposequence, or whether cate-

125

nas were associations of soils existing side by side and not influencing each other. A
synoptic view of this discussion can be found in (4). Many of these problems have been
settled. Today, in soil science the term "catena" is used, in general, to describe the
position and distribution of soils and soil features influenced by the relief and to characterize the lateral process, in particular material flux, as relations between the members
of a soil sequence (3,5,6,7,8,9,10,). In most cases the term "soil catena" is used for
this context. A further diffusion and extension of its meaning, as well as qualification,
took place when the term was introduced into physical geography, especially landscape
ecology. In 1961 the concept found its way into landscape ecology. Already in 1939
the German geographer C. Troll emphasized the great importance of the catena concept. Apart from several attempts to adapt the catena concept to physical geography
in the forties and fifties, only in 1961 in a fundamental paper by Haase the concept
found its way into landscape ecology - a branch of physical geography investigating the
space-bound character of ecological connections in landscape. During landscape-ecological survey and mapping missions Haase found regularities in the associations of both
individual topes (morpho-, pedo-, climate, phyto-topes) and complex ecotopes. An
association of ecotopes along a toposequence is designated by Haase as a "landscapeecological catena" (11). Owing to the highly integrative properties of soil and its function as a site indicator resulting from this, it is obvious that the catena concept is not
only a methodological aid, object and principle of soil science and soil geography but
that it is well-suited for characterizing complex interactions in landscape. The adoption
of the catena concept is well-suited for characterizing complex interactions in landscape. The adoption of the catena concept in the survey and mapping of ecological
connections in landscape and the subsequent application of system theory to landscape
ecology helped to work out, beside functional relations between compartments of ecosystems and whole ecosystems, also their spatial ones. Henceforth, there has been an
exchange of innovations between space-oriented ecosystem research (landscape
ecology) and soil science/soil geography.
Studies made during the past years in East Germany showed that, owing to its integrative character and epistemological functions, the catena concept is of prime importance. As an example, results of investigations into mechanisms of cause, effect and
diffusion of soil compaction and heavy-metal contamination in catenas are mentioned
here (12,13). Investigations into soil compaction in typical catenas revealed that
the first member of the catena always represents the average state of compaction;
as a rule, members of the catena subject to soil erosion are most heavily compacted;
as a rule, final members of catenas where soil accumulations occurs are least
compacted (cf. Fig. 1). Compared with members influenced by erosion or transitional
ones, however, their compactibility is higher (cf. Fig. 2).
Investigations into heavy-metal contamination of soils in typical catenas revealed that
average values of heavy-metal accumulation are found in high positions, i.e. the
beginning of catenas;
as expected, the highest accumulation is found at colluvial sites or depressions (cf.
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Fig. 3);
eroded or transitional sites show a subtly diversified behaviour: When a subsoil with
high sorption gets exposed by erosion these sites can yield the highest values of
heavy-metal contamination found in the catena (cf. Fig. 4). But when a subsoil with
low sorption gets exposed the lowest heavy-metal concentrations are found.
These and other investigations with the help of the catena concept proved that the
method is only rarely able to provide extensive information about larger areas since the
landscape section investigated along a catena is limited laterally. Nevertheless, the
catena concept is a valuable procedure rendering possible a rational investigation of soil
loads at different sites in landscape and providing indispensable basic information when
analysing whole landscapes with the help of indicators of loads and loadability that are
to be transformed into algorithms for Geographical Information Systems. Because of its
synthetic character and epistemological functions, the catena concept will continue to
be firmly established in a space-bound soil, environmental, and landscape research.
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Evolution of Geostatistical Ideas in Soil Science:
a Prototype for the Adoption and Adaptation of Quantitative
Methods Developed in Cognate Disciplines
Alex. B. McBratney Department of Agricultural Chemistry & Soil Science, The
University of Sydney, New South Wales 2006, Australia.
Introduction
Often, ideas are generated in other disciplines and subsequently transferred to soil
science. Principal sources are hydrology, the earth and biological sciences and to a lesser extent, the
fundamental disciplines of physics, chemistry and mathematics. Generally, soil science lags behind
these disciplines methodologically. Geostatistics is a case in point, and provides a framework for the
origin, transmission, adoption and adaptation of quantitative ideas from other disciplines.
The Origin
Geostatistical ideas have been extant in soil science for more than a decade. It was
invented for the mining industry but the quantitative approach owes much to the Russian mathematician Kolmogorov. An entirely similar approach was developed independently in meteorology. Soil
scientists interested in soil variability, notably the Oxford and Davis schools, realised the potential
of geostatistical methods in the mid seventies. The first substantive work seems to be contained in
the 1977 Oxford D.Phil, thesis of D.J. Giltrap.
The Transmission
The first published papers from the Oxford and Davis schools appeared in
1980. Dutch, Israeli and other American work appeared soon afterwards. This work presented the
methods with only minimal testing against other possible approaches. This was backed by strong
advocates in international fora. This led to a proliferation of secondary work.
The Mainstream
By the mid to late eighties there was much secondary work sparked off by
the initial papers. This was largely repeating the same approaches in different geographic settings.
There was little criticism and much of the writing was repetitive and dogmatic, e.g., only samples
within the range are needed for kriging. Initially the applications were in soil physics and soil survey;
the latest applications are for fertiliser recommendations and contaminated site assessment.
The Backlash Kuhn's model of scientific development predicts resistance to a new paradigm.
There was a backlash to geostatistics because:
(i) There was, and remains, a lack of understanding both by advocates and critics. Geostatistics is
conceptually difficult.
(ii) There has been criticism from thoughtful soil scientists who have realised the limitations:
namely, lack of integration with other soil and landscape processes and the nonsense of some of the
predictions, e.g., is block kriging of hydraulic conductvity sensible?
(iii) There has been a failure to always achieve good results or to look at the data critically or by other
methods.
This backlash is therefore is a consequence of the success of adoption and the lack of
understanding or adaptation to a particular problem. It is interesting to note that much of the unfair

131
'

and substantive criticism does not appear in the literature but rather has been passed on by word of
mouth.
The Vanguard At the same time as the mainstream have been doing familiarisation work in other
geographic localities a vanguard, of largely young soil scientists, have been applying more
sophisticated methods, comparing geostatistics objectively with other approaches, and generally
developing the techniques. There was strong evidence of this at the 1992 Inaugural Conference of
ISSS Working Group on Pedometrics in Wageningen. Substantial progress has been made in
incorporating ancillary soil and landscape information. Some progress has been made with
physically sensible prediction methods but this remains a challenge.
The Successes & Failures Clearly, there have been successes and failures. The main success has
been the amount of adoption and the reasonable level of application to real problems. The failures
have been in adaptation of the methods where necessary, and an over-dogmatic approach by many.
Applications to Other Quantitative Approaches A summary of the events in geostatistics
provides a possible framework for gauging the development of similar ideas from other disciplines.
The process seems to follow the following course.
A perceptive person sees the applicability of a technique to particular difficulties or classes of
problem in soil science. Some seminal exploratory work is done. Thismay be unscientific in the sense
that it is not adequately tested against alternative approaches. The reports are published. People get
excited. Claims are perhaps overstated. There is much hue and cry at meetings and conferences.
There is much secondary, largely familiarisation, work in different geographical contexts. The
approach isdogmatic because of a lack of understanding. This creates a backlash of genuine scientific
criticism of the limitations in the approach and the standard of the unfortunate copy cat work.
Meanwhile, hopefully, there is a vanguard of thinkers developing, testing and adapting the methods
from the substantive criticism of fellow soil scientists and perceiving the real applications.
Eventually, there is peace and harmony and the method becomes part of the rubric of soil science.
There are three ideas (similar to geostatistics in their mathematical complexity and their prior
origin in mathematics and the earth and biological sciences) currently extant in soil science but which
are at a much earlier stage of evolution. These are in order of decreasing development: fractal
geometry, fuzzy sets and chaos theory. The development of each is dicussed in turn.
Conclusion
The origin of ideas (and their subsequent development) dealt with here is decribed
by, (i) a perceptive person sees the applicability of a techniquefrom another discipline to particular
difficulties or classes of problem in.soil science. Interestingly, although geostatistics was "borrowed"
from the mining industry it was applied to ecology after, and because of, its application in soil science.
This approach is probably less satisfying than, {ii} a perceptive and imaginative person recognises
particular difficulties or classes ofproblem in soil science and solves them, e.g. Edgar Buckingham
and the theory of unsaturated flow. However the method transferred to soil science in {i} may be more
applicable in soil science than in its original discipline. Indeed, many believe this to be the case for
geostatistics. Many would agree that the approach to be abhored is {Hi} a dull person, keen to set a
trend, sees a technique at work in another discipline and thinks it should be tried without recognising
any particular difficulty or class of problem in soil science to which it might relate or applied to a
problem for which it is inappropriate. A case of the latter may be the use of hierarchical methods
of cluster analysis for classification in the 1960's. All is not lost, however. A bright person may read
a report and see the relevant problem. Finally, although all ideas are potentially useful, soil science
requires to develop more of its own!
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The Hierarchy of Soil Systems (A Retrospective Overview
and Future Considerations)
N. Florea. Research Institute for Soil Science and Agrochemistry Sos. Marasti
61, 71331 Bucuresti, Romania
At present, the pedosphere - as the soil cover of the terrestrial globe - is conceived as a system
ensemble structured in subsystems of different levels of organization. Both the soils and the soil
cover are natural entities very well organized and structured.
Although the term and concept of soil-system was made use of a long time ago (Jenny,1941), however
the approach based on the general systems theory in the soil science developed only in the last
deceniums in different countries ( Russia, U.S.A, Netherlands, Israel, Romania, France, England,
Germany, etc.especially for modelling purpose.
Concerning the hierarchical organization of pedosystems there are few contributions (Dijkerman
1974; Frridland 1975; Smeck and al, 1983; Florea 1983,1990; Rozanov 1983). An attempt to integrate
the knowledge hs presented in the Fig.1.
It is to emphasize the participation of the living matter to the soil medium beginning with the
firht integration level of the subsystems specific for soil.
Each level of the matter integration or spatio-temporal organization of the pedosystems is
characterised by specific interactions of its components and by specific processes (table 1).
For the future it seems to be necessary: a reappraisal of soil knowledge and directing of the
thinking in the light of general systems theory; a development of the research in order to specify
the levels of integration or organization of the pedosystems and the relationships specific for
each level and between different levels; and compilation of pedalogical maps for different organization levels of the pedosystems.
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\%^3c

t
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\
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Fig. 1. Integration levels of matter in soil and territorial organization levels of pedosystems.
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Table 1 - Hierarchy levels of soil systems and some of their features
Hierarchy level

Specific processes

Specific exchanges or
characteristics

Basic elementary matter
of soil and periostructural matter (biopedoplasma)

Breaking up and mixing .
Processes and reactions of
transformation
Pedochemical,biochemical
and biostructural reactions.
Retention ot water within
aggregates associated with air
among the aggregates.
Assurance of the permeability
for water and air .
Joining of an alternating
activity of the aerobic and
anaerobic microorganisms
(within the soil aggregates)
Accumulation of humus,
nutrients, water,air,dif ferent
compounds,etc.
Transformation by reversible
and irreversible reactions.
Formation of reserves of
humus, nutrients, water, etc.
Soil regimes of air, water,
temperature,nutrients.Translo
cation in soil predominantly
in vertical direction.
Vertical and lateral
(bidimensimnal) movement of
substances that can be in
one direction, convergent
or divergent depending on
the topography conditions.
Vertical and lateral
(bidimensional) movement of
substances interferes with the
lithological, hydrological and
geomorphological conditions
of the territory.
Transsectorial movement of
the substances interfered and
interferes with bidimensional
movement of different
pedioms or parts of these
ones.

Exchange of chemical
elements between soil and
plant
Metabolic exchange.
Absorbtion and excretion.
Exchange of water (and
nutrients) between soil
a regates and plant roots,
change of water and gases
between soil aggregates and
the voids existtng among
these aggregates.

Peds (soil aggregates)

Pedogenetic horizons

Pedons/polypedons
(Soil profrles/elementary
soils areals)

Pedosocions (Elementary
areals of soil combinations)

Pedioms
(Elementary areals of
unitary soilscapes)

Peditories (Ensemble of
adjoining and related
unitary soiscapes or
pedioms)

Pedosphere

All the above mentioned
processes are integrated.
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Exchange of different
compounds between
Horizons. Formation of
morfological Features and
specific properties
Substance exchange with the
environment
Biopedochemical cycles of
chemical elements.
Substance exchange among
the components of the
edosocron.
Interdependent functionality
of the components.
Substance exchange between
the neighbouring pedioms
and among the pediom
components.
Interrelated functionality of
the components.
There are geological and
geochemical influences at
macroscale, predominantely
in one direction reflected in
the lithology, particle size
distribution, mineralogy,etc.
of the parent and subjacent
material.
Closed system. However, it
receives sun energy.

Meaning and Aim of Contemporaneous Soil Science
O. Makeev. Institute of Soil Science and Photosynthesis, Russian, Academy of
Science, 142292 Pushchino, Russia.
Introduction. Our opinion about meaning and aim of contemporaneous Sou Science is based on the
approval of their merit place among of eight fundamental natural supersciences and on a new
geosphenc paradigm. The application of these ideas to a new developed by us division of Sou Science Cryopedology, in particular in connection of future climatic warming is shown in our paper.
Materials and methods. Above mentioned states were worked as a result of thirty-five years of
original investigations by author and his colleagues, and also by studying of literature.
Results and discussion. According to our ideas ( O.V. Makeev place among of eight fundamental natural supersciences. Table 1.
Alnaaj

Kingdoms of Nature

Processes

.992) Soil Science occupied merit

Subject

Minerals

Organism»

Biocosoic
bodies

Physical

Chemical

Operation for
studying
Information
Measure
and
weight

Sciences

Geology

Biology

Sou
Science

Physics

Chemistry

Madaanau

Monastics

"*"""""

Philosophy

Soil cover-pedosphere is formed during Earth evolution and have a certain place in geosphenc system
(O.V. Makeev, 1990 ). Table 2.
I Prmary geospheres
II Secondary geospheres^
A. Atmosphere
D Biosphere
E Cryosphere
B. Hydrosphere
C Solid Earth
El Cryohthozone E2 Glaciers
F Thermosphere
CI Earth's crust C2 Mantle
C3 Lithosphere (Earth's crust and upper Mantle)
III Geospheres which were formed as result of ancestoral geospheres interaction
Tertiary geospheres
Ancestoral geospheres
G. Pedosphere
Biosphere and lithosphere
H. Thermopedosphere
Termosphere and Pedosphere
Cryosphere and Pedosphere
I Cryopedosphere

Discussion about necessity of a new paradigm in Sou Science appeared in the last years (Makeev,
1990,1992; Miller, 1992, Blum, 1992, Targulian, 1992). We consider that geosphenc action as its
base should be put. V.O. Targulian, named the new paradigm - enveloping paradigm (1992).
Above mentioned tables contain the material for decision the question about meaning and aim of Sou
Science. Some assumptions based on a scientifing faith will be used. We agree with N. Katlend (1992)
that in scientific activity faith and mind (logic) reciprocally complemented one another. Three nature
kingdoms (Table 1) have a principal differences,between each other, but they can not exist one without
another. IT living organisms not having mineral sourcesis of life, they should have destroyed one to
another. Minerals bodies, for example, cliffs and seas, should be selfdestroyed and turned into

137

the cosmic dust. Should not be happened these a new natural kingdom - soil -biocosnic body (biotic abiotic), on our planet appeared, as a medium for the interaction between alive and unalive nature.
That is High Meaning of Soil Science.
The life on the Earth is preserved more than 3 milliards years in spite of all happened in this time
catactysmes. A great role in protection of life especially of all - vegetations and animals life plays soil
But there are also, a inverse connection -"... vegetation and animal life saved the Earth from the fate
which comprehended the Venus, where greenhouse effect is intisifying irrespressibry" (Ohnan, 1989).
Hence the aim of Sou Science is cognition of harmony of the World through harmony of geospheres
which realize their interaction through pedosphere.
Now we will consider the application of geospheric paradigm on an example of cryogenic soils.
In Russia as in other northern countries the wide spreading has thefrost- permafrost and seasonal
frost. It is supplementary factor of soil formation of which stipulates the cryogenesis. This powerful
and compound process leads to the formation the cryogenic soils. On the dry land of the Earth they
occupied one sixth part. I have decided to create the new branch of a science - cryopedology on the
joint of Soil Science and Geocryology, because cryogenic soils are very specific sous. This science
studies soil as an object of cryogenesis action, i.e. containing inclusions of ice during the time of
different duration. It also studies offrozenrocks in mat their part which is influenced by pedogenesis or
influence of it. Interaction of geospheres leads to the formation of cryopedosphere. It consits of cryids
(freezing) soils. Among these soils can be cryogenic (frostgenic and colgenic) and non-cryogenic,
generatios.
New paradigm permits to decide task of Cryopedology from position of two parts of XVICSS motto:
1. "Sou utilisation in harmony with nature". Ecosystems and soils as it part on the North in permafrost
region are very vulnerable, especially in condition of anthropogenic activity. It is necessary a number of
engineering measures to provide the ccologicall security. Melioration and other agrotehnique of sous
have an aim to establish of definite level of heatprovision and consider thefrostprocesses.
2 "Learningfromthe past to face the future". First of all it relate scenarium of possible global wanning.
It should be considered that in past there were epochs when the Earth climate was much warmer than
now and endless forests were murmuring all over contemporaneous tundra. Paleopedology must have
data about soils of this epochs. We also must be ready to the change of soils on the large territories
during future warming and to work out a strategic forecast of agricultural and forest cultural systems.
Conclusion. Equiping by a new geospheric paradigm, which bases the meaning and aim of
contemporaneous Soil Science we will the contribution in decision of tasks of the XVth ICSS about
which the President A. Aguilar informed in the bulletin of ICSS (1991, 80).
Literature cited.
1. Blum, W., 1992. Edtorial. Bulletin of the International Sou Science Society. 81. p. 5 - 6.
2. Katlend, N., 1992. Logic and Faith. Poisk 44. p. 5, Poisk 45. p. 3 - 4 (In Russian).
3. Makeev, O., 1990. Soils offrostregions of Biosphere, their functioning and use. Scientific Centre,
Pushchino. p. 44 (In Russian).
4. Makeev, O., 1992. Cryopedology. Fundamental and Technical Basis. Proceedings of the 1st
International Conference on Cryopedology. Russia, Pushchino. p. 7-15.
5. Miller, F., 1992. Soil Science. Should we change our Paradigm? Bulletin of the International Society
of Soil Science. 81. p. 26 - 27.
6. Olman, W., 1989. Second discovery of the Earth. Za rubejomp. 20-21 (In Russian)
7. Targulian V. 1992. Pedosphere as a surface Planetar sphere. Pochvovedcnie.2.p.27-40 (In Russian)
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The Chartometrical and Experimental System of
Investigations in Soil Science
I. Crupenicov, E. Cuharuc and V. Cibotari . The institute for Research,
Design and Technology of Pedology Agrochemistry and Land Reclamation,
277070 Chisinau Mold. Republic.
The chernozems constitute 80% from the s o i l s of the Moldavian Eepublic and they are the best f e r t i l e s o i l s in the world.The
n a t u r a l conditions in the Moldavia promote the development of
s o i l erosion.We have made our investigations during 10 years,from
1963 to 1993.Soil erosion was measured dynamically,volumetrically and chartometrically .In the South of the republic the chartometric comparison showed that during l a s t 20-30 years the areas
of middle and strong washed-out s o i l s have increased annually by
0,9%, while those of l i g h t washed-out s o i l s by 0,2%.The annual
increase of light washed-out s o i l s in the North and Centre part
of republic i s 0,3%, but those of middle and strong washed-out
s o i l s - 0,6%. The chartometric studies on the chosen t e r r i t o r y
(499856 ha) have proved in the followings: i f are 18 l i g h t washed-out s o i l s the eroded area will be increased by 70164 ha, from
which 47686 ha will be middle and strong washed-out s o i l s and
22500 ha will be light washed-out s o i l s (.see f i g . I and 2 ) .
The experimental investigations showed that a l l the types of
s o i l s from the slopes are exposed to erosive processes. The annua l average of lost s o i l s in Moldavia i s 25272 mlii.tons, which
comprise 674 thousands tons of nutriments. 2800 tons of f e r t i l i sers and 300 tons of p e s t i c i d e s are lost with s o i l s . The sediment a t i o n of the laked constututes 3,3% mean y e a r . The chemical appl i c a t i o n with s o i l conservation measures reduce the groundwater's
contamination. The farm crops improve the erosion conditions.
For one ton of lost s o i l i t i s necessary 17 m"' of runoff for row
crops, 38 B for legume crops, 66 nr for winter c e r e a l s ,
100 m"^ for grasses.
Our dates make the p o s s i b i l i t y to anticipate the further d e velopment of s o i l s and to solve some ecological problems for
nature protection.
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F i g . I . Area of washed-out
s o i l s during the f i r s t pedological investigation
% of arable land
I - < 2 0 ; 2 -20-40;
3 -40-60; 4 - > 6 0
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Fig.2. Area of washed-out
s o i l s during the second pedological investigation
% of arable land
I -<20; 2 -20-40;
3 _ 40-60; 4 - > 6 0

Geographical, pedogenous aspects and role
of biotic diversity in the forest chernozems formation on
Ukraine.
A.P.Travleev, N.A. Belova and D.G.Yemshanov. Department of Soil
Science and Ecology, Dniepropetrovsk State University, Gagarin av.,72,
320625 Dniepropetrovsk, Ukraine.
Introduction. The steppes biomes of Ukraine were formed under conditions of
watershed- gullied
microlandscape and characterized by high synecological
diversity of steppe vegetation and classical chernozems on the loess and loess- like
deposits. The development of forest vegetation in watershed steppes is conditioned
by edatopes bioclimatogenal peculiarities and relief as well as the pedogenous factors, redistributing a water and heat balance. This extrazonal forest ecosystems of
the gully hills and depressions were formed approximately 15000 years ago.
Materials and Methods. The above mentioned variables were tested in a field
experiment during 20 years from 1965 to 1985. The experimental sites covered the
whole steppe zone of Ukraine.
The main objects of studying were elementary pedogenous processes (EPP).
They reflect the peculiarities of the soil profiles structure, adduces and specifies
the bioclimatic bounds in soil block. But it does not determine the properties,
pedogenous processes and genetic soil differences on the level of soil type of
genetic class (6). That is why the three- component approach according to LP.
Gerasimov (2) (pedogenous factors --> processes —> soil properties) was used.
Results and Discussion. Watershed- gully forests in extreme hydro- climatic
conditions of steppe zone characterizes by the different resistance to the zonal,
anthropogenal factors, consequences of Chernobil catastrophe. Interactions
between forest vegetation and soils remain one of the most cardinal problem of
soil science.
The supporters of the hypothesis of fatal soil degradation under the forest
vegetation based upon the conception of forest soil podzolization in every
geographical zone. Other group of researchers (1,5,6,7,8) has come to a
conclusion about zonal factors' leading role in soil- vegetation interactions. Thanks
by conducted investigations of watershed- gully forests the possible influence of
forests on the chernozems genesis and the most complete chernozems' pedogenous attributes revelation were provided. This conclusion has been made thanks by
the classical factor- geographical and genetic approaches (2,3).
Chernozems pedogenous type development in the watershed- gully forests
was confirmed by results of humus substances analysis, the absence of humic acids
fraction la. Humic/ fulvoacids ratio was always over 1. It has the humat- calcined
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character, and it was over the zonal steppes chernozems characteristics. The %
humus content is mounted to 9%.
Forest chernozems have a profile structure, reminiscent of the podzol soil
type: there is specific differentiation into elluvial and illuvial layers, the presence of
siliceous meal. But this morphological similarity as distinct from podzols, has a
quantitatively different, convergentional character. According to the obtained data,
in this case the processes of lessivage were determined (in understanding of
(1,2,5,6)). It was confirmed by the granulometric and micromorphological
structure studying. On the base of soil micromorphological soil composition
analysis the presence of fine- grained calcite and silty fraction in the pores and
periporous space was established. Moreover, the gross R2O3 content in soil
profiles was stable for all of genetic layers.
Forest chernozems characterize by zoogenal coprolite layer of 25- 40 cm
thickness, consisting of the water- resisting soil aggregates (up to 90%).The
humus- accumulative horizon of the forest chernozems has the siliceous meal on
the structural grains sides. It is conditioned by Si02 biological accumulation by
the forest vegetation and recurrence by the annual organic leaf fall into the upper
soil layers. For the soil genesis processes specification the zoodiagnostic method
(according to M.S. Gylyarov (4) ) was used.i
Under the forest vegetation chernozems were developed after the influence
of natural communities' biotic diversity of the two different types of biological
cycle- forest and subaridic steppes. Proper existence of this natural formation in
subcontinental conditions of steppe zone indicates communities, soils and
landscape polygenetic development, and no doubt, will required the further
investigations.
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Origin and Development of Soil Classification Ideas
N.A. Loshakova. Institute of Soil Science and Photosynthesis of the Russian,
Academy of Science, 142292 Pushchino, Russia.
The soil
science has a long history of relationship
with
geometry. Agricultural
needs gave rise to geometry, and complex
agrotechnical and meliorative measures were carried out by ancients
with
its aid. Later the geometry has -formed separated theoretical
branch of science. Nevertheless, theoretical
aspects of
the
geometry remained
in the foundations of the soil science. Let us
consider one of them - the soil
classification
on
geometrical
pri nciples.
In ancient
times for estimation of soil fertility a sample of
soil was taken for visual analysis, and this was sufficient measure
to classify
the soil as being good, average or bad. The sample of
soil symbolizes here a point - geometrical image not related
with
other
environment
parameters,
in
part with spatial
ones.
Point-like, or zero-dimensional view in soil science had
essential
restrictions, and a point as an elementary soil
unit may be
regarded as a first classificational nomenclature.
Only about the end of XIX ciecle when new scientific
vision,
comparative
analysis, has arised, the need to increase the
dimension
in soil
classification
up to a line arised
also.
One-dimensionality
implies neccesarity
to use not a single, but
several
points which devide a line
onto
parts,
including
proportional
parts. The introducing of proportionality concept in
soil science was new in soil classification. Transition from
one
dimensionality
to another
in a scientific development
is a
revolutionary step which implies previous paradigm destroy and
new
theoretical
basis creation. Such basis has been created
by
V.V.Dokuchaev who suggested a soil profile as new
classification
unit - essentially a line devided on horizons A, B, C; also he has
established the law of their constant relation. This has appeared
possible only due to the creation of new geometric concept one-dimensional
(profile) instead
of previous
zero-dimensional
(sample).
One-dimension
soil data presentation
also
has
essential
restrictions. The cartographic
method
presents one way to make
two-dimension data presentation; another way is seen when a profile
is
considered
in two directions
(e.g. , in a trench) . The
description of a soil body will result in a three-dimension
data
presentation; one may suggest a multi-dimension data presentation.
Transition to three-dimension
and further
to
multi-dimension
schemes will cause a strong opposition of old paradigm supporters.
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Recherche D' Alternatives Dans Le Commencement D'Une
Renaissance de Methodes Scientifiques pour La Conservation et
L'Usage du Sol
M.L. Garza Lacunza, and E. Everest. Enah, Taller de Lengua
Mexique.

Nahuatl,

We must organise actions for mandkind 's developement seeking harmony between
all things. This idea was all ready present in our prehispanic past.
La civilisation comme un phenomène humain est le resultat de deux
faits contradictoires: D'une part, le travail scientifique et technologique nous aide a mieux comprendre nos besoins, restrictions et possibilités. C'est
ainsi que nous cherchons notre bienêtre en pousssant notre progrès. D'autre -part, nous devons éviter: une degradation de certaines valeurs culturelles, -une regression dans la qualité des relations humaines et une deterioration de
beaucoup des milieux naturels.
Aujourd'hui, la comprehension et la correcte canalisation des besoins
humaines doit nous conduire a 1'exploration d'autres alternatives, non néccessairement parfaites mais en voie de se perfectionner. Ces alternatives peuvent
venir de nos ancêtres, de la meme facon que dans les temps préhispaniques elles
provenaient du "Huehuetlahtolli", Mot Antique, qui était une série des conseils
oraux que les vieux transmettaient a les nouvelles generations. Nous devons - projeter 1'expérience passé positivement vers le présent, sans etre orientés -vers une pseudo-science qui nous amenèrait \ la technolatrie.
En ce qui concerne 1'agriculture, les civilisations méso-américaines
se basaient déja d'une technologie bien distincte. Cette technologie était fonclée
sur une philosophie qui divinisait les ressources naturelles. Par exemple, le
maïs primitif, - la principale source d'alimentation, - avait été soumis a un
proces d'hybridation par lequel il est arrive a sa forme actuelle.Les Azteques
appelaient le ma'is Centeotl, essence divine, le tout, principe et soutient de vie.
Dans ies quatre soleils ou époques antérieures, 1'homme a été nourri par l'acocaitli
(noix de s a p i n s ) , par 1'acecentli (ma'is d'eau) et par le cencocopi
ou teocentli (ma'is d i v i n ) . De mé\ne, les Quiches nous disent au Popol
Vuh, que seulement lorsque les dieux ont employé la semence du ma'is
pour construire le corps de 1'homme, celui-ci put survivre. Le mythe Quiché comme
le mythe Azteque font remarquer que 1'Humanité qui n'est pas "faite"de ma'is, --
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pe'rira" a cause de divers cataclysmes, Le ma'is apporte done la seule clé de
survie: 1'aube de la culture.
Pour illustrer le texte ci-dessus nos présentons trois poèmes NahuatI:
CE POEME NOUS MONTRE L'AMOUR POUR LA TERRE, UNE VALEUR CULTURELLE PERDUE ACTUELLEMENT:
MA HUEL MANIN TLALLI

QUE LA TERRE SOIT PERMANENTE
QUE LA TERRE SOIT PERMANENTE
QUE LES MONTS SOIENT EN PIED!
AINSI AYOCUAN CUETZPALTZIN
PARLAIT EN VENANT
A TLAXCALA, A HUEXOTZINCO,
QUE L'ON REPARTE
DES FLEURS DE MAIS ROTI,
DES FLEURS DE CACAO,
QUE LA TERRE SOIT PERMANENTE!

iMA HUEL MANIN TLALLI!
iMA HUEL ICA IN TEPETL!
QÜIHUALITOA AYOCUAN,
ZAN YEHUAN CUETZPALTZIN,
TLAXCALLAN, HUEXOTZINCO,
IN IZQUIXOCHITL, IN CACAHUAXOCHITL
MA ONNEMAHMACO,
iMA HUEL MANIN TLALLI!
AYOCUAN CUETZPALTZIN, de Tecamachalco.

CE DEUXIEME POEME PARLE DE L'.AMOUR DE L'HOMME POUR L'HOMME. C'EST A DIRE, A LA
SOCIETE. NEZAHUALCOYOTL APPUIE L'IDEE D'UN TRAVAIL COMMUN POUR PRODUIRE DE MEILLEURS RESULTATS, CET AMOUR POUR LA SOCIETE EN PARALELLE AVEC DES IDEES -NOUVELLES AIDERA A L'OBTENTION D'UN RENDEMENT AMELIORE (DANS CE CAS CELUI DES
PAYSANS), SANS OUBLIER QUE NOUS FAISONS PARTIE DE L'ECOLOGIE. DE CETTE FACON, ON
EVITERA UN RECOULEMENT DANS LA QUALITE DES RELATIONS HUMAINES.
IN CENTZONTOTOTL
NEHUATL NICTLAZOTLA
IN CENTZONTOTOTL ICUICAUH,
NËHUATL NICTLAZOTLA IN CHALCHIHUITL ITLAPALIZ
IHUAN IN AHUIAHCMEH XOCHIMEH,
ZAN OC CENCA NOICNIUTZIN
IN TLACATL, NEHUATL NICTLAZOTLA.

THE CENZONTLE
I LOVE THE SONG OF THE CENZONTLE,
BIRD OF FOUR HUNDRED VOICES,
I LOVE THE COLOUR OF THE JADE
AND THE EXQUISITE PERFUME OF FLOWERS
BUT MOST OF ALL I LOVE MY BROTHER:
MAN.

CE DERNIER CHANT S'ENSEIGNAIT DE FAMILLE EN FAMILLE. IL FAUT TRAVAILLER POUR CONTINUER
A VIVRE ET CE POEME CONTIENT INCITEMENT UN MESSAGE: IL FAUT EVITER LA DETERIORATION DES ENCEINTES
NATURELLES. DE NOS JOURS, LES SCIENTIFIQUES, LES INGENIEURS, ETC., QUI S'INTERESSENT AU DEVELOPPEMEN1
TECHNOLOGIQUE DOIVENT UTILISER CE DERNIER AVEC PLEINE CONSCIENCE ET NE PAS CUBLIER QUE LES AUTRES
ESPECES ANIMALES ET VEGETALES ONT AUTANT DE DROIT A LA VIE QUE L'HONME. ILS DOIVENT DONC CHERCHER
UNE PARFAITE HARMDNIE.
TLALTICPAC TLAMALHUILIZTU
LE SOIN DES CHOSES DE LA TERRE
XIHWHUI TLEN ONCA IPAN TLALTIPACTLI
FAIS ATTENTION AUX CHOSESQU' IL-Y-A SUR LA TERRE.
ITLA XICCHIHUA:
FAIS QUELQUE CHOSE:
XICINTCCA, XIMETCCA, XINEPALTOCA.XICUAUHTOCA,
SEME DU MAIS, SEME DES AGAVES, SEME DES NOPALS,
YUHQUI TICPIAZ TLEN TICUAZ,
SEME DES ARBRES.
TLEN TICONIZ IHUAN TLEN TIMOQUENTIZ;
AINSI TU AURAS DE QUOI MANGER, DE QUOI BOIRE
YUHQUI TICPIAZ NELHUAYOTL IPAN TLALTIPACTLI,
ET AVEC QUOI T'HABILLER.
CUALL1 MOICATLAHTOZQUE MOCENYELIZHUAN,
AINSI TU AURAS RACINE SUR LA TERRE,
MOICNIHUAN HUAN MOTEIXMATCAHUAN,
PARLERONT BIEN DE TOI TES PARENTS,
ICA INON TIMONEXTIZ IIXPAN CEMANAHUAC.
TES AMIS ET TES CONNUS.
AVEC CELA TU TE FERAS CONNAITRE DANS LE MONDE.
HUEHUETLAHTOLLI.
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Words of Introduction by the Convenor of Symposium ID 17 (XV. ICSS,Acapulco)
H.W.Scharpenseel and V.J.Jaramillo

The Symposium ID 17 is supposed to be a contribution of ISSS to further precision
of our background knowledge regarding IGBP related

soil carbon cycle, carbon source

or sink matters . Since ISSS-CIP organised in partnership with ICRAF, TSBF, UNEP and
IGBP-GCTE recently a workshop

on "Management of Carbon in Tropical Soils under

Global Change" with limited invited participation (February 7-11 1994 at the ICRAF
in Nairobi),it

was decided to devote the first four presentations to reviewing the

salient features and results of the Nairobi-Workshop
ested

ISSS members. The remaining

for the benefit of all inter-

four contributions are assigned to papers with

focus on distinctive features of carbon cycle in managed and unmanaged

ecosystems.

Soil organic matter carbon being the second largest pool in the organic carbon cycle
with ca 1,550 Pg C plus ca 50! originally organic C of the about 1,000 Pg C in caliches/calcretes,requires thorough monitoring with regard to losses by forest clearing,
savanna bums,but also to gains by CO- fertilization

concomittant with rising mine-

ral fertilizer inputs and the hypothesis, that the "missing carbon fraction" of 1.5
to 2.0 Pg C .derived form anthropogenic carbon emission

may produce additional

biomass especially in the northern higher latitudes.

The Symposium begins with the 4 review papers of the ISSS-ICRAF-TSBF-UNEP-IGBP/GCTE
co-sponsored Nairobi Workshop.
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The Nairobi Conference: Topics, Results, and
Research Needs.
J.M. Kimble and E.R. Levine. National Soil Survey
Conservation Service, USDA, Federal Building, 100
Lincoln, Nebraska 68508-3866 and NASA/Goddard
Code 923, Biospheric Sciences Branch, Greenbelt,

Center, Soil
Centennial Mall North,
Space Flight Center,
Maryland 20771 USA

INTRODUCTION
An International Workshop entitled "Management of Carbon in Tropical Soils under
Global Change: Science, Practice, and Policy" was held at ICRAF (International Center
for Research in Agroforestry), Nairobi Kenya, February 7-11, 1994. The ISSS
(International Soil Science Society), GCTE (Global Change & Terrestrial Ecosystems
Programme), TSBF (Tropical Soil Biology and Fertility Programme), ICRAF (International
Center for Research in Agroforestry), USDA-SCS (United States Department of
Agriculture, Soil Conservation Service), UNEP (United Nations Environmental
Programme), GTZ (German Agency for Technical Cooperation), and NASA (National
Aeronautics and Space Administration) were sponsors. Over 40 participants attended,
representing Africa (13), Europe (10), Asia (8), the United States (8), Latin America (3),
and New Zealand (1). The participants ranged in interest and expertise and included soil
scientists, agricultural scientists, ecologists, ecosystem modelers, geographers, plant
physiologists, and economists. Dr. Mike Swift (Director, TSBF), with the collaboration of
Dr. Pedro Sanchez (ICRAF), Dr. Hans Scharpenseel (Chairman of the Committee for
International Programs (CIP) of the ISSS), Dr. John Kimble (USDA , SCS), and Dr.
Edward Elliott (Natural Resource Ecology Lab, Colorado State University) organized the
workshop.
In his opening remarks, Dr. Hans Scharpenseel reviewed the workshop's development
and the importance soils play in the world carbon cycle. He emphasized that soil
organic carbon is the second largest pool in the organic carbon cycle, with about 1,550
Pg carbon. Soil organic carbon is subject to increase or decrease through both
management and global change. Improving the understanding of soil organic dynamics
in the tropics is especially important, because of the rapid changes in land use and
management; processes and rates in the tropics are much less understood than in
temperate regions. Research and development is needed to achieve and harmonize the
often conflicting requirements for increased production of food, fuel, and fiber and for the
global management of carbon and greenhouse gases. The study of the carbon cycle
and its relationship to CO2 in the atmosphere can be traced back almost 100 years, to
Arrhenius (1). Yet, many unanswered questions remain about carbon dynamics in soils.
Dr. Pedro Sanchez, Director General of ICRAF, highlighted this and commented, and
can be summarized in a comment which he made - "What do we really know about
carbon dynamics and its sequestration in soils?" Even after spending many years
working in the tropics, he could not answer this question.
Figure 1 shows a research framework for evaluating soil carbon status at a regional
scale. This figure is a modification of one Dr. E. Elliott and co-workers developed by
Elliott and Cole, (2). The steering committee used it as an outline for developing the
workshop. All of the boxes are connected by arrows pointing in both directions showing
the flow of information in many directions. This information supports looking at soil
carbon as an ecosystem issue, focusing not solely on soils but on the interactions of
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many different driving variables, processes, and properties. At the top, the box, "Policy
Options." emphasizes the importance of considering the feedbacks and effects between
research activities and policy when considering issues related to ecosystem dynamics.
From this perspective, workshop objectives were developed which would allow
participants to address key questions related to soil organic carbon adequately.

RESEARCH FRAMEWORK FOR EVALUATING SOIL
CARBON STATUS AT A REGIONAL SCALE

POLICY OPTIONS
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Figure 1. Diagram of conceptual framework the steering committee used to develop the
workshop, allowing a system for evaluating soil carbon status at a regional scale.
The numbers on the figure correspond to the work groups established to meet
the workshop's objectives.
Workshop Objectives
The objectives of the workshop were:
1.
2
3.

To assess the current status of soils in the tropical regions as sources and
sinks of carbon;
To review and synthesize current understanding of the processes
(biological, physical, chemical, and socioeconomic) that regulate the gain
or loss of carbon from tropical soils;
To identify priorities for research to: (a) enhance the information base for
soils of the tropics, and (b) improve understanding of the regulation of soil
carbon dynamics;

152

4.
5.

To evaluate the needs for improved tools for integrating information to
make regional projections of soil carbon status; and
To identify land use and management policies that optimize sustainable
production and soil carbon storage in the tropics, and to evaluate
institutional capacities for promoting and implementing them.

To meet the first two objectives, twelve invited papers, presented during the first day and
a half of the workshop, provided a good overview of the state of present knowledge on
issues related to soil organic carbon. Invited authors coauthored their papers with other
experts from the International community to obtain a wider perspective on the issues.
These papers eventually will be published in a peer-reviewed volume. In order of
presentation, they were:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Driving variables of ecosystem function and global change in tropical
regions (R. Scholes, N. van Bremen, and J. Corbett)
Soil carbon in the arid and semi-arid tropics (J. Freytag and A. Mtimet)
Soil carbon in the sub-humid savannas (P.G.H. Frost, D. Resck, S.C.
Srivastava, and H. Tiessen)
Soil carbon in the humic forest zone (M. van Noordwijk, C. Cerri, and P.L.
Woomer)
Soil carbon in tropical wetlands H.U. Neue and Z.P. Wang)
Input control of organic matter dynamics (P. Bottner, G. Tian, and M.
Scholes)
Chemical control of soil organic matter dynamics (W. Zech and N. Senesi)
Physical control of soil organic matter dynamics (C. Feller and M. Beare)
Biological control of soil organic matter dynamics (S. Struwe, E. Blanchart,
C.A. Palm, and M.J.N. Okwakol)
Management control of soil organic matter dynamics in tropical land-use
systems (E. Fernandes, C. Castilla, and L Mukurumbira)
Integration of information and understanding to predict soil-C distribution at
the regional scale (K. Paustian, E. Levine, W.M. Post, and I.M. Rhyzova)
Policy options for soil carbon management in tropical regions A.M.N. Izac,
C. Whitman, and A. Serrao).

Each paper generated considerable discussion which demonstrated the lack of
complete agreement or understanding of the processes of soil organic matter dynamics
within the scientific community at present. The inclusion of the paper on policy options
was unique for a scientific meeting of this kind. Its importance and relevance to scientific
issues became clearly apparent, however, throughout the conference, from a variety of
perspectives. Too often, researchers do not consider the way their work influences
policy and other socioeconomic considerations. In addition, in order to evaluate it within
a socioeconomic perspective, researchers must consider shadow pricing, assessing soil
organic carbon in terms of the resources required to replace its critical function within the
ecosystem (e.g., source of nutrients, water, porosity, filtering, etc). Scientists must be
able to convey to policy makers the importance of soil organic matter within ecosystems.
Workshop 'Working Group" Format
To meet the last three workshop objectives, a unique format promoted interactive and
interdisciplinary discussion and facilitated the formulation of policy guidelines. After the
presentations of the first day and a half of the meetings, working groups (as represented
by the numbers in Figure 1) to discussed specific issues and formulated statements
relevant to the workshop objectives. The designated groups included:
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Information Groups
1.
2.
3.
4.
5.
6.

Geographic Databases
Site Networks, meta-data from sites
Process Studies
Integration of process and data
Policy
Scenarios and data needs for modeling and making projections

Inten'ace Groups
7.
8.
9.
10.
11.
12.

Organizing of geographic data sets for model input
Evaluating understanding of ecosystems and soils
Representing process in models
Determining priorities for research and data
Using projections for policy
Making projections

A chairperson headed each of the "Information groups", and the same chairs lead the
comparable Interface groups the following day. Participants rotated daily among
groups. Information groups members were those with the most interest and expertise in
the working group topic. Because of their commonalties, this group session tended to
be the most focussed and members tended to be most in agreement. They presented a
short report from their work was presented to all workshop participants, and it
represented the best knowledge available for that topic. The following day, the second
working groups, or "Interface Groups," promoted the opportunity for new ideas or
insights as well as communication between groups. The mix of expertise in these
groups made the Interface Group discussions more controversial and heated. These
groups also produced consensus reports and presented them to all workshop
participants.
A final meeting of evaluation groups, composed of the same members as the second
working groups, convened on the next to last afternoon to summarize the work and
discussion from both the small group sessions and the presentations to all the workshop
participants. Their purpose was to provide clear and concise conclusions and
recommendations for policy makers, summarizing the results of their working groups
from the previous three days.
In this way, the workshop participants were able to identify the state of our knowledge of
soil organic carbon dynamics and what we can tell policy makers now.
The rest of this paper focuses on the results of the working groups which dealt
geographic databases, scenarios and data needs for modeling and making projections,
Organizing data for model input, determining priorities for research and data, and
making projections (groups 1, 6, 7, 10, and 12). Dr. Elliott (3) will present "Embodying
Process Information in Models Evaluated with Site Network Information: Nairobi
Workshop" as the second paper in this session. Dr. Neue (4) will present "Carbon in
Managed and Unmanaged Wetlands," also generated by this workshop, as the third
paper in this session. The fourth paper in this session, "The Nairobi Workshop
Involvement with Socio-Economic Aspects of the Carbon Cycle", by Dr. Izac (5), will
discuss the policy and socioeconomic aspects of the carbon cycle that evolved from the
Nairobi workshop.
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DATA ISSUES: STATE OF OUR KNOWLEDGE AND GAPS IN UNDERSTANDING
Geographic Databases
The objective of a geographic database is to provide information that will characterize
the natural processes occurring in soils and their ability to produce food, fiber, energy,
and their susceptibility, to function as a filter of water and waste products, and their
ability to serve other purposes, which will, in turn, effect soil carbon dynamics. In
addition, soil data sets can be used to identify key indices (from known soils data) which
will:
1.
Allow a short-term surrogate of other parameters, using empirical
relationships within geographic regions;
2.
Identify and encourage collection of soils data to fill geographic and time
gaps; and
3.
Meet policy needs now while preparing for the future.
Databases now. exist and are being developed which provide soil information on an
international level. Examples include the international soils data base developed by the
USDA-SCS through the USAID funded Soil Management Support Service Program
(SMSS) and the data base developed by the International Soil Reference and Information
Center (ISRIC) and the Food and Agriculture Organization (FAO) of the United Nations
information which supports the FAO-UNESCO Soil Map of the World. These efforts
represent major starts at developing geographically referenced data bases of soils
information.
However, these data that need supplementing. Globally, data are most limited for the
tropics. Little or no soils information has been collected for major areas. In addition,
there is insufficient information about wetlands and drainage ways, forests, and the
distribution of various land use practices. Wetlands in general, and tropical wetlands in
particular, have a disproportionate impact on the global carbon and trace gas budget
but are not receiving sufficient scientific attention. Carbon dynamics in wetlands are
poorly understood and generally not captured by existing models, but the current IGBP
structure provides no "home" for freshwater aquatic ecology.
Missing and incomplete data exist for certain soil information which may be critical for
modeling (e.g., carbon fractions, phosphorus contents, bulk density, as well as soil
parameters to sufficient depth, especially in organic soils). Georeferenced and temporal
referenced data also are lacking in which the time and place of sampling is clearly stated
for comparison with other information at a different time or place. The quality of the data
itself, especially in relation to methodology of sampling or laboratory analysis, also may
be in question. Accuracy of maps in selected locations may not always be known.
Communication, probably one of the most critical issues, also is lacking between
persons required to collect data sets, use data, and make policy. Many research
projects do not consult, local experts or return data collected get returned to the local
people who could make best use of the results. Facilities and resources are limited in
developing countries so that they cannot always use of this much needed information
when they can obtain it. In addition, communication is lacking between researchers and
policy makers about the consequences of policy decisions on environmental systems
and the critical issues that need addressing through scientific research. Researchers
must be prepared to address policy questions now and to assess implications of
uncertainty with existing data.
Since temporal changes and land-use effects are key components to understanding
carbon dynamics, researchers must decide where and how to sample to reflect these
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(i.e., taking samples representative of a larger region or management type, or sampling
in order to differentiate between soils or land-use practices in order to compare and
contrast them), and they must document the rationale of these decisions for future data
users. Scale issues are also a critically needed area of research, especially in relation to
soil areas that have inclusions of different soil types, (e.g., wetlands) that may be too
small to include within a mapping unit but are important in affecting carbon dynamics
within that area.
PRIORITIES IN DATA COLLECTION AND RESEARCH
Data bases provide the basis on which research is designed and evolves. A number of
issues need to be emphasizing in order to improve data availability and use.
Geographically, focus should be on (but not limited to) these tropical and subtropical
areas: (1) those areas subject to intensive land-use, (2) areas predicted to change
under climate change (e.g., sensitive areas such as semi-arid tropics, where a small
change in rainfall can have a major effect, or tropical hillsides), (3) sites on which specific
land-use practices are applied (e.g., "slash and burn"), and (4) areas where research
programs already exist. Data sampling efforts, as well as research studies, should be
encouraged and supported in these areas.
A complete set of available geographically referenced raw soils data and corresponding
meta-data (documentation) must be accumulated and made available to the general
community. An important component of the meta-data should be quality control indices
to allow users to decide whether or not to use the data for a given purpose. This
includes incorporation and compilation of data sets not yet in the available data bases
(i.e. Universities, agencies, etc.). To standardize soil sampling and measurements for
the future, a number of conditions must be satisfied. Units of measurement must be
standardized (ISO?) and a standard data format must be developed for easy
accessibility and transportability. Equally important is that a minimum set of base line
measurements (including time series measurements) must be determined that will be
used for identifying location, time of sampling, and other critical measurements. These
should include:
- soil classification
- soil physical, chemical, biological, morphological and physical-chemical
parameters
- land use management
- landscape and site characteristics
- social and economic parameters (qualitative and quantitative, participatory
research)
- climate
- hydrology
- geology
Specific methodologies need to be developed which would allow databases to be
supplemented with key soil parameters that are currently unavailable. Among the most
important of these for understanding soil carbon dynamics is a fractionation scheme
which yields repeatable, interpretable, and meaningful carbon pools. The time is ripe for
a convergence of chemical, physical, and biological fractionation schemes. Analyses
probably would be performed on archived soil samples stored by the USDA SCS and
other organizations, or be added to the suite of existing measurements currently made in
the field or laboratory on newly sampled sites. New methods thus must be inexpensive
and, if possible, quick and easy to use for field and laboratory purposes.
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Models are the tools used to integrate the raw data. They include theoretical constructs,
statistical constructs, analyses, computer simulations, artificial intelligence techniques,
or other means of manipulating and interpreting data. The modular approach to
modelling would facilitate testing and comparing computer models greatly, and would
increase model flexibility and modifications. Inputs to models must be interdisciplinary
and describe spatial variability, as well as soil properties over time. We should use
relational databases incorporated with geographic information systems (GIS) to
manipulate and coregister soils data with other relevant data (e.g., population, climate,
topography, remote sensing, hydrology, geology, etc).
Outputs from models should describe spatial variability and changes over time. For
issues related to carbon dynamics, they should to predict such attributes as:
- soil properties
- yield and biomass production
- Carbon distribution in plants and soils
- water balance
- key indices for understanding processes or predicting other parameters
- risk assessment
- criteria for management decisions
- social and economic trends.
Te IPCC (CO2 and other gases) and different GCM's (temperature and rainfall) can
provide relevant scenarios. Land use scenarios are difficult to derive and should be
constrained at least against obvious exaggerations. In selecting scenarios for model
runs, it seems advisable: 1) to work with continuously ramped transient scenarios rather
than step functions and 2) to cover at least the extremes of potential change.
Model outputs also must provide estimates of error, and thorough documentation must
describe the assumptions and theories that the model contains so that output will not be
misinterpreted or used incorrectly. Rigorous testing and assessment are necessary to
interpret where a model fails and succeeds. Data for assessment include historical data,
part of the original input data, data from new or existing experiments performed in key
areas, "space for time" sampling, and remote sensing data. Models cannot be tested
realistically against future scenarios which encompass factors outside the realm of
present environmental ranges. However, the more mechanistic the processes that
models describe, the better these models will predict consequences of future scenarios.
In addition, various surrogates of the possible future, including perturbation experiments
can test expected effects of novel factors (e.g., increased C0 2 ).
Scaling from local to a regional or global level requires two perspectives. Ranges should
be modelled individually, rather than as an averaged input between different soil pedons,
so that model outputs will reflect variability within the data representing a pedon or
mapping unit. These data then either can be averaged or can be analyzed back to the
original data source without concern for disaggregation. This method will avoid
minimizing the effects of small but critical mapping units (e.g., wetlands) and capture the
variability of soils across the landscape adequately. To scale data geographically it is
recommended that it be done on a watershed basis. The watershed can be considered
the minimum unit within which the movement of matter and energy occurs over the
landscape and, thus, will reflect changes in land use and its effects within the watershed
boundary. It also will provide a means to distribute matter and energy between
watersheds and across watershed boundaries. From this perspective, watershed units
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can be scaled to coarser scale watersheds for geographic analysis of regional or global
areas.
Pedo-transfer functions also need development. These use existing data to calculate
other information that may not be in the data base (e.g., bulk density = f(texture,
o.m.,...). Both empirical studies and data manipulation techniques need to be supported
to help build these tools for making better use of existing soils information. The studies
also may include investigations into the use of standardized data to validate locally
obtained data that may have been analyzed with varying methodologies
To improve communication between researchers, data users, and policy makers, a
number of strategies arefcnecessary. Especially important is the concept of "human
resources capacity building" in developing countries, to allow them to become self
sufficient in their use of soils information and research, through educational programs
and funding of local research facilities. Data must be available to everyone, and
especially to those in developing countries. Researchers should use local expertise
when working on projects in foreign countries or regions, and these researchers also
must insure that local experts promptly receive the data and information collected during
their field studies. Compensation and recognition to data collectors should become a
standardized practice (data is a valuable commodity!), especially within professional
journals and scientific reviews. Papers providing data should be peer-reviewed and
given equal status to other research manuscripts, to allow recognition and encourage
quality data collection efforts. With the limited resources available today to the scientific
community, collaborative and interdisciplinary efforts must be encouraged.
Interdisciplinarity is essential. Co-designing research (and models) with researchers in
other fields will help accomplish this, but flexibility and open-mindedness are necessary
to foster communication. In addition, networks, such as Internet, must be implemented
to allow communication and transfer of data to occur quickly and easily.
Figure 2 gives a scheme of data flow which must be implemented in order to improve
research efforts, have effective management techniques, and insure policy which is
relevant to issues ranging from local to global scale.
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Figure 2. An example of communication flow path for optimum data flow.
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MAKING PROJECTIONS
This sections is related both to models and policy but the material developed is related to
the overall theme of the workshop and is presented here even though it also may well be
cover in other papers.
The purposes for making projections are to be ready for change, to advise on policy,
and to devise management practices that capitalize on benefits and minimize problems
of a changing environment. Projected changes in CO2 and climate have been covered
well by the IPCC 1990 and 1992 reports. However, an improved temporal and spatial
resolution is needed to allow site-specific analyses of General Circulation Modeling
(GCM) output. Projections will, at times, be based on incomplete knowledge and
suboptimal understanding. Keeping in mind that soil has many functions including but
not limited to sequestration, greenhouse gas emissions (GHE), and food production.
Policy makers ultimately are interested in food production/capita (not in food production,
per se) and weighing up short- and long-term benefits of a given strategy. In so doing,
they need to offset deleterious aspects of land management. Increases in food
production can come about in two ways: (1.) Extensification: More land is cleared with
concomitant release of GHGs and site degradation (reduction in soil {erosion}, biomass,
carbon storage and biodiversity). Extensification is driven in part by insufficient inputs to
maintain productivity and thus "cashes in the natural capital." (2.) Intensification: in
essence this means increasing the Harvest Index and includes both increasing "physica'
inputs" (e.g., N, pesticides, irrigation), and/or increasing system understanding and
knowledge, which leads to better land husbandry. If land tenure were improved,
investment in improved management would follow, providing access to credit, training,
and markets, where also improved. If assurances were made that land tenure would
improve, soil scientists could make many recommendations immediately, without further
research (i.e., implement current understanding).
Both extensification and intensification will proceed due to pressure on land. The aim
must be to maximize intensification while minimizing extensification. That new land
which inevitably is brought into cultivation (extensification) must be managed to optimize
productivity while minimizing negative aspects.
Intensification discussion:
Many systems, be they agricultural, economic, or structural, experience a short-lived
drop in efficiency when an innovative approach is introduced. This is a time-dependent
issue - after a while things "get back to normal" or (hopefully) better. One aims to
minimize the time when things are poorer. Figure 3 show that problems increase with
intensification but that with management they can be reduced with time.
Innovations (i.e., intensification) designed to improve, say, yield; while these are aimed
at increasing one aspect (yield), they often produce negative consequences, so the
overall gain is reduced-it can be positive, zero, or negative depending on which factors
are considered and how the system boundaries are defined. But if intensification
includes improved management as well as increased physical input, the "hump" in the
graph can be overcome quickly, and positive aspects remain high while negative
aspects are kept low. But gaining this high intensification requires investment -money,
training, etc. Ideally, we need a quantum leap in intensification, to avoid the high point
on the graph. This will be achieved best on the most promising sites.
An obvious recommendation is to invest heavily in best areas.
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Meanwhile, extensificaiion "creep" will occur, ironically in the worst areas, i.e. those most
susceptible to negative consequences. This raises an equity issue. Furthermore, it is
impossible to tackle all areas simultaneously, so those areas to be tackled first have to
be identified; from a biophysical point of view, we believe this is possible already.
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Figure 3. The relationship of intensification to development of problems with or without
management.
Both policy makers and the public need to consider the following points.
researchers need to design their work to relate to these points.

Also

The best way to minimize the environmental impacts of tropical land use
change is to increase production from existing agricultural land, subject to
the following considerations:
Gradual increases in land use intensity may worsen environmental impacts
initially. A rapid leap to the full production potential is preferable.
Areas with the highest potential for production increase should be tackled
first.
Environmental benefits only follow if intensive use'is accompanied by
environmentally sensitive management.
Intensification does not necessarily mean greater reliance on external
inputs. It can mean labor and management intensification and better
nutrient conservation.
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Preserving tropical soil carbon is one of the most cost-effective ways of
minimizing human-induced CO2 emissions. The benefits are local and
global, but the costs of C conservation are local. Farmers should receive
incentives to conserve and restore soil carbon. One ton of tropical soil
carbon conserved is worth $5-$30.
SUMMARY AND CONCLUSIONS
The ideas presented on data issues related to soil organic carbon dynamics were
developed by discussions in the various groups and then refined further by open
discussions of all of the workshop participants. Obtaining consensus was not always
easy within the various work groups or among all of the participants. Many good ideas
were developed and the unique format at this meeting worked quite well. We hope that
this approach will be used for other similar forums in the future.
Expected products of the Nairobi workshop are as follows:
1.
2.
3.

This report and three others to the 13th ISSC in Acapulco;
The development of research alliances and proposals to meet the stated
goals and recommendations; and
A pamphlet report on the meeting which will state briefly the workshop's
major conclusions and the recommendations.

An important point repeated throughout the workshop was that the scientific community
needs to affirm "what do we know now and what can we tell policy makers at present."
In research proposals, investigators tend to develop new ideas and list the lack(s) of
knowledge in a particular area while failing to list what we already know and how to use
it.
To advance our knowledge of soil organic carbon dynamics, research efforts should
concentrate on processes and components of the soil carbon cycle and on
understanding the links between soil organic carbon dynamics and (i) nutrient supply
and (ii) environmental pollution (e.g., nitrate leaching, GHGs). In addition, research
aimed at improving residue management is critical so that we can better understand
decomposition processes and the effects of alternative residue alternatives on carbon
dynamics.
It is generally accepted that the C pools invoked in most models are not realistic.
Research is needed to try to make pools 1) more realistic biologically, physically, and
chemically, 2) more relevant (agro-) ecologically, and 3) measurable. If pools can be
better identified and quantified, 4) the pathway(s) of transfer between pools should be
brought to light (presumably by applying organic chemistry), and 5) the pool-to-pool
conversion efficiencies (now often the implicit tuning knob in models) should be
quantified independently, wherever possible (isotopes could be helpful there). Belowground inputs are a major flow path of carbon and often poorly known. Quantification of
root turnover and root exudates as a function of soil fertility and atmospheric CO2 are
therefore an important research area.
Todays, critical environmental issues and limited resources are important. What we do
to help manage the dynamics of soil organic matter needs to start now, based on what
we now know. Policy makers need decisions now. We can modify with new information
later. As the experts in the field, we must be prepared to answer critical questions to
make todays policies more relevant to today's problems and meaningful for the future.
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Finally we will present a meeting summary which was made by Dr. Pedro Sanchez in an
attempt to summarize what came out of the Nairobi Workshop and the following
statements present his ideas.
This workshop has pointed to major advances in methodologies for the
fractionation of soil carbon. Pools should be quantifiable and physical, biological,
and chemical methods should converge. (This is research imperative.)
The role of soil carbon versus intensification facilitates conceptual aspects, relates
roles with pools and with shadow prices.
The policy process for improved soil carbon was elucidated. Policies for soil
carbon should be justified in terms of its complementary side effects.
Preserving soil carbon is one of the most effective (and user friendly) ways of
controlling carbon emissions. Benefits are local and global, but the costs are
local and have a time lag.
Use carbon values ($20-200/Ton) as currency for comparing options.
Carbon sequestrating in soils carries heavy costs (erosion, charcoal).
The focus of tropical management systems should be on improving systems that
- (1) would slow down deforestation and decrease carbon emissions and (2)
improve and increase (modestly carbon contents.
Wetlands play a disproportionate role and need understanding (This is a research
imperative).
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Embodying Process Information in Models Evaluated
with Site Network Information: Nairobi Workshop
E.T. Elliott*. Natural Resource Ecology Laboratory, Colorado State University,
Fort Collins, CO 80523 USA

ABSTRACT
The purpose of this paper is to summarize considerations of process research
on soil carbon dynamics, integration of process data, network site data, process
controls, and testing/improving of model components that were discussed at an
international workshop held in Nairobi, Kenya, February 7-11,1994. The workshop,
"The Management of Carbon in Topical Soils Under Global Change: Science,
Practice and Policy," facilitated discussion of problems related to tropical soil C,
global change, and management.
Soil C dynamics is best viewed within the context of an ecosystem. Our best
quantitative understanding of processes that control flows among components of the
system are embodied in ecosystem models. They capture key knowledge, provide
insight by generating ideas/hypotheses, reveal gaps in our knowledge, and suggest
needed experiments. The process of building and testing ecosystem models
provides a valuable tool for developing our understanding of soil C.
Functional soil organic matter fractions should be isolated to elucidate their
role in soil C processes. Soil organic matter pools that are represented in models
should be measurable and meaningful for management purposes such as those
organic matter-mineral soil associations obtained by sequential particle size, density,
and chemical characterization methods. It therefore seems more appropriate to
"model the measurable" rather than "measure the modellable." Organic matter
fractions with decadal turnover times are thought to be most important because they
represent the pools that contribute to the long-term fertility and stability of soils.
The level of effective management of C resource use and the cost of
subsidizing lost organic matter function are inversely related. As land use intensifies
without subsidizing lost organic matter, important functions within the agroecosystem
decline, and consequently the ability of the system to support human needs
diminishes.
A Soil C Dynamics Network should be established from existing tropical
research centers. The main purpose of this network would be to bring together
databases suitable for systems analysis of soil C dynamics and other ecosystem
processes in tropical environments and to allow the potential for new multi-site
experiments. Seven summary statements derived from the workshop are given in
the final section of the paper.
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INTRODUCTION
Human impacts on global change are increasing as populations rise and our
land resources are being increasingly taxed to provide food and fiber. Nowhere is this
impact potentially greater or the consequences more tied to human welfare than in the
tropics. Understanding the C cycle can yield insights into the functioning of
ecosystems because much of the energy flow in ecosystems is manifest in chemical
bonds associated with this element. In this sense, C is the currency with which most
ecosystem transactions occur. Other elements associated with C, such as N and P,
are often limiting to plant production, and knowledge of C dynamics is necessary for
designing management systems which efficiently utilize these crucial elements. The
balance of C between the land and air and its shift towards increasing atmospheric
concentrations, and possible global warming, is becoming increasingly recognized as
a threat to human habitation of the planet.
The purpose of this paper is to present a summary of specific components of
an international workshop held in Nairobi, Kenya, February 7-11,1994. The workshop,
"The Management of Carbon in Topical Soils Under Global Change: Science, Practice
and Policy," brought together international experts to discuss problems related to
tropical soil C, global change, and management to provide insight to possible solutions
to these problems. The first two objectives of the workshop were addressed by a
series of papers presented the first two days. These papers will be published as a
proceedings volume (appendix A). These two objectives were:
1.
2.

To asses the current status of soils in the tropical regions as sources and sinks
of carbon.
To review and synthesize current understanding of the processes (biological,
chemical, physical and socioeconomic) that regulate the gain or loss of carbon
from soils of the tropics.

The last three days of the workshop were dedicated to three additional objectives:
3.
4.
5.

Identify priorities for research to enhance the information base for soils of the
tropics and to improve understanding of the regulation of soil carbon dynamics.
Evaluate needs for improvement of tools for integrating information to make
regional projections of soil carbon status.
Identify land-use and management policies that optimize sustainable production
and soil carbon storage in the tropics, and to evaluate institutional capacities for
promoting and implementing them.

These last objectives were addressed through a formal process based upon the
conceptual diagram (figure 1) developed for the workshop (modified from Elliott and
Cole (1), see Kimble and Levine [2] for an in-depth description). Essentially, the
diagram depicts a method by which information is organized and integrated to make
regional projections of the potential impacts of global change and management on soil
C in the tropics. The diagram consists of boxes representing kinds of information
needed to address the issues, and arrows representing interfaces, which are the flows
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of information. The discussion component of the workshop was organized in such a
way that six groups met first to discuss information issues, and then met the following
day, with people reassigned to new groups, to discuss issues related to facilitating the
flow of information between sets of information components. The final day of the
workshop was devoted to addressing key issues of implementation and policy.
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Figure 1. Information based upon process research on soil-C dynamics (3) is
integrated (9) and embodied in ecosystem level simulation models (4). These
models are tested (8) with data from a network of sites within a region to gain
confidence in applying the model over that region. Model comparison with site
network data is used to improve our understanding of the system and to modify
the model (8). Geographically referenced information representing the region of
interest (1) is organized as input data for the model (7) for use in making
predictions (projections) for the region (e.g., with new management or climate).
Analysis of the projections usually reveals gaps in our understanding and helps
focus research and data priorities (10) to improve the process. Projections can be
used to help evaluate policy alternatives (11) and determine new policy options (5).
The diagram was used to organize the Nairobi workshop into information (1-6) and
interface (7-12) groups for purposes of discussion. This paper covers the areas 3,
9, 4, 8, and 2. (Diagram modified from Elliott and Cole, 1989).
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This paper will summarize discussion resulting from consideration of the
information areas of 3) Process research on soil carbon dynamics, 4) Integration of
process data, and 2) Network site data, and the information interfaces of 9) Process
control and 8) testing/improving models (see figure 1 for location of numbers within the
diagram). The paper of Kimble and Levine (2) will cover the information areas of 1)
Geographically referenced data bases and 6) Soil carbon and fertility status - regional
scale, and the information interface areas of 7) Data for driving variables, 10) Research
and data priorities, and 12) Predictions. The paper of Izac (3) will cover the
information area of 5) Policy options and the information interface of 11) Developing
policy, but will draw upon all areas of information and information flow for her paper.
This paper relies heavily upon reports prepared by each of the twelve groups, and the
sentiments and ideas contained in this paper are a reflection of the workshop
participants and not the author. Participants of the workshop are listed in Appendix
B.
DEVELOPING AN ECOSYSTEM LEVEL UNDERSTANDING OF SOIL C
Soil is one of many components that comprise ecosystems. External driving
variables, such as climate, organisms, relief, and parent material, determine the
properties of ecosystems as they develop over time (4,5,6,7). Driving variables control
the rate of flow of matter and energy among components of the system and thus
determine the structure and function of the system. Prediction of ecosystem properties
(e.g., Soil C) based upon a given set of driving variables is difficult because of
interactions that may occur among the driving variables and the complex feedbacks
that occur among components of the system. That is why prediction of the location
of soils within a landscape or region, and the C content of those soils, is often
unsuccessful. Simulation models are useful tools to account for feedbacks and
interactions within ecosystems. These models can be used to make predictions of soil
C at local sites (8) or at regional scales (9,10).
Simulation models embody our best understanding of processes that control
flows among components of the system (7). The rate of each process (e.g., primary
production, decomposition) is ultimately controlled by the intensity of driving variable
values. Most scientific effort is spent generating knowledge about these processes
(see 3 in figure 1). Ecosystem scientists/simulation modelers extract the necessary
information from these studies and incorporate it into the structure of the model (see
9 in figure 1) in ways that depend upon the objectives being addressed; the
understanding of soil C in tropical systems, in our case. Models can then be used to
make predictions for a particular set of conditions. Where these predictions are made
for a given site, they can be compared with data available at that site (8) to determine
how faithfully the model represents that site. Where networks of sites exist (11), the
model can be tested for its ability to represent a region (see 8, test predictions, of
figure 1). Where predictions do not agree with data, models may be modified (see 8,
improve models, figure 1).
Taken as a whole, this process of building and testing ecosystem models
provides a valuable tool for developing our understanding of ecosystems and their
components, such as soil C. The remainder of this paper will present information
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developed at the workshop regarding each of these components of our integrated
understanding of soil C in tropical ecosystems.
INTEGRATION/MODELLING: COMPONENT 4
Modelling tools relevant to C management in tropical soils cover a broad range
of uses, from purely descriptive multiple regression approaches, via grid-based
geographically explicit models, to process-based approaches. The choice of a model
depends upon the objectives of the study. Estimates of the current C stocks within a
region may be best made with a grid-based regression model. Where the objective
is the study of soil management options, a process-based model that is mechanistically
accurate may be better suited. Trace gas models should be developed for
examination of impacts of global change. Rather than choosing to examine specific
models in this paper, underlying principles will be considered. Particular consideration
will be given to examination of which attributes for analysis of soil C will be of value
in the next generation of models.
Model the Measurable
Soil organic matter pools that are represented in models should be measurable
and meaningful for management purposes, which does not seem to currently be the
case. It seems more appropriate to "model the measurable" than "measure the
modellable." Understanding the relationship between the model pools and the soil
fractions was perhaps the most pervasive theme of the workshop. Without the proper
initialization and validation, there are too many degrees of freedom,
resulting in
loss of confidence. It is better to develop situations where models can be fully tested
by comparison with data and the opportunity for rejecting the model is provided.
An example of measurable estimates of pools with which model pools can be
compared are field measurements of mineralized N. However, like models, the
methods need to be improved. Progress in isolating modellable pools is most
promising where particle size and density methods are applied to obtain fractions that
represent organic matter-mineral soil associations (12,13,14) especially where they can
be chemically characterized (15,16). The intent of these methods is to isolate and
identify fractions of different turnover time, with a focus on the more active pools.
These active pools, especially those with decadal turnover times, are thought to be
most important because they represent the pools most important for the long-term
fertility and stability of soils. Isotopes may provide valuable tools for identifying the
turnover rates of fractions. Charcoal-C may be a significant component of tropical soils
because of biomass burning.
Spatially Explicit Models
A weakness of current models dealing with management questions is their lack
of spatial resolution. As a first approach, existing models can be applied to a number
of different situations which represent processes that exist in spatially separated zones,
and the results summed. However, representation of processes that control flows
among spatially separate zones may need to be explicitly included, especially where
non-linear response reactions occur. In these cases, aggregation errors may occur if
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a spatial treatment of the interaction is not applied. It appears that the distribution of
organic C in soil may have a log-normal probability distribution, in many cases, which
can also lead to errors when aggregating information to more coarse levels of
resolution. The two key situations where representation of spatially explicit processes
may need to be included in models are vertical profiles and horizontal stratification.
Within vertical profiles, both organic inputs and the distribution of controlling
parameters may have a pronounced spatial distribution. For example, root inputs,
decay rates, interaction of organic pools, nutrients and other chemicals, along with
faunal and microbial populations, vary in ways that determine the processing and
redistribution within the profile. In particular, explicit representation of the litter
overlying the mineral soil is required.
The interaction of horizontally distributed ecosystem components may influence
the outcome of events in ways analogous to vertically defined processes. For
example, the distribution of termites or trees in savannah parklands determines the
location of C pools. An understanding of processes controlling this distribution requires
knowledge of gains and losses from patches over time. This approach should be
extended to bulldozing and erosion in heavily managed regions.
Diversity and Complexity in Tropical Ecosystems
Smallholder farming systems in the tropics are normally more diverse and
complex than the temperate systems for which the models were developed. Aspects
of complexity, such as the interaction between various types of inputs during their
decomposition, need further process-level studies before they can be incorporated into
models. Special attention should be given to identifying emergent properties that result
from analysis at coarser levels of resolution. These properties are a natural outcome
of the integration of the processes within ecosystems.
Nitrogen and phosphorus mineralization are key organic matter functions from
the perspective of the farmer and should be explicitly modelled. Processes controlling
not only mineralization, but also the transformation among forms of inorganic N, should
be represented. Partitioning of C into above- and below-ground components may be
necessary to account for key processes. Although the parameters of decomposition
models are based upon biological activity, few models explicitly allow analysis of the
role of soil flora and fauna.
SOIL PROCESS/INTEGRATION: INTERFACE 9
Organic matter losses from managed soils and their accompanying declines in
agricultural productivity are widespread throughout the tropics, especially within
smallhold cropping systems where little or no external inputs are applied. The farmers
are cash poor and likely to remain so unless market conditions change. Yet, even in
developing countries with strong agricultural infrastructures and increased accessibility
to fertilizers, unaccounted for processes have led to soil organic matter decline. For
example, where rice cultivation in the People's Republic of China has adopted
increased fertilizer use, the traditional practice of night soil application has been
abandoned and, in concert with increased straw removal, has led to increased soil
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crusting, salt accumulation, and disaggregation of soils resulting in serious physical
problems.
The above example demonstrates the importance of taking a whole-system
perspective when dealing with the often complex agricultural system and their
management. Models can be useful tools as applied to these systems level problems.
However, if we are to make the successful transition between understanding the
processes and integrating them in a way that can be applied to managing farming
systems, we must address some difficult questions. How can improved understanding
of soil processes be linked to resource integration issues and reduce or reverse the
dilemmas facing farmers? How well can the soil organic matter constituents and
processes responsible for the different functional roles of organic matter in soils be
measured? Are models currently available that incorporate the many and overlapping
functional roles of soil organic matter and the processes that underlie these function?
If not, which areas of model improvement or development should be given the highest
priority? How well have thresholds of C resource levels been identified, beyond which
the farmer cannot be assisted but rather must rely on re-accumulation of organic
matter through fallows? What management options are available to buffer against this
threshold being reached? To assist in answering these critical questions pertaining to
management of soil C, a conceptual diagram was developed relating soil C resources
management to the value of its function.
Carbon Resource Integration vs. Subsidies
The level of effectiveness of C resource use and the cost of replacing lost
organic matter function are inversely related (figure 2). The functions of soil organic
matter have been roughly ranked in approximate order of loss of function as organic
matter is depleted and related to associated constituents (figure 2). As land use
intensifies without subsidizing lost organic matter, important functions within the
agroecosystem decline and consequently the ability of the system to support human
needs diminishes. For example, a smallhold farmer who does not apply external
inputs is dependant upon soil organic matter as a source and buffer of nutrients, as
a buffer of water supply through greater water holding capacity, and to maintain the
structural stability of the soil. An extreme example of loss of organic matter function
is found in hydroponic systems where organic matter contributes nothing to the system
function, but at a great cost to support plant growth. Soil organic matter also has
miscellaneous, often poorly understood and difficult to measure, properties such as
protection from pests and detoxification via sorption.
We must examine our ability to influence the roles of soil organic matter via
management practices. Process studies have played a fundamental role in
development of plant/soil models and should now be applied to elucidate functional soil
organic matter characteristics by measuring fractions which better describe productivity
decline with cultivation.
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Figure 2. The effectiveness of management of C resources is inversely related to
the cost of subsidizing the lost functions of soil organic matter. The C resource
effectiveness decreases with sequential loss of constituents and subsequent loss of
function as land use intensifies without subsidizing lost organic matter.
PROCESS STUDIES: COMPONENT 3
Soil organic matter is studied at several levels of resolution in time and space.
Problems associated with management of soil organic matter change as one moves
across these scales. Problems may be related to nutrient supply (CEC, organic matter
pool size), C source and sink relationships, water supply related to soil structure and
infiltration, and structural integrity related to crust formation, aggregate stability, and
erosion.
There is a considerable diversity of approaches in the methods applied to
studying soil organic matter fractions. Procedures may be related to total organic C
analysis (concentration, mass, stock per unit area), physical characterization (particle
size separation, aggregate fractionation, density separation), and chemical
characterization (extraction and identification, solid state analysis; e.g., NMR). To
understand the mechanisms of soil processes it is necessary to isolate functional soil
organic matter fractions and their role in soil processes. Where the procedure is
developed to extract functional groups, the fractions should be characterized by
chemical methods. The application of chemical or physical methods alone may be
much less valuable than a combination of the two methods.
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EVALUATING UNDERSTANDING/MODEL TESTING: INTERFACE 8
Models represent our best efforts to quantitatively integrate our understanding.
Therefore, evaluating models yields information on the state of our knowledge.
Deciding on appropriate tests of models is dependant on the type of model being
considered and its intended use. The kind of models/uses of primary interest here are
quantitative and mechanistic (that is, including components and feedbacks) for use in
both research support and for prediction. What constitutes a good test of a model?
Attributes of Models
First, one must consider what the attributes of a useful model are. They must
capture key knowledge, provide insight by generating ideas/hypotheses, reveal gaps
in our knowledge, and suggest needed experiments. They must also be able to
provide generalities that are robust across a range of conditions (e.g., land-use types,
climate and soil types) and be relevant for their intended use. In addition, model state
variables should be measurable, as should rates, although indirect determinations may
be needed in many cases (e.g., estimating gross mineralization and immobilization
potentials). Outputs should be recognizable and relevant to the non-modeller.
Operationally, quality graphics enhance the utility of the model, particularly with respect
to providing insight. Having evaluated what constitutes a good model, one must ask
what constitutes a good test and how does one conduct such a test?
Conducting Model Tests
Model output can be compared with expert opinion. When output challenges
perception, one may be forced to recognize counter-intuitive results, as may happen
with complex ecological systems. Probably the most conventional mode for evaluating
models is through comparison of output with individual site information. This is best
accomplished when critical experiments have been specifically designed to test the
models. One may also examine model responses across a range of sites and
conditions and systematically evaluate deviation of response variables rather than
adjusting parameters. This being completed, one may then optimize uncertain
parameters to get a best fit to response variables and then evaluate parameter
variations.
Analysis of model sensitivity may also yield insights and may be accomplished
for either parameters or model structure. Also, various mathematical techniques may
be used such as null model testing, parameter uncertainty/variability using Monte Carlo
methods, and comparisons of autocorrelation in model vs. data. Feedback sensitivity
may be evaluated by altering one component and examining the influence on other
parameters, similar to what might be done for stability analysis of ecosystems at
steady-state. Another approach is to compare distributions of model outputs with
distributions of measured variables. Use of introduced or natural tracers gives added
power to model-data comparisons.
It may be desirable to use short term data sets to test models because they are
easier (quicker) to generate. This must be done with caution. Short term
measurements and model predictions may appear stable in the short term but
demonstrate lack of a steady-state in the long-run when data and models diverge.
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Where possible, trajectories of components should be followed rather than just
comparing endpoints.
Testing Implementation
Specific kinds of data are required to implement ecosystem model testing.
Information must include site specific parameters such as texture or water holding
capacity, driving variable information, and response variable data. If possible, error
terms for driving variable and response variables should be preserved so one may
assess uncertainty of predictions. Databases should be maximally disaggregated so
that they can be used for models designed to function at different levels of resolution
in time and space. Spatial patterns in the field data should be preserved to best
represent nature and for later analysis with spatial models.
Some components of models may better lend themselves for testing than others
depending upon which models are used. The most sensitive components may be
chosen but one must consider the sensitivity relative to the data precision. Sensitivity
of a single component may vary across different ecosystem types. This observation
argues for the use of cross-site comparisons to better examine model behavior.
Aggregated behavior of the system may be tested in models by examining parameters
such as net ecosystem respiration. Alternatively, one may decide to closely observe
behaviors of specific processes.
SITE NETWORKS: COMPONENT 2
Existing Site Networks
The main purpose for site network activities is to bring together databases
suitable for use in modelling soil C dynamics and other ecosystem processes in
tropical environments and to allow the potential for new multi-site experimental
research. Existing field experimental sites are, for the most part, associated with the
national agricultural services of individual countries, international research institutes
and more recent tropical research initiatives such as those of TSBF and ORSTOM.
Sites with longer term databases (e.g., > 5 yr) which have information on primary
productivity, soils and climate are predominantly from agricultural systems.
While not a network perse, the pedon databases and soils maps held by ISRIC,
the USDA-SCS/Global Soils Group, and national-level soil surveys could provide useful
information to link into a "Soil C Dynamics" site network if one were established. This
pedon-level data could yield information on the extent and distribution of soil types
existing at specific research sites. This is essential to help extrapolate model analyses
conducted across the site network to a regional representation.
Organization of Networks
A compilation of data sites from existing centers/networks could be used to form
a "Soil C Dynamics Network." This network could be loosely patterned after the
IGBP/GCTE Wheat Network, the U.S.-EPA Agroecosystem Network, the SCOPE
Global Grasslands Network and the proposed European Network. It could be an open
association of data holders and model holders interested in soil C/ecosystem studies.
In its simplest form, it would be a "one-time" compilation of existing data sets, rather
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than an ongoing, updated and maintained activity, although potential for subsequent,
periodic updating of databases would certainly exist.
The size and extent of the database would be flexible depending on the
resources available to establish the network, and could be expanded incrementally.
Initiation of the database would be undertaken by soliciting the interest of colleagues
and could be organized under the auspices of the IGBP/GCTE in collaboration with
ISSS and other potential sponsoring organizations. An explanation of objectives and
proposed procedures is identified below and, pending sufficient response, submission
of a research proposal should be considered.
Data Needs
As indicated above, potential network members would need to have the kinds
of data which would be useful for modeling analyses (i.e., productivity, soils, climate).
However, a more specific judgement as to the availability of data of sufficient type,
quantity, and quality from any given location would need to be made based upon
specific inquiries to the institutions. Consideration of site inclusion in the overall
network would be based on the kinds of data available and on the importance (in terms
of the most significant information gaps) of the biome, soil type, and land use practices
represented by the site.
A list of desired site information should be developed within the general areas
of abiotic factors, soil characteristics, soil C, soil fauna, and management/land-use
history/vegetation. Which data are essential and which are available or readily
acquired should be indicated. Since most sites do not have soil organic matter data,
plans should be made for sampling and analysis at each site.
Participation
Network participation should benefit all members, not be a "club" and not be a
cover for modelers to obtain information obtained from experimental work conducted
over many years unless appropriate involvement of those responsible for collecting the
data. A number of incentives could be used to help compensate sites for the
additional upfront costs in terms of compiling data sites and associated work. One
means for direct assistance would be through funding graduate students or technicians
to help sites compile data, conduct preliminary analyses, and perform other data
collation activities. The main incentive would be scientific. Modellers would have to
solicit the active participation of data holders, including proper acknowledgement and
co-authorship of publications. Use of models, which would be made available to
sites/institutions, would need to acknowledge the model developer, and site users
would also be encouraged to solicit active participation of the modellers in the
analyses. Funding to support a central analysis would provide the opportunity to give
back to sites data which they would not otherwise have.
Funding
It is anticipated that a low level operation would require one full-time coordinator
position and a half-time database manager, over a two year period, to get a significant
number of data sets compiled (20-40), in addition to those already existing. The
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central coordinating site would need to have adequate institutional support in terms of
computing resources and Internet connections (for e-mail and FTP) and should be
located in a country in the tropics. Additional and more extended funding would
support inclusion of additional sites and target soil sampling and analysis.

1.

CONCLUDING STATEMENTS
Research should be oriented towards modelling the measurable and not
measuring the modellable.

2.

Methods need to be developed to measure charcoal, a potentially important
organic matter pool in tropical systems.

3.

Effectiveness of C resource use in developing soil organic matter is inversely
related to the cost of replacing organic matter functions that are lost with
intensification of land use.

4.

It is necessary to isolate functional soil organic matter fractions and determine
their role in soil processes in order to understand the mechanisms controlling
soil processes.

5.

Chemical and microbiological characterization of physically isolated fractions
may provide the best opportunity for identifying functional pools of soil organic
matter.

6.

Evaluation of models by comparing outputs with data may be the best way to
evaluate the state of our knowledge concerning the regional distribution of soil
C in tropical ecosystems.

7.

A Soil Carbon Network should be established for tropical regions to collate
available information and provide sites for additional sampling.
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1.

Introduction

The carbon cycle, that is, the exchange of carbon dioxide among the biosphere, geosphere
(including soils)

and the atmosphere, has been affected by human activities over the

centuries. One of these activities, land use, has a direct bearing on soil carbon and soil
carbon management. There are specifically two land use processes in tropical countries
which negatively affect the carbon cycle by contributing to C0 2 emissions and global
warming. These processes are deforestation (which occurs principally through slash and burn
agriculture) and cultivation by resource-poor farmers who cannot maintain or manage the
carbon content of their soils.

Tropical forests have a large carbon pool in their soils and litter as long as the forest canopy
remains intact. This soil carbon pool is estimated at over half the total carbon stored in
tropical forests (Dixon et al, 1994). Tropical deforestation affects the carbon cycle by leading
to a loss in this soil carbon pool which is then transformed into C0 2 . Cultivation of tropical
soils also results in further losses in soil carbon through erosion and oxidation in surface
organic matter, unless carbon management practices are used by farmers as a means of
replenishing the soil carbon pool. Tropical deforestation and cultivation in developing
countries thus contribute to greenhouse gas emissions and they deplete soil carbon . Soil
carbon depletion, in turn, leads to a decline in soil quality and, in the long-term, to
ecologically unsustainable agriculture. Trends in soil carbon losses in tropical countries,
though not well documented on a large scale, are raising concerns about agricultural
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sustainability in these countries and global climate change (Bolin, 1977; Brown and Pearce,
forthcoming). At the same time various technological solutions which soil and biological
scientists have designed for managing soil carbon in a sustainable manner in tropical
countries (see examples of these solutions in Table 1) are rarely adopted by farmers in these
countries.

Our objectives in this paper are to address three questions. First, why are sustainable soil
carbon management practices poorly adopted in tropical countries? In other words, why are
policy interventions a prerequisite to socially optimal adoption? Second, what kinds of policy
interventions should tropical countries consider for ensuring optimal adoption? And third,
what are the implications for the research agenda of soil and biological scientists concerned
about soil carbon management? To better focus the argument, this paper addresses these
issues with respect to tropical deforestation from slash and burn practices and small-scale
cultivation in tropical countries. In most countries these two kinds of agricultural systems
overlap.

2. Economic processes preventing optimal adoption and need for policy interventions

Soil carbon is one component of the natural capital of a tropical country. It benefits
individual farmers since it contributes to soil fertility and agricultural yields. It also benefits
society at large within a country since it contributes to agricultural sustainability and food
self-sufficiency. Likewise, tropical forests are part of the natural capital of tropical countries
and part of the world natural capital. Individual farmers benefit from their use (e.g. timber
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extraction), so do national communities (e.g. biodiversity, tourism) and the world community
(e.g. C02 absorption benefits, biodiversity). Sustainable soil carbon management (or the
control of deforestation and soil carbon losses) in tropical countries thus has local, national
and global, benefits. The costs of implementation of these management practices (table 1),
however, are entirely borne by the farmers who decide to adopt and are therefore strictly
local.

Sustainable soil carbon management practices thus create two types of benefits: on-farm
benefits (e.g, increased yields) and largely off-farm social benefits, such as maintenance of
the resource base of agriculture for future generations or control of CO, emissions.
However, farmers in tropical countries will take into consideration only on-farm benefits
when deciding whether to adopt the technologies in Table 1 and will ignore off-farm social
benefits (this is demonstrated in Izac, 1994). The discrepancy between the private and social
benefits of soil carbon management is likely to be significant since, as mentioned above, the
control of deforestation (or of slash and burn agriculture) and soil carbon fixation on farmers
fields generate both national and global public benefits.

For example, a recent study

estimates that the global benefits of controlling deforestation due to slash and burn agriculture
in the Amazon region of Brazil are 3 to 4 times higher than on-farm private benefits. This
study compares land prices to these global benefits; land prices can indeed be taken as a
proxy in economics for the private on-farm benefits of deforestation control (Brown and
Pearce, in press).

This dichotomy between the interests of resource-poor farmers, tropical countries and the
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world concerning soil carbon management is illustrated in Figure 1 where the individual,
regional and global marginal benefits of adoption are compared with the individual marginal
costs of adoption. (Marginal costs and benefits are the first derivative of total cost and total
benefit).

Level of adoption Qi is optimal from the perspective of farmers in tropical

countries whereas Qr is optimal from a country's viewpoint and Qg is optimal from the
global viewpoint. In the absence of policy interventions, it will therefore be rational for
farmers in tropical countries to manage their soil carbon at sub-optimal levels since soil
carbon is part of the national and world natural capital.

The second reason for the sub-optimality of adoption rates by small-scale farmers is that
sustainable soil carbon management practices are investments in natural capital which these
farmers can ill- afford.

A few studies of small-scale farmers' decision processes in

developing countries have shown that these farmers use very high discount rates and have
short planning horizons (e.g, Ardila and Innes, 1993; Izac, 1994). Their primary goal is to
produce enough to ensure family food subsistence and

since they live in poverty and

agricultural production always entails a climatic risk, it is very difficult for them to plan
beyond one cropping season.

The technologies in Table 1 are investments in natural capital since they require that farmers
bear monetary costs (labour, materials) from the very first year of adoption in order to
receive benefits at some future time. This gap between the time when costs are incurred and
benefits are realized reflects the long-term and cumulative nature of soil carbon management
benefits. Few empirical studies have documented the costs and benefits, for small-scale
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farmers, of organic matter management and agroforestry practices in tropical countries.
These studies nonetheless empirically confirm the existence of this gap. For example, tree
planting on terraces and grass strips takes a minimum of five years to become financially
profitable for upland farmers in Indonesia (Barbier, 1990, p. 202; Huszar and Cochrane,
1990). In Zambia, adoption of improved fallows as a means of slowing down deforestation
in chitemene agroecosystems becomes profitable only in the fifth year following adoption
(ICRAF 1993 Annual Report, in press). The sub-optimal adoption rates of the technologies
in Table 1 are thus also due to the fact that these technologies are investments in natural
capital which resource-poor farmers trapped in the "vicious circle" of poverty1 generally
cannot afford because their period of maturity lies beyond these farmers' short planning
horizon.

The foregoing analysis has shown that even rational and well-informed small-scale farmers
in tropical countries can only adopt sustainable carbon management practices at socially suboptimal rates. Expecting these farmers to adopt optimal levels of soil carbon management
practices amounts to expecting them to subsidise the rest of society in their respective
countries, as well as society in "the north". Given that 83% of the poorest people in the
world live in rural areas in developing countries (Leonard, 1989, such expectations are not
only unrealistic but unethical. Policy interventions which provide appropriate incentives to
adopt to small-scale farmers could remedy this situation. In a very real sense, soil carbon
management research poses not so much a technical as a policy challenge to scientists.

1
It is difficult for these farmers to break out of their poverty as they have poor access to credit facilities
and agriculture in tropical countries has a low absolute and relative profitability (see Reardon et al, 1993 for
details).
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3. Policy guidelines for sustainable soil carbon management

Policy instruments for bridging the gap between the goals of small-scale farmers in tropical
countries and those of society regarding soil carbon management are needed.

These

instruments must be effective in bridging this gap, equitable in the sharing of the costs and
benefits they embody and economically and institutionally feasible, given the specific context
of small-scale farming in developing countries. We propose that two principles be used for
developing such policy options, the beneficiary compensates principle and that of
complementary national-international policy formulation.

3.1 Beneficiary-compensates principle

Most of the existing environmental and conservation policies have been devised for
addressing conservation problems in industrialized societies and are thereby seldom
appropriate to the institutional and economic structure of developing countries. For example,
policies based on the use of legal incentives, such as regulations and legislation, are unlikely
to be effective instruments for promoting sustainable soil carbon management practices
because they necessitate a complex and costly administrative apparatus for implementation
and enforcement. An example is the Brazilian regulation which stipulates that farmers in
Amazon colonisation areas can only clear 50% of their land and must thus conserve 50% of
their land as forest. This regulation is not respected by farmers and is impossible to enforce
by the government (Brown and Pearce, in press).
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Policies based on the use of financial penalties, such as taxes for farmers who deforest or do
not use soil carbon management practices would also be ineffective, for the same reasons.
In addition, they would be highly inequitable since they would put the entire financial burden
of adoption on farmers.

Policies based on the manipulation of relevant prices to provide indirect financial incentives
for farmers to adopt soil carbon management practices would be a possible course of action.
For example, it has been argued that increases in prices of imported fruits in Java through
the use of import taxes would encourage local farmers to adopt fruit-based agroforestry
(Barbier, 1990). The use of price manipulation policies must however be based on realistic
macroeconomic models which permit the assessment of the domino type of changes which
will be triggered by the manipulation of just one or two prices in the economy.

Price

manipulation policies can be equitable and inexpensive to implement, so long as such
reliable macroeconomic models are available to analyze all the consequences of the policies
and fine tune them.

Policies based on the beneficiary-compensates principle and on compensations paid to farmers
are likely to be the most effective: they would provide farmers with a direct positive
incentive to adopt, and thus would not require a complex enforcement infrastructure, and
would at the same time be equitable. Given the global public benefit nature of soil carbon
management, it is indeed "fair" to put in place policy instruments which require that society,
as a beneficiary of this management, should compensate small-scale farmers for the financial
losses they will incur during the first years of adoption.
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3.2 Complementary sets of policies with a national and international dimension

The second principle is that complementary sets of policies must be designed, and that these
policies must have a national and an international dimension. There are complex linkages
between different types of policies in any one country; one type of policy, per se, is unlikely
to alleviate soil carbon losses in tropical countries. Complementary sets of policies, by
comparison, have a higher likelihood of being successful. Three such sets are presented in
Table 2.

Since one of the reasons for the low levels of adoption of sustainable soil carbon management
practices is the absolute poverty of most farmers in tropical countries, policies for alleviating
rural poverty constitute one kind of complementary intervention. These policies are wellknown. They include the provision of better transport, school, marketing, extension and
credit infrastructure.

A second type of complementary policies are those which alleviate

deforestation pressures, increase the economic value of intact forests and promote agricultural
intensification on existing farmlands. Again, these policies are well-documented. They
include the use of financial penalties for indiscriminate logging activities, the promotion of
agricultural intensification in forest margin areas and the promotion of eco-tourism in pristine
forests. Finally, policies specifically targeted at removing current incentives to unsustainable
soil carbon management and at creating positive incentives to adopt are needed (see Table
2 for examples). Current financial incentives for sustainable soil carbon management, such
as the need to clear tropical forests to prove land ownership in some countries, need to be
repealed. Positive incentives (compensation) for adopting are also needed. For example,
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loans at zero interest can be made available to farmers groups which manage soil carbon
sustainably at the local community level. In addition, markets for the new products which
farmers can produce when adopting soil carbon management practices (e.g. tree products)
should be promoted.

It is important that these complementary sets of policies be articulated with appropriate
international policies, since sustainable soil carbon management has local, national and global
impacts. International efforts to mitigate net greenhouse gas emissions will continue to focus
on increasing energy use efficiency and reducing the consumption of fossil fuels. This is
because fossil fuels are the major source of increasing greenhouse gases, over three times
the annual flux attributed to land use changes (IPCC, 1992). However under the Framework
Convention on Climate Change (FCCC), OECD countries have committed themselves to
funding mitigation measures in developing countries through the Global Environment Facility
(GEF). Due to current financial constraints in industrialized countries, it is unlikely that
additional government funds will be available. Nevertheless, private sector funds may be
available through the mechanism of Joint Implementation (JI).

JI is a mechanism by which countries or entities within countries can invest in greenhouse
gas emission reduction projects in other countries and share in the emission reduction credit.
Since the costs of mitigation projects may be lower in developing countries and JI potentially
provides additional transfers of capital and technologies, this is an attractive option. While
criteria for acceptance of JI projects under the FCCC, such as emission reductions that are
additional, verifiable and accountable, have yet to be developed, some projects are already
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underway. Tropical afforestation projects are being sponsored by a number of US and Dutch
companies in tropical countries, for example. Table 3 provides other examples of such
international policies.

4. Research implications

To successfully implement the two policy principles advocated above and to increase the
relevance of soil science to soil carbon management in tropical countries, a number of
research directions need to be pursued. For maximum effectiveness and relevance, soil and
biological scientists need to work in an interdisciplinary fashion with economists and policy
scientists for each of these research priorities.

First, policy-makers must be provided with non-controversial and clear information on
current soil carbon status in tropical countries and on its significance in terms of agricultural
sustainability, biodiversity, farmers' welfare and global climate change. Whenever feasible
threshold values that represent critical limits for soil carbon should also be identified.
Biophysical and socio-economic databases need to be systematically expanded to provide such
baseline data. When developing policy options, data must be aggregated from the local to the
regional and international levels. Policy implementation, in turn, will require disaggregation
back to the local level. The use of geographical informations systems (GIS) will therefore
be instrumental in these processes of aggregation and disaggregation of the baseline data.

Second, on the basis of such data, evaluations of the worth to society and to farmers of soil
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carbon in tropical countries are needed. Sustainable soil carbon management policies need
to be based on a valuation of soil carbon which accurately reflects the full range of benefits
it generates and the full range of costs associated with its loss. These valuations must
therefore take into account monetary, non-monetary, present and future costs and benefits,
and must do so at different spatial scales (local, regional, international).

Such valuations, called shadow pricing by economists, are complex undertakings. They
require that the various ecological, environmental and agricultural functions of soil carbon
first be identified. The shadow price, or economic value to society of soil carbon in tropical
countries, is then directly related to the physical, chemical and biological functions of soil
carbon in tropical ecosystems.

These various roles or functions can be identified, for example, by thinking about how
different agrosystems, corresponding to different levels of agricultural intensification,
substitute man-made inputs for soil carbon as agricultural intensification increases. This is
represented in Figure 2 where different levels of intensification are shown on the x axis,
from very low intensification, when slash and burn practices are used, to extremely high
intensification, withhydroponic agriculture. Various inputs, viz., inorganic fertilizers, limes,
irrigation water, hydroponic solutions are substituted for soil carbon, and therefore fulfil the
functions of soil carbon, as agricultural intensification increases. It follows that the shadow
price of soil carbon is equal to the sum of the prices/costs of these various substitutes. This
figure is likely to be substantially higher than the figures used in current carbon offset
programs, where soil carbon is priced between US$28 and $200 per ton. The figures used
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in these programs do not reflect a shadow price, or, the economic value to society of the
ecologie functions of soil carbon. Rather, they reflect the respective bargaining power of the
few existing buyers and sellers of soil carbon in offset programs.

Interdisciplinary research is therefore needed to assess the actual shadow price of soil carbon
in tropical countries. Policy-makers are particularly responsive to valuation methods which
succinctly express the trade-offs, highly relevant in the policy arena, between sustainable
agricultural development and unsustainable growth.

In Europe and North America, for

example, there has been a general trend in policy-making over the last decades toward a
greater quantification of policy parameters and the use of sophisticated assessment models.
These include cost-benefit analysis (U.S.A., Germany) and multicriteria decision models,
such as the Electre model (France) (see Barde and Pearce, 1991 for details). Biological, soil
and social scientists thus need to provide policy-makers with soil carbon valuations which can
be integrated in such approaches.

Third, analyses of policies for sustainable carbon management and of policy linkages across
different sets of policies should be undertaken, on the basis of such assessments of shadow
prices.

5.

Conclusions

It has been argued in this paper that resource -poor farmers in tropical countries cannot
manage soil carbon in a sustainable manner because of two fundamental economic processes.
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The first process is related to the fact that soil carbon and tropical forests are part of the
natural capital of these countries and of the world community.

We show that as a

consequence, the interests of resource-poor farmers in tropical countries, of these countries
themselves and of the world community conflict. Levels of adoption of sustainable soil
carbon management practices which are optimal from the perspective of resource-poor
farmers are sub-optimal from a regional and global perspective.

The second process regards the nature of sustainable soil management practices. These
practices are investments in natural capital which bring about net benefits to farmers only
after four to six years. Absolute poverty levels in tropical countries prevent farmers from
undertaking such investments. It follows that even perfectly informed and rational resourcepoor farmers will not voluntarily adopt socially optimal levels of soil carbon management in
tropical countries.

Policy interventions are a means of ensuring that soil carbon is managed in such a socially
optimal and sustainable fashion in these countries.

Two principles are proposed for

developing effective, equitable and appropriate policy options. The first is the beneficiarycompensates principle, which requires that society in tropical countries and in industrialised
countries should compensate resource-poor farmers in tropical countries for adopting soil
carbon management practices. The second principle is that international and national policy
options need to be well articulated and that sets of complementary policies should be put in
place for greater effectiveness. Policies alleviating rural poverty and pressures to deforest
are as necessary as policies specifically targeted at soil carbon management.
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Finally, we derived research priorities for soil and biological scientists form our analysis.
These priorities necessitate the creation of interdisciplinary teams of soil, biological and
social scientists. This is perhaps an even greater challenge for the scientific community than
the achievement of the research agenda itself.
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TABLE 1: STRATEGIES FOR SOIL CARBON MANAGEMENT
MANAGEMENT STRATEGYTECHNOLOGY

PRINCIPAL GOALS

Management of organic residues
•

•

in situ use of crop residues or transfer of
crop residues within the farm, including
composting
cultivation of plant and trees for use as
green manures, mulches

•

purchase of residues

•

management of placement of residues
(preplanting or post planting): (i) on soil
surface (including low tillage) and (2)
incorporated into the soil

•

increases soil organic matter
and soil carbon

•

increases yields through
increased soil fertility

•

control erosion

•

increase yields through
increased water availability and
soil fertility

•

increase organic matter
residues through increased
yield

•

may increase yields

•

slows down deforestation
(alternatives to slash and burn
agriculture)

•

increases soil carbon, soil
fertility and agricultural
sustainability

Management of water and nutrients
•

apply purchased chemical fertilizers
(nitrogen and phosphorous) to supplement
on-farm organic materials

•

improve water management through the use
of water harvesting, weed control, and
improved water infiltration

Agroforestry technologies
•

improved fallows

•

hedgerow intercropping

•

multistrata systems

•

tree planting on watersheds, on terraces
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TABLE 2: COMPLEMENTARY NATIONAL POLICY OPTIONS

1.

Policies for alleviating rural poverty:
better transport, schools, credit, agricultural research and extension, marketing
infrastructure

2.

Policies for alleviating deforestation pressure:
•tax exports of unprocessed tropical timber, raise stumpage fees, enforce "best
practice" logging methods
•promote intensification of agriculture instead of forest conversion for
extensification: remove tax on intact forests, tax extensive land uses in forest
margins, secure land title
•Promote eco-tourism: national parks, outdoor sports

3.

Policies for sustainable soil carbon management:
•repeal all incentives for unsustainable carbon management: financial
incentives for cattle ranching in forest margins, for clearing tropical forest, legal
incentives to clear tropical forests (e.g. to prove ownership, to obtain credit)
•provide incentives for adoption: free seeds and seedling; tax deductions for tree
and green manure planting; free use of government lands for cropping conditional
to agroforestry adoption; loans at zero interest for farmers groups which adopt soil
carbon management
•promote markets for agroforestry products: tax imports of substitute products,
invest in marketing research for processed tree products
• publicize soil carbon management to NGO's so that they directly fund projects
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TABLE 3: INTERNATIONAL POLICY OPTIONS

•

increase energy use efficiency and reduce consumption of fossil fuels in
industrialised countries

•

debt for nature swaps for protecting pristine rainforests

•

direct transfer of funds from industrialized countries to farmers groups in tropical
countries (e.g., through private voluntary organisations)

•

create a multilateral fund for supporting tropical countries which have a national
implementation plan for soil carbon management
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Introduction. Estimated coverage of wetlands range between 700 million ha (Aselmann and
Crutzen 1990, Sanchez and Buol 1985) and 900 million ha (Armentano TV. 1980, Mitch and
Gosselink 1986) of the word's land area. The importance of wetlands to global biogeochemistry,
wildlife, and human food production is much greater than their proportional surface area on Earth
(up to 6.4%) would suggest. Both natural and agricultural wetlands are valuable resources and
important ecosystems. Only two major tropical crops, rice and taro, adapt readily to production
on wetland soils. Rice is grown on 11% of the world's arable land and 88% of these 148 million
ha are wetlands. In Asia the harvested rice area accounts between 10% of arable land in Pakistan
to 124% in Indonesia. The world's production of 520 million tons of rough rice provides 20% of
global human per capita energy and 15% of per capita protein (IRRI 1993). In Asia rice provides
35-80% of total calories consumed. Asia accounts for 59% of the global population, about 92 of
the world's rice production, and 90% of global consumption. With year round water supply and
short duration, photoperiod insensitive rice cultivars, two or three rice crops may be grown each
year resulting in nearly permanently waterlogged soils.
Natural Wetlands have been significantly reduced by human activity in the last 100 years. In
the past, wetland management mostly meant converting natural wetlands to agricultural and
aquaculture production. Except for rice cultivation drainage was the major concept for managing
wetland. With the recognition of wetland values, objectives, such as to preserve wetlands wildlife
population, to maintain and improve hydrological cycles and water quality, and to keep or
increase the sink strength for carbon have become important wetland management tasks. As a
result of conflicting wetland uses, it is difficult to balance the denominators of values of various
wetlands. There are conflicts between a private owner's interest in wetlands, the perception that
accrues to the public at large; and the value of a wetland as part of an integrated landscape(Mitsch
and Gosselink, 1993).
Wetlands
Wetlands are transitional between terrestrial and aquatic systems that support predominantly
hydrophytes at least periodically. Wetlands occur in areas where soils are naturally or artificially
inundated or saturated by water due to high groundwater or surface water during part or all of the
year. Wetlands are common in river deltas and estuarine, floodplains, tidal areas, and are
widespread in river beds, depressions, footslopes, and terraces óf undulating landscapes. Wetland
ecosystems maybe discriminated on the basis of hydrology, soils, and vegetation (Cowardin et al.,
1979) and generally include swamps, marshes, bogs, fens, floodplains and shallow lakes. In an
attempt to serve the needs of agriculture and at the same time maintain practical and sensible
boundaries to natural wetlands, Brinkman and Blokhuis (1986) defined wetland as having free

201

water at or near the surface for at least the major part of the growing season of arable crops, or
for at least 2 months of the growing season of perennial crops, grassland, forest, or other
vegetation. The water is sufficiently shallow to allow the growth of a crop or of natural
vegetation rooted in the soil. Free water may occur naturally or may be retained by field bunds,
puddled plow layers, or traffic pans from rainfall, run-off, or irrigation sources.
Wetlands as defined within this review have at least one wet growing season, but may be dry,
moist, or without surface water in other seasons. Wetland soils may therefore alternately support
wetland and dryland crops. The boundary between wetland and dryland is often gradual. The
boundary may fluctuate from year to year depending on variations in precipitation. If water
(drainage and irrigation) can be fully controlled it is within farmers discretion to establish, either
wet- or drylands. But in most tropical wetlands drainage capacities are insufficient to prevent
periodic soil submergence during the rainy season.
Estimates about the area of wetlands are very uncertain because there is no common clear
definition of wetlands. Since wet grasslands contain histosols or gleysols, and the boreal forest,
tundra, and certain tropical forests contain additional organic deposits, the actual area of world
organic soils could exceed 900 million ha (Duxbury et al. 1979; Armentano 1980) Tropical
wetlands, as defined here, may therefore cover more than 500 million ha and contain the most
productive agricultural and natural ecosystems on earth (Downing et al., 1993).
Wetland soils
Wetland soils development and properties are influenced by temporary or permanent
saturation in the upper part of the pedon. If anaerobic conditions impose permanent
characteristics on the soil the terms "gley-phenomena" (Moormann and van de Wetering, 1985) or
"hydromorphic properties" (FAO, 1974) are commonly used. Soil classifications do not deal with
wetland soils but with hydromorphic soils, i.e. soils with defined long lasting signs of periodically
or permanently reducing soil conditions. Reducing conditions may not occur in wetland soils that
contain considerable dissolved oxygen, lack decomposable organic matter in combination with
high contents of calcium carbonate, or suppress activity of reducing microorganisms (Moorman
and van de Wetering 1985). Many rice growing countries have developed classification systems
that discriminate naturally wet soils and rice (paddy) soils. The only soil systems applicable
worldwide are the Legend of the FAO-UNESCO soil map of the world (FAO, 1974) and the Soil
Taxonomy (USDA, 1975).
In the FAO-UNESCO Legend for the soil map of the world (FAO, 1974) Gleysols, Fluvisols,
Planosols, and Histosols make up most of the wetland soils. It has been proposed to separate
Plinthosols from the Ferrasols because the formation of plinthite causes waterlogging by surface
water. Gleyic subunits of, for example, Acrisols, Luvisols, or Podsols are mostly wetland soils as
well.
Soil Taxonomy (USDA, 1975) recognizes hydromorphic soils at the suborder level by an
aquic moisture regime that has caused defined signs of reduction (mainly wetland soils), and soils
with hydromorphism in some horizons at the subgroup level. Aquic subgroups generally are not
wetland soils since signs of wetness are only found in subsoil horizons. All soil orders, except
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Histosols, Vertisols, and Aridisols, have aquic suborders. Practically, all Andisols are dryland
soils while Histosols are wetland soils per se. Vertisols are found in wetlands but water saturation
in Vertisols is always a surface feature which does not qualify for an aquic moisture regime.
Recently the definition of the aquic conditions has been widened in soil taxonomy (SMSS, 1992),
discriminating endosaturation, episaturation, and anthric saturation (a variant of episaturation,
associated with controlled flooding) at the suborder level in all orders, except Aridisols and
Histosols.
Histosols are much less defined, probably because they are less used by man. About 10% of
the world's histosols are being farmed while only 5% of organic soils in the tropics may be used
for rice growing and grazing (Armentano 1980). Recent reports, however, indicate a growing
emphasis on reclaiming swamps by drainage as in Kalimantan and Sumatra (Indonesia) which
have 26 million ha of swamps, and in the Sudd (Sudan) with permanent swamps of 13 million ha,
in the Patanal (Brazil) with 17 million ha of swamps. In the Sudd many of the soils are mapped as
entisols and vertisols though these soils are overlain by organic material up to 1.5 m deep
(Rzoska, 1974).
Biogeochemistry of wetland soils
The biogeochemistry of wetlands is controlled by flooding and the resulting status and pattern
of oxidation and reduction reactions. Terrestrial ecosystems within a watershed highly affect
flooding pattern, groundwater level, water quality, sedimentation, and erosion in wetlands .
Irrigation, water harvesting, drainage, and cultivation practices influence the biogeochemistry of
wetland soils used for agriculture.
Flooding a soil drastically changes its hydrosphere, atmosphere, and biosphere and
biogeochemistry. Flooding decreases diffusion of atmospheric oxygen to the soil by a factor of
10^ and sets in motion a series of unique physical, chemical, and biological processes not
observed in dryland soils. The nature, pattern, and extent of the processes depend on the physical
and chemical properties of the soil, duration of flooding, quality of floodwater, biosphere of soil
and floodwater, management practices, plant growth, and climatic conditions. Properties,
chemistry, and fertility of wetland soils have recently been reviewed by several authors (Kyuma et
al., 1986; Neue, 1989, 1990; Roger and Kurihara, 1988; Neue and Zhu Zhong-lin, 1990).
After O2 is depleted by aerobic respiration, facultative and obligate anaerobic organisms
progressively use oxidized soil substrates as electron acceptors for their respiration. Denitrifying
bacteria use nitrate as an alternative electron acceptor for the oxidation of organic matter below a
redox potential of +420 mV at pH 7. When nitrate is depleted, Mn+4 reduction begins below
+400mV, followed by the reduction of Fe + ^ at -180mV. These reactions are catalyzed by various
bacteria that use fermentation to obtain energy, with Mn+4 and Fe + ^ acting indirectly as electron
acceptors (Lovely and Philipps 1989). Bacteria have also been isolated that directly couple the
reduction of Mn and Fe to the oxidation of simple organic substances (Lovely and Phillips 1988).
Obligate anaerobes reduce sulfate when the redox drops below -215mV and methane is formed at
-244mV. Sulfate reducing bacteria produce a variety of sulfur gases, including hydrogen sulfide
(H 2 S, dimethylsulfide [(CH3)2S], and dimethyldisulfide [(CH 3 ) 2 S 2 ] (Schlesinger 1991). Once
formed, hydrogen sulfide will readily react with ¥t^+ or other heavy metal ions and precipitate or
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form carbon-bonded sulfur that accumulates in peat sediments (Wieder and Lang 1988). Large
amounts of H2S are formed in organic soils low in Fe^ + and high in S O ^ ' . Salinization of peat
soils low in Fe increased H2S production, especially when aerated and reflooded (Jayaweera
1984). In the soil solution he found concentrations of up to 60mg H2S/L. Castro and Dierberg
(1987) reported a flux of 1-110 mg S m"2 yr"l for wetlands in Florida. Prior to industrial
emissions, the release of biogenic gases from wetlands was the dominant source of methane and
sulfur gases into the atmosphere (Warneck 1988).
Although the reduction of flooded soils proceeds stepwise in a thermodynamic sequence,
oxidation-reduction reactions are only partially applicable to field conditions where redox
potentials of a given redox reaction span a fairly wide range (Neue, 1991). Mineral phases
present in soils are not pure and chemical reactions that are favored thermodynamically may not
necessarily be kinetically favored . The equilibrium depends strongly on microbial growth and
behavior and on the degree to which reacting products diffuse and mix. Patrick and Reddy (1978)
discussed the possibility of overlap between the individual reduction system. Nitrate and
manganese reduction as well as manganese and iron reduction may occur at the same time while
sulfate reduction will not occur in the presence of O2, NO3 or NO2. Wang et al. (1993) showed
that the critical redox potential for initiation of CH4 formation is approximately -150 to -160mV
and overlaps with sulfate reduction. Lowering the redox to -240mV increases exponentially CH4
production. In calcareous soils we even found CH4 formation at redox potentials near zero mV.
However, given the heterogeneous nature of soil systems with its high spatial and temporal
variability, different reduction processes may well occur simultaneously at separate locations.
Soil reduction and accumulation of CO2 and resultant HCO3" from degrading organic matter
buffers the pH near neutral in flooded soils. The increase in pH of acid soils is initially brought
about by soil reduction of Fe-oxyhydroxides. The pH decrease of sodic and calcareous soil and
the final regulation of the pH rise in acid soils are the result of CO2 accumulation. Accordingly,
the pH values at steady state of flooded alkaline, calcareous, and acid soils are highly sensitive to
the partial pressure of CO2. Up to 2.6 t CC^/ha is produced in the puddled layer during the first
few weeks of flooding (IRRI 1964). After addition of organic substrates, the partial pressure of
CO2 in a flooded soil may reach a peak of almost 100 kPa (Neue and Bloom , 1989;
Ponnamperuma ,1985). At steady state typical values range from 5 to 20 kPa (Kundu, 1987;
Patra, 1987). Carbon dioxide concentrations greater than 15 kPa retard root development,
leading to wilting and reduced nutrient uptake (Dent 1986). Carbon dioxide profoundly
influences the chemical equilibria of almost all divalent cations (Ca^"1", Mg2 + , Fe^ + , Mn^+, Zn^"1")
in flooded soils as well as methane formation.
The magnitude and intensity of soil reduction is controlled by the amount of easily degradable
organic matter, their rate of decomposition, and the amount and kinds of reducible nitrates,
manganese and iron oxides, sulfates, and organic substrates. The most important redox buffer
system in wetland soils are Fe+-*-oxyhydroxides / Fe^ + and organic compounds when they are
mostly present in large amounts. For a range of wetland rice soils, Gaunt et al. (1994) showed
that the C/N ratio of decomposable organic matter influenced the rate of reduction of soils upon
wetting whereas the active iron content defined the reduction capacity of the soils. Soils low in
active iron but high in degradable organic matter may attain redox values of less than -200mV
within 2 weeks after submergence (Ponnamperuma 1972). In soils high both in degradable
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organic matter and reducible iron, the redox may rapidly fall to -50mV and then slowly decline
further for weeks before levelling off.
Decomposition of organic matter
Soil organic matter is defined as the sum total of all organic-containing substances in soils
which consist of a mixture of plant and animal residues at various stages of decomposition,
substances synthesized microbiologically and/or chemically from breakdown products, and of the
bodies of live and dead microorganisms and small animals (Schnitzer, 1991).
Soil organic matter has a diverse and ever changing composition that reflects the interaction of
accumulation and decomposition processes of current and past environmental conditions and
management. Major and minor components vary between ecosystems and, even within a single
site microbial mineralization and spontaneous chemical reactions constantly alter the nature of the
organic matter (Tate, 1987).
Flooding a soil considerably alters micro- and macrofaunal communities and activities.
Fermentation of organic matter by bacterial anaerobes predominates and actinomycetes, fungi
and yeast are less active in the soil. Decomposition of organic compounds in the absence of free
oxygen, as in wetland soils, relies on the re-oxidation of intracellular electron acceptors produced
by catabolic reactions in excess to that required by anabolic respiration. The two general
mechanisms of re-oxidation are fermentation and anaerobic respiration.
Oxidation of organic substrates in soil requires the supply of reduced substrates. The
sequence of reduction is governed by thermodynamics. A redox couple that has the highest
affinity for electrons is reduced first and the energy released from this reaction being greatest.
Most reactions require soil micro-organisms to provide enzymes or catalysts to increase the rate
of reaction (Rowell, 1981). Sposito (1981) considered microorganisms as catalysts which affect
the rate of reaction but not the energy released.
Fermentation alone does not result in mineralization of carbon (except for some conversions
like acetate to methane and carbon dioxide) because it does not involve externally supplied
electron acceptors but instead uses organic acceptors intracellularly generated . Thus, one or
more products in fermentation are partially oxidized compounds (Ehrlich 1993). Anaerobic
fermentation, however, does play an important role in the decomposition of reduced carbon. It
comprises the break down of complex substrates prior to oxidation, resulting in an array of
substances, many of them transitory and not found in well-aerated soils. Ponnamperuma (1984)
listed various gases, hydrocarbons, alcohols, carbonyls, volatile fatty acids, nonvolatile fatty
acids, phenolic acids, and volatile S compounds. Short-term H2 evolution immediately follows
the disappearance of O2 in the first days after flooding. Thereafter CO2 production increases,
and finally, with decreasing CCK, CH4 formation increases (Takai, 1984; Neue and Scharpenseel,
1984). With rising temperature to 3S°C, decomposition rates increase. At high temperature, the
formation of CO2 and CH4 occurs earlier and is stronger, while that of organic acids is also
earlier but smaller in amount. The period of occurrence and the amount of volatile acids and
gaseous products depend largely on temperature and reducing conditions.
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Waterlogging can greatly retard organic matter decomposition, leading to accumulation of
organic matter as it is evident in peat soils. In the low oxygen environment of flooded muck soils,
Tate (1979) found that the rate of catabolism of several carbon substrates markedly decreased
compared to rates in the same soil in an aerobic environment. The rate of catabolism for amino
acids, glucose, and acetate, however, was less sensitive to flooding than aromatic compounds
such as salicylate. But decomposition of organic matter in tropical wetland soils may proceed as
fast as under aerated dryland condition irrespective of water regimes (Neue and Scharpenseel,
1987, Neue 1991) Rice straw ( 14 C labelled) decomposed at similar rates in aerobic and
anaerobic (continuously flooded) fertile rice fields (Neue and Scharpenseel, 1987) but its
decomposition was retarded in a low fertility wetland soil (Neue 1991).
The following conditions seem to favor rapid degradation and mineralization of organic matter
in flooded soils:
0
0
0
0
0
0
0
0

o
0

0
0

shallow floodwater;
soil temperature of 30-3 50C;
neutral soil pH;
low soil bulk density and wide soil-water ratio;
intensive puddling each cropping season;
high and balanced nutrient supply;
no long-lasting accumulation of organic acids;
permanent supply of energy-rich photosynthetic aquatic and benthic biomass;
bioturbation and/or puddling of topsoil
high diversity of micro- and macroorganisms that provide successive fermentation
down to C02, CH4, H2,and NH3;
supply of O2 into the reduced layer via plant root or by macrofauna activities; and
diurnal oversaturation of the floodwater with 02 due to photosynthetic aquatic
biomass enhancing.

Accumulation of organic matter as occuring in peat soils requires at least permanent low
redox potentials in the whole topsoil. Mostly soil acidity and inhibitory effects of protonated
organic acids is needed in addition to continuous flooding (Kilham and Alexander 1984) and a
relatively high net primary production of organic matter.
Most in vitro biodegradation studies ignore that almost all microbial habitats support the
growth of a wide range of microorganisms having many different metabolic capabilities. Only the
chain and web of microorganisms, often combined with macroorganisms, ensure the maximum
use of available energy in particular environments and explain the metabolic capabilities found at
field sites. Slater and Lovatt (1984) discussed various microbial communities based on provision
of specific nutrients, removal of growth-inhibitors, modification of growth parameters, concerted
metabolic attack, cometabolism, hydrogen (electron) transfer, and the presence of more than one
primary substrate utilizer. Isolated facultative and obligate anaerobic organisms are relatively
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limited in their nutritional and metabolic activities (Lynch and Hobbie, 1988). Thus anaerobic
species are generally more dependent upon the activities of other organisms to supply nutrients
and establish the required physicochemical conditions. The interaction of organisms was
demonstrated by Lovely and Phillips (1989) who showed that in an Fe^ + reducing environment,
the decomposition of glucose involved fermentation to form fatty acids which were then oxidized
to CO2 by a consortium of fermentative, fatty-acid-oxidizing and Fe^ + reducing bacteria. Such
consortia utilize ultramicroenvironments which occur on a scale greater than the
microenvironments associated with each individual organism (Dommergues, 1980). These
ultramicroenvironments may be induced by organic or inorganic surfaces or, as in the case of
biofilms, by other living organisms.
Of particular importance under anaerobic conditions is the provision of sinks to dispose
excesses of reducing equivalents. In hydrogen-transfer communities one organism acts as an
acceptor for excess electrons and hydrogen generated by another organism during ethanol
fermentation and obtains energy from the oxidation of hydrogen to CH4, using CO2 as its
electron acceptor. The energetically unfavorable fermentation of ethanol to acetate can then
continue because inhibiting levels of hydrogen are prevented. Data from Benner et al. (1984) and
Colberg and Young (1985a) indicate that anaerobic microbial communities have even the
capability to decompose lignin to CO2 and CH4 . Anaerobic lignin degradation should be very
slow and be delayed because more easily degradable substrates are commonly available.
Humification
Soil organic matter is divided into humic and non-humic substances. Non-humic substances
still display recognizable physical and chemical characteristics of its origin, are easily degraded by
soil microorganisms, and have short life-spans. According to Stevenson (1986) unhumified
substances include, carbohydrates, fats, waxes, proteins, fats, and all the biochemical compounds
synthesized by soil microorganisms.
Humification involves a series of very complicated microbiological and perhaps some pure
chemical processes, which are reviewed elsewhere (Aiken et al 1985, Stevenson 1982, Paul and
Clark 1989). Aromatic compounds, e.g. polyphenols and polyquinones are believed to provide
the skeleton of soil humus (Kosonova 1966), while intermediate products of organic matter
degradation including peptides, amino acids and ammonium from protein degradation comprise
the main components of soil humus. The relative importance of lignins and microorganisms as
source of polyphenols for humus synthesis is unknown, and may depend upon environmental
conditions in the soil. Polyphenols derived from plants or synthesized by microorganisms are
enzymatically converted to quinones which undergo self-condensation or combine with amino
compounds to form N-containing polymers. The process is condensation rather than
polymerization because the reactants involved are related but not identical compounds.
Humic substances consist of a series of highly acidic, yellow to black in color, hydrophilic,
partly aromatic, high molecular-weight polyelectrolytes and have properties significantly different
from the biopolymers of living organisms. By convention, they are grouped into humic acid,
fulvic acid, and humins by solubility in alkaline and acid solutions. The various humic fractions
represent a system of polymers, that vary systematically in elemental content, acidity, degree of
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polymerization, and molecular weight. Humus of soils that are flooded or alternately flooded and
drained differ from that of dryland soil (Kuwatsuka et al 1978, Tsutsuki and Kuwatsuka 1978,
Tsutsuki and Kumada 1980). The degree of humification, unsaturation, and the content of
carboxyl and phenolic groups is lower, while the content of H, N and alcoholic and methoxyl
groups is higher. Humification indices in wetland rice fields given as the ratios of nonhumified :
humified materials (Sequi et al., 1986) are high in topsoils (0-10 cm) and decrease with depth.
Electrophoresis of the humified materials displays bands only in the low pH range, revealing
mainly low molecular weight, highly oxidized substances in the range of fulvic acids.
Net Primary Production
Soil organic matter will attain a steady state at any site when detritus from primary production
and allochthonous inputs balance the loss of organic matter throughout the soil profile. Losses
may be due to decomposition, run off, leaching and erosion. Man has changed that balance in
vast parts of the world, mostly by enhancing the losses. The net primary production at a given
natural dryland site determines the organic matter input for that soil. The net primary production
of respective wetland sites is usually greater. Additionally, wetlands receive additional inputs due
to sediments from the whole watershed . Floodplains, on the other hand, also lose large amounts
of debris into rivers and ocean (Cuffhey ,1988).
The net primary production of plant communities is highly affected by temperature, light,
water, and nutrients. In general, water is not a limiting factor in wetlands but excess water (floods
and deep water) and droughts may periodically limit net primary production of wetlands. Nutrient
supply controls mainly the NPP in most tropical wetlands (Brinson et al., 1981). Nitrogen is the
most limiting nutrient for plant growth in wetlands, followed by phosphorus, and potassium. Zinc
and sulfur deficiencies are widespread on continuously waterlogged soils. Iron and copper
deficiency, hydrogen sulfide formation, and excess of organic acids may also limit plant growth on
peat soils. Iron toxicity is common in wetland soils high in active iron but low in other nutrients.
In coastal wetlands, salinity adversely affects plant growth.
NPP in the floodwater of wetlands depends on P concentrations as in freshwater lakes while
nitrogen is seldom a limiting factor. When the floodwater is shallow, much of the phosphorus is
supplied by the soil. Larger grazing and soil organisms enhance the nutrient exchange between
the soil and the floodwater. When nitrogen becomes limited, algae populations shift to N-fixing
blue-green algae. In wetland rice fields, biological nitrogen fixation may contributes 30 kg N/ha
each cropping season. Significant nitrogen fixation occurs only when the N/P ratio is less than 16
(Howarth et al 1988).
Over a broad range of plant species, including rice, the rate of photosynthesis is directly
correlated to the leaf nitrogen content. The proportional allocation of photosynthate to roots
varies between plant species and with water and nutrient supply. Though total root growth is
generally higher on fertile soils (Raich and NadelhofTer, 1989) the relative partitioning to roots is
higher at sites of low fertility. Most grassland ecosystems allocate larger proportions of NPP to
roots than do forest ecosystems (Schlesinger, 1991).
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Many natural and cultivated tropical wetlands have a NPP of more than 1000 g C m"2 yr'1
which is greater than that of any other ecosystem (Fig. 1). Schlesinger (1991) reported a global
mean NPP of 1125 g C m"2yr"l for swamps and marshes and 900 g C m"2yr"l for tropical rain
forests. Aselmann and Crutzen (1990) reported a range of 1600 -3220 for swamps, 1350 for rice,
1170-1990 for floodplains, 620-1400 for bogs, 430-970 for fens, 290-740 for marshes and 50-100
g C m"2yr"l for lakes.
Estimates of the proportion of total assimilated carbon by plants that is released to the soil
during crop growth vary from 5-33% (Keith et al., 1986; Sauerbeck and Jonnen 1976;
Warembourg and Paul 1973; Shammot et al., 1968). Moreover, the distribution of
photosynthates may differ according to plant species, phenological stage and/or growth conditions
(van Veen et al., 1989).
Growing three rice crops a year may yield a NPP of greater than 2000 g C m'^yr'l. Highest
seasonal NPP and rice grain yields exceeding 13 t/ha are obtained on subtropical and
mediterranean irrigated wetland rice fields. The very high solar radiation, long daylength, and
high difference between day and night temperature result in highest net photosynthesis. Cloud
formation (low solar radiation) restricts rice growth at high elevation in the inner tropics where
rice is often only grown up to elevations of about 1000m. In the subtropics, wetland rice, not
dryland rice, is grown up to elevations of 2000m in the dry summer. Solar radiation is abundant
and the high heat capacity of the floodwater prevent the soil and canopy temperature from
dropping below critical limits during the night.
Aquatic biomass, allocation of assimilated carbon into roots, recycled aboveground plant
material, and addition of external organic matter determine organic matter inputs to ricefields.
Organic amendments of rice field vary highly between regions, cropping and farming systems, and
availability as well as prices of mineral fertilizer. Availability of mineral fertilizer generally
decreases organic amendments. Intensification of production affects the nature and quantity of
recycled organic matter. Inputs of aboveground plant material is mostly reduced if between-crop
intervals are reduced. Belowground biomass comprising of root exudates and root and plant
material shed during crop growth increases with intensification. Extended flooding and repeated
land preparation increases total floodwater biomass. High N-fertilization favors the growth of
green algae and reduces blue-green algae. Effectively applied herbicides do not affect NPP but
affect its quality because it reduces growth of weed and algae but increases crop biomass.
Primary productivity of the photosynthetic biomass in rice field floodwater is estimated to
range from 500-1000 kg C ha"l per crop cycle (Yamagichi et al, 1980; Vaquer, 1984). At the
IRRI farm C inputs of 500-600 kg C ha"* from the floodwater community were estimated in a 90
day cropping cycle from transplanting to harvest (Saito and Watanabe, 1978). The total gross
primary production of the floodwater community during the cropping period corresponded to
10% and 15% of that of the rice plant in a fertilized plot and a non-fertilized plot, respectively.
Based on ^ c . c a r o o n balances, Neue (1985) estimated that the floodwater provides a biomass of
1-2 t/ha per season to fertile wetland rice soils.

209

The balance between accumulation, mainly NPP but also allochthonous deposits, and redox
and/or pH controlled decomposition determines if a tropical wetland acts as sink for carbon. The
high spatial and temporal variability of the controlling factors and the limited geographic
information of these factors do currently not allow reliable estimates about the global carbon
balance of tropical wetlands. At least permanently flooded wetlands that are not used for
agriculture seem obviously act as a sink for carbon while wetlands that are drained and turned into
uplands are definitely a source for atmospheric carbon.
Methane emission
The endproduct of carbon decomposition in wetlands is CO2 and CH4 . Both natural and
agricultural wetlands are important sources for atmospheric methane. Recent best estimates of
the total annual global emission of CH4 from natural wetlands are 115 Tg yr"' (range 100-200)
and from rice fields 60 Tg yr"' (range 20-100) (Houghton et al 1992). Total emission of all
sources is estimated to be about 500 Tg yr"'. Methane contributes currently about 20% to global
warming (US-EPA 1990) because of its thermal adsorption capacity though its atmospheric
concentration is about 200 times less than that of C02. Recently, Neue (1993) has reviewed
methane fluxes in tropical wetlands.
Methane is produced as the terminal step of the anaerobic breakdown of organic matter in
wetland soils. Methane is exclusively produced by methanogenic bacteria that can metabolize
only in the strict absence of free oxygen and at redox potentials of less than -150mV (Wang et al.,
1992). Most methanogens are neutrophilic with an optimum pH of 6-8 and mesophilic with
temperature optima of 30 - 40 °C (Vogels et al 1988). Methanogens rely upon a plethora of
other microorganisms to provide them with the few substrates they can catabolize: hydrogen,
carbon dioxide, formate, acetate, methanol, methylamines, and methysulfides (Conrad, 1989;
Garcia, 1990). In wetland rice soils, methane is largely produced by transmethylation of acetic
acid and, to some extent, by the reduction of carbon dioxide (Takai, 1970). The formation of
methane is preceded by the production of volatile acids. Upon flooding, short-term evolution of
hydrogen immediately follows the disappearance of oxygen, carbon dioxide increases, and, with
decreasing carbon dioxide, methane formation increases (Takai et al., 1956; Neue and
Scharpenseel, 1984). The delay of methane production depends on the pattern of soil reduction,
pH, substrate availability, and temperature. In tropical wetlands, where soil temperatures become
25-30°C, methane production in alkaline and calcareous soils may start within hours after
flooding, in neutral to acid soils it is delayed 2-4 weeks, and in strongly acidic soils methane is be
formed 5-6 weeks after flooding or later. Methane production is negatively correlated with the
soil-redox potential and positively correlated with soil temperature, soil carbon content, and rice
growth (Neue and Roger, 1993).
The rate and pattern of organic matter addition and decomposition also contribute to the rate
and pattern of methane formation. In rice fields methane production generally increases during
the cropping season although the population density of methanogens remains fairly stable (Schütz
et al., 1989). Easily degradable soil carbon, plant litter, root exudates, decaying roots, aquatic
biomass, and allochthonous debris added to the anaerobic zone are the major carbon sources for
methane production. Methane production is enhanced in the rooted soil zones (Sass et al., 1991)
probably because of higher supply of easy degradable matter.
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Sodium chloride (NaCl) inhibits methanogenesis when added in high (approximately 0.1 *>M)
concentrations (Patel and Roth 1977). Addition of sea water inhibits methane formation at lower
salt concentrations because of its sulfate content (Koyama et al. 1970). Competition of sulfate
reducing bacteria for hydrogen and hydrogen sulfide (H2S) toxicity are likely mechanisms.
However, methanogenesis and sulfate reduction are not mutually exclusive when methane is
produced from methanol and methylated amines for which sulfate reducers show little affinity
(Oremland et al. 1982). Methane-oxidizing bacteria (methanotrophs) are abundant in the
oxidized floodwater-soil interface and in the rhizosphere of wetland plants. They sequentially
oxidize methane to carbon dioxide via methanol, formaldehyde, and formate. Oxygen is essential
for the growth of methanotrophs but the required partial pressure may be low (Cicerone and
Oremland 1988). Methane oxidation greatly limits diffusion of methane to the atmosphere.
Between 60% and 90% of the methane produced during a rice growing season may be oxidized
before it reaches the atmosphere (Holzapfel-Pschorn et al. 1986, Sass et al. 1991).
Methane is released from anaerobic wetland soils to the atmosphere through diffusion of
dissolved methane, ebullition of gas bubbles, and via plants that like rice develop aerenchyma
tissue. Large portions of methane formed in an anaerobic soil may remain trapped in the soil and
escapes sporadically as gas bubbles or become slowly oxidized to carbon dioxide. Some methane
may be leached. When the floodwater recedes, large amounts of entrapped methane escape to the
atmosphere (Denier van der Gon et al., 1992). When the soil becomes highly aerated methane
production stops and entrapped methane is rapidly oxidized. Generally, intermittent drying of
flooded rice fields reduces total methane production and emission (Sass et al., '992; Kimura,
1992). The low solubility of methane in water limits its diffusive transport in the flooded soil and
most of it is oxidized to carbon dioxide via methanol, formaldehyde, and formate as it passes the
aerobic soil-water interface. The release of methane by diffusion through the wet soil column is
negligible in clayey soil but may become significant in sandy or peaty soils where bigger pores
prevail.
As with methane production, methane emission rates are highly variable in time and space. A
distinct diel and seasonal pattern is observed. Emission rates mediated by plants are highest in the
early afternoon and lowest late night The basic level and the diel amplitudes of the methane
emission increase with addition of organic matter. Up to 90% of methane fluxes in rice fields is
plant mediated. Sass et al. (1991) found significant positive correlations between above ground
biomass and methane emission and between root biomass and methane production. Temporal and
spatial variability of methane production coincided with distribution of root. Large differences
between plant species and cultivars with regard to methane emission potentials have been
reported.
Abundance of the 1 4 C and
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The distribution of ö' 3 C in tropical wetland soils differ distinctly from those in terrestrial soils
due to anaerobic processes. Anaerobic decomposition results in the production and emissions of
strongly ^C depleted methane (Rosenfeld & Silverman 1959; Games & Hayes, 1976; Heyer et
al., 1976; Whiticar et al., 1986) resulting in the accumulation of ' ^ c enriched organic residues .
This isotope discrimination is the highest reported in nature. The enrichment depends mainly on
the kind of methane production processes, the b^C value of the C source and the CO2/CH4
211

splitting factor. The S^C values of both methane and residues are further altered by subsequent
processes such as diffusion, oxidation, reduction, and transport of methane by plants through root
and stem to the atmosphere (Takai & Wada 1990).
The analysis of natural ^4C and ^ C concentrations in soils can also provide information
about substrate inputs. Discrimination of the heavier l^C isotope during photosynthesis leads to
a mean ^C value of-25 %o in C3 plants and about -14 %o in C4 plants. Decomposition of
plant matter results in enrichment of ^ C in the residues and depletion of ^ C in released gases.
The ratio of 1 4 C/ 1 2 C can therefore be used to identify the nature of substrates. Lobo et al.
(1980) found for example that the ratio in the upper part of the litter layer in a Brazilian soils was
at equilibrium with atmospheric CO2 levels, indicating a turnover time of less than one year.
If waterlogged and anaerobic decomposition is incomplete wetlands are sinks for carbon and
nutrients. Vast deposits of coal during the carboniferous period and peat development since the
last retreat of glacier are obvious examples for such net ecosystem production of swamps. Not all
wetlands, even if waterlogged, accumulate carbon. The balance between organic matter inputs
and decomposition is decisive.
Conclusion. Flooding reduces the physical variability of wetlands and confers generally much
fertility to soils and stability to wetland ecosystems and agricultural production systems, that like
rice can tolerate standing water. Flooding a soil provides an ideal growth medium by supplying
abundant water, which also carries significant amounts of suspended solids and nutrients,
buffering the soil pH near neutral, enhancing N-fixation and carbon supply, and increasing
diffusion rates, mass flow, and the availability of most nutrients. Standing water stabilizes the soil
moisture regime, moderates soil temperature, and prevents soil erosion. Flooding a soil also
depresses soil-borne plant diseases. Permanent flooding may reduce the availability of some
nutrients, especially Zn and S, but also P and probably N, irrespective of changes in organic
matter balances. Wetland rice agriculture is probably the only agricultural system that has
conserved or even increased soil organic matter.
Decomposition in tropical wetland soils can be as rapid as in respective dryland soils
irrespective of water regimes. The increased soil organic matter in these soil results often from
higher net primary production rather than retarded decomposition. Tropical wetlands are an
important source of atmospheric constituents, especially methane.
Tropical wetlands store and conserve large amounts of organic matter. If tropical wetland
soils are permanently flooded and remain highly reduced and/or acidic or temperatures become
low at higher elevation they become carbon sinks. Small differences in climate, water and nutrient
regimes can drastically change the delicate balance of tropical wetlands.
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Changes in carbon storage in humic soils after forest clearing
and continuous corn cropping in France. A geographical
study for a reliable estimation of global carbon release in a
small natural area.
D. Arrouays *, Ph. Pelissier, D. King, and Y. Le Bissonnais, Institut National de
la Recherche Agronomique, Service d'Etude des Sols et de la Carte Pédologique de
France, Antenne de Bordeaux, 33140 Pont de la Maye, France. ENITA de
Bordeaux, 33175, Gradignan France, Institut National de la Recherche
Agronomique, Service d'Etude des Sols et de la Carte Pédologique de France,
45160 Ardon, France
Abstract. Changes in carbon storage in soils have received recent attention because of their
possible influence on the global carbon budget. Several recent studies have suggested that
conversion of forests to permanent cropping decreases the organic pool, rapidly in the first years
and at a slower rate thereafter, approaching a new equilibrium after 30 to 50 yr. Most avalaible
studies on tropical soils demonstrate a rapid decline in soil organic matter due to continuous
cultivation. However, in temperate zones, our knowledge about carbon storage in soils is rather
poor. The lack of information about sites history is often cited as an important source of error
when applying models. In southwest France, thick humic acid soils have been converted to
intensive corn cropping. This study aims to evaluate the rate of carbon release in this context.
A chronosequence study is realized by comparing organic pools in soils of forest sites to adjacent
soils of various ages of cultivation. All agricultural sites had been converted from forest to
intensive corn cropping. Straws were returned to the soil. Neither manure nor any organic
material had been applied. The ploughed horizon (0-Dt cm) and the Dt-50 cm layer were
collected from eight soil pits in each agricultural site. In forest sites, each 10 cm layer was
collected systematically (8 samples) down to 1 meter depth. Carbon concentrations were
converted to total content to a given depth as the product of concentration, depth of sample and
bulk density, and expressed in units of kg nr 2 . For each site and each sampled layer, the mineral
mass of soil was calculated, in order to base comparisons on the same soil mass rather than the
same depth. The forest clearing progression was analysed by interpreting series of panchromatic
aerial photographs at 1/ 25 000 scale. A geographical model of land clearing progression in the
lanscape is built and stored into a Geographical Information System. This study enables to
produce a computerized map of land history of this landscape. A systematical network of
sampling is realized (1 Km * 1 Km) for the validation of the results.
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(i) The chronosequence study demonstrates a rapid decline in the organic pool during the first 5
yr of cultivation, followed by a period of slighther decrease. This temporal evolution can be fitted
by a bi-exponential model, assuming that the initial carbon pool can be divided into at least two
fractions, whose rates of mineralisation are different.
(ii) The geographical study enables to produce a geographical model of both spatial and temporal
progressions of forest clearing and cultivation.
(iii) Both informations about spatial forest clearing progression and rates of organic matter
decrease are combined into a Geographical Information System, to produce maps of predicted
organic pool classes from 1948 to 1992.
(iv) Results are validated by comparing the predicted organic pool in soils in 1992, to the
observed values of the systematical network of sampling.
Results demonstrate that temperate soils may also be an important source of atmospheric carbon,
when they are initially high in carbon content then cultivated intensively with no organic matter
management. The spatio-temporal approach enables to produce reliable estimations of the rate of
carbon release in a small natural area changing from natural to an intensively managed
ecosystem. This GIS tool also enables to simulate forthcoming evolution of this landscape and to
make an assessment of soil degradation risks in this loamy context.
Introduction. Changes in carbon storage in soils have received recent attention because of their
possible influence on the global atmospheric carbon budget (1, 2, 3, 4). Several recent studies
have suggested that forest soils contain a significant portion of world C reserves (5, 6) and that
conversion of forest lands to permanent cropping decreases the organic pool, rapidly in the first
years, and at a slower rate thereafter, approaching a new equilibrium after 30 to 50 yr (7, 8).
Most available studies on tropical soils demonstrate a rapid decline in soil organic matter due to
continuous cultivation (e.g., 4, 7, 8, 9). However, in temperate zones, our knowledge about
carbon storage in soils is rather poor: in temperate areas, studies concerning changes due to
clearing of forests and agricultural conversion of native vegetation have shown from a 70 % loss
to a 200 % gain in soil organic carbon, depending on soil type, depth of sampling, erosion,
cropping system used and soil treatment applied (e.g., 3, 10, 11, 12).
Detailed chronosequence studies have improved knowledge of organic matter turnover in several
specific situations (e.g., 13, 14, 15, 16). However, the change of scale at a regional level makes
difficult the prediction of the role of soils as sources or sinks of atmospheric carbon and the
spatial analysis for a reliable estimation of organic C pool because of the numerous influencing
factors (e.g., climate, soil water-balance, soil texture, slope and erosion, land use and
management practices, etc.). Numerous reviews (e.g., 1, 2, 6), indicate the lack of data, as well
as the difficulty to make reliable assumptions about organic C distribution and evolution. The
lack of information about site history, age of forests, and cropping systems, are often cited as
important sources of errors when applying models (e.g., 1, 2, 4). Consequently, few attempts
have been made to map carbon storage in soils at a regional or a national scale (e.g., 17, 18, 19).
In southwest France, thick humic acid forest loamy soils (20, 21) have been converted to
intensive continuous corn cropping. Before clearing, these soils had accumulated large amounts of
organic carbon (21, 22).The loss of C upon conversion to intensive agriculture has been shown to
be proportional to the initial amount of C (e.g., 3, 7, 8, 23), thus the losses of C in these soils
may be significant.
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This study aims to evaluate the rate of carbon release in this context. A chronosequence study is
therefore realized by comparing organic pools in soils of adjacent forest and agricultural sites.
Then, a spatial and temporal analysis of the conversion of forests to intensive agricultural lands
makes possible an historical reconstruction of land use (24). Both data are combined into a
geographical model to estimate the spatial distribution and the global evolution of C pools in soils
at a regional level.
Materials and methods. A chronosequence study is realized by comparing organic pools in soils
of forest sites to adjacent soils of various ages of cultivation. Forest sites were of mature
Maritime Pine (Pinus pinaster Ait.). Understory vegetation was mainly composed of Ulex nanus.
Molinia coerulea. Pteris aquiUna and Ulex europaeus. All agricultural sites had been converted
from forest to intensive corn cropping. Straws were returned to the soil. Neither manure nor any
organic material had been applied.
Soils are humic acid silty loams classified as "Veracrisols" in the French pedological reference
base (20). In soil taxonomy they can be classified as Vermic Haplumbrepts (21).
Three areas were selected (L =43°32'N 0 o 40'W, H = 43°39'N 0°41'W, M = 43°34'N
0°18'W), with adjacent sites of various ages of cultivation (3 to 35 yr), and paired control forest
sites. The areas receive from 1000 to 1150 mm y r 1 of rainfall, and the mean annual temperature
is about 13°C. Sites were at an elevation from 105 to 200 meters, with slopes of < 2%.
The ploughed horizon (0-Dt cm) and the Dt-50 cm layer were collected from eight soil pits in
each agricultural site. In forest sites, each 10 cm layer was collected systematically (8 samples)
down to 1 meter depth. The eight samples of each layer were mixed to obtain one sample for
carbon determination and particle size analysis. Samples were oven dried to constant weight at
105°C, and sifted through a 2 mm mesh. None of the soils contained particles > 2 mm. Organic
carbon was determined by wet digestion by the sulfochromic oxydation method (25). Samples of
known volume were oven-dried to constant weight at 105°C and weighed for bulk density
determinations. Carbon concentrations were converted to total content to a given depth as the
product of concentration, depth of sample and bulk density, and expressed in units of kg nr 2 . For
each site and each sampled layer, the mineral mass of soil was calculated, in order to base our
comparisons on the same soil mass rather than the same depth (4,8, 26, 27).
The forest clearing progression was analysed by interpreting series of panchromatic aerial
photographs at 1/ 25 000 scale (1948, 1957, 1969, 1974, 1979, 1984) and by drawing limits of
the different classes of forest clearing dates on a stable plastic sheet. A geographical model of
land clearing progression in the lanscape was built and stored into a Geographical Information
System (ARC/INFO1). This study enables to produce a computerized map of land history of this
landscape.
A systematical network of sampling was realized (1 Km * 1 Km) for the validation of the results.
A selected set of soil surface samples with various organic C contents was used to test their
susceptibility to crusting and runoff generation. We measured the evolution of the infiltration rate
of small cylinders, filled with air-dried and calibrated soil samples, and subjected to simulated
rainfall at 30 mm/h intensity during 2 hours.
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Results, (i) Results of texture analysis confirmed the textural similarity among all sites and areas
(Table 1). Clay content ranged from 15.4 to 27.5 %, while silt content ranged from 60.4 to 73.2
%.
Table 1: Site characteristics: texture analysis, age of cultivated land, bulk density of tilled layers.
Site

Age of

clay

cultivated
land (yr)
Zone L
LF
LCI
LC2
LC3
LC4
LC5
LC6
Zone M
MF
MCI
MC2
MC3
Zone H
HF
HC2
HC3
HC4
HC5
HC6

Silt

Sand

%

%

Bulk density
Tilled horiz

0
17
19
30
17
8
5

27.5
21.9
22.4
24.1
24.9
21.8
21.6

60.4
67.4
64.4
65.6
66.2
68.8
69.9

12.1
10.7
13.2
10.3
8.9
9.4
8.5

1.27
1.49
1.44
1.24
1.41
1.47

0
24
27
3

19.1
19
20.3
23.5

71.3
72
71.1
67

9.6
9
8.6
9.5

1.28
1.24
1.35

0
22
32
19
31
12

18.6
21.2
15.6
20.1
15.4

70
66.6
71
61.2
73.2

11.4
12.2
13.4
18.7
11.4

1.21
1.32
1.28
1.52

16.5

66.5

17

1.31

(ii) The chronosequence study demonstrates a rapid decline in the organic pool during the first 5
yr of cultivation, followed by a period of slighter decrease (Fig. 1). For the 0-Dt and the 0-50 cm
layers, variations of total C content showed an important decrease during the first years, and
decreased at a slower rate thereafter. For ages > 10 yr, the tilled layers of corn-cropped sites
contained from 30 to 51 % of the initial C content of forest sites. This pattern of decrease has
been fitted by a bi-exponential model assuming that initial soil organic carbon can be separated in
a very labile pool reduced during the first rapid decline, and more refractory fractions oxidizing
at a slower rate (28). However, these models did not allow one to predict if a steady state was to
be reached after the second decline. Therefore, it is dangerous to extrapolate trends for a lon%term global prediction.
For the 0-50 cm layer, the model that we retained follows the equation:
(1)

C = 0.74. C 0 e-o° 13t + 0.26.Q, e-0-3<™

where Co is the initial C content in forest soils.
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Fig. 1: Variation in C content with age of corn-cropped sites(0-Dt and 0-50 cm). Zeroage values
are C content of forest sites. Overlay with the fitted bi-exponential models.
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(ii) The Geographical Information System tool made possible the production of reliable maps of
forest clearing progression during the different intervals of studied dates (Fig 2, 3, 4, 5, 6, 7).
Forest clearing globally progressed from the edge to the center of the terraces, as previously
noted (29). Comparison of the six maps suggested that the most intensive clearing happened
between 1957 and 1974. This was verified by cumulating cleared areas with time, to obtain a
curve of the temporal progression of clearing.
The temporal dynamic of forest clearing and conversion to intensive cropping can be estimated by
the cumulative curve of the cleared areas. This is illustrated in Figure 8. The curve of progression
exhibits a sigmoid pattern. Clearing had slightly begun at the beginning of the 50is, then a sharp
increase was observed from 1957 to 1974. Since 1975, the remaining forest surfaces have been so
reduced, that the progression of cleared areas has been continuously decreasing. Obviously, if
clearing continues progressively, the forest areas will tend to zero.

l
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Fig. 2, 3, 4, 5, 6, 7: Maps of forest clearing progression from 1948 to 1984.
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(iii) Both informations about spatial forest clearing progression and rates of organic matter
decrease were combined into a Geographical Information System, to produce maps of predicted
organic pool classes from 1948 to 1992. Results were validated by comparing the predicted
organic pools in soils in 1992, to the observed values of the systematical network of sampling.
Figure 9 shows observed and predicted values for the field validation grid in 1992. Predicted
values were obtained by applying the model given by Eq (1) with an average initial C content of
58.4 g.kg -1 , (average carbon content of the forest soils of the present study) and a date of
clearing corresponding to the mid-point of the age class of forest clearing. Although scattering of
field validation sites appeared to be important in comparison with the model, this overlay a
posteriori validates the geographical estimates. A regression was calculated in order to compare
predictions of the spatio-temporal model (ST), and results obtained on the field validation grid of
(G). This equation can be written:
(2)
G = 0.982 ST
with x1 = 0.69, ddl = 79
Fig. 9: Observed and predicted values of C content for the field validation grid.
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Results of the validation grid and results of the spatio-temporal model appeared to be coherent.
However, the organic content of soils that were cleared before 1948 may be overestimated by the
model: this is due to the lack of information on land use before 1948; lands could have been
cleared formerly. Moreover, the most ancient cleared areas are located on the edge of the terrace,
where slight slopes occur. The combination of slope and of organic C decrease after clearing may
have lead to runoff, erosion, and consequently, to additional losses of organic C in these lands, as
suggested by Fig. 11.
(iv) Modelling the rate of carbon release at the small natural area level lead to the sigmoid curve
shown Fig. 10. From 1948 to 1984, the total carbon release of a progressively cleared area of
4000 ha can be estimated to about 270 000 tons, that is about 6.75 kg.nr 2 . After a period of
sharp release between 1967 and 1974, the global C release decreases at the small natural area
level. The prediction for the end of the century gives an estimate of about 350 000 tons of C
release.
Fig. 10: Estimate of global carbon release on 8000 ha, from 1948 to 1984. Prediction for the end
of the century.
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(v) Figure 11 shows the relation between the infiltration rate of soil samples subjected to
simulated rainfall during 2 hours and their organic carbon content. The crust formation at the
surface of samples, due to the rainfall effect, was followed by a reduction of the infiltration rate.
As a consequence, runoff and erosion risks increase with the decrease infiltration capacity. It
exhibits a threshold value for a total C content of about 12.5 g.kg"1, indicating that below this
threshold, the risk of crusting, runoff and erosion, increases as the organic C content decreases.
Therefore, predicting and mapping crusting risks and forthcoming evolution in this loamy context
can be achieved by applying this threshold value to the C content maps given by the spatiotemporal model. Figures 12 and 13 show the spatial distribution of crusting risks, estimated as
explained above, for 1992, and for a simulation for 2002 (supposing that land use will not change
between these two dates).
Fig. 11: Relation between the infiltration rate of crusts formed after 2 hours of simulated rainfall
at 30 mm/h intensity and the soil organic C content.
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Discussion, Conclusion. Results from the chronosequence study suggested that a sharp fall in
organic C content is observed during the first years of cultivation, and that the organic pool
decreases at a slower rate thereafter. This model assumed that the organic pool can be divided
into at least two fractions whose rates of mineralization are different. In a previous work on the
same soils (28), it has been shown that the first sharp fall is due to the rapid decrease of light
fractions organic matter, while heavier and more recalcitrant fractions exhibit a slower decrease.
This model is coherent with assumptions used by numerous authors (e.g., 30, 31, 32, 33) who
suggested that the organic pool can be divided into compartments whose turnover time are
different.
The results for the 0-50 cm layer indicate that, after 35 yr of continuous corn-cropping, losses of
total C average about 50 % in the soils, which are initially high in C content. These losses are
greater than the losses evaluated for different soil types (3, 6) In the present study, carbon release
to the atmosphere due to continuous corn-cropping averaged 0.8 kg nr 2 y r 1 to 50 cm depth
during the first 10 years of cultivation. Such rates of carbon release have been shown in tropical
soils (8). These results demonstrate that temperate soils may also be an important source of
atmospheric C, when they are initially high in C content then cultivated intensively with no
organic management.
Results showed a spatio-temporal progression of forest clearing. The temporal progression had a
sigmoid pattern : with the development of mechanized agriculture and corn cropping, forest have
been progressively cleared, firstly near the hamlets and existing cultivated areas, and thereafter,
toward the center of the terrace. Forests are now so reduced that the phenemenon is decreasing.
This typical pattern of progression has been previously noticed (29) by studying land registery
archives on a similar terrace, and has been fitted by a logistic equation. Therefore, this spatial
analysis demonstrates once more that the pattern of temporal progression can be modelled, and
moreover, that the spatial progression of forest clearing is not random, but has a spatial structure,
progressing from the edges to the central areas of this landscape.
The spatio-temporal approach enables to produce reliable estimations of the rate of carbon release
in a small natural area changing from natural to an intensively managed ecosystem. This GIS tool
also enables to simulate forthcoming evolution of this landscape and to make an assessment of
soil degradation risks in this loamy context.
Organic carbon is an important component of soils but its spatial distribution is difficult to map
because of the numerous influencing factors. Results demonstrate that a historical analysis of
changes in land use and storage in a geographical information system can provide a useful tool to
improve the geographical prediction of this characteristic. This has been previously shown on
different types of landscapes (). Other spatial analysis techniques [e.g., use of soil color (34); use
of remote sensing data (35)] have been tested on the same landscape. The combination of these
different approaches into a global geographic information expert system may improve of the
spatial prediction of organic content and degradation risks in these soils.
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The Dynamics of Soil Organic Matter Changes Resulting
from Cropping
Rod D. B. Lefroy* and Graeme J. Blair. Department of Agronomy and Soil
Science, University of New England, Armidale, N.S.W. 2351, Australia.
Abstract. One aspect of sustainable agricultural systems is the need to maintain the levels of soil
nutrients and organic matter. The return of crop residues and/or leaf material from perennial
shrub or tree legumes grown within the crop area is one approach, but depending on the C:N ratio
a short-term reduction in available nutrients may occur through immobilisation in organic forms
thereby limiting crop growth. Conversely if plant demand is relatively low immobilisation can
reduce nutrients losses. Alternatively residue and leaf can be fed to animals and the nutrients and
organic matter recycled via the animal excereta. These processes lead to the development of a
wide range of organic materials in the soil and to ascertain their affect on sustainability it is
necessary to develop methods to determine their amounts and stability.
C-3 and C-4 plants have a different degree of discrimination between Carbon isotopes and the
(8I3C) was used to characterise soil organic matter changes. Soil samples from cropped and
virgin areas in southern Queensland, had significantly different 813C values which showed that
the percentage of organic carbon in the wheat soil that was derived from prickly pear residues
would be greater than 20% which constitutes a substantial portion of old, slowly cycling, and
therefore relatively inactive, organic matter.
The successive oxidation of soil carbon fractions was used to develop a sustainability index.
Total carbon was determined by combustion and KMn04 solutions of different molarity used to
determine carbon fractions of different lability. On the basis of changes in total and labile C
fractions between pristine or near pristine sites and those subjected to agricultural practice a total
C pool size index (CPI) and a Lability index (LI) were calculated and used to develop a
sustainability index (SI) which is proportional to the product of CPI and LI.
Studies in northern New South Wales, Australia showed a average decline in total organic carbon
of 44% as a result of cropping but the decline in the most labile fractions averaged 61%. This
suggests that the SI based on declines in the more labile fractions relative to the total carbon
fraction, has the potential to be a rapid method of showing changes in sustainability due to
cropping.
These two techniques allow direct and indirect estimates of the organic carbon turnover rate and
hence may be used as indicators of the sustainability of cropping systems.
Introduction. It has been projected that from 1983/5 to the year 2000 agricultural production in
the developing countries will increase by about 60% (1). Of this increase, 63% will come from
increased yield, 15% from increased cropping intensity and 22% from a net increase in arable
land. Whilst much of the increase in production coming from the 37% increase in harvested area
will come from increases in irrigated land, a significant amount will be in non-irrigated areas and
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come from reductions in fallow periods and expansion into tropical rainforests and rangelands
which are marginal in terms of their suitability for crop production. These marginal areas are
dominated by acid, infertile soils classified as Ultisols and Oxisols. In many countries in the
developing world, marginal land or cropping systems are being increasingly relied upon for
agricultural production. As this reliance increases there will be a greater need to develop
sustainable systems which implement appropriate management practices which maintain soil
fertility and crop production and which avoid significant land degradation.
To develop sustainable agricultural systems a method of maintaining nutrients and soil organic
matter levels must be developed. Such development must consider the inputs of organic matter
and small amounts of mineral fertiliser, the turnover of the organic matter and the effect on the
various avenues for nutrient removal or loss - product and residue removal, soil erosion and
leaching. In the past, organic matter management has generally been approached via the use of
crop residue return and green manuring. Both of these approaches only lead to short term pulses
of nutrients into the farming system.
Maximising the return of crop residues is clearly important as it reduces the removal of nutrients
and increases the return organic matter. When organic residues with a wide C:N ratio such as
crop residues are incorporated into soil, there can be a short-term reduction in available nutrients,
particularly N, as they are immobilised in organic forms. Under certain conditions, and when
plant demand is relatively low, the immobilisation of nutrients can reduce losses by leaching and,
in the case of N, volatilization. Where this short term reduction in available nutrients limits crop
growth, it can be overcome by the addition of fertiliser. The integration of fertilisers with
residues requires a balance between the stimulation of organic matter degradation and the longer
term accumulation of soil organic matter, which is the substrate for microbial activity and the
means to sustained improvement in soil fertility.
Modem high yielding varieties generally have high harvest indices and residues which are
relatively easily broken down. More sustainable, low-input systems will normally require a crop
or sequence of crops which increase residue return, either by reducing the harvest index, but not
necessarily the yield, of some or all the crops or by including green manuring crops which.are
totally returned.
Organic matter is acknowledged as fulfilling several major roles in the maintenance of soil
fertility. It acts as a reservoir of nutrients essential for plant growth, provides exchange sites for
the retention of cations and anions, maintains an active soil biota, stablises soil aggregates, which
are important for adequate water infiltration, water holding capacity, aeration of the soil and root
penetration, and, as a surface mulch, suppresses weed growth, conserves water and reduces
erosion. Clearing and subsequent cropping affect the organic matter status of soils through
changes in both the input of organic matter and its rate of turnover.
•

The rate of turnover of organic matter depends on the rate of breakdown of plant material, which
is characteristically a two stage process; an initial rapid phase and a slower second stage. The rate
of breakdown, particularly of the initial rapid phase, is controlled by many factors. Jenkinson and
Ayanaba (1977, cited in 6) showed that the pattern of decomposition of ryegrass in a tropical and
a temperate climate were similar, but the rates of decomposition were significantly different.
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Only 25% of the applied organic matter remained in the soil after 6 months in Nigeria, but under
temperate English conditions it took 2 years to reach this stage. This is the reason why, other
things being equal, temperate soils generally have higher organic matter levels than tropical soils
and why the decline in fertility after clearing is often faster in tropical soils.
The type of organic matter also affects the rate of organic matter breakdown. Plant material
which is low in lignin and other polyphenols, and high in nitrogen and soluble carbohydrates,
generally decomposes relatively quickly. Thus the rate of initial breakdown varies between
immature and mature tissue as well as between species.
The method of application of organic matter can also affect the breakdown rate. Often the
incorporation of organic matter into the soil leads to more rapid breakdown. This is presumably
as a result of the more favourable conditions for microbial activity - including moisture content,
temperature, nutrient availability and more intimate mixing of the organic matter with the soil and
the soil organisms involved in its breakdown.
Considering the above, it is not surprising that the organic matter content of soils declines rapidly
after tropical forests are cleared for agricultural production. The input of organic matter during
clearing is high, much of the organic matter is of a type which is readily broken down and when
burning has occurred the amount of organic matter which is relatively resistant to breakdown is
reduced. The ash from burning also increases the level of available nutrients which make
conditions for breakdown more favourable.
Once agricultural production starts after clearing, the harvesting of product and the removal of
crop residues for use as fuel, fodder and building materials generally results in a high offtake of
nutrients and a low input of organic matter. Consequently, the organic matter content and plant
nutrient status of soils declines under many tropical cropping systems.
Traditional shifting agriculture evolved as a method of food production which uses the high levels
of nutrients that are available immediately after forest clearing and burning to produce a limited
number of crops before soil fertility declines. These systems are ecologically sound and
sustainable only if there is a sufficiently long fallow period for the regeneration of enough
biomass to provide nutrients for the next swidden. As population pressure increases the demand
for food and other forest products, the pressure to reduce the fallow period increases and the
sustainability of these systems collapses.
The rate of decline in yield after clearing varies with soil type and cropping system, and is closely
correlated to changes in soil properties. In an analysis of traditional food gardens in the highlands
of Papua New Guinea, Wood (21) showed highly significant correlations between declines in
organic carbon, total nitrogen, available phosphorus, exchangeable potassium, calcium and
magnesium and C.E.C. and a logarithmic transformation of garden age. Declines in sweet potato
yields were also found with increasing garden age, with strong correlations between yield and soil
parameters such as organic carbon, available phosphorus and exchangeable potassium. Sanchez
et al. (17) reported that without inputs of fertiliser the yield in an upland rice/com/soybean
rotation declined to zero after the third crop on an Ultisol cleared from tropical rainforest in Peru.
During this period there was a very rapid decline in soil organic matter.
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On reasonably fertile soils, with reliable water supply, yields have been maintained at very high
levels in long term arable agricultural systems by eliminating soil constraints with the application
of substantial amounts of fertiliser and other amendments. These high-input management
technologies, along with the use of high-yielding varieties of major food crops and improved
agronomic practices, have been the basis by which world food production has been increased in
recent times. In the more marginal areas, which are increasingly being relied upon for increased
food production, these high-input technologies cannot be justified. Consequently, applied
research has been aimed at the development of low- or medium-input management technologies
which do not overcome all soil constraints, but use lower inputs of fertilisers and other soil
amendments, with appropriate crop species and varieties, to achieve reasonable and sustainable
crop yields.
Sanchez et al. (17) developed technologies for the continuous production of rice/corn/soybean
and rice/peanut/soybean rotations which produced an annual average of 7.8t grain ha' for a
period of over 8 years on a Peruvian Ultisol. These technologies still rely upon regular inputs of
lime and N, P, K, Mg, Cu, Zn, B and Mo fertilisers. The monitoring of soil properties under
these input levels showed that many indicators improved compared to the status prior to clearing.
The level of most of the nutrients that were being applied increased or remained constant, the pH
and effective cation exchange capacity increased and the level of exchangeable aluminium
declined, however, the level of organic matter declined by 27%, most of this decline occurring in
the first year.
Another source of organic matter for incorporation into tropical agricultural systems is from leaf
material from perennial shrub or tree legumes, grown either adjacent to or within the crop area
(2). There are several alternative systems of utilizing leaf material from tree legumes for
maintaining soil fertility. The first is to use the leaf litter directly as a soil mulch. This is most
commonly practiced in upland areas in an alley cropping system. In such a system, atmospheric
nitrogen fixed by the trees results in a net gain in nitrogen to the cropping system. Whether or not
the trees enhance the content of other plant nutrients is not clear. The deep-rooted nature of the
trees means that nutrients deeper in the profile can be taken up and recycled to the cropping
system via the leaf litter. Nutrients removed from deeper layers may be subjected either to
surface erosional losses or removal in crop products, both of which mean that there is an
increased net outflow of nutrients from the system. Alternatively, the deep root systems and less
seasonal root activity, when compared to annual species, may reduce leaching losses and thus
result in no increase, and possibly a decrease, in outflow of nutrients.
Tree or shrub legume leaf material can be incorporated into the soil or placed on the surface.
Leaf material placed on the surface is subject to a slower breakdown rate and hence a slower
release of nutrients. Organic matter of different maturity or from different species also differs in
rate of breakdown. Other potential trade-offs from surface application of litter include weed
suppression, improved moisture retention, both directly through reduced evaporation and from the
impact of litter on weed growth, a reduction in soil crusting, providing improved conditions for
plant emergence, and reduced erosional losses. Erosional losses can be reduced through reduced
detachment, due to soil surface protection from raindrops, and reduced entrainment if the mulch
and the standing alley crop keep the overland flow below the threshold for entrainment (16); this
will become increasingly important as slope increases.
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An alternative to using the leaf material as mulch is to use it as an animal feed and to recycle
nutrients and organic matter via the animal dung and urine and unutilized leaf material (4). With
many nutrients, such as nitrogen, phosphorus, potassium and sulfur, as much as 80% of the
nutrient ingested by the animal is returned in either dung or urine. In addition, a considerable
proportion (upwards of 50%) of the ingested fibre material is returned in dung and this may act as
a slowly turning over carbon residue for microbial activity and long term organic matter build-up.
Whilst there is data on the accumulation of nutrients in regenerating forests, very little data exists
on the nutrient accumulation in alley cropping systems, either with the crop residues applied
directly or recycled via animals (7). To accurately assess the sustainability of these systems their
nutrient dynamics must be studied.
All of the above pertabations to natural and agricultural systems results in a continuum of soil C
from undecomposed residues to clay protected. In modelling C dynamics in a grazing system in
temperate Australia Mc Caskill and Blair (12) found it necessary to partition soil C into 7 pools
based on those of Van Veen and Paul (19) and van Veen et al. (20).
There is a range of techniques available to assess the nutrient status of natural or agricultural
systems. These are;
a) Long term plots where changes in crop productivity and soil chemical and physical
characteristics are monitored and these changes used to calculate rates of change in that
system (14).
b) Collection and analysis of "paired samples" obtained from cropped and uncropped areas
within a location. Differences in soil depth, organic matter and nutrient status between the
pairs are used to estimate the consequences of agricultural practice on the sustainability of
the system. This technique lacks precision as the changes in factors such as total organic
carbon, nitrogen and phosphorus are generally small relative to the large pool size present
in the soil and spatial heterogeneity makes comparisons difficult.
c) Studies of the erosion and nutrient losses from a catchment. These provide an estimate of
the sustainability of the catchment and information on the factors which affect the
sustainability of the particular agricultural systems.
d) Nutrient balance studies have been used by Lefroy (8) and Lefroy and Hussin (9) to assess
the stability of upland agricultural systems in Southeast Asia. These studies have utilised
data on inputs from fertilisers, crop residues and accessions in rainfall and outputs in crop
products. They have not taken changes in soil nutrient pools into account.
e) When plants fix C there is a degree of discrimination between 13C and 12C and the degree
of this discrimination varies between C3 and C4 plants. Cerri et al. (5) first used this
technique to estimate the turnover rate of organic matter in a 50-yr-old canefield, after
forest clearing. The technique relies on changing the plant cover of a soil from one
species to another which will most likely change certain conditions of the soil organic
regime, such as the input rate of organic carbon to the soil. This may then affect certain
parameters such as total soil organic carbon, which would change in time to a new
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equilibrium value. The technique therefore provides a means of determining the impact of
the imposed agricultural cropping system on the resident organic C levels and hence the
sustainability of the system.
f)

l4

C was deposited over the entire surface of the earth from atmospheric testing of nuclear
devices in the 1950s and 60s. The "bomb" 14C technique was pioneered by Rafter and
Stout (15) and Stout and O'Brien (18). O'Brien (13) used the technique to study the
effects of pasture improvement and earthworms on carbon input rate and decomposition
time and diffusivity down the profile. This technique is potentially very valuable to
monitor the stability of an agricultural system and hence its sustainability.

g) Changes in the lability.of soil carbon have been proposed by Blair et al. (3) as a measure
of sustainability .This procedure relies on the ease of oxidation of the soil organic C by
potassium permanganate.
This paper reports on the use of the C isotope discrimination and oxidation techniques to assess
the impact of cropping on soil C and on the development of a sustainability index based on soil C
Materials and Methods. Two methods are being evaluated for their ability to measure the
changes in soil organic matter that result from cropping in paired, cropped and uncropped, soils
from sites in northern New South Wales and southern Queensland, Australia.
KMn04 oxidation. This method is based on the procedure of Loginow et al. (ll).as modified by
Blair et al. (3) Samples containing 15 mg of carbon, as determined by catalytic combustion in an
automated nitrogen and carbon analyser - mass spectrometer system (ANCA-MS), were tumbled
for 1 hour in 25 mL of 33, 167 and 333 mM KMn04 at 25° C. The samples were centrifuged and
the KMn0 4 concentration of the extracts measured at 565 nm. The oxidation of organic matter is
expressed in mg C g-1 and assumes 1 mM Mn04" oxidises 1 mg C. Four fractions of organic
carbon, with different degrees of lability, were calculated from these three analyses : Fraction I is
that part oxidised by 33 mM KMn0 4 , Fraction II the extra carbon oxidised by 167 mM KMn04,
Fraction III the extra carbon oxidised by 333 mM KMn0 4 and Fraction IV the carbon not
oxidised by 333 mM KMn0 4 .
U

C natural isotpe abundance. The second technique involves measuring the natural carbon
isotope ratio of soil organic matter (8l3C) to determine its origin. This technique relies on the
different degree of discrimination against the heavier 13C isotope, in favour of the lighter and
more abundant 12C isotope, that is exhibited by C-3 and C-4 plants (1). The total carbon and 813C
were analysed using an ANCA-MS. Soil which contained significant amounts of inorganic
carbon were treated with orthophosphoric acid to remove the carbonates.
Sustainability Index. Blair et al. (3) have developed a sustainability index based on changes in
total and labile C. The following measurements are required on a sample of both the soil of
interest and a sample collected from a pristine or near pristine area.to be able to calculate the
sustainability index a) Total C by direct measurement, b) Determination of the proportion of C
in each sample oxidized by 333 mM KMn0 4 by the procedure outlined above and
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c) Determination of the proportion of C in each sample unoxidized by 333 mM KMn0 4 by
difference.
The sustainability index is then calculated as follows:
C pool size index (CPI)

=

sample total C (mg g')
pristine total C (mq g 1 )

Lability of C (L) =

C-L
CpjL

Lability index (LI) =

Lability of C in sample
Lability of C in pristine soil

=

=

Cr (sample)
Cj (pristine)

C in fraction oxidized hv 333 mM KMnO t
C remaining unoxidized by 333 mMK Mn0 4

Sustainability index = C pool size index x Lability index = CPI x LI x 100

The above calculations have been made on the soils reported by Lefroy et al. (10) plus a cropped
and uncropped soil from Warra, S. Queensland
Results and Discussion. Across three sites in northern New South Wales, Australia (Table 1),
the decline in organic carbon as a result of cropping averaged 44%. Fractionation of the organic
carbon indicates that the decline was not constant across all fractions. The three most labile
fractions declined by an average of 61%. The larger change that occurred in these three more
labile fractions, compared to the total carbon fraction, suggests that this analysis of soil organic
carbon has potential to highlight the small changes in soil organic matter over the short to
medium term that result from cropping. The correlation between changes in soil fertility, both
chemical and physical, and changes in these fractions are being evaluated in these and other
uncropped and cropped soils from northern New South Wales and southern Queensland,
Australia.
Table 1. Total carbon and carbon fractions from three red-brown earth soils from northwest NSW.
Total Carbon

Fraction I

Fraction II
(mg g "')

Fraction HI

Fraction IV

Uncropped
Cropped

18.03
12.59 (30)

1.84
0.80 (57)

1.47
0.70 (52)

1.19
0.71 (40)

13.53
10.38 (23)

Uncropped
Cropped

20.45
10.73 (48)

2.08
1.00(52)

0.77
0.27 (65)

0.77
0.28 (64)

16.83
9.17 (46)

16.77
7.50 (55)
9.13 (46)

1.78
0.44 (75)
0.72 (60)

1.48
0.36 (76)
0.52 (65)

0.73
0.22 (70)
0.38 (48)

12.78
6.49 (49)
7.51 (41)

Site

History

Nyngan
Gunned ah

III

Warialda

Numbers in parentheses are percent decline in soil carbon fractions [(Uncropped - Cropped) x 100/Uncropped).

The 813C technique can only be used where there has been a change in the cropping history, either
in comparison to the virgin system or to an earlier cropping system, from C-3 to C-4 species, or
vice versa. Soil samples from cropped and virgin areas around Warra, in southern Queensland,
have been used to evaluate this technique. Data for C and 813C for these soils is presented in
Table 2.
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Table 2. Total and organic C and S'3C of soil samples from Warra, Queensland.
Total Carbon
(mg g 1 )
(%.)
Virgin bush
Wheat
Pasture

32.3 a
9.6 c
12.8 b

Organic Carbon
(mg g"1) (%o)

-23.9 a
-20.2 b
-20.1b

30.1a
7.8 c
10.5 b

-24.6 a
-22.0 b
-22.1b

Data in a column followed by the same letter are not significantly different (P=0.05).

This area was cleared from brigalow (Acacia harpophylla), a C-3 leguminous tree, in the earlj
1900s and quickly become infested with the prickly pear cactus (Opuntia inermis), a CAN
species, until its removal by the larvae of the moth Cactoblastis cactorum in the 1930s
Following the removal of the prickly pear, the cropped area from which samples were taken ha:
grown approximately 40 crops of winter cereal and 6 crops of sorghum.
Comparison with a virgin brigalow site showed a decline in organic carbon from 30.1 mg g-' ti
7.8 mg g 1 as a result of cropping. The 813C values for the organic carbon from these two soil
were -24.6%c and -22.0%o, respectively, while the 813C of samples of brigalow leaves wa
measured at -28.0%o. The 2.6%o change in S ^ C with cropping indicates the presence of some C
4 type material, or possibly a change in isotope discrimination during organic matter breakdowr
Similarly, while the 3.4%o difference between the virgin site organic carbon and the brigalow lea
may be due to differential discrimination between plant parts or during conversion of the plar
residue to soil organic matter, it is more likely that this also indicates the presence of some Ctype organic matter. The most likely candidate for the C-4 type plant residue is the prickly pea
which uses the CAM photosynthetic pathway and, as a consequence, has a similar isotop
discrimination to C-4 plants. Samples of prickly pear material collected from the site had a 813'
of -1 lA%o. Although the infestation of prickly pear was greater in the cleared areas, it did sprea
into the uncleared areas and limited numbers of prickly pear are still seen in the uncropped areas
If the 813C of the original soil organic carbon is assumed to be -24.6%o then the shift of 2.6%o
the wheat soil suggests that as much as 20% of the greatly reduced amount of organic carbc
could be from plant residues which had a 8 ^ C of -11.4%e. If the -24.6%o of the virgin site al:
includes some C-4 or CAM type material, then the percentage of organic carbon in the wheat sc
that was derived from the prickly pear residues would be greater than 20%. Irrespective of tl
actual value, this constitutes a substantial portion of old, slowly cycling, and therefore relative
inactive, organic matter.
These two techniques allow direct and indirect estimates of the organic carbon turnover rate ai
hence may be used as indicators of the sustainability of cropping systems. Calculation of t
sustainability index for a range of soils in Eastern Australia (Table 3) shows how the ind
declines with cropping. Incorporation of the Lability Index (LI) into the calculation emphasis
the seriousness of the decline in C that has occurred on these soils. The Sustainability Index al
reflects the relatively rapid recovery of the system when 2 years of lucerne has been introduc
into the system.
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Table 3. Sustainability Indexes for some cropped and uncropped soils in New South Wales and Queensland,
Australia.
Location

Cropping
or grazing
history

Labile

Non-Labile

c

c

(CL)

(CNL)

CT

Cpool Lability
size ofC A
Index
(CPI)
(L)

Total
C

mgg1

Lability
Index

Sustainability
Index

(LI)

(CPI x LI)

Nyngan
(30 km W)
Uncropped
4 yrs cropping

4.50
2.21

13.53
10.38

18.03
12.59

1
0.69

.332
.213

1.00
.64

100
44

Stock route grazing
7 yrs cropping

4.34
1.55

16.83
9.17

21.17
10.72

1
0.52

.256
.169

.64
.42

64
22

Lightly grazed
18 yrs cropping
18 yrs cropping
and 2 yrs lucerne

3.99
1.02
1.62

12.78
6.49
7.51

16.77
7.51
9.13

1
0.44
0.54

.312
.157
.215

.94
.47
.65

94
21
35

uncropped
46 yrs cropping

0.87
0.13

2.36
0.84

3.23
0.97

1
0.30

.369
.155

.92
.39

92
12

Gunnedah
(30 km W)

Warialda

Warra

A

The lability of C in pristine soil has been estimated at 0.333 the light textured soils from Nyngan and Warialda
and 0.500 for the heavy textured, self mulching soils from Gunnedah and Warra based on the degree of utilization
of pastures on uncleared areas.

In the calculation of the sustainability index (SI) in Table 3 the lability of C(L) in the pristine soil
has been based on the value of L for the soil in the region, within a textural class and with the
least agricultural or nil agricultural activity. Clearly as soils from a wider geographical area and
from a range of parent materials are considered it will be necessary to select an appropriate
pristine soil for comparison. In areas where no pristine areas remain the least degraded area
available can be used as the benchmark.
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Abstract. Methane production and emission in tropical peat soil were studied in Sarawak,
Malaysia in 1992 and 1993. Small amount of methane was released from the soil surface (1.1-2.2
mg CH4 m^hr 1 ); thus, the amount of methane emission from total area of tropical peat soil was
estimated as 2.14-2.72 Tg year 1 , contributing only 0.5% of total global methane emission.
However, large amounts were accumulated in the deeper soil layers and these may be emitted at high
rate (122-134 mgCrfym^hr 1 ) if the deeper layers were opened to the atmosphere. Methane
production during anaerobic incubation showed highest activity at 0-20 cm soil depth. On the other
hand, methane oxidation during aerobic incubation occurred throughout the whole profile. High
temperature (40°C) inhibited this process. Unique organic acids such as iso-valeric acid, propionic
acid and formic acid were detected in relatively high concentration. ATP and ninhydrin-N were
highest at surface layer, while biomass C was highest at the 60-80 cm soil depth.
Introduction. The total area of tropical peat soil occupies approximately 30 million ha, about 6%
of world natural wetland area. Two thirds of this are are distributed in Southeast Asia, mainly in
Indonesia, Malaysia, Vietnam, Philippines and Thailand. The economic expansion in this region
makes it more attractive for agricultural and aquacultural development. Many researches have been
concentrated in this area in order to understand the effect of human activities on these natural
environments and to use wisely this area. The most fundamental issue of the peat land utilization is
how to maintain its sustainability in the face of land subsidence, peat decomposition, as well as for
the development of fertilizer management techniques for the needs of various crops (6). In as much
as the subsoil is naturally waterlogged and rich in organic matter content, tropical peat soil is
believed to be one of the potential sources of atmospheric methane. Atmospheric concentration of
methane has increased rapidly at the rate of about 0.7-1.0% per year, and many scientists are trying
to understand its dynamics in various environments, with the final goal of stopping its increasing rate
which will finally lead to slowing down of the enhanced greenhouse effect. Other dominant global
sources of methane are thought to be swamps, marshes, ruminants, termites and paddy soil (1).
Although it covers a large area, basic information is still limited about the role of tropical peat
soil to the global environment as potential source of methane (2,3). This paper dealt with the
measurement of methane emission from peat soil in the field, potential activities of methane
production and oxidation measured under laboratory conditions, as well as the amount of microbial
biomass, to compare with those in paddy field (4,5).
Site description, Materials and Methods. The research area was located in SG. Talau Dalat
Peat Research Station, Sarawak, Malaysia (N 2°49'11.4", E 111°54'55.9"), approximately 15 km
from the coast along Oya river and Talau river (Fig. 1). Peat soil was characterized by an irregular
complex structure composing of poorly decomposed woody materials including Mangeris, Malanti,
Jongkong and Ubon, and this peat soil was found to exist down to at least 2 meters in depth, except
in the marginal areas of the station where shallow peat soil with heavy clay sublayer was observed as
potential acid sulfate soil. Surface soil was relatively dry in general by recent excess drainage.
About half area in the station was planted with Sago palm. The bulk density ranges from 0.05 to
0.45 g cm-3 and the particle density ranges from 1.4 to 1.8 g cm-3. Total porosity ranges from 75 to
95% on volume basis. At saturation, it contain more than 80% water by volume. The pH value of
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peat soil was generally less than 4, with very high CEC and low base saturation. Fungi, bacteria
and actinomycetes were active only at the soil surface. At the deeper soil layer, waterlogged
condition favored the growth of facultative and anaerobic bacteria (6).
In August 1992, air samples were collected from surface and deeper (30-70 cm) soil layer, as
well as the mud surface by using closed chamber method. The air temperature during the sampling
time ranged from 32 to 39°C. Soil samples taken from surface down to 100 cm were measured for
microbial biomass, using the method described by Jenkinson and Oades (7), Vance et. al. (8) and
Inubushi et.al. (9). In August 1993, apart from surface measurement, methane flux from various
depth of the soil profile was measured in detail, and soil was sampled again down to 60 cm depth.
The gas samples were brought back and determined at Mie University, Japan by gas chromatograph
(Shimadzu GC-8A) with FID detector after separation by Molecular sieve 5A. Gas samples trapped
in the sediments of drainage canal and each soil layer were also obtained and analyzed for their
methane content. Compositions of organic acids and anions in underground water were determined
by HPLCs (Shimadzu HIC-6A and LC-6AD) with UV or EC detectors.

Results and Discussion. Results of the 1992 sampling showed that methane emission from soil
surface was relatively small, or sometime negative. The flux ranged from 1.1 to 2.2 mgCIfym^hr1
from the peat soil surface, and 122 mgCIitm^hr 1 from the deeper soil layer (Fig. 2). In 1993, the
obtained values were well consistent with those observed in the previous year. The upper part of the
soil profile performed relatively low methane flux (1.4-17.3 mgCrfym^hr'), but it was released in
substantial amounts from below 40 cm (134 mgCüjm^hr 1 ) (Fig. 3). The similar results were also
reported in the temperate peat soil in Canada by Brown and Overend (10). If we calculate methane
flux from peat soil surface using the flux data in 1992 and 1993, methane emission from the total
area of peat soil in Malaysia with an area of 2.4 million ha would be estimated at 0.23-0.30 Tg year 1
or 2.14-2.72 Tg year-1 from the total area of peat soil in Southeast Asia of 22.2 rnillion ha. This is
approximately 0.5% of total global methane budget. The reason for very small flux from peat soil
surface is probably due to the oxidation of methane near the surface before being released to the
atmosphere. A lack of transporting route, such as rice plant in the case of paddy soil, is also another
possible reason. These data indicate that methane was produced slowly and accumulated in the
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deeper part of soil profile, and was not emitted as much to the atmosphere as compared with that
from paddy soil. Gas trapped in the canal sediments contained also high amounts of methane; 631 % by volume. In 20 cm cube of each soil layer, the amount of accumulated methane ranged from
27 (igCFU in the surface layer to 367 (igCH4 in the deeper part.
Ground water analysis showed high level of chloride (av. 23 ppm), sulfate (av. 25 ppm) and
nitrate (av. 1.7 ppm). In addition to acetic acid (18 mM) which is usually detected in flooded paddy
soil, unique organic acids such as iso-valeric acid (44 mM), propionic acid (50 mM) and formic acid
(6 mM) were observed in the relatively high concentration. These differences in organic acid
composition may be caused by the different metabolism of organic matter in peat land and paddy
field.
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Fig. 2 Methane flux from soil surface (Ml, M2, M3, M4), mud surface
and soil profile measured in August, 1992
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Fig. 3 Methane flux from soil profile at different depth measured in August, 1993
Microbial biomass (ATP) content ranged from 5 nmol g-1 soil at the surface layer to about 3
nmol g soil below 80 cm, decreasing gradually with soil depth (Fig. 4). The recovery percentage
_1
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of added ATP was 22-32%. These ATP contents indicate that living organisms were most abundant
at surface layer. Microbial biomass carbon was fairly constant at about 600 (xgC g"1 soil throughout
the profile, except the 60-80 cm layer with about 1300 ngC g_1soil (Table 1). The reason of this
sudden increase has remained unknown. However, because of its high organic carbon content, nonbiomass carbon fraction of soil organic matter may be extracted partly from soil. As in the ATP
content, ninhydrin-nitrogen also showed the same trend. It was highest at about 7.4 ugN g_1 soil at
the surface layer, and decreased to about 1.9 iigN g_1 soil at the deeper layer (Table 1). No
ninhydrin-N was detected at the 40-60 cm layer and it could not be determined at the 60-80 cm layer.
For the measurement of microbial biomass in peat soil, the measurement of ATP content is probably
the most reliable. The measurement of biomass C and ninhydrin-N will be faced with the problem
that non-biomass fraction can be extracted. This problem can be overcome when the ATP content.is
measured instead.
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ATP content (nmol/g)
Fig. 4 ATP content in nmol/g dry soil extracted from different
depth of peat soil in Malaysia
Table 1 Extractable C, ninhydrin-N and microbial biomass in tropical peat soil
Depth
(cm)

Extractable Org.C (ugCg"1)
Unfumigated Fumigated Ec Be

Extractable ninhydrin-N QxgNg-1)
Unfumigated Fumigated Enin Bnin

0-20

116

320

204 593

43.4

39.5

3.9

7.2

20-40

46

270

224 591

16.4

15.4

1.0

1.9

40-60

73

321

248 655

12.5

2.5

0.0

0.0

60-80

36

540

504 1331

.

-

-

(ND)*

80-100

33

229

196 517

8.6

7.7

0.9

1.7

*(ND)= not determined
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Potential activity of methane production from different depths responded to different
temperatures ranges (Fig. 4). Generally, methane production rate increased from soil surface toward
soil depth of 20 cm, then it suddenly decreased between 20 and 40 cm, and increased again below 40
cm. Carbon dioxide production also indicated the same tendency (data not shown). The suitable
temperature for methane production seems to depend on soil depth. That is 30°C for 0-10 cm layer,
while the lower soil layer showed increasing activity when temperature increased from 20 to 40°C.
The production activity was generally lower than those in paddy soil (11), which may be caused by
the high level of sulfate, the predominant inhibitor for methanogenesis, and the low degree of
organic matter decomposition in tropical peat soil.
On the other hand, the rates of aerobic methane oxidation were far greater than production
rates (Fig. 6). The negative values mean that the process of methanogenesis occurred, instead of
methane oxidation. However, methane oxidation occurred through the whole profile. In fact, due to
the naturally high level of water table, the deeper part of profile is mostly kept in anaerobic condition,
so aerobic methane oxidation is supposed to prevail mainly in the upper part near the soil surface,
where oxygen is available. High temperatures seemed to inhibit this process, where only
methanogenesis was dominant. When the profile was in aerobic condition, the rate of methane
oxidation was highest between 40 and 60 cm at 20°C and 30°C. Between 10 and 20 cm it also
showed relatively high oxidation activities.
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Fig. 5 Methane production rate in Malaysia peat soil by anaerobic
incubation for 1 week at different depth and temperatures
Conclusions.
1) Methane flux from peat soil surface was negligible, while large amounts of methane were
accumulated in deeper layers. If this soil were disturbed (e.g. for agricultural use), the accumulated
methane would be released.
2) Methane production increased with soil depth down to 20 cm, then decreased between 20 and 40
cm, and increased again below 40 cm. The optimum temperature for methane production was 30°C
at the surface, while below 20 cm it increased with further increasing temperature.
3) If oxygen is available, methane oxidation will occur through the whole profile. The oxidation
rate was high between 10-20 and 40-60 cm.
4) ATP and ninhydrin-N were highest at surface layer and decreased with depth, while biomass C
showed the highest peak between 60 and 80 cm.
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Fig. 6 Rate of methane oxidation in Malaysia peat soil by aerobic incubation
for 1 week at different depth and temperatures
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Residue Decomposition and Carbon
in Physical Fractions of Soil
G.A. Buyanovsky and G.H. Wagner. Department of Soil and Atmospheric
Sciences, University of Missouri, Columbia, MO 65211, USA
Abstract. Degradation of plant residues is a complicated process resulting in production of C0 2
and formation of the soil organic matter (SOM). Carbon originating from residues progressively
passes through the component pools of SOM where its residence time may be brief or prolonged
to hundreds of years. The rate of carbon flow through SOM characterizes general process of
soil formation and, in the case of cultivated land, reflects changes in management practice. Of
special interest is fate of carbon residing in those compartments of SOM which are associated
with soil physical quality.
In a long-term experiment with field labeled soybeans we traced the distribution of 14C among
different fractions of individual particles and natural aggregates. The study embraced a variety
of carbon cycle components, related to both biological and physical characteristics. A brief,
rapid decay of crop residues after fall harvest was later overtaken by limited decay lasting
through winter. Sufficient amounts of easily decomposable materials remained after winter to
provide a second decomposition flash in early summer. Most of the label this time of the year
was associated with coarse vegetative fragments (2-0.2 mm) that decomposed at a rate of 0.004
day'. The quantity of 14C increased in finer vegetative fractions ( < 0.2 mm) until April and
then declined. The same was true for silt and clay mineral fractions carrying carbon as coatings
of SOM.
Loss of 14C from aggregates > 0.5 mm followed a pattern similar to that of the coarse
vegetative fragments. Large aggregates probably carried carbon in vegetative fragments under
attack by soil fungi whose hyphae helped in aggregating the mineral particles. These aggregates
have a short life-span which coincides with predominance of fungi in the beginning of the
degradation process. Small aggregates displayed a level of 14C that did not decline until
nonlabeled residues of the next crop entered the soil. Changes in specific activity of 14C in
aggregates suggested annual stepwise dilution by freshly formed aggregates associated with
carbon from unlabeled soybean residues. There appears to be a wave of flow of carbon from
coarser to finer particulate SOM and then into a humified component intimately associated with
silt and clay particles.
Introduction. Soil organic matter (SOM) comprises a highly heterogenous pool consisting of
numerous carbonaceous compounds, often bound together in enigmatic ways. When separated
from the soil matrix by chemical means and identified, these compounds range from easily
mineralizable simple sugars or amino acids to very complex and recalcitrant products. Our
knowledge of their chemical structure and stability is hardly applicable to the soil environment
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where physical location can overcome intrinsic properties of individual compounds. Methods
of separating soil particulate and structural units that are relatively non-destructive of organomineral complexes have been shown to be more useful for interpretation of various avenues of
flow of soil carbon.
Carbon from plant tissues, the primary source of organic matter in soil, passes through diverse
compartments of SOM while microbes engaged in decay obtain their energy in oxidizing them
progressively towards C0 2 . Evolution of C0 2 from the soil, however, characterizes this
transformation only in general terms, and contributes little understanding of carbon movement
through different compartments of SOM. It is generally accepted that the soil carbon may reside
in any one of these SOM components for a brief period of time or it may persist in another for
hundreds of years. The intimate relationships between the soil matrix and its organic
components contribute to stability of soil structural units and thus play an important role in
defining soil productivity. Optimal turnover of SOM is an important characteristic of a
sustainable agroecosystem.
Flow of carbon through this maze of components of the SOM pool can be partially unraveled
in experiments employing 14C labeling. By labeling a crop growing in the field and then
monitoring the flow of labeled carbon during subsequent decay and humification of the crop
residues we are able to gain some insight into the dynamics of SOM.
We present here some data on residence time of carbon in soil physical fractions, applicable to
the North Central Region of the USA. The data were collected in one of our field experiments
designed to elucidate carbon flow in agroecosystems with the help of 14C labeling. This longterm research combined thorough field observations focusing on a variety of components of the
carbon cycle including accumulation and degradation of crop residues, soil respiration, carbon
dioxide dynamics in the soil profile, studies of microbial activity and subsequent 14C distribution
in fractions of SOM.
Materials and Methods. The experiments were carried out in central USA, on a
montmorillonitic, mesic, Udollic Ochraqualf soil (Mexico series) developed in thin loess deposits
overlying glacial till. The surface layer contains 2.5-2.9% organic matter. Mean annual air
temperature of the region is 13°C, with maximum monthly average in July (26°C) and minimum
in January (-1.5°C). Mean annual precipitation is 973 mm, with potential evapotranspiration
of 790 mm (1). The soil has an argillic horizon (Bt), which causes perching and lateral flow
of water.
A soybean crop (Glycine max L.) was labeled three times during intensive vegetative growth
using temporary air-conditioned tents of clear plastic above plots 2.25 x 0.75m. Each of two
replicates included two labeled and one unlabeled subplot. After harvest, the aboveground
biomass was exchanged between one labeled and one unlabeled subplot. This provided an
opportunity of monitoring the decay of the tops independently of the roots [for details, see (2)].
The subplots with labeled aboveground biomass are the focus of this paper. Crop residues cut
into short pieces were allowed to decompose on the soil surface over winter. In the spring,
residues were incorporated into the upper 20 cm of soil by hand cultivation to simulate disking.
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During subsequent years the evolved 14C02 was monitored at biweekly intervals. At wider
intervals of time over a four year period the soil was sampled for analysis of remaining 14C.
The distribution of the 14C within the soil material was determined by fractionation procedures
chosen to be relatively nondestructive to organo-mineral complexes. Particle size separations
were made after mechanical shaking and sonification by processes of sieving, flotation, and
sedimentation (3). Coarser fractions allowed separation of vegetative fragments and mineral
particles. The lower limit of this was fine silt < 25/xm. At this size limit and below the SOM
was intimately associated with mineral particles and not separable without employing drastic
chemical methods. Other subsamples of soil were separated into aggregate fractions by a wet
sieving technique (4). Radioactivity in each fraction was determined using a liquid scintillation
technique after combustion in a biological sample oxidizer.
Estimates of microorganisms in decomposing residues followed a washing technique, serial
dilution and growth on appropriate agar (5). Conversion to biomass estimates used correlation
studies from accumulated population evaluations of various Sanborn Field plots (6). Decay
curves for carbon in fractions that showed a diminishing rate over time were interpreted as
following first order kinetics and a decay constant k was then calculated by adopting this
approach (7).
Results. Decomposition of soybean residues followed a seasonal pattern characteristic of warm
season plants (8). For a period of two years from the time of harvest the percentage of residue
not mineralized was calculated on the basis of 14C liberated (Fig. 1). Under typical management
followed here, the residues remained after harvest on the soil surface where the most active
decomposition during fall and winter was likely that of leaf tissues. Immediately after harvest,
we observed a rate of decay that may have been somewhat restricted by limited moisture at the
soil surface. Later decomposition became markedly slower due to cold temperatures of winter.
Slow mineralization stretched into April, and at the end of that month, total labeled carbon that
had been mineralized was 27%. A second period of rapid decay took over in spring as the
temperature warmed but particularly due to the incorporation of the residues into the soil in
preparation for seeding the next crop. Continuation of rapid decay throughout the summer
months suggested that a large amount of relatively available carbon persisted into that season.
A significantly slower rate is displayed after September of the second year and through the
second winter. The small inflection observed at the outset of the second spring (months 18-20
on the graph) indicated that only carbon in compounds much more resistant to decay remained,
and at that time nearly 80% of the labeled carbon had been released as CO,.
The relatively restricted decay that occurred during the initial fall was noteworthy because the
substrate consisted of fresh residues rich in easily available carbonaceous components. The rate
was evidently controlled by abiotic factors (temperature and soil water regime). In another
experiment (9) with fresh soybean residues buried in summer, a much faster decay rate of 0.04
day 1 , and nearly 10 times that in the normal cycle, was observed during the first month. In this
altered cycle, the accelerated decay slowed after the first month suggesting exhaustion of the
most readily available components. The reduced rate that followed was similar to the summer
rate demonstrated in the experiment reflecting typical seasonal conditions. The more moderate
rate (0.005 day"1) appropriately defined decay through the remainder of the calendar year in both
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Fig. 1. Decomposition of 14C labeled aboveground residues of soybeans beginning at harvest
on September 10, 1985, and continuing for two years.

experiments. Decay during this period was assumed to encompass the utilization by
microorganisms of the bulk of the residue tissues after consumption of the easily available
components. Carbon remaining at the end of the second period presumably included the most
resistant vegetative materials that had been partially altered, along with new and relatively
resistant microbial products.
Microbial biomass was approximated from population data reported by Broder (9) for
microorganisms residing within the decomposing residues. Progressive decline from the time
of the first sampling (at 12th day) paralleled the quantity of residues that remained as decay
progressed (Table 1). The biomass estimates through the first month indicated that a daily loss
of 10 mg of residue was brought about by 1 mg of microbial biomass (dry wt). The initial
estimates of microorganisms suggested that fungal biomass was approximately 10 fold that of
either bacteria or actinomycetes which were about equal. The dominance of fungi diminished
in fall and winter so that by May the contributions of procaryotes and eucaryotes were similar.
Activity of microorganisms which exert products binding mineral particles into stable aggregates
was significant, and microbial influence on aggregation was clearly expressed.
The progressive action of microbes in the decay process resulted in changes in the amount of
labeled carbon in various particle size fractions over time. Soil material coarser than 0.2 mm
essentially had all of the labeled carbon residing in the vegetative fractions. Loss of 14C from
the 2-0.2 mm fraction followed a progressively diminishing rate curve (Fig. 2) similar to that
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Table 1. Quantity of soybean residue remaining, g, and estimate of microbial biomass, mg, at
various sampling dates during decay in nylon bags buried in summer.
Time, days
Components

0

12

32

81

166

Residue mass

100

0.60

0.31

0.25

0.14

Fungi

2.30

1.05

0.82

0.13

Bacteria

0.24

0.28

0.22

0.07

Actinomycetes

0.26

0.14

0.13

0.04

Total biomass

2.80

1.47

1.17

0.24

for decay of the total 14C-labeled residue. The mean decay rate for this fraction during the first
year of sampling was 0.004 day'. A finer vegetative fraction (0.2-0.05 mm) showed a more
linear decay that progressed at a significantly slower rate. This fraction was not pure vegetative
material but carried some fine mineral components that were not released by the sonification
procedure used. The mineral material associated with the fraction probably also carried a
labeled carbon component. This would have arisen from microbial products (e.g. gums)
produced in the course of the decay leading to SOM coatings intimately associated with mineral
particles. The strength of these binding forces presumably kept the mineral particles from being
separated from the actively decaying vegetative fragments.
The total activity associated with the isolated fine silt and clay particles was essentially
unchanged from April through October after which it declined. The convex shape of this curve
suggested that additional humified carbon flowed into this mineral fraction during the first two
years reflecting the progressive humification of labeled residue carbon.
The binding of mineral particles with decaying vegetative fragments and the production of SOM
intimately associated with silt and clay particles favor development of soil aggregates. The study
of labeled carbon dynamics in natural soil aggregates at different dates during four years of
decay and humification of the labeled soybean residues gave some information on aggregate life
span and stability.
The initial samples for aggregate analysis were collected in the spring at the time the residues
were incorporated into the soil. The coarse aggregates, 2-0.5 mm in diameter, showed
maximum quantity of 14C at the first sampling followed by a decline at a rate similar to that for
the coarse vegetative fragments. The curve is shown in Fig. 3 along with another for aggregates
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Fig. 2. The amount of C from decomposing soybean residues at various sampling dates
contained in coarse vegetative fragments of soil or as coatings on mineral particles < 25^ (fine
silt and clay).

of 0.5-0.1 mm size. Material < 0.1 mm was largely nonaggregated silt and clay particles but
probably included some microaggregates and its behavior has already been noted in Fig. 2.
Decay as shown by changes in 14C for the nonaggregated fraction was similar to that for
aggregates 0.5-0.1 mm. Losses did not occur until after October and then a linear loss of I4C
was observed. During the first 16 months, decay in the finer aggregate fraction was markedly
slower than for coarse aggregates.
Specific activity changes in aggregates over time also demonstrate the contrasting patterns
between coarse and fine structural units (Fig. 4). The decline in specific activity from April to
October for the 2-0.5 mm fraction suggested the relatively dynamic character of these
aggregates. It should be noted that the total quantity of aggregates and their carbon content did
not change appreciably with time (10). The diluted activity level in October was attributed to
a partial reformation of these aggregates that incorporated nonlabel carbon from residues of the
next crop undergoing decay. That progressive diminution in specific activity continued at about
the same rate through the next year until August after which the level of activity began to
approach that of nonaggregated soil material. Over the initial two year period the mean
fractional replacement of carbon in the coarse aggregates was estimated at 0.0016 day"1.
Aggregates 0.25 - 0.10 mm (not separated in the figure), did not diminish in specific activity
during the first year. Evidently any loss of 14C that occurred from these aggregates was
compensated by input of new carbon of equal specific activity. This could have come from

258

2-0.5 mm
0.5-0.1 mm

120O
(A
O)

100
80

0)

a.

60

O
40
20

—i—

—i—

—i—

—i—

1
100

2
2 00

3
3 00

4 00

0

Time,

50

months

,4

Fig. 3. The amount of C from decomposing soybean residues recovered in natural soil
aggregates for various sampling dates.

coarse fragments of residues decomposing throughout that initial year. Smaller aggregates and
nonaggregated soil followed a similar pattern but at a lower level of activity. After one year the
specific activity of all soil material < 0.5 mm began to decline slowly and after two or more
years the rates of decline were similar for all three fractions. Nevertheless the specific activity
of aggregates 0.5-0.1 mm remained significantly higher than both other fractions.
An examination of the specific activity changes of vegetative fragments (Fig. 5) yields some
explanation of the dynamics of activity levels in the aggregates. Residue particles 2 - 0.2 mm
showed a percentage decrease in specific activity from April to October that was similar to that
for coarse aggregates and assumed to result from inflow of nonlabeled residue carbon of the
successive crop. We have previously hypothesized (7) that these coarse aggregates may result
from the action of fungal hyphae binding together mineral particles into structural units with the
decaying vegetative fragments. The study of microbial biomass (Table 1) supported this because
the initial decay of the residue pieces was observed to be dominated by fungi.
Initially, the specific activity of carbon in the coarse aggregates was only 22% of that in the
vegetative fragments. Thus, the old nonlabeled carbon associated with silt and clay particles
bound into aggregates tended to dominate, and new, labeled carbon contributed less than onefourth of the total carbon. With the next input of vegetative carbon (nonlabeled) from chopped
residues of the succeeding crop that had been added to the soil surface by October, the original
labeled vegetative fragments would be expected to undergo another stepwise dilution. The ratio
of specific activity of aggregate carbon to vegetative fragment carbon was actually 0.21, a
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Fig. 4. Specific activity of carbon in soil aggregates at various sampling dates during
decomposition of soybean residues.

proportion not appreciably different from that noted the previous April. The failure to see
another stepwise dilution in specific activity is linked to the site of the labeled carbon after the
initial year. By that time sufficient labeled carbon occurred as SOM coatings on the mineral
particles. The new nonlabeled residue fragments provided the substrate for aggregation after the
first year but the aggregates carried their label in the humified carbon on silt and clay particles
that had its origin from the initial labeled residue. The specific activity after the first year did
not follow a simple dilution pattern because the carbon initially associated with individual silt
and clay particles had increased to 10 /iCi/kg C. This more highly humified pool of carbon
showed little diminution until the second year. That the carbon in aggregates was more highly
humified after the second year is confirmed by the fact that the mineralization of the total labeled
carbon of the soil had slowed to a rate of 0.001 da/ 1 .
Conclusion. Dynamics of carbon transfer from plant residue to the soil mineral matrix is
defined by various specific groups of microorganisms under the control of substrate availability
and abiotic factors.
During the initial stages of degradation, when fungi are the predominant organisms feeding on
soybean residue, most coarse aggregates (2 - 0.5 mm) are formed. Residence time of carbon
in these aggregates is generally short (about 1 year). A small part of the carbon is replaced
more slowly probably due to rearrangement of previously carbon-coated single particles and
small aggregates.
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Carbon transfer to aggregates 0.5 - 0.1 mm and smaller takes place at later stages of degradation
when the bacterial population becomes more active. Residence time of carbon in this fraction
approaches 10 years. These structural units are more stable than larger aggregates presumably
because they are bound by stable bacterial gums as opposed to live fungal mycelia.
The fraction defined as nonaggregated soil consisting predominately of individual mineral
particles but which may also include some microaggregates is the least dynamic. Carbon
intrusion into this fraction is very slow, and a very small portion of current year material may
be contained therein. Only after 12 months of degradation was a maximum of 14C observed,
followed by minimal changes during the next three years.
An existing artificial classification of aggregates by size does not reflect intrinsic properties of
these structural units. Residence time of carbon which to a certain extent is an index of
aggregates stability in the natural soil environment shows, for instance, that there is no reason
to separate fractions 2-1 mm and 1-0.5 mm. Additional studies are required to substantiate
natural groups of aggregates and to investigate their role in soil productivity and carbon
dynamics.
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Accelerated erosion and the global soil carbon pool
Jeffrey S. Kern; ManTech Environmental Technology Inc., US EPA
Environmental Research Laboratory, Corvallis, Oregon, USA.
The global soil organic carbon (SOC) pool is the largest terrestrial carbon pool and is also
important in the long term sustainability of soils. The impact of human-induced accelerated
wind and water erosion has been difficult to quantify but is now somewhat easier with the
development of digital SOC and erosion maps. The objective of this paper is identify areas
of the world where the greatest amount of SOC is being transported by erosion. This is
important for prioritizing where erosion control efforts would make the largest impact on
conserving SOC. The geography of global SOC is being determined using pedon and spatial
data from the UN Food and Agriculture Organization's soil map of the world. The digital
UN Environment Programme's global assessment of soil degradation (GLASOD) is being
used to study erosion spatially with erosion rates obtained from a literature search. The
global SOC pool in the surface 15-cm is 418 x 1015 g or about one-quarter of the total SOC
in the surface 1-m. The major areas with high SOC content (>4.9 C kg m 2 15-cm depth)
and severe erosion are the lower Yellow River of China, northern Thailand, southeast
Borneo, eastern Java, southern Turkey, the former Yugoslavia, the uplands of Ethiopia,
central Nigeria, Madagascar, the uplands of Guatemala, El Salvador, southern Honduras,
and Costa Rica, the Andes of northern Peru, central Bolivia, and southeast Brazil. The
region most threatened by SOC loss from erosion is east Asia followed by southeast Europe,
Africa, and South America. Preliminary estimates indicate that more than 10% of the global
SOC pool has been displaced by erosion over the past 30 years.
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Carbon cycle in wetland rice fields
H. U. Neue*, International Rice Research Institute, P. O. Box 933, 1099
Manila, Philippines.
Introduction. Rice contributes more calories to human diets than any other food, and global
rice production must increase 60% to meet estimates of increased demand from population
growth by the year 2020. In Asia where land resources are limited, this increase must come
from further intensification of rice systems. A high nitrogen supplying capacity of rice soils
becomes a prerequisite to raise the worldwide average rice yield from the present 3.5 to 6t/ha
To achieve this goal and because of the close linkage of carbon and nitrogen balances it is
important to better understand both the carbon and nitrogen cycle in wetland rice soils. This
will also contribute to the global balance of carbon and nitrogen and greenhouse gas
emissions. Wetland rice fields are a major source of atmospheric methane and nitrous oxide.
Decomposition of organic matter in wetland rice fields. Waterlogging a soil results in
marked changes in the chemical, physical, and biological spheres of the soil ecosystem.
Anaerobic fermentation produces an array of organic substances, many of them transitory and
not found in well aerated soils. The gaseous end products of anaerobic carbon degradation
are carbon dioxide and methane. Decomposition of organic matter in wetland rice fields is
generally as fast as in respective cultivated upland soils (4, 5, 6) but organic inputs are higher,
resulting in higher organic matter contents.
Flooded rice soils may reveal redox potential (Eh) as low as 300 mV in the bulk soils
but free oxygen diffuses into thefloodwater-soil-interfaceand is released into the rhizosphere
of rice roots. The average Eh of this complex mosaic is with 0 and +100 mV similar to that of
respective soil solutions. Availability of free oxygen fluctuates during the season due to dry
fallows and aeration periods, plowing,puddling, crop growth, and crop management. While
the rate of decomposition of fresh organic matter like rice straw is initially similar in both
waterlogged and aerobic soil condition (4, 9) degradation of the more recalcitrant components
like aliphatic and aromatic hydrocarbons should differ according to availability of free oxygen.
Degradation of lignin does not occur at all in an anoxic environment (2). Decomposition rates
are generally retarded in wetland rice soils with low nutrient supply, high bulk density, and
strong acidity (6).
Conservation of carbon in wetland rice fields. Cultivation of land generally results in a 2050% loss in soil organic matter. This is mostly due to decreased organic inputs to the soil and
to a lesser extent to the impact of cultivation on decomposition rates. In wetland rice soils
decomposition rates are generally as fast as in respective cultivated upland soils but natural
organic inputs are higher (5), resulting in higher organic matter contents. Soil organic matter
is even maintained or increases without organic amendments in intensive wetland rice systems
with two or three crops per year (1). Additional carbon may also be sequestered into deeper
soil layers by leaching soluble organic substrates found in mM concentration in the soil
solution of flooded rice soil.
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The humus of wetland rice soils, differs from that of upland soil (3, 8). The degree of
humification is less, the content of H2 and N higher, the degree of unsaturation and the
content of carboxyl and phenolic groups is lower, while the alcoholic and methoxyl groups are
higher. Although soil carbon and nitrogen are conserved in intensive wetland rice systems,
soil N-supply seems to decrease with time (1). Abiotic incorporation of NH4-N into a more
aromatic case of humic substances is assumed one major mechanisms for the declining Nsupply.
Emission of methane and nitrous oxide. Wetland rice fields are a major source of methane
and nitrous oxide, which are both important greenhouse gases. About 15% of the annual
global methane release to the atmosphere is estimated to come from wetland rice fields.
Decomposable organic substrates added to flooded rice fields increase methane production
and emission whereas more resistant humified organic matter does not affect methane
emission. Large amounts of nitrate may accumulate during dry fallow periods which is the
source of high nitrous oxide emissions when the soil gets wet or is finally flooded for the
succeeding rice crop.
Conclusion. At issue is how to sustain soil fertility, maintain or increase soil organic matter
(sequester carbon), and to minimize methane and nitrous oxide emission as rice systems
further intensify to meet increased food demand. At present these goals seem to be at odds,
and resolving this problem requires better understanding of the processes governing the
carbon and nitrogen cycles in wetland rice soils.
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Soil Organic Matter in Modern Farming
V.I. Kiryushin, N.F. Ganzhara, I.N. Lebedeva. Soil Science Department

of

the Timiryazev Agricultural Academy in Moscow.
Introduction. The estimation of soil fertility is to a larg-e extent
connected with its content of organic matter. The nature of this
connection changes materially with
the
increase
in
farming"
intensification, especially chemization. The ecological functions of
organic matter are increased. the agronomic aspects
of
the
estimation of its effect on the productivity of the aerrocenoses and
produce quality are chanered. which is the subject of the increasing"
discussion.
Materials and Methods. To estimate ag-ronomically the content of the
soil organic matter and to work out the methods of its optimization
greenhouse and field investiorations were conducted on soddy-podzolic
soils and chernozem soils of different subtypes in different regions
Of Russia during" the period from 1970 to 1990. In addition within
1985-1988 the comparative study of the fertility of those soils was
carried out in microfield (model) experiments by successive takingaway the layers of 10 cm thickness up to the depth of 60 cm.
Results and Discussion. The results of the investigations have shown
that with the decrease in the content of humus to its level in the
parent rock the yield of cereals on all soils is reduced 3 to 4
times when no fertilizers are applied and is only slig-htly chang-ed
when complete fertilizers are used. Even with the complete removal
of the horizons A+B when the humus content is decreased from 5 to 1
per cent the yield of the crops g-rown on the leached chernozem of
the forest-steppe zone as well as on the soddy-podzolic soils is
reduced only by 19% (4.7 to 3.8 t per hectare). On the southern
chernozem the yield decrease is greater since under dry conditions
when the humus content is reduced the water and physical properties
of
the soil and water reg-ime become appreciable worse.
When
agricultural chemicals are used the connection between
humus and
the yield is not so simple, it is influenced by
complicated systemic interactions such as the resolving- power of the
soils
as
to
the
pesticide
load.
retaining- mineral
nutrients.minimizing- soil tillag-e.
It is shown that with taking- away the humus horizon the number of
microorg*anisms is decreased several times, so the process
of
pesticide decomposition is slowed down, their descending- mig-ration
is increased.
Under intensive farming" the costs of the mechanical energy used
for soil tillag-e depend to a larg"e extent on the content of organic
matter, especially its labile forms. It is proved everywhere that it
is possible to apply minimum tillag-e on chernozems (except alkaline
type) and on cultivated soils of the forest zone. At the same time
it is shown that minimum tillag-e does only result in decreasing"
energ-y costs to till the soil and soil erosion losses but also in
reducing- the processes of humus mineralization by 200 to 300 kg" per
hectare per year as compared with the moldboard plowing".
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Special
importance
in
maintaining"
favourable
structural
condition of the soils and the regime of nutrition elements are
labile (easily decomposed) forms of the organic matter determined by
flotation in heavy liquids. Their number in the soils mentioned
above vanes from 0.1 to 1.5% depending on the farming1 system
applied.
The standards of the optimum content of the labile organic
matter for different crops are listed.
The experiments show that it is necessary to leave
the
straw
crop in
the
fields which will lie fallow because of large
mineralization (more than 1.5 t/ha per year) and erosion losses of
humus when the soil lies fallow. Mulching- of soil with straw reduced
humus losses and favours the decrease in nitrog-en losses due to the
descending1 nitrate migration beyond the soil profile of the Siberian
and Kazakhstan chernozems to the depth of 3 to 5 metres. Owing- to
their biolog-ical
accumulation
in
the
process of the straw
decompositionand the reduction of the organic matter mineralization
under the conditions of minimum tillage this type of mtrog-en losses
can be avoided.
The possibility of improving- crop rotations for the purpose of
enriching- the soil with organic matter by using* g-reen manuring-,
companion crops
(afterharvest
sowing- of
rape,
etc.),
the
optimization of the share of perennial g-rasses is shown.
Varied importance of the perennial grasses in modern farming- is
supplemented with new aspects. On soils having- deep nitrate profile
firmed as a result of intensive fallowing or overloading- the
ag-rocenoses with nitrogen fertilizers perennial grasses are able to
uptake nitrog'en from deep layers of the soil-g-round, to prevent
nitrates from getting into ground water.
The use of fertilizers and livestock wastes for perennial grasses
provides, besides their high yield, the accumulation of soil organic
matter enriched with nutrient elements, which increases still more
their role as a preceding crop for cereals and other
crops
especially on lig-ht-textured soils.
The application of commercial fertilizers favours raising- the
content of organic matter in the soils due to the increase in the
primary produce of the ag-rocenoses.
At the same time some increase
in humus mineralization is observed under the influence of the
mineral fertilizers, its solubility and migration
losses
are
increased in case liming is not sufficient.
Developing the idea of the optimum content of organic matter in
the soils
under
intensive
farming conditions we sug-gest to
understand it as such an interval of its content with proper quality
characteristics during- which the necessary prerequisites are created
for securing optimum productivity of the agrocenoses,
hig-h produce
quality, stability of farming and resistibility of the soils to the
degradation when the anthropog-emc loads are hig-h. The lower limit
of the interval should be considered as the critical level beyond
which the decrease in productivity will take place, the degradation
will be increased. the negative toxico-ecological situations may
appear. The upper limit of the interval is first of all due to the
profitability of the costs for increasing the content of humus and
changing its composition.
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DEPENDENCE OF SOIL ORGANIC MATTER (SOM)
ON SOIL AND MANAGEMENT SYSTEM
M. Körschens, Centre for Environmental
Research,
Leipzig-Halle
Ltd.,
Germany
Department of Soil Science, Hallesche Str. 44, 06246 Bad Lauchstadt,

Introduction. Examinations of soil organic matter (SOM) with respect to carbon
(SOM=C. 1,724 require differentiation into at least 2 fractions. One of them is "inert", that is to
a great extent not involved in processes of decomposition and transfer. However the second
part is mineralizable and depends on the cultivation system.
The inert part (Q) is determined by conditions of the location (soil texture, climate etc.), while
the mineralizable part (C m ) is influenced by:
- the amount and composition of the crop- and root residues remaining in soil
- the organic fertilization
- the intensity of soil cultivation
In loamy and sandy soils with a low ground water level the following relationship is valid (1)
Cj=clay + fine silt (particle < 6 um).0,04 to 0,05
Based on this relationship reference values for the humus content of sandy and loamy soils without ground water influence were derived. C m is reduced under complete fallow and in case of
intensive tillage, may reach zero.
Materials and Methods. To quantify the dependence of the C- and N-content on the clay
content, the linear regression was calculated between the clay content on the one hand and the
treatments without fertilization as well as the treatments with the highest fertilization on the
other hand by means of data from 13 long term field experiments over decades.
Results and Discussion. The regression coefficient for the C-content of the zero plot amounts
0,072 and corresponds with the value determined for finnish soils (b=0,069) (2).
The relations between the Cj-content of extreme fertilization treatments in long term
experiments of selected sites makes clear, that the differences between the fertilization levels at
the same site amount to 0,14 till 0,66 % Ct, but the differences between the sites with the same
fertilization amount to 2,1 till 2,29 % Ct.
The N-uptake stands in close relation to the content of mineralizable organic matter in which
this uptake also includes the nitrogen from "other sources", which amounts to 50 kg/ha.a at the
present site.
The N-uptake can vary within wide extremes in dependence on the content of organic matter
and the climatic conditions.
Besides the organic manuring the crop and root residues considerably contribute to the supply
of the soil with organic matter. The long term effect of different crops on the Ct-content,
derived from data obtained from long term experiments, are presented.
Grass and grass-clover have the greatest effect on the Cm-content of soil (large amount of cropand root residues, complete utilization of the vegetation period, no tillage) and a C-enrichment
up to 0,9 % can be produced by them. All other crops produces Cm-levels in between these
extremes.
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An annual farmyard manure application rate of 10 t/ha increases the C m under steady state
conditions by approximately 0,2 % in sandy soils with high intensity of mineralization and by 0,3
% in loam with low mineralization.
Based on data obtained from the Longterm Fertilization Experiment of Bad Lauchstadt the Cmcontent amounts under the local site conditions by 0,5 % of its initial level in the plough layer.
This is equivalent to 20 t Carbon/ha or 2000 kg Nitrogen/ha. The crop rotation followed there
since 1902 include potatoes, winter wheat, sugar beats and spring barley. Experimental fields
received annually 10 t/ha farmyard manure. Assuming an average 4 % mineralization rate of
Cm, a total of 0,8 t Carbon/ha C and 80 kg Nitrogen/ha can be mineralized annually. In addition
about 50 kg N/ha per year arises from "other sources" (immission, assymbiotical N-linkage,
etc.), so that a N-supply of about 130 kg/ha.a is already available. If the wide range of Cmcontent is taken into consideration, the N-uptake from unfertilized plots ranges from 50 and 250
kg/ha.a. Further significant part of the N is released during the late summer- and the autumn
month when it is not taken up by the plants. Therefore, the risk of N-losses increases with the
SOM and at higher SOM-contents in soil care should be taken to ensure that maximum Nuptake is achieved during the crop growing period.
This means in the interest of maintaining soil fertility on the one hand and getting sufficient
yields on the other hand, there is not only to strive for reaching a minimum value, but also out of
ecological reasons a maximum content should not be passed.

Fig. 2: Relations between clay- and Nt content in long term
field experiments (linear regression)

Fig. 1: Relations between clay- and Ct-content in long term
field experiments (linear regression)
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The Loss of Organic Carbon From Soils of West Siberia
A.A. Titlyanova and N.B. Naumova. Institute of Soil Science and
Agrochemistry, Sovetskaya 18, Novosibirsk, Russia.
Introduction.Carbon losses from soils due to the mineralization of
soil organic matter may contribute to the increase of C0 2 in the
atmosphere.Annual losses of organic carbon from the soils of the
world is between 2.5*1015 g and 7.4*1015 g ,the value of 4.6*1015
g being considered as realistic estimate (1).The latter accounts
for 0.3 % of the total organic carbon storage in the soils of the
world. It was also estimated that 537*1015 g C,or 27 % of the
prehistoric total- soil carbon storage have been lost (1).Other
estimates of the annual losses and cumulative transfer of carbon
to the atmosphere since prehistoric times are less - 0.8 *10 1 5 g C
and 40*10 15 g C,respectively (2).Substantial difference between
conclusions about the magnitude of soil carbon losses demonstrates
difficulties in drawing such conclusions and the need for further
investigation.
Materials and Methods.Literature data on organic carbon content in
soils of different types from 300 sites under arable and 200 sites
under virgin land in southern and central parts of West Siberia
were collected and analyzed in relation to organic carbon losses
due to mineralization of soil organic matter in cultivated
soils.The territory in question occupies an area of 111*106 ha
within the boundaries of 65°-90° of eastern longitude and 48°30'-61°
30' of northern latitude,e.g.0.76 % of biospheric soil cover.At
present the arable land occupies an area of 19.7*106 ha,e.g. 18 %
of the total area of the region and 1.3 % of arable land in the
world.
Results and Discussion.The average soil carbon content in arable
soils was calculated using data obtained mainly in 70's.Prior to
30's soil carbon losses in West Siberia were negligible due to the
"shift" agriculture.Soils were used for 5-7 years and then were
left as lay lands for 10-15 years.During this period soils were
rehabilitated and soil carbon content increased again.There is no
difference between soil carbon contents in undisturbed and arable
soils analyzed in the 30's.At the same time a decrease in soil
carbon content in lay lands is observed (Table 1).Degradation of
Table l.Soil carbon content (g C*m"2) in 0-50 cm layer according to analyses
performed in 1930-1940

Ecosystem

Virgin land

Lay

Steppe

23330±1130 a*

18310±1100 b

24870±1700 a

Forest

17700± 790 b

15220Ü250 b

16470±2170 b

land

Crop

land

•Different letters in rows indicate that difference between marked values is
significant (P>0.01)
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of soils and soil organic matter began at the end of 50's when
collectivization of land was accomplished,heavy machinery appeared
on the fields,and especially when virgin and lay lands were put
into the constant agricultural use.
The difference in soil carbon storage between undisturbed and
arable soils in the 70's was maximal in southern steppes and
temperate meadows and minimal in boreal forests (Table 2 ) .
Table 2.Average carbon content (g C*m"2,meantSEM) in 0-50 cm soil layer of
different ecosystems in relation to land use.
Ecosystem type

Virgin land

Crop land

Southern steppe

14400±880

10400±600

Temperate steppe

21800±880

18150±430

Temperate meadow

22040±1160

15830±960

Temperate salt meadow

15140±790

13700±670

Boreal forest

14670±580

11550±540

The total loss of soil carbon from arable soils of West Siberia
within 40 years (1930-1970) is 756*106 Mg (Table 3).The annual rate
of carbon transfer to the atmosphere is 96 g*m~2 for arable soils
and 8.6 g*m~2 for the total area (111*106 ha).Obtained estimates
Table 3.Net losses of soil carbon in West Siberia
Southern
steppe

Temperate
steppe

Temperate
meadow

Salt
meadow

Boreal
forest

Loss,g*m~ 2

4,000

3,650

6,210

1,440

3,120

Area,l0 6 ha

3.200

9.256

2.712

1.177

3.356

Loss,10 6 Mg

138

338

168

17

105

are close to that calculated earlier for soils of the world:57
328 g C*m~2*yr-1 for arable soils and 5.4 - 31 g C*m -2 *yr -1 for the
whole biospheric soil cover (1,2).
So in the investigated region of West Siberia the annual rate of
carbon release from arable soils to the atmosphere is 19*106 Mg.But
peatlands may serve as a sink of carbon. The area covered by
peatlands is 30*106 ha,or 27 % of the territory of the region. The
average rate of carbon accretion for peatlands is supposed to be
about 28-35 g*m"2*yr_1 .The total carbon accumulation in peatlands
of investigated region is estimated to be about 10*106 Mg*yr-1.So
carbon output from soils of West Siberia 2-times
overbalances
input.Methane emission from peatlands,although not well estimated
yet,together with C0 2 released annually by fossil fuel combustion
increases imbalance of carbon on the territory of West Siberia.
Literature cited:
(l)Buringh,P.(1983)
Organic
carbon
in
soils
of
the
world.In:Woodwell G.M. ,ed.The role of terrestrial vegetation in the
global carbon cycle.John Wiley and sons,New York:91-111.
(2)Schlesinger, W.H.(1983) Soil organic matter:a source of
atmospheric C02.Ibid.:111-123.
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C0 2 Soil Emission through Organic Matter
Mineralization
T.S.Demkina and N.D.Ananyeva. Institute of Soil Science and Photosynthesis RAS,
Pushchino, Moscow region, 142292, Russia.
Introduction. In relation to global climate changes the papers studied "the suppliers" of greenhouse
gases in the atmosphere become urgent. The industrial pollution through CO2 flux has received attention
while CO2 soil emission has not been adequately investigated. The major contributors of CO2 soil
emission are the processes of organic matter biomineralization and roots respiration. The contribution
of biomineralization to the total CO2 soil emission according to some authors is 60-74% (1). The goal
of our investigation is the assessment of biomineralization process in various type of soils: contribution
assessment of various soil layers to CO2 emission, ecosystem type and season influenceing on this
process.
Materials and Methods. Two types of Russia soils have been served as the object of the investigation
(table 1). The soddy-podzolic soil observation has been carried out during two years including the
winters, the grey forest soil has since the 25th May till the 19th October. Soil sampling was monthly,
during the warm time of year we followed the plant vegetation stages. Determination of organic matter
mineralization rate has been carried out with fresh soil sampleswithout roots under natural temperature
and humidity (2). The experimental data have been processed by multiple factor dispersion analysis.
Results and Discussion. Annual CO2 emission of soddy-podzolic soil (0-40 cm layer) achieves 5991249 g C per m2 depended on conditions. Only 48-52% of this value falls on the vegetation period
of agricultural plants (25 May-19 October). In grey forest soil the CO2 emission (0-60 cm layer) for
analogous period (buckwheat vegetation period) comes to only 78-265 g C per m2 depended on ecosystem
type. The soils of natural cenoses are characterized by the more intensive CO2 emission compared with
agrocenose ones. It is accounted for the organic matter yield removal. For grey forest soil the ratio of
studied process values represented: tillage : meadow : forest = 1,0 : 1,7: 3,4. In meadow ecosystem of
soddy-podzolic soil the CO2 emission was more by 1,9 times than in agrocenoses. Analogous data have
been obtained for bukozem soil (3). The contribution of various soil layers in the CO2 emission are
not equal (table 1). The annual observation carried out with soddy-podzolic soil have been found the
T i b 1 e 1. Contribution of various soil layers in carbon dioxide emission
Soil

grey forest

Ecosystem
Layer, cm
Contribution, %

soddy-podzolic

meadow

forest

tillage

meadow

tillage

0-20 20-40 40-60 0-20 20-40 40-60 0-20 20-40 40-60 0-20 20-40 0-20 20-40
57

28

15

30

41

29

46

35

19

46

54

46

54

CO2 emission peaks in the early spring and late autumn. It is due to the most store of food for
destructors during these periods (4). In a winter at soil frozen (-4°C) the CO2 emission rate decreased
to 0. At zero temperature of soil the process has not been stopped although it was at a low level. For
example, the organic matter losses have been reached from 30 to 50% during warm winter (state Utah,
USA) (5). In grey forest soil the peaks of CO2 emission seasonal activity have been found out in
different time depended on the ecosystem type. So in the forest ecosystem the maximum CO2 emission
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rate has been established in July, on the meadow has in August, and on the tillage has in October.
Probably these shifts depend immensely on the plant type, the time of litter fall, temperature, humidity,
etc.
Conclusion. 1. CO2 emission of soddy-podzolic soil and grey forest one through organic matter mineralization
has been reached hundreds or thousands g C per m2 annually. In natural ecosystems this process occurs
more active by 2-3 times. 2. CO2 soil emission occurs during the all time with variable intensity and
intervals in frozen soil. 3. The upper layers of soil supply the main contribution in CO2 soil emission.
Literature Cited.
(1) Titljanova A.A., Tesarchova M. 1991. Biological cycle regimes. Novosibirsk, Nauka, SO: 150 (in
russian).
(2) Demkina T.S. 1989. Determination of CO2 soil Droduction rate in field conditions. Agrochemistry 3:
112-115 (in russian).
(3) Santruckova H., Straskraba M. 1991. The relationship between specific respiration activity and microbial
biomass in soils. Soil Biol, and Biochem. 23: 525-532.
(4) Ares J., Singh J.S. 1974. A model of the root biomass dynamics of a short-grass prairia dominated
by blue gramma (Bouteloua gracilis). J.Appl. Ecol. 11: 727-744.
(5) Bleak A.T. 1970. Dessapearance of plant material under a winter snow cover. Ecology 51: 915-917.
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Mitigation Strategies for Methane Emission
in Flooded Rice
K. F. Bronson, H.U. Neue*, and R. Wassmann. Soil and Water Sciences
Division, International Rice Research Institute, P. O. Box 933, 1099 Manila,
Philippines and
Fraunhofer Institute for Atmospheric Environmental Research.
Introduction. Atmospheric mixing ratios of methane (CH4) have been increasing at a rate of
1% per year the last several years. The anaerobic decomposition of organic matter in rice soils
contributes about 20-100 Tg CH4 per year to the atmosphere worldwide (IPCC, 1992).
Methane is a greenhouse gas, that contributes about 20% of the radiative forcing of all
greenhouse gases. Measurements of CH4 emissions from rice have been few, but they have
identified flooded rice soils as a major source of atmospheric CH4. Strategies that can reduce
CH4 fluxes from rice, such as water and or nitrogen (N) fertilizer management can ultimately
lead to sustaining rice production for a long time in the tropics by forestalling global warming.
Materials and Methods. Field studies were conducted in the wet seasons of 1992 and 1993,
and in the dry season of 1993 at the International Rice Research Institute, in the Philippines.
Automated chamber measurements of CH4 flux in flooded rice was first reported by Schutz et
al. (1989). Our system is basically similar to theirs with some modifications. A gas
chromatograph (GC) fitted with both a flame ionization detector and an electron capture
detector (ECD) was used. The ECD-GC method of Mosier and Mack (1980) was used for
nitrous oxide analysis. Four treatments applied during the rice growing seasons were
randomized within each of the three blocks. The treatments were:
1) Urea (120 and 200 kg N/ha in the wet and dry seasons, respectively)
2) Ammonium sulfate (120 and 200 kg N/ha in the wet and dry seasons, respectively)
3) Green manure (12 Mg fresh green manure/ha or 60 kg N/ha as green manure and
140 kg N/ha as urea)
4) Straw (5.5 Mg dry straw/ha or 30 kg N/ha as straw and 80 and 160 kg N/ha as urea
in the wet and dry seasons, respectively)
Nitrogen fertilizer was applied in four split applications: final harrowing, mid-tillering, panicle
initiation, and at flowering
Gas samples were removed by a vacuum line from each chamber in a block, one sample
from each chamber every 12 min, up to a third sample. Sampling periods were for 3 min., and
the tops were closed on the whole block for 36 min. Between the sampling of each block, a
standard containing known amounts of N2O and CH4 was analyzed.
Results and Discussion. Methane emissions began shortly after flooding for both dry and wet
season rice. Methane fluxes peaked about 4 weeks after flooding in both seasons.
Organic amendment additions resulted in CH4 fluxes that were several times higher than
those with inorganic N alone. Ammonium sulfate-treated plots had CH4 emissions one-fourth
to one-third those of urea-treated plots. This might have been due to the competitive
advantage S04"-reducing bacteria have over methanogenic bacteria for substrates. When
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ammonium sulfate was applied only at final harrowing, and the top dressings were urea, CH4
emissions were the same as with urea.
In the dry season, a 14 day drainage event was imposed near time of panicle inititiation,
with the goal of mitigating CH4 emissions. Methane fluxes declined drastically after the
drainage to near zero. Sass et al. (1992) reported lower CH4 fluxes with intermittentlyflooded rice versus continuously flooded Re-flooding the field resulted in increased CH4
fluxes, but to very low levels only. Nitrous oxide fluxes did not increase at all during the
drainage event or after reflooding, and grain yield of rice was not affected.
In conclusion, ammonium sulfate use in place of urea and mid- season drainage have
been identified as mitigation strategies for methane emission in flooded rice. However, the
higher cost of ammonium sulfate compared to urea, and timing the mid-season drain so as not
to hurt yield, are important considerations.
Literature Cited.
(1) IPCC ~ Intergovernmental Panel on Climate Change (1992). Climate Change. The
supplementary report to the IPCC scientific assessment. Eds. J.T. Houghton, B.A.
Callender, S.K. Varney, Cambridge University Press, UK.
(2) Mosier, A.R. and L Mack (1980), Gas chromatographic system for precise, rapid analysis
ofN 2 0. Soil Sci. Soc. Am. J. 44:1121-1123.
(3) Sass, R.L., F.M. Fisher, Y.B. Wang, FT. Turner, and M.F. Jund (1992), Methane emission
from rice fields: The effect of floodwater management. Global Biogeochem. Cycles.
6:249- 262.
(4) Schutz, H., A. Holzapfel-Pschorn, R Conrad, H. Rennenberg, and W. Seiler (1989), A 3year continuous record on the influence of daytime, season and fertilizer treatment on
methane emission rates from an Italian rice paddy. J. Geophys. Res. 94:405-416.
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Methane Emission from Wetland Rice Fields
H. U. Neue*, International Rice Research Institute, P. O. Box 933, 1099
Manila, Philippines.
Introduction. Wetland rice fields have been identified as major source of atmospheric
methane (3). Almost 20% of the radiative forcing added to the atmosphere in the 1980 is
attributed to methane (1). Increased rice production and cropping intensity are expected to
significantly increase methane emissions from wetland rice fields. Asian rice production must
increase 60% over the next 30 years to keep up with population growth (4). In order to
specify effective methane reduction policies and technologies, more precise quantification and
mechanistic understand of fluxes is required.
Methane production. Methane is produced as the terminal step of the anaerobic breakdown
of organic matter in wetland rice soils Methane is exclusively produced by methanogenic
bacteria that can metabolize only few simple substrates in the strict absence of free oxygen and
at redox potentials of less than -150 mV Most methanogens are neutrophilic, with an optimal
pH of 6-8. The optimum temperature is 30-3 5°C. The formation of methane is preceded by
the production of volatile acids. On flooding, short-term evolution of hydrogen immediately
follows the disappearance of oxygen, carbon dioxide increases, and with decreasing carbon
dioxide, methane formation increases The delay of methane production depends on the
pattern of soil reduction, pH, substrate availability, and temperature. Easily degradable crop
residues and soil organic matter are the major source for initial methane production upon
submergence. At later growth stages of rice, root exudates, decaying roots, and aquatic
biomass seem to be more important.
Methane flux. Methane is released from wetland rice soils to the atmosphere through
diffusion of dissolved methane, ebullition of gas bubbles, and via plants that, like rice, develop
aerenchyma tissue. At later growth stages up to 90% of the methane flux is plant-mediated
(2). Large portions of methane formed in wetland rice soils remain trapped in the soils and
may be oxidized to carbon dioxide during the growing season or when the field is drained at
the end of the season. However, large amounts of entrapped methane may escape to the
atmosphere when the soil is disturbed during cultural practices and immediately after the
floodwater recedes. Significant amounts of methane can also be released to the atmosphere
by ebullition, especially if macropores prevail. All methane is oxidized as it diffuses through
the aerobic soil-water interface. Oxidation of methane in the rice rhizosphere may be less
efficient. Root exudation and related metabolic activities of other aerobic bacterial may limit
the supply of oxygen to methanotrophs in the rhizosphere
Methane production, methane oxidation, and the resultant net flux of methane are
highly variable in space and time. Distinct diel and seasonal pattern are observed. Emission
rates are highest in the early afternoon and lowest at night, following the diel pattern of
topsoil temperature. Two or three maxima of emission rates are generally observed in
wetland rice fields during the growing season. Methane emission increases during the
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vegetative phase it decreases after panicle initiation probably due to increased oxidation, and
increases to maximum rates after flowering, before declining at the end of the season (5).
Methane emission is higher in the dry than in the wet season. Various climatic, soil, water,
and cultural factors can modify this general pattern. In strongly acid soils methane production
is highly limited Intermittent drying of wetland rice fields reduces methane production and
emission. Organic amendments increase methane production and emission. Composted
materials enhance methane fluxes less than do green manure or rice straw. Application of
chemical fertilizer improves plant growth and therefore increases methane emission and
probably its production. Sulfate containing fertilizer reduce methane production although
emission may increase because of better plant growth. Rice cultivars have different emission
potentials because of differences in its aerenchyma tissue, root oxidizing power, and root
exudation.
Global emission estimates. Irrigated rice fields are the major source of atmospheric methane
from rice fields. Although irrigated rice comprises only 50% of the harvested rice area, it
produces 70% of the harvested rice. Methane production is favored by the assured water
supply and control, intensive soil preparation and fertilization, and resultant improved growth
of rice. Methane emissions are much lower and more variable in rainfed rice because of
drought and/or flood periods during the growing season and poorer growth of rice. In
deepwater rice, methane production may be high, but emission rates may be low because of
reduced emission pathways. Upland rice is not a source of methane because it is not flooded
for any significant period of time. Because of the limited number of locations of
comprehensive seasonal flux measurements and lacking adequate geographic information
systems as well as mechanistic simulation models, reported global extrapolations of emission
rates are highly uncertain and tentative. Recent global estimates range from 20 to 100 Tg/yr
for wetland rice fields (Houghton et al. 1992)
Mitigation options. Water management, fertilization, cultural practices, rice cultivars, and
rice cropping systems are promising candidates to develop mitigation technologies to stabilize
or even reduce methane emissions from rice fields while increasing production. The complex
interaction among methane formation, methane oxidation, rice growth and cultivation, and
methane emission require an immediate, integrated, and interdisciplinary research approach,
including application of socioeconomics and participation of farmers, to achieve the
knowledge needed to design feasible and effective mitigation technologies.
Literature Cited.
(1) Braatz, B. V., Hogan, K. B.1991. Sustainable rice productivity and methane reduction
plan. U.S. Environmental Protection Agency, Washington, DC.
(2) Holzapfel-Pschorn A., Conrad, R., Seiler, W. 1986. Effects of vegetation on the emission
of methane from submerged paddy soils. Plant and Soil 92:223-233.
(3) Houghton, J. T., Callander, B. A., Varney, S. K., eds. 1992. Climate change 1992: the
Supplementary Report to the IPCC Scientific Assessment. Cambridge University Press,
U.K.
(4): International Rice Research Institute (IRRI) 1989. IRRI Towards 2000 and Beyond.
IRRI, Manila, Philippines.
(5)Neue, H.U. 1993. Methane emission from rice fields. BioScience 43(7):466-474.
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METHANE AND NITROUS OXIDE EMISSIONS FROM
PADDY-UPLAND ROTATION FIELDS
Y. Miura and T. Kanno
Fukushima Agricultural Experiment Station
Koriyama, Fukushima 963, Japan

INTRODUCTION
Methane and nitrous oxide are both radiatively-active trace gases.
Recently concentrations of methane and nitrous oxide in the atmosphere have
been increasing dramatically. Biological source of methane depends much on
paddy fields. Fertilizer-derived nitrous oxide distributes much to the increasing concentration of atmospheric nitrous oxide. Thus, agricultural land
is very important eco-system as main anthropogenic sources of methane and
nitrous oxide. So it is needed to mitigate methane and nitrous oxide
emissions from agricultural ecosystem.
Paddy-upland rotation system is characterized not only change in kinds of
crops but also in oxidative-reductive conditions in soil. However, there are
little informations in regard to methane and nitrous oxide emissions from
crop rotation fields in different to succesive cultivation field.
In this study, we present the results of paddy-upland rotation fields
measurements of methane and nitrous oxide emissions.

MATERIALS AND METHODS
1. Field and crop management
The experiment was conducted to fields at Fukushima Agri.Expt.Stn., in
Japan. The soil type of fields was Grey Lowland soil. Table 1 shows the
recent crop management at the experimented fields. Nitrogen fertilizers
(rice: 0.6, soybeen:0.15, cabbage:2.OkgN/a) were applied as basal fertilizer
and nitrogen of 0.2kgN/a was applied to rice field as topdress. Rice straw
of 60kg/a and residues of upland crops were plowed-in soil just after
harvest, except rice straw of '92. It was plowed just before submerged in
spring. Rice and cabbage were planted in May and June, respectively, and
harvested both in October. Soybeen was seeded in June and harvested in
November.
2. Measurements of methane and nitrous oxide emission
The closed chamber method was used for the measurements of methane and
nitrous oxide emissions from the fields. The emission rate was calculated
from the temporal increase of methane and nitrous oxide concentrations within the chamber during the measuring period. The air within the chamber was
collected by tedlerbag. Methane and nitrous oxide concentrations of the air
samples in the tedlerbag were determined by using a gas chromatograph
equipped with FID and ECD, respectively. Annual emissions of methane and
nitrous oxide were estimated from the integration of the seasonal variation
of the emission.
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RESULTS
T a b l e 2 shows annual m e t h a n e and nitrous oxide emissions from crop r o tation and succesive paddy fields during crop growth season.
Methane emission
1) M e t h a n e was emitted mainly from paddy field. Emission of m e t h a n e from
upland field was n e g l i g i b l e , and m o r e , m e t h a n e was absorbed to soil from
atmosphere.
2) M e t h a n e emission was suppressed when paddy field was rotated to upland
field.
3) The a p p l i c a t i o n of rice straw increased in m e t h a n e emission from paddy
field d r a s t i c a l l y . M e t h a n e emission from c a b b a g e preceding paddy field was
much than soybeen preceding.
Nitrous oxide emission
1) Nitrous oxide e m i s s i o n from upland fields was much greater than that
from paddy field d u r i n g crop growth season.
2) N i t r o u s oxide e m i s s i o n from cabbage field (much nitrogen f e r t i l i z e r )
was greater than soybeen field (less nitrogen f e r t i l i z e r ) .
3) N i t r o u s oxide w a s a b s o r b e d slightly by flooded water and paddy soil
from a t m o s p h e r e .
T h e r e f o r e , it seems likely that crop r o t a t i o n is effective field m a n a g e ment system for m i t i g a t i o n of methane and nitrous oxide e m i s s i o n s from agricultural land.

Table 1. History of crop m a n a g e m e n t
rotation-1
1989
1990
1991
1992
1993

rotation-2

rice
soybeen,cabbage
rice
rice
rice

rice
soybeen,cabbage
rice
soybeen,cabbage
rice

paddy
rice
rice
rice
rice
rice

T a b l e 2. Annual e m i s s i o n s of m e t h a n e and nitrous oxide
rotation-1
CH4

rotation-2

paddy

(g/m2/yr)

1992
1993

chem. straw
3.74
7.28
chem. straw
2.81
6.19

soybeen
cabbage
0.001>
-0.005
*soybeen pre.*cabbage pre.
0.59
1.15

chem.
5.83
chem.
1.68

straw
30.50
straw
13.06

N20 (mgN/m2/yr)
1992

1993

soybeen
170

chem. straw
0.3 -0.2

cabbage
706

*soybeen pre.*cabbage pre.
1.8
-0.5

chem. straw
0.1
0.3

*) cabbage(soybeen) pre. :cabbage(soybeen) preceding paddy field
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Carbon Sequestration in the Central Great Plains under
Different Cropping and Tillage Systems
Rudy Bowman* , M. F. Vigil, A. D. Halvorson, R. Anderson, S. Hinkle, and
D. Nielsen. USDA-ARS, P. O. Box 400, Akron, CO, 80720, USA.

Introduction. The conversion of Great Plains grasslands to clean-till small grain farmlands
since the mid to late 19th century has resulted in extensive loss of the native soil organic carbon
(Haas et al., 1957; Campbell and Souster, 1982; Bowman et al., 1990). These losses occurred
primarily because of wind erosion from lack of surface crop residue, and because of
decomposition of existing organic matter through increased aeration from tillage. On a global
basis, with about 40% more organic carbon (OC) residing in the soil organic matter than in the
terrestrial plant biomass (Jenkinson, 1981), it is easy to see how the conversion of grassland
(high source of sequestered OC) to wheat-fallow (low OC input) could create over time a
significant increase in global C0 2 . Conversely, management practices which increase net
biomass production could reverse this trend and provide additional monetary and soil stability
benefits. This paper reports on such practices which are being conducted at the Central Great
Plains Research Station in Akron, Colorado.
Materials and Methods. Plot studies were initiated in 1990 on a previously cropped (wheatfiHn«') Weld silt loam (Fine, mnntmorillonitic. mesic aridic Pal eu stol Is) tn determine . amnur
other factors, the effects of different cropping intensities (2- to 4-year cycles with fallow, and
selected continuous cropping) and tillage systems (conventional- (tilled only), reduced(herbicides and tillage), and no-till (herbicides only)) on OC, nutrient, and pH changes. Twenty
different combinations (from the control conventionally tilled winter wheat-fallow to wheat-cornmillet-fallow) were replicated three times on plots 9.1 m X 30.5 m. Data for soil OC, N, P,
and pH, were collected in May, 1993 at the 0 to 5 cm and the 5 to 15 cm depth on all 180 plots,
and on selected adjacent grassland areas. Bulk density, CEC, and depth to lime were collected
on selected treatments. For this report, carbon dynamics were evaluated on cropping treatments
that were common to the reduced and no-tillage systems. Organic carbon and nitrogen were
determined on a CN analyzer.
Results and Discussion. Since the plots were not broken out from native grassland areas,
about 40% of the soil OC was already lost compared to adjacent grasslands. There was also a
significant drop in pH in these plots compared to the native site. Even though the data are still
very preliminary, certain trends are becoming apparent. In the 0-5 cm depth, the no-till and
reduced-till showed a 25 and 14% increase in OC, respectively, over the conventional till.
Adjusted for 0-15 cm, this increase was only 11 and 6%, respectively, since the bulk of the OC
lost was in the top 5 cm (erosion and decomposition). This no-till increase over the conventional
till corrected for bulk density at the 15-cm depth represented about a 1000 kg OC/ha/3y
(increase of soil OC concentration from 6.4 mg/kg to 7.0). Irrespective of tillage systems,
increase in cropping intensities also increased soil OC with the continuous cropping averaging
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slightly more than the composite no-till average. Certain crops, however, may still require a
fallow for adequate yield because of high water use (depletion) by the previous crop. Generally,
millet rotations were higher in OC and nutrients than other rotations. The more intensive
sequences with minimum- or no-till, if adapted by most farmers in the Great Plains, should
provide not only long-term sustainability, but also a sink for atmospheric C0 2 because of slow
soil organic matter buildup.
Literature Cited.
Bowman, R. A., J. D. Reeder, and R. W. Lober. 1990. Changes in soil properties in a central
plains rangeland soil after 3, 20, and 60 years of cultivation. Soil Sci. 150:851-857.
Campbell, C. A., and W. Souster. 1982. Loss of organic matter and potentially mineralizable
nitrogen from Saskatchewan soils due to cropping. Can. J. Soil Sci. 62:651-656.
Haas, H. J., C. E. Evans, and E. F. Miles. 1957. Nitrogen and carbon changes in Great Plains
soils as influenced by cropping and soil treatments. Tech. Bull. no. 1164, USDA. U.S.
Government Printing Office, Washington, DC.
Jenkinson, D. S. 1981. The fate of plant and animal residues in soil. p. 505-560. In The
Chemistry of Soil Processes (ed.) D. J. Greenland and M. H. B. Hayes, John Wiley and Sons
Ltd.
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Residence Time of Carbon in Physical Fractions of the Soil
G.A. Buyanovsky*, and G.H. Wagner. Department of Soil and Atmospheric
Sciences, University of Missouri, Columbia, MO, 6521J, USA
Introduction. Soil organic matter (SOM) is a highly heterogenous pool which includes
numerous carbonaceous compounds. These range from easily mineralizable sugars to very
complex and recalcitrant products of microbial transformations. Residence times of carbon
in these components of SOM vary from minutes to hundreds of years. Modeling of carbon
flow through this extremely complex material requires its subdivision into more or less
homogenous compartments each with a particular residence time of carbon.
Fractionation of soil by aggregate size using dry or wet sieving is the least disruptive
method of separation of organo-mineral complexes. In one of our long-term experiments
with field labeling we traced distribution of '4C from labeled plant residues into different
fractions of individual particles as well as natural aggregates over a time period of four
years.
Materials and Methods. A soybean crop (Glycine max L) was grown on replicate plots. In
summer of 1985, the plots were covered with clear polyethylene tents and labeled with
' 4 C0 2 . The next spring residues were incorporated into the soil by hand, simulating disking.
During the following four years, soil was sampled five times, separated into aggregate
fractions by a wet sieving technique and the activity of 14C incorporated was measured using
a liquid scintillation technique(l). For long-term dynamics of SOM, we utilized '3C natura!
abundance. Historical samples from different plots of Sanborn Field, cultivated during the
last 100 years to wheat, corn and timothy, were analyzed for "C/' 2 C ratio after particle-size
fractionation.
Results and Discussion. Up until spring tillage, most of the plant material was in the form
of large (> 2.0 mm) pieces of stems laying on the ground. During disking, pieces were
crushed and mixed with the soil. Subsequent sampling showed that plant residue fractions 20.2 mm and 0.2-0.053 mm reached their quantitative maximum immediately after cultivation
Specific activity of vegetative fragments 2-0.2 mm was the highest in late fall after harvest.
Changes of specific activity in smaller vegetative fractions (0.2-0.053 mm and 0.053-0.025
mm) show "flow" of the label from the larger pieces of residue to the smaller ones.
Maximum specific activity for the fraction 0.2-0.053 mm was observed after soil preparation
for next planting, and for the fraction 0.053-0.025 mm by the fall of the second year.
Carbon turnover time for the coarse vegetative material was about 1 year, for the
fraction 0.2-0.053 mm was 1 to 2 years, and for the finest fraction up to 3 years.
Radioactivity recovered in aggregated soil material the first spring after labeling was
40% of the total '4C residing in the soil(l). Most of this carbon was found in
macroaggregates which comprised 80% of the total aggregated soil material. The three
fractions of macroaggregates showed significant differences in label incorporation and
residence time. Fractions 2-1 and 1-0.5 mm had the widest C:N ratio. Residence time of
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TABLE 1. Decay Rates and Mean Residence Times for Labeled Carbon in Various
Aggregate Fractions for Period of 18 Months after Incorporating Labeled Residues.
Fraction

k

Residence time

mm
Macroaggregates

yr'

y

2-1

1.26

1

1-0.5

0.65

2

0.5-0.25

0.38

3

Microaggregates
0.25-0.1

0.17

6

Non-Aggregated Soil

0.17

6

carbon in these fractions varied with aggregate size (Table 1). For the fraction 0.5-0.25
mm, calculated residence time of carbon was about 3 years. Organic carbon in
microaggregates had a residence time 6 years. Carbon associated with non-aggregated soil
showed the same residence time as microaggregates, about 6 years.
Ultrasonification was used to destroy microaggregates and release fine silt (25 to 2
jj.m) and clay (< 2 /xm). Total 14C activity associated with silt and clay particles was low
and relatively constant throughout the period of study. For both silt and clay particles the
maximum amount of 14C and the highest specific activities were observed at one year after
harvest of the labeled crop. Relative label for the fine silt fraction progressively increased
and by two years after harvest had doubled. The proportion associated with clay particles
increased only slightly. Residence time of 14C in these fractions demonstrated a
comparatively short cycle of less than 10 years.
Studies of '3C natural abundance in different particle fractions of the soil showed that
for the first 25 years or more following the introduction of cultivated crops in the virgin
prairie, there occurred a marked decline in level of SOM. Turnover of carbon associated
with both silt and clay during the initial 27 year period showed a relatively rapid change
suggesting the major involvement of labile pool SOM. Rates of replacement corresponded to
mean turnover times of 50-90 years. Subsequently, after the large pool of labile paririe
SOM had been lost, mean turnover time was 400 to 1600 years. In both time periods and
for soil cropped either to wheat or to timothy the turnover of carbon associated with fine silt
(2-25 jtm) was generally 2 times faster than that associated with clay.
Size fractions of soil material from our studies were classified in accord with
residence time of carbon, and showed a good fit to theoretical SOM pools used in modeling.
Literature Cited.
(1) Aslam, M. 1992. Distribution and turnover of 14C-labeled soybean residues incorporated
into water-stable soil aggregates. Ph.D. dissertation, University of Missouri.
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Carbon Sequestration in Soil Separates as Related to Corn
or Soybean History
R.R. Allmaras*, C.E. Clapp, D.R. Huggins, S.M. Copeland, J.A. Lamb, and
R.H. Dowdy. USDA, Agricultural Research Service and University of Minnesota,
St. Paul, MN 55108, USA.
Introduction. Increased atmospheric C0 2 has prompted a renewed interest in soil/crop
management to increase C retained in the soil reservoir (2). Corn (Zea mays L.) and soybean
(Glycine max L.) impart a different water stable soil structure (4), have a different label of 13C:12C
(1), and occupy a major production area in the United States as a two-crop rotation. Different
influences on water stable soil structure suggest different soil carbon relations, which can be
evaluated using the label of 13C:12C. Mimic of soil structural stability in water requires physical
inputs of energy in water to achieve various stages of dispersion (3).
Materials and Methods. Soil samples were taken in midsummer of 1990 from the 0 to 15-cm
depth of the Ap layer in a field experiment with 14 crop-sequence treatments initiated in 1981 on
a Webster clay loam (fine-loamy, mixed, mesic Typic Haplaquoll). Samples were taken midway
between rows in traffic-free interrows. All treatments except permanent fallow had some
combination of soybean (C3 species) and corn (C4 species). Fall moldboard plowing was the
primary tillage with traffic control during uniform secondary tillage and planting. After analysis
of total C and ö13 C on whole soil, soil samples from continuous soybean and continuous corn
were separated into particulate organic matter (POM) and five mineral fractions: sand, coarse silt
(Co Si), fine silt (F Si), coarse clay (Co CI), and fine clay (F CI). A low-energy sonication was
used to separate POM from the mineral fraction and a higher energy sonication to separate
mineral separates. Total C and ö13 C were determined using a elemental carbon analyzer
interfaced with an isotope ratio mass spectrometer.
Results and Discussion. Recovery in the various separates was the same in both cropping
systems, but more POM was recovered in continuous corn than continuous soybean (Table 1).
A standard texture analysis using chemical oxidation of organic matter and chemical dispersion
yielded 38, 32, and 30% sand, silt, and clay, respectively. The final sonication did not have
sufficient energy to completely disperse the silt fraction (Table 1). The POM constitutes about
8% of the 2.2% C in the whole soil and is roughly xh of annually incorporated crop residue. The
POM contained mineral impurity since the C4 carbon in POM ranged from 82% in continuous
corn to 28% in continuous soybean—the original C4 component of soil carbon is about 60%.
Recovery of C in the separates was 91 and 94% based upon total C and ö13 C, respectively. C
content of the various fractions based upon crop history was not different, but with the same
energy input the proportion of C from C, sources was inversely proportional to mineral particle
size in the continuous corn whereas the proportion of C from C3 was directly related to particle
size in the continous soybean. These analyses demonstrate that organic matter from soybean had
more affinity than corn for the larger particle classes. Soybean residues contain more fats and
oils than corn residues, which may influence the proportion of aromatic carbon in the residual
humic substances. Further analyses are in progress to explain the difference in terms of
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macroaggregate versus microaggregate reactions contributing to soil structure after corn compared
to soybean.
References.
(1) Balesdent, J., A. Mariotti, and B. Guillet. 1987. Natural 13C abundance as a tracer for
studies of soil organic matter dynamics. Soil Biol. Biochem. 19:25-30.
(2) Barnwell, T.O. et al. 1992. An approach to assessment of management impacts on
agricultural soil carbon. Water, Air, and Soil Pollution 64:423-435.
(3) Cambardella, C.A. and E.T. Elliott. 1993. Methods for physical separation and
characterization of soil organic matter fractions. Geoderma 56:449-457.
(4) McCracken, D.V., W.C. Moldenhauer, and J.M. Laflen. 1985. The impact of soybeans on
soil physical properties and soil erodibility. p. 988-994. In R. Shibles (ed.) World Soybean Res.
Conf. Ill Proc. Westview Press, Boulder, CO.
Table 1. Total and 613 carbon in soil separates as related to 10-year history of continuous
corn or continuous soybean.
Continuous Sovbean

Continous Corn
Separate

% of
Sample

c
(mg/g)
404

13

i of

C

Ö13C

nple

(mg/g)

(%o)

-12.0

-

423

-26.4

-14.6

0.1

240

-22.4

6 C
(%«)

(Plant residue)

-

POM

0.2

Sand

37.0

1.2

-19.4

39.2

0.9

-21.7

Co Si

14.2

4.3

-19.0

16.0

6.0

-19.9

F Si

23.9

29.6

-17.6

20.7

39.7

-18.4

Co CI

6.6

59.2

-17.6

6.9

45.9

-17.8

F CI

18.3

41.0

-16.4

17.1

44.4

-17.4

(whole soil)

-

22.7

-17.3

-_

21.8

-18.4

212

Mean CV for total C in separates = 29%; mean CV for total C in whole soil = 5%;
mean CV for 8" C in separates, whole soil, and plant residue = 2.6%.
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CARBON AND YOUNG CARBON DISTRIBUTION IN
AGGREGATES OF SILTY CULTIVATED SOIL
P. PUGET* (1), C. CHENU(l) and J. BALESDENT(1)(2).
(1) INRA, Science du Sol, 78026 Versailles, France
(2) INRA-UPMC, Laboratoire de Biogéochimie Isotopique, CNRS UA 196, T26 4E,
75252 Paris Cedex 05, France
Introduction. Soil Organic Matter (SOM) is known to be one of the principal factors responsible for
aggregate stability. Cultivation practices, especially in intensively managed systems, lead to a
reduction in organic Carbon (C) contents (1). Losses of C are correlated to the deterioration of soil
structure and increase in erodability. Soil structure protects SOM and influences its turnover. How
different soil fractions are impacted by cultivation and how they are related to changes in organic C
contents deserves to be scrutinised. Tisdall et Oades (1982) presented a conceptual model of soil
structure of mineral grassland soil. The model describes the association of SOM with 3 levels of
physical units : primary particles, microaggregates and macroaggregates (> 250 urn). They have
shown that reduction in aggregate stability is most pronounced in soil macroaggregates, while the
stability of microaggregates remains unchanged. Stable macroaggregates have a higher organic C
content (2)(3)(4) and this OM is more labile than that associated with microaggregates (3).
The purposes of this study were to investigate : (i) the distribution of organic C in different aggregates
classes of silty soil as function of their size and stability ; (ii) the distribution and the proportion of
young organic carbon in size aggregate fractions.
Materials and methods. Soil was collected from an experimental site at Boigneville, in the Paris
area. The soil is a Hapludalf developed on loess and the top soil contains 22 % clay. Since 1970, soil
is managed by superficial tillage and cultivated with maize crops.
This study is based on the following methods :
Different sieving procedures were used in order to obtain aggregate distribution and to assess the soil
stability while putting emphasis on water action : dry sieving of air-dried aggregates, wet-sieving of
air-dried aggregates, wet-sieving of capillary-wetted aggregates. Prior to carbon analysis, the
aggregates were crushed in a mortar and passed through a 200 um sieve in order to separate plant
residues and sand. Total organic C was determined using dry combustion with the CO2 measured
coulometrically.
Carbon isotope ratio were analysed in a mass spectrometer. Isotope ratios are expressed as S^C
values. The succession of C3 / C4 vegetation on the soil allowed to distinguish between a "young"
organic C resulting from maize crop (C4 vegetation : 8 ^ c # -12 %o), and an older one (C3
vegetation, 8 13 C # -23 %>). Their ages are respectively lower or higher than 22 years (1).
Results.
1. Aggregate size distribution for capillary-wetted soil was not different from the one obtained for dry
soil.
2. Slaking treatment reduced the amount of soil in the millimetric macroaggregates and redistributed
most of the material into microaggregates but also into particles < 50 urn (Fig. 1)
3. Organic C distribution showed that all macroaggregates classes had the same C content for both
dry-sieved and capillary-wetted soil. Microaggregates in the 200 - 50 um size class had more organic
C than macroaggregates and the particles <50 um were very poor in organic C (Fig. 2).
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4. Textural fractions of dry sieved aggregates were very similar except for the % sand that is higher in
microaggregates and for % clay ,which is lower in size class <50 urn (Fig. 3).
5.Organic C concentrations in silt and clay fractions were the same in all dry-separated-aggregates
size classes. However, silt fraction of size class < 50 txm had less organic C
6. Macroaggregates stable to slaking were relatively enriched in C.
7. Analysis of the isotopic composition of C showed that young and older C were homogeneously
distributed among aggregates separated by dry-sieving. But stable macroaggregates after slaking were
relatively enriched in young C with a 5 13 C close to that of maize vegetation (Fig. 4).
Conclusion. Soil aggregates separated by dry sieving do not exhibit the same textural composition
nor the same reaction to water. Macroaggregate size class were similar, whereas microaggregates had
a greater proportion of "sand" (i.e. sand plus plant residues), which explains the higher organic C
content. Fraction < 50 urn contained mainly silts, poor in associated SOM.
Slaking treatment selected water-stable aggregates that had more organic C and this C is younger.
This study confirms that the loss of structural stability may be related to the loss of organic C and
suggests that young SOM plays a decisive role in maintaining aggregate structure.
Literature Cited.
(1) J. Balesdent, A. Mariotti and D. Boisgontier. 1990. Effect of tillage on soil carbon mineralization
estimated from 13C abundance in maizefields.J. Soil Sci. 41:587-596.
(2) J.M. Tisdall and J.M. Oades. 1982. Organic matter and water-stable aggregates in soils J Soil
Sci. 33:141-163
(3) E.T. Elliott. 1986. Aggregate structure and carbon, nitrogen, and phosphorus in native and
cultivated soils.Soil Sci. Soc. Am. J. 50:627-633
(4) C.A. Cambardella and E.T. Elliott. 1993. Carbon and nitrogen in aggregates from cultivated and
native grassland soils. Soil Sci. Soc. Am. J. 57:1071-1076.
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Carbon and nitrogen flows in the root zone of barley
(Hordeum vulgare L)
E. Zagal. Department of Soil Sciences, Swedish University of Agricultural
Sciences. Uppsala Sweden.
Introduction. Microrganisms obtain energy and C from organic materials in roots, plant
residues, and native soil organic matter. Since nitrogen transformations in soil are mainly
carried out by microorganisms, related research in the root-zone should be approached by
studying below-ground C and N flows at the same time as the soil microflora is being
investigated. Some soil N transformations are only carried out by a small number of species
(e.g. nitrification, N2 fixation). However, heterotrophic microorganisms are responsible for
the internal cycling of N in soil which means that nearly all soil microbes are involved.
The work described here has focussed mainly on characterizing how interactions between
living plants and microorganisms influence soil N transformations, especially those involved
in the internal N cycle. To achieve our objectives required that both C flows and Ntransformation processes in the system be quantified.
Material and Methods. Advanced isotope technique, employing both l4C and 15N, was used
to quantify the production and flow of C below ground, nitrogen partitioning in the plant-soil
system, and the extent of immobilization-mineralization processes. Pots experiments were
conducted in a growth chamber with a C02-atmosphere (homogeneous labelling; Zagal et al.,
1993). The experimental pots used in the growth chamber consisted of stainless steel
containers in which a frame with soil was placed. In one first experiment two levels (high and
low) of N were applied (Zagal et al., 1993), whereas in a second experiment two levels (high
and low) of light intensity (I) were used (Zagal, 1994). In the latter the soil organic matter
had been labelled, by means of a 200-day incubation with '5N. The pots were sealed to keep
the root-soil compartment separated from the shoot atmosphere. 15N was used to quantify the
fate of N and to quantitatively describe N flow rates in the plant soil system. To quantitatively
describe flow rates in the plant-soil sytem, principles of pool dilution and changes in 15N pool
abundances were used in conjuction with mathematical modelling. Differential equations
describing the rates of change in the total N and "N pools were solved by using numerical
simulation. The technique was combined with an optimization procedure (Zagal et al., 1993).
Results and Discussion. Carbon amounts measured below ground varied depending on
experimental conditions and plant phenology. In general, the proportion of the net 14Cassimilated that was transferred below ground ranged from 25 to 50%. Values tended to be
lowest in mature plants and highest in young plants. These results are largely in agreement
with those reported in the literature.
The basic assumption in the pot experiments was that nitrogen transformations in the root
zone were influenced by the amount of C available for microorganisms below ground. It was
expected that amounts of C transferred below ground or released (rhizosphere respiration +
soil biomass + soil residue) would be higher in the high-N and high-I treatments. The release
of '4C, measured as the proportion of the total '4C translocated below ground, was higher in
the high-N treatment (Zagal et al., 1993)), as expected, but the differences between treatments
were small. Results in the other experiment (light intensity, Zagal, 1994) were consequent
with expected results.
Two different approaches were used to determine effects of interactions between plants and
the soil microflora on soil N transformations. In the first experiment (Zagal et al., 1993)
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gross mineralization (m) and gross immobilization (/) rates were quantified. In the second
experiment (Zagal, 1994) net amounts of N immobilized and/or net amounts of N mineralized
were measured.
Our results (Zagal et ah, 1993) were not conclusive in demonstrating that high-N levels
stimulate the decomposition and microbial utilization of root-released materials. Both in the
high-N treatment and in the low-N treatment, 80% of the released '4C was respired and 20%
was deposited as biomass or soil residue. Therefore, it was not possible to conclude that
microbial processes were retarded at the low soil-N supply level. Furthermore, the level of
native C mineralization was elevated at the lower N level, which was in accordance with
calculated rates of gross mineralization (m) and gross immobilization (/) and indicated that the
internal circulation of N was more pronounced in the low-N treatment than in the high-N
treatment. In the second pot experiment (Zagal, 1994) rates of N mineralization (measured as
plant uptake of l5N) varied depending on the C supply, which is consistent with the hypothesis
that roots induce mineralization (Clarholm, 1985). Only small amounts of N were
mineralized, presumably because it was stabilized to a large degree during the 210 days of
soil incubation previous to the pot experiment. This suggests that the importance of this
mechanism is related to the degree of stability of N in the soil. Nevertheless, the rate of
mineralization of labelled stabilized N was higher than that of unlabelled stable soil N.
The experimental work performed in these experiments showed that under low-N soil
conditions, interactions between living plants and microorganisms, enhance the decomposition
of native soil organic matter. In the earlier experiment investigating the influence of the Nsupply level on the rate of organic matter decomposition, the decomposition rate was higher at
the low-N level. This was attributed to the inhibitory effect of high-N level rather than to the
enhancing effect of low-N level.
Literature cited.
(1) Clarholm, M. 1985. Possible roles for roots, bacteria, protozoa and fungi in supplying
nitrogen to plants. In Ecological Interactions in the Soil. Special Publication No. 4 of the
British Ecological Society (eds. A.H. Fitter, D. Atkinson, D.J. Read & M.B. Usher), 355365. Blackwell, Oxford.
(3) Zagal, E., Bjarnason, S. & Olsson, U. 1993. Carbon and Nitrogen in the root-zone of
barley (Hordeum vulgare L.) supplied with nitrogen fertilizer at two rates. Plant and Soil 157,
51-63.
(4) Zagal, E. 1994. Influence of light intensity on the distribution of carbon and consequent
effects on mineralization of soil nitrogen in a barley {Hordeum vulgare L.)-soil system. Plant
and Soil (in press)

M-riaid 'a

291

INFLUENCE OF PASTURE ON THE ORGANIC
FRACTION IN A DEFORESTED SOIL OF EASTERN
AMAZONIA
M.A. Diaz-Burgos1»2, F. Andreux2, J.A. Diez1 and A. Polo1.
(1) Centro de Ciencias Medioambientales (CSIC), Madrid, Espana.
(2) Centre de Pédologie Biologique (CNRS), Vandoeuvre, France.
Introduction: The traditional land used in the Amazon Basin is based on the clearing and burning
of the aerial biomass. After these practices, the soil was used for crops or pasture management. The
introduction of pasture is considered to be one of the main factors for the alterations of the natural
ecosystem (1,2): alteration in the activity of soil microorganisms (3), in soil porosity (4),
modifications in the amount and nature of soil organic matter (5) and changes in the soils fertility
(6).
In the present work, the influence of stablishing pastures with regard to the composition of soil
organic matter and biochemical characteristics of humic acids were evalued in a pasture of different
ages.
Material and Methods: The studied area was selected on a farm located in Paragominas (Para
state). The soil (Latosssolo amarelo in the brazilian classification) is characterized by 70-80 % clay
content (mainly kaolinite). Native forest and five-, teen- and five-teen-year-old pastures were
chosen.
The humic and fulvic acids of soils were extracted with alkaline sodium pyrophosphate and
sodium hydroxide solutions by a procedure described by Dabin (7) and carbon content was
determined by combustion in a Carmhograph-12.
The elemental analysis was carried out in a closed furnam coupled to a CHN Carlo Erba. The
molecular sizes of humic acids were determined on Sephadex G-100 (8); The E4/E6 ratios were
determined of a solution of 136 mg C/ml in 0.02N NaHCC"3, measuring the optical densities at 465
and 665 nm on a spectrophotometer. The IR spectra (KBr pellets with 2.0 mg sample of humic
acids) were acquired in the 3400-1200 cm"' range on a Perkin-Elmer spectrophotometer.
A CDS Pyroprobe 190 was used to perform the pyrolysis which was directly coupled to a Carlo
Erba 6000 Gas-Chromatograph; method after Diaz-Burgos (9).
Results and Discussion. A reduction of the carbon content, in comparison with the natural
forest, was observed. The nitrogen was the element most affected, since there was an important in
its amount These changes mainly concerned ketone groups and secondary amides present in humic
structures since, as the IR spectra demonstrated, these groups diminished or even disappeared when
the natural forest was turned into
pasture.
A reduction in molecular size
Acetic
of humic acids combined with an
increase in the degree of
O Benzen
condensation was observed in the
0 Pyrrole
chronosequence.
The referent forest did not
Toluene
show a clear predominance for a
Furfural
pyrolytic fragment since, as we
have seen (Fig 1), all fragments
Phenol
are equi-abundant. As the years
Forest Pasture-5 Pasture-10 Pasture-15
of the pasture system go by, a
Fig. 1 Relative Abundance(%) of pyrolytic fragments,
slight predominance of toluene apperars. This increase was related with the increase of microbial
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activity.
The benzene/toluene ratio indicate that turning to pasture makes the humification process
intensity increase in the pasture system at the same time as a increase in the mineralization process
occurs (reduction of the furfural/pyrrole ratio). However, together with variations a sligth tendency
to increase aromatic forms is observed.
As regards the system's ordes (diversity index) a slight tendency to increase is observed but not
with a sufficient difference as to observe a selective process.
Acknowledgements: This study has been supported by the E.E.C. Project (STD2*0301-F)
"Dynamics of soil organic matter in the Amazoniam ecosystem and after deforestation: basis for
efficient agricultural management". The authors wish to acknowledge the scientific assistance of Dr.
C.C. Cerri, coordinator of this project.
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The Dynamics of Soil Organic Matter Changes Resulting from
Cropping
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Introduction. Crop production worldwide has generally resulted in a decline in soil organic matter
levels and a concomitant decline in soil fertility. Production levels have been maintained by the use
of inorganic fertilisers, but as the decline in organic matter continues it has become increasingly
difficult to maintain the level and quality of production. This has important implications for the
stability and sustainability of many agricultural production systems.
Measurement of the total carbon in soils can be used to follow the decline in soil organic matter,
but it is an insensitive indicator of the degree of lability of the soil organic matter. A method, or set
of methods, is required which assess the activity of the soil organic matter.
Materials and Methods. Two methods are being evaluated for their ability to measure the
changes in soil organic matter that result from cropping in paired, cropped and uncropped, soils
from sites in northern New South Wales and southern Queensland, Australia.
KMn04 oxidation. This method is based on the method of Loginow et al.(2). Samples containing
15 mg of carbon, as determined by catalytic combustion in an automated nitrogen and carbon
analyser - mass spectrometer system (ANCA-MS), were tumbled for 1 hour in 25 mL of 33, 167
and 333 mM KMn0 4 at 25° C. The samples were centrifuged and the KMn0 4 concentration of the
extracts measured at 565 nm. The oxidation of organic matter is expressed in mg C g_1 and
assumes 1 mM Mn0 4 " oxidises 1 mg C. Four fractions of organic carbon, with different degrees of
lability, were calculated from these three analyses : Fraction I is that part oxidised by 33 mM
KMn04, Fraction II the extra carbon oxidised by 167 mM KMn0 4 , Fraction III the extra carbon
oxidised by 333 mM KMn0 4 and Fraction IV the carbon not oxidised by 333 mM KMn0 4 .
13

C natural isotpe abundance. The second technique involves measuring the natural carbon isotope
ratio of soil organic matter (8I3C) to determine its origin. This technique relies on the different
degree of discrimination against the heavier 13C isotope, in favour of the lighter and more abundant
12
C isotope, that is exhibited by C-3 and C-4 plants (1). The total carbon and 813C were analysed
using an ANCA-MS. Soil which contained significant amounts of inorganic carbon were treated
with orthophosphoric acid to remove the carbonates.
Results and Discussion. Across three sites in northern New South Wales, Australia, the decline in
organic carbon as a result of cropping averaged 44%. Fractionation of the organic carbon indicates
that the decline was not constant across all fractions. The three most labile fractions declined by an
average of 61%. The larger change that occurred in these three more labile fractions, compared to
the total carbon fraction, suggests that this analysis of soil organic carbon has potential to highlight
the small changes in soil organic matter over the short to medium term that result from cropping.

294

The correlation between changes in soil fertility, both chemical and physical, and changes in these
fractions are being evaluated in these and other uncropped and cropped soils from northern New
South Wales and southern Queensland, Australia.
The 813C technique can only be used where there has been a change in the cropping history, either
in comparison to the virgin system or to an earlier cropping system, from C-3 to C-4 species, or
vice versa. Soil samples from cropped and virgin areas around Warra, in southern Queensland,
have been used to evaluate this technique. This area was cleared from brigalow (Acacia
harpophylla), a C-3 leguminous tree, in the early 1900s and quickly become infested with the
prickly pear cactus (Opuntia inermis), a CAM species, until its removal by the larvae of the moth
Cactoblastis cactorum in the 1930s. Following the removal of the prickly pear, the cropped area
from which samples were taken has grown approximately 40 crops of winter cereal and 6 crops of
sorghum.
Comparison with a virgin brigalow site showed a decline in organic carbon from 30.1 mg g_1 to
7.8 mg g"1 as a result of cropping. The 8 ,3 C values for the organic carbon from these two soils
were -24.6%o and -22.0%o, respectively, while the 813C of samples of brigalow leaves was measured
at -28.0%o. The 2.6%c change in 813C with cropping indicates the presence of some C-4 type
material, or possibly a change in isotope discrimination during organic matter breakdown.
Similarly, while the 3.4%o difference between the virgin site organic carbon and the brigalow leaf
may be due to differential discrimination between plant parts or during conversion of the plant
residue to soil organic matter, it is more likely that this also indicates the presence of some C-4 type
organic matter. The most likely candidate for the C-4 type plant residue is the prickly pear, which
uses the CAM photosynthetic pathway and, as a consequence, has a similar isotope discrimination
to C-4 plants. Samples of prickly pear material collected from the site had a 813C of -11.4%o.
Although the infestation of prickly pear was greater in the cleared areas, it did spread into the
uncleared areas and limited numbers of prickly pear are still seen in the uncropped areas.
If the 813C of the original soil organic carbon is assumed to be -24.6%o then the shift of 2.6%o in the
wheat soil suggests that as much as 20% of the greatly reduced amount of organic carbon could be
from plant residues which had a 813C of -11.4%o. If the -24.6%o of the virgin site also includes
some C-4 or CAM type material, then the percentage of organic carbon in the wheat soil that was
derived from the prickly pear residues would be greater than 20%. Irrespective of the actual value,
this constitutes a substantial portion of old, slowly cycling, and therefore relatively inactive,
organic matter.
These two techniques appear to allow direct and indirect estimates of the organic carbon turnover
rate and hence may be used as indicators of the sustainability of cropping systems.
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Correlation of changes in soil organic carbon fractions with
changes in soil physical properties in temperate cropping
systems.
Anthony M. Whitbread, Rod D.B. Lefroy, and Graeme J. Blair*. Department of
Agronomy and Soil Science, University of New England, Armidale, N.S.W 2351,
Australia.
Introduction. The decline of soil organic carbon levels in cropping systems results in a lower
nutrient suppling capacity as well as degraded soil physical conditions. This results in a decrease in
crop yield and quality, an increase in soil erosion and a decline in water quality as a result of
sediment and nutrient loads. Relationships between soil physical conditions and soil organic carbon
fractionation is being developed to aid in the planning and management of more sustainable
cropping systems.
Materials and Methods. A trial was carried out at Duri, on the north west slopes of New South
Wales, Australia, to compare a site with a long cropping history with an uncultivated lightly grazed
site. To assess the soil physical status of each site, hydraulic conductivity was measured with a disc
permeameter at four tensions (1). Aggregate stability to wetting was measured using a wet sieving
technique with five sieve sizes (2000, 1000, 500, 250, 125 |im). The more labile soil organic
carbon in the whole soil samples and each particle size fraction was measured by oxidation with
333mM KMn0 4 (2).
Results and Discussion. Total carbon in the 125-2000 |im fraction decreased from 4.07% at the
grazed site to 1.71% at the cultivated site. Hydraulic conductivity measured at 10 and 20 mm
tension revealed a significant decline in macroporosity due to structural collapse (Figure 1).
Hydraulic conductivity at 10 mm tension decreased from 210 mm hr 1 at the grazed site to
86 mm hr 1 at the cultivated site. Hydraulic conductivity at 30 and 40 mm were not significantly
different between sites, indicating no significant change in the quantity of smaller pores.
Wet sieving, using immersion wetting, revealed a 5.4% decline in water stable aggregates
>2000 u,m with cultivation Table 1). There was a corresponding 8.3% increase in the <125um
fraction in the cultivated soil. These results demonstrate the structural degradation of the soil due
to destructive cropping practices.
There was a significantly higher % total carbon in each aggregate size fraction in the grazed than in
the cropped soil and a significantly higher proportion of the carbon in the three fractions >500 pm
was oxidised by 333mM KMn0 4 in the fractions >500 ^m. This labile carbon component of is
responsible for much of the binding of particles into aggregates (eg polysaccharides, roots and
fungal hyphae). The higher labile C in these fractios correlates with greater aggregate stability of
the grazed soil (Table 1).
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Figure 1: Hydraulic conductivity (mm hr 1 ) for grazed and cultivated sites at four tensions.
Table 1: Aggregate stability, percentage total carbon (%C), and percentage of total carbon
oxidised by 333mM KMn04 (Labile C)for each particle size fraction after wet sieving.

Sieve (urn)
2000
1000
500
250
125
<125

Grazed
% soil on sieve %C
4.62
27.0
4.09
13.3
10.0
4.71
3.39
18.6
12.8
3.43
*
18.3

Labile C
25.8
25.8
26.8
26.8
23.5
*

Cultivated
% soil on sieve %C
21.6
1.61
14.9
1.36
9.6
1.90
13.1
2.16
14.2
1.72
*
26.6

LabileC
22.3
22.0
23.5
25.3
24.5
*

•Analysis not preformed.

Total nitrogen content of the soil in the 125-2000nm fraction decreased from 0.42% N on the
grazed soil to 0.18%N on the cultivated soil. Therefore, the nitrogen supplying capacity of the
cultivated soil has been dramatically reduced with serious implications for grain quality.
These results demonstrate the serious impact of continuous conventional cropping techniques on
organic carbon levels and soil structure. The widespread decline in crop yield and grain quality in
many major grain producing regions can, most likely, be explained by similar declines in soil
chemical and physical fertility.
Literature Cited.
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determining unsaturated hydraulic conductivity. Soil Science Society of America Journal
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Soil Organic Matter Mineralization in Four Cropping
Systems.
Alejandro Moron* and Walter E. Baethgen. Soils Department,
Estanzuela, C.Correo 39173, Colonia, Uruguay; International
Development Center, PO Box 2040, M.Shoals AL, USA.
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Introduction. Soil organic matter (SOM) is a key factor affecting the sustainability of
agricultural systems. Soil and crop management practices can increase or decrease
SOM content (2). Production systems based on conventional tillage usually result in
significant reduction of the SOM levels. On the other hand, the changes in the
atmospheric C0 2 which became apparent in the last decades are also related to soil and
crop management practices. Understanding the carbon (C) cycle in different agricultural
systems will allow the development of soil and crop management practices regarding
agronomic and ecologie considerations.
The objective of this research was to measure organic C mineralization in situ in
four crop-pasture rotation systems of SW Uruguay.
Materials and Methods. The production systems were selected from a long-term
experiment which was established in 1963 in "La Estanzuela" Experimental Station,
Uruguay, on a silty clay loam Mollisol. Four contrasting crop-pasture rotation systems
were selected: (a) cropping system (CS) 1: continuous crops (wheat, barley, sunflower,
sorghum) with no fertilizers; (b) CS-2: continuous crops (same crop sequence as CS-1)
with N and P fertilizers; (c) CS-5: a 6-year sequence fertilized with N and P, with 50% of
the time under crops (same as CS-1 and CS-2) and 50% under grass-legume pastures;
(d) CS-7: a 3-year sequence fertilized with N and P with 67% of the time under crops and
33% of the time under red clover. Conventional tillage was used to plant the crops and
pastures in all CSs. All plots were under crops (wheat or barley) when the research
reported in this paper was established. The treatments (CSs) are allocated in three
randomized complete blocks, with plots measuring 25m x 200m.
Carbon mineralization rates were determined daily for 14 days during two periods:
one in winter and the other one in spring 1992. Two areas measuring 1.5m x 22.4m were
marked in two replication of each CS, and the plants in those areas were hand removed
a few weeks before the experiment started. Ten mineralization determinations were
performed daily in each plot for the four CSs. Metallic cylinders (0.25m diameter and
0.28m height) were placed in the soil (0.02-0.03m deep). One glass beaker containing
1M NaOH was placed inside each cylinder to trap the C0 2 evolving from the soil. Each
day the excess NaOH in the beakers was titrated with HCI to determine C0 2 and the
beakers were replaced with new NaOH solution. The same procedure was used to
determine the C0 2 present in the air by placing NaOH beakers inside closed cylinders
which were not in contact with the soil. More details about the technique can be found
in Anderson (1). Soil temperature was monitored daily with geothermographs placed at
0.05m depth.
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Soil moisture content was determined gravimetrically, and soil organic C was determined
in dried ground (<1mm) sample (0-0.2m depth) using K2Cr207 and heat.
Results and Discussion. SOM mineralization rates were much higher in spring than in
winter. Also, the CSs with continuous crops (CS-1 and CS-2) showed lower SOM
mineralization rates than the other CSs (Figure 1). Mineralization rates were highly
correlated with the organic C soil content for both seasons. Regression models were
adjusted for this relationship as follows:
(a) Winter:
C0 2 = -0.13 + 0.25 * Corg, r = 0.90, n = 8;
(b) Spring:
C0 2 = 1.94 + 0.31 * Corg, r = 0.87, n = 8;
where C0 2 = kg C-C0 2 /ha/day, and Corg = g C/kg soil.
Soil temperature was the most important climatic factor affecting mineralization
rates. Mean temperatures for the winter and spring periods were 12.5 and 23.0°,
respectively, with coefficients of variation of 14.9 and 6.6%, respectively. Mean
temperature explained 55% of the total variation in the average mineralization rates for all
CSs (R2 = 0.55, n = 224). Adding a variable accounting for the presence or absence of
pastures in the CS increased the R2 value to 0.73. Soil moisture content only restricted
C mineralization rates when it reached values of 120-130 g H 2 0/kg dry soil.

kg C - C 0 2 / h a / d a y
10

8 -

CS-1

CS-5

CS-2
• B Winter

H

CS-7

Spring

Figure 1. SOM mineralization rates in 4 cropping systems during 2 seasons.
Means with the same letter are not significantly different (LSD 0.05).
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Modeling Long-term Soil Organic Carbon Changes in
Six Cropping Systems of SW Uruguay.
m
W.E. Baethgen *(1), A. Moron * and R.M. Diaz-Rosello (2) .
International
Fertilizer Development Center, PO Box 2040, M.Shoals AL, USA; (2>So/7s
Department, INIA-La Estanzuela, C.Correo 39173, Colonia, Uruguay.

Introduction.
The beneficial effects of soil organic matter (SOM) on soil physical
properties and in the plant nutrient dynamics have been widely recognized. The research
activities in which INIA and IFDC are collaborating in Uruguay are based on the
hypothesis that research on SOM dynamics will contribute to the development of
sustainable agricultural systems for the region.
Long-term experiments are probably the best approach for studying the effects of
agronomic practices on the productive capability of soils. However, due to economic and
practical reasons, long-term experiments are scarce. Well calibrated and validated
simulation models can play a key role to study the evolution of SOM in regions and/or
production systems where long-term experiments are not available. Well documented
long-term experiments are required to calibrate and validate simulation models which can
thereafter be applied to other situations. One of the oldest on-going experiments in Latin
America was established in 1963 in "La Estanzuela" Experimental Station of INIA-Uruguay.
The objectives of the present research were: (a) to identify the most important
factors controlling the changes in soil organic C in the "La Estanzuela" long-term
experiment; and (b) to test the ability of the CENTURY model to simulate those changes.
Materials and Methods. The 30-year-old "La Estanzuela" long-term experiment is
located in SW Uruguay (34°S, 57°W) on a typic, messic, Argiudoll. It includes seven
cropping systems (CS) as follows: CS-1: continuous crops (wheat, sorghum, barley,
sunflower, etc.) without fertilizers; CS-2 and CS-6: continuous crops with N and P
fertilizers; CS-3 and CS-5: 50% of the time under grass-legume pastures and 50% under
crops; CS-4: 67% of the time under pastures and 33% of the time under crops (up to
1983 these proportions were reverted); and CS-7: 33% of the time under pastures (red
clover) and 67% under crops. The seven CSs were allocated in three complete
randomized blocks. Crop sequences are not synchronized in the three replications and
therefore, the year effect is partially taken into account by the experimental design. The
plot size is 0.5ha (25m width x 200m length) allowing for the use of farming equipment
which is similar to the ones used by farmers of the region. At least one soil sample was
analyzed for organic C (K2Cr207 and heat) annually for each plot. CS-3 was not included
in the present research.
The RSQUARE procedure of SAS was used to select the best regression models
in each of the seven CS's. The best model for each CS was defined as the one with the
smallest error mean square, smallest Cp value, and the largest R2 value. The GLM
procedure of SAS was used to estimate the regression coefficients for the adjusted
models.
The CENTURY model (1) simulates the long-term dynamics of C, N, phosphorus
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(P) and sulphur (S) for different plant-soil systems. The model runs in a monthly time
step and uses the following inputs: soil texture, climatic conditions (temperature, and
rainfall), composition and management of plant residues, and initial soil C, N, P and S
levels. CENTURY'S SOM sub-model is based on multiple compartments or pools: (a)
three SOM pools (active, slow and passive) with varying turnover rates; (b) above and
below ground litter pools; and (c) surface microbial pool associated with surface litter
decomposition.
Results. Soil organic C content presented large variation throughout the 30 years of
research. The best models for explaining this variation (Figure 1) included always as
independent variables the number of years under crops (negative effect), the number of
years under pastures (positive effect), and the number of primary tillage operations
(negative effect). In CS-5 the regression models included quadratic coefficients for the
number of years under crops and under pastures. All the estimated regression coefficient
were significant (P<0.05) and the R2 values were always larger than 0.70.
The CENTURY model was then used to simulate the organic C evolution in three
contrasting systems: CS-1 (continuous crops, no fertilizers), CS-2 (continuous crops with
N and P fertilizers), and CS-5 (3-5 years of grass and legume pastures and 3-5 years of
crops). The model adequately simulated the evolution of organic C for the three systems
(Fig. 2). The correlation between observed and simulated soil C values for the three CSs
was very high (r = 0.89, P<0.01). These results indicate a very good potential for the
use of CENTURY model for simulating SOM dynamics under different cropping systems
for the Uruguayan region.
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Figure 1: Adjusted regression models
for six cropping systems.

Figure 2: CENTURY model
simulations of three
cropping systems.
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Carbon Mineralization and Stabilization during
Grassland Succession and Long-term N Fertilization
R. P. Dick*, P. Kuikman, and L. Brussaard. Crop and Soil Science
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Introduction. The primary goal of the research was to investigate stabilization of C in soils
in relation to N fertilization and soil biology. The research has implications for more efficient
use of N fertilizer in agricultural systems. Furthermore, C stabilization in soils is important
in determining how agricultural soils might be managed to store C to offset the continuing
increase of C0 2 in the atmosphere. A long-term grassland site (Drentse A Nature Reserve,
Netherlands) where there has been succession of plant species due to different times since
cessation of N fertilization provided a unique opportunity to study soil C. This site had been
extensively studied in terms of plant dynamics (Olff, 1992) but little information was available
on the soils. We hypothesized that soil biology and mechanisms of C stabilization would be
affected by these treatments because they ranged from a nutrient rich to a nutrient limited soil
environment.
Materials and Methods. The Drentse A Nature Reserve site has a series of N treatments
where N fertilizer had not been applied for 2 (Yj), 6 (Y6), 19 (Y19), or 45 (Y45) years. The
plots have otherwise been managed for pasture and haymaking in a manner typical for the
Netherlands.
Field visits were made in October, 1992 followed by soil sampling in
November. Soil samples were characterized by standard methods for chemical and physical
properties. Soil microbial biomass was determined by the fumigation method (Jenkinson and
Powlson, 1976) and as substrate induced respiration (Anderson and Domsch, 1978).
Incubation studies using 14C labeled glucose were conducted over 26 days, monitoring C0 2
evolution and the fate of C in the density fractions (LUDOX method).
Results and Discussion. The initial work was to characterize soils from each of the four
treatments for chemical, biological and physical properties. This included textural analysis,
cotal C and N, and microbial biomass. Textural analysis showed that sand, silt and clay
distributions were quite similar between the treatments. Organic C and N levels were highest
in the most recently N fertilized soil (Yj) and lowest in Y45.
Microbial biomass as measured by the fumigation-incubation and fum<^ation-direct
extraction methods was highest in the Y19 treatment and lowest in the Y45 treatment. These
results were consistent for two sampling periods. This was unexpected because microbial
biomass is usually closely correlated with organic matter levels.
The next stage of the research was to conduct an incubation study on the
mineralization of C with glucose amendments. Soils were amended with 14C labelled glucose
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at the rate of 0, 100 (C100), or 1000 (C1000) mg glucose-C/kg soil and incubated for 26 days.
Total C and UC evolved as C0 2 were determined at 2, 4, 8, 16 and 26 days. From day 2 till
day 26, for both Cl00 and Cl000, the Y45 treatment had the highest cumulative C0 2 evolution
for both total and labelled C. This again was rather surprising because the Y45 treatment had
the lowest microbial biomass. This suggests that the Y45 treatment had a high specific
respiration rate (C0 2 evolution per unit microbial biomass) and thus was more efficient in
mineralizing a readily available C source such as glucose than the other treatments that have
had more recent N applications. Preliminary outcomes from this experiment suggests that
reduction of inorganic N inputs to reduce potential for groundwater pollution may, in certain
situations, have a side effect of increasing C mineralization rates and thus diminish the
potential of soils to store C.
From the literature we knew that glucose is rapidly mineralized within several days
after application but significant amounts of C from the glucose remain in the soil either in
microbial biomass or as humic substances. Little information is available on the fate of
glucose C after it is mineralized in soil. From the incubation study we found that 14C levels
stabilized after day 2 (i.e. cumulative WC02 levels only increased slowly after day 2) and by
day 26 about half of the original I4C was still in the soil. Consequently in a separate
experiment soil from each field treatment was incubated with 1000 mg glucose-l4C/kg soil for
16 days and then physically fractionated for organic matter by the LUDOX density
fractionation method. This is a relatively new method that uses silica to separate organic
matter into light, medium and heavy fractions. The goal of this experiment was to see if there
was a difference between these long-term N fertilizer treatments in terms of where C
originating from glucose is stored. Significantly greater amounts of C in Y45 has been
stabilized in each of the three LUDOX organic matter fractions than in soils that are N
enriched. This suggests that a N rich soil environment may cause a greater amount of
mineralized C to be associated with the mineral fraction of soils which may be more stable.
This might explain why the Y45 treatment had higher rates of C mineralization. Initial
products of C mineralization that stabilize in the mineral fraction seem to be less available for
further assimilation and mineralization by microbes at later times.
The work sheds new light on the effects of N fertilization on C mineralization and the
fate of mineralized C that is stabilized in soil.
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Long-term Changes of Soil Carbon and Nitrogen
under Rotation of Legume Pastures and Arable Crops
Roberto M. Diaz-Rossello. Soils Department,
39173, Colonia, Uruguay.
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Introduction. The rotation of grass-legume pastures with field crops has been
extensively adopted by farmers in the Mollisols SW Uruguay. Planting continuous
crops is not sustainable after a few years due to the organic matter losses through soil
erosion. The success of this practice is based on the economy of undersown legumes
with winter crops and the effect of the nitrogen fixed by legumes on the productivity.
Most of the available information on the changes of Organic Matter (OM) and
Total Nitrogen (N) in cropping systems with pastures comes from temperate and cool
regions. Under subtropical climate the heavy rainstorms make the process of selective
erosion a major driving force on the decrease of OM and soil N.
Materials and Methods. The short and long term effect of different pastures in rotation
with field crops on the OM and N content of the arable layer (20 cm), was studied on
a silty clay-loam. Seven rotation systems (with 3 replications), which differ in crop
sequence, pasture type (legume and non-legume) and pasture duration were
monitored in an experiment from 1964 to 1990. The experimental site was arable land
for many years before the experiment started.
The large-scale design, with plots of 5.000 m2 (25m x 200m), allowed soil
erosion to develop without any restrictions (2). Organic C was estimated by the Tinsley
method (K2Cr,07 + heat) and expressed as OM (times 1.72). Analysis were performed
on soil samples taken every year in fall to a depth of 20 cm.
Results and Discussion. The average OM loss of the rotations of continuous crops
was 744 kg ha"1 yr"1 (1). It resulted in 23.4% reduction of the original OM content after
28 years, (figure 1).
If the oxidation were the main factor of OM loss under these arable systems a
slow and asymptotic decline should be expected. The high and steady decrease of
OM for almost 30 years, reveals that soil erosion probably accounts for most of these
losses.
After four years of a mixed pasture of white clover (Trifolium repens). birdsfoot
trefoil (Lotus cornicuiatus) and fescue (Festuca arundinaceaV the OM content
increases by about 0.5% that represented 12.5 Mg ha"1 of OM in the arable layer (0-20
cm) of the soil. This fresh pool of OM is so susceptible to oxidation that it decreased
at a rate close to 4 Mg ha"1 yr"1 during the following 4-year phase of annual crops.
Consequently, about 16 Mg ha"1 of OM disappeared at the cropping phase and a
small negative balance resulted because no additional conservation tillage practices
were applied, (figure 1). However, rotation systems with legume pastures lost about
8 times less soil OM ( 96kg ha'1 yr"1) than those with continuous annual crops.
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The systems with continuous agriculture determined average losses of 53.7 kg
ha'1 yr'1 of N, whereas the rotation with equal periods under perennial pastures (4
years) and arable crops (4 years), which completed three cycles, had a slight decline
in N.
During the phase of four years with a grass-legume mixture an average of about
500 kg ha"1 of N were incorporated to the arable layer, (figure 2).
Aboveground dry matter of the legume species yielded 12.5 tons Mg ha"1
during the pasture cycle. Therefore, a production of about 25 kg ha'1 of legume dry
matter was estimated as necessary for fixing 1 kg ha'1 of N into the soil.
The use of the residual N by annual crops could be very inefficient. The decline
in N was about 650 kg ha"1 after 4 years of the crop stage whereas the accumulated
grain crop production was only 7.1 tons ha"1. The organic N supplied mainly by
legume residues, decreased to rates of 58%,27%,8% and 7% during the first, second,
third and fourth years of crops respectively, (figure 2). Thus, the main N outputs
(denitrification, leaching, and selective erosion) should be measured in order to
determine agronomic practices for increasing the utilization of residual N.
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Dynamics of Organic Carbon in Corn-Soybean Sequences
as Estimated from Natural 13C Abundance
D.R. Huggins*, R.R. Allmaras, C.E. Clapp, J.A. Lamb, and M.F. Layese.
Univ. of Minnesota, Southwest Experiment Station, Lamberton, MN; USDA-ARSand
Univ. of Minnesota, St. Paul, MN, U.S.A.
Introduction. Soil organic matter (SOM) can be managed through crop rotation, tillage systems,
fertilizer practices, and other cropping system components (4) to increase the terrestrial C pool
and provide a sink for atmospheric C0 2 (3). Quantifying SOM dynamics in relation to
agroecosystem management is fundamental to identifying pathways for soil C sequestration.
Natural variation in 13C/12C ratios can be used to trace the fate of recent organic inputs into SOM
from com (Zea mays L; C4 plant) and soybeans (Glycine max L. Merr.; C3 plant). The ö13C is
characteristically higher in com than soybeans because of the different photosynthetic pathway.
The 613C analyses can be used to characterize soil organic fractions and soil C turnover rates
where C4 and C3 crops are used (1,2). A long-term study (10 years) with different combinations
of corn-soybean sequence (5) provided a unique investigative opportunity (6). Our objectives
were to examine crop sequence effects on total C content, as well as source (C4 vs. C3) and
dynamics of soil organic matter in a fine textured soil.
Materials and Methods. A field study with 14 treatments of com and soybean sequences,
including continuous com and continuous soybean, was initiated in 1981 on a Webster clay loam
(fine-loamy, mixed, Mesic Typic Haplaquoll) at the University of Minnesota, Southwest
Experiment Station, Lamberton. The experimental design was a randomized complete block with
four replications. Tillage operations consisted of fall moldboard plowing to a depth of 25 to 30
cm followed by traffic control during secondary tillage and planting. Composite soil samples from
each of the 0- to 15- and 15- to 30-cm depths were collected in July 1991 from the center of nontracked interrows. Alleys adjacent to the plots and fallowed since 1981 were also sampled. Whole
soils were sieved, ball-milled and analyzed with an elemental C-N analyzer interfaced with an
isotope ratio mass spectrometer. The C isotope ratios were expressed as 513C values:
Ó13C (%c) = [(R,JRsJ - 1] X 103
where R ^ = 13C/12C ratio of sample, and R,,,, = 13C/12C ratio of working standard.
The soil C was partitioned into C3 and C4 sources with the following equation:
5m - A + d-/)6b
where öm = ö13C of organic C from a mix of C4 and C3 sources, öa = 613C of C4 source
(com residue = -12.0 %o), öb = ö13C of C3 source (soybean residue = -26.4 %>), ƒ =
fraction of organic C from C4 source, and (1 - ƒ) = fraction of organic C from C3 source.
Results and Discussion. Total soil C in the upper 30 cm of soil ranged from 824.8 to 917.9 mg
cm"2 and was not influenced by crop sequence (p<0.05). Although aboveground C inputs from
com were 1.5 times greater than from soybean during the 10-year period, there was not sufficient
time for crop sequences to have a measurable effect on total soil C. All 513C values in whole soil
ranged from -17.2 %o for continuous com to -18.2 %> for continuous soybean. The ó13C of the
input residue was -12.0 and -26.4 %>, respectively. The ö13C in whole soil had standard errors
(n = 4) ranging from 0.02 to 0.13 %o, and the extremes of -17.2 %> vs. 18.2 %> were different
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statistically (p<0.05).
The ö13C values were influenced by sampling depth, in that the average for the 0- to 15-cm
depth (-17.69 %o) was significantly less than the average for the 15 to 30-cm depth (-17.42 %o).
Differences in ö13C values with depth could be due to mixing of C4-derived C from depths
underlying 30 cm during tillage, or from isotopic discrimination during microbial decomposition
that enriched the 0- to 15-cm layer with C3-derived C. The lower 513C values that occurred in the
fallow treatment (-17.84 %>), with no C inputs, also indicates an enrichment of C3-derived C over
time. The proportion of soil C derived from C4 sources was 61% and that from C3 was 39%,
averaged across sequence and depth. Partitioning of C3- and C4-derived sources of C showed
significant (p <0.05) increases in C3-C with continuous soybean as compare'd to continuous corn,
while increases in C4-C with continuous corn as compared to continuous soybean were also
statistically different. The alternating corn-soybean sequence was intermediate.
If the alternating corn-soybean sequence reflects initial soil values, then enrichment of C3or C4-derived C after 10 years can be evaluated by comparing the continuous corn, continuous
soybean, and alternating crop sequences. No initial ö13C values were available. Carbon derived
from corn in the continuous corn sequence increased 2.8 mg cm 2 yr"1 and was very similar to the
2.6 mg cm"2 yr"1 increase in C3-derived C with continuous soybean. When C4- or C3-derived soil
C is plotted against the respective aboveground C returned to the soil the relationship is positive
with a slope of 0.19 for C4-derived C and 0.21 for C3-derived C. This indicates that increases in
C4- or C3-derived soil C are about 20% of the added aboveground residue of either corn or
soybean.
In conclusion, differences in natural 13C abundance of corn and soybean residues can serve
as a sensitive tracer of soil C dynamics. Although no differences in total C were observed among
the various corn-soybean sequences during the 10-year period, the different dynamics of C as
derived from corn or soybean residue was readily characterized.
References.
(1) Balesdent, J., A. Mariotti, and B. Guillet. 1987. Natural 13C abundance as a tracer for studies
of soil organic matter dynamics. Soil Biol. Biochem. 19:25-30.
(2) Balesdent, J., G.H.Wagner, and A. Mariotti. 1988. Soil organic matter turnover in long-term
field experiments as revealed by carbon-13 natural abundance. Soil Sci. Soc. Am. J.
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(3) Barnwell, T.O., et al. 1992. An approach to assessment of management impacts on
agricultural soil carbon. Water, Air, and Soil Pollution 64:423-435.
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Agric. Can. Publ. 1841/E. Supply and Services Canada, Ottawa.
(5) Crookston, R.K., et al. 1991. Rotational cropping sequence affects yield of corn and soybean.
Agron. J. 83:108-113.
(6) Huggins, D.R., et al. 1994. Carbon sequestration in corn-soybean agroecosystems. In Adv.
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Soil carbon and N-mineralization after clearfelling mature
Eucalyptus forest in south east Australia
P.K. Khanna, K. Jacobsen and R.J. Raison. C.S.I.R.O., Division of Forestry, P.O.
Box 4008, Canberra ACT 2600, Australia
Introduction. Harvesting of mature stands of Eucalyptus in SE Australia is mostly by clearfelling.
Sawlogs and pulpwood are removed and the slash (including the bark removed on site) is usually
broadcast burnt to prepare the site for future regrowth. As an alternative to burning, rough heaping
of slash which causes marked mixing of litter and harvest residues with the surface soil was also
evaluated in this experiment. Seed is supplied from either retained seed trees, or is aerially applied.
Objectives of the present study were to measure changes in soil temperature and moisture, soil C, N
mineralization and uptake by regenerating vegetation (using in situ incubation and sequential
coring technique), nitrification (measured both in the field and under laboratory conditions)
following clearfelling.
Materials and Methods. Studies were carried out in mature mixed species (Eucalyptus sieberi, E.
baxteri, E. globoidea) eucalypt forests growing on Duplex (yellow podzolic) soils near Orbost,
Victoria. Three treatments were included in the study : (a) Uncut forest, (b) Forest clearfelled in
autumn 1989, logs removed and slash was heaped which resulted in marked mixing of litter and
slash with surface soil. Slash was unburnt. (c) Forest clearfelled in autumn 1989 and slash was
broadcast burnt by intensity fire. Three types of microsites were located randomly (in triplicate) on
the burnt site - unburnt, moderately burnt and ashbeds (where there was combustion of accumulated
woody slash). Soil temperatures, soil moisture contents and organic soil C were measured
periodically. Soil N mineralization, nitrification and uptake were monitored in situ (Raison et al.,
1957). The density and height of regenerating eucalypt seedlings and height of understorey (mainly
Acacia) plants were recorded periodically.
Results and Discussion. Clearfelling and a hot broadcast slashburn generated a range of seedbed
conditions on a 10-ha coupe. About 35 % of the coupe remained unburnt, a quarter of the area was
occupied by ashbeds and the remaining 40 % was burnt with moderate intensity. In the clearfelled
areas, soil temperatures at 10 cm depth during the first year were 0-5°C higher in winter and 1012°C higher in summer. After clearfelling, moisture content of the surface soil (0-2.5 cm) was
lower during the first summer but total moisture storage (0-40 cm) was much higher than in the
uncut forest.
Soil N mineralization rates increased markedly following clearcutting, with the exception of soil
that was grossly physically disturbed and which had slash mixed with it. Cumulative N
mineralization during the 3 year period was 75 kg N ha"1 (uncut forest), 147 (cut, unburnt), 144
(cut, burnt), 116 (cut, ashbed) and 43 (cut, disturbed). On ashbed sites, there was a period of N
immobilization and very low mineralization during the period 6 to 12 months after burning,
indicating additional C inputs from roots killed by heating in the surface soil horizons of the
ashbed. The N mineralization rates were declining the third year after clearfelling, though still
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higher than those in the uncut forest (Fig 1). This decline will result in N limitation in the rapidly
developing stands. Nitrification rates were low due to low populations of nitrifiers. Even on
ashbeds, nitrification was not significant until 9months after burning, and there was no leaching of
N after harvesting. The roots of the cut trees continued to take up some N during the initial year
after harvesting suggesting a possible mechanism of N conservation after clearfelling in these
ecosystems.
Soil C was highly dynamic in the surface layers for a number of years after clearfelling. On the cut
and unburnt site, soil C declined in the 0-20 cm layer during the first year but then stabilised. On
the burnt sites, soil C tended to increase after the first year especially at > 10cm depth. On the
ashbed there was some loss of C from the 0-5 cm soil layer during the first year but not from the
lower soil layers. These trends are unexpected because soil heating and ash addition increased soil
respiration rates in sandy soils as measured under controlled laboratory conditions and the moist
warm conditions markedly stimulated field N mineralization rates. It seems certain that transfer of
C from decomposing roots to the <2 mm soil fraction (sampling problem) caused the increase in
'soil' C measured after clearfelling.
Growth of eucalypt seedlings and understorey vegetation was least on seedbeds where there was
major mixing of soil during logging and greatest on ashbeds. Stimulation of plant growth due to
fire was evident in the first year, and continued for the 3 years of measurement. Separate P
fertilization experiments suggested that the stimulation in plant growth was primarily due to
additional P made available to seedlings from ash following the slashburn. Supply of P in these
soils is highly limited. An option for the more intensive management of these eucalypt forests
would be to apply small amounts of fertilizer P. This would also increase the growth and N fixation
by understorey legumes and subsequently N availability and overall forest growth.
Literature Cited.
Raison R. J. M. J. Connell and P.K. Khanna. 1987. Methodology for studying fluxes of mineral-N
in situ. Soil Biol. Biochem. 19, 521-530.

Fig 1. Cumulative N mineralization (0-40cm) during the first three years after clearfelling
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The Effect of Tillage Systems and Seasonal Variations on Carbon
Mineralization in Semiarid Soils
C. López-Fando and G. Almendros. Centro de Ciencias Medioambientales (CSIC),
Serrano 115 dpdo. E-28006 Madrid (Spain).
Introduction. Extensive cultivation is known to cause progressive decrease in the levels of organic
matter in soils. It has been indicated that conventional tillage (CT) encourages the biodegradation
rates of plant remains by incorporating them into soil where they can be utilized by soil organisms
more rapidly than organic matter remaining on surface in no-tillage (NT) systems (1). Nevertheless,
no extensive studies have been made about the extent to which the mineralization of organic matter
decreased relative to conventional practices. Several authors (2) reported that immediately after
plowing there was rapid flow of microbial activity. Alternatively to the raising in the biological
activity in CT soils, the increased levels for organic substrates and moisture in NT soils should also
provide an improved habitat for enhanced biological activity over long period of time.
One of the objectives of this study is to asses if soil respiration rates are significantly affected by
tillage systems in the course of the growing season.
Material and Methods. The field under study was in the CSIC experimental farm "La Higueruela"
located in Central Spain, under Continental Mediterranean Semiarid climate (at about 6°C in winter
to 23 °C in summer, and 400 mm yr'1 rainfall). The soil in this site is Calcic Haploxeralf (USDA),
developed on arkose sediments. The Ap horizon is 20-25 cm depth. The percentage of clay, silt and
sand of this soil is 16, 22 and 62% (w/w) respectively. For this study, six 40m x9m experimental
plots were subjected to CT or NT treatments (3 replication plots) for the last 5 years. The CT
consisted of mouldboard plowing to a depth of 25 cm, followed by two passes of cultivator to 10 cm
• Bt
0 1 0 - 2 0 cm
• o-10 cm
NT (after plowing)
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Fig. 1. C0 2 release from soils (0-10 cm) in
terms of the management practices: NT= notillage, CT= conventional tillage.

35-day after
sowing

Fig. 2. Seasonal variation in mineralization
rates at different depths of soils subjected to
no-tillage (NT) or conventional tillage (CT).
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depth as secondary tillage. In the NT plots, volunteer barley plants and weeds were sprayed with
0.54 kg ha'1 glyphosate [N— (phosphonometyl)glycine] before seeding with a triple-disk seed drill.
Soil samples were collected at 0—10 cm; 10—20 cm and in the Bt horizon, from plots 35 days after
sowing, after harvest and 15 days after plowing.
A 60-day incubation experiment was carried out to monitor the respiratory activity of soil samples
in laboratory-controlled conditions (3). Erlenmeyer flasks of 500 ml containing 100 g of air-dried soil
moistened to 60% of the WHC were kept in an incubation chamber at 25°C. The flasks had rubber
stoppers, with two—input and output—teflon tubes closed with small stoppers during the incubation.
The C0 2 released was measured periodically by connecting the output tube to a gas analyzer
Carmhograph-12 for 5 min, while replacing the flask atmosphere with C02-free air provided by a
soda-lime column connected to a gas washing bottle with 0.5M NaOH (4).
Results and Discussion. The curves for C02 release suggested three phases of activity which could
be considered to reflect: (1) an initial and rapid stage for the 10 first days when microbial biomass
develops and newly exposed readily biodegradable compounds are consumed, (2) a longer successive
phase in which incorporated plant residues are colonized and mineralized and (3) a basal respiration
(Fig. 1). In order to present comparative values of the activity in soil samples with different organic
matter content, the mineralization values were expressed as rates relative to the total soil C after the
60-day incubation (Fig. 2). To some extent, this parameter can be reflecting the rate to which
immobilized nutrients are being released as the organic matter biodegradation progresses in soil.
The most significant difference between plots correspond to the fact that the greatest mineralization
rates occur immediately after harvest and plowing, indicating the high biodegradability of the crop
residues on the field. At this stage, the mineralization rate is significantly greater in CT than in NT
plots, suggesting that plowing surface layers has turn the soil subsystem more suitable to the
microbial biodegradation processes.
Fig. 2 shows that 35 days after sowing, the course of the soil biogeochemical cycle has
compensated the initial differences between the cultivation systems, and the total C02 production was
in general irrespective to depth, mainly in CT plots.
In conclusion, CT lead to significant acceleration of the organic matter turnover in the topsoil,
which present ca. 3 times the mineralization measured 35 day after sowing and approximately 2 times
the activity of the NT soils in the same layers. Nevertheless, after such period, the plots have
practically the same respiratory activity. In all situations the C mineralization rates in depths below
20 cm are unaffected by the factors studied.
Literature cited
(1) Hendrix, P.F., Chun-Ru Han & Groffman, P.M., 1988. Soil respiration in conventional and notillage agroecosystems under different winter cover crop rotations. Soil Tillage Res. 12:135-148.
(2) Blevins, R.L., Smith, M.S. & Thomas, G.W., 1984. Changes in soil properties under no-tillage.
In: R.E. Phillips and S.H. Phillips (Editors). No-Tillage Agriculture: Principles and Practices.
Van Nostrand Reinhold, New York, pp. 190-230.
(3) Chone, T., Jacquin, F. & Yaghi, M., 1973. Emploi de 14C et45Ca comme élémentes traceurs de
rhumification. Bull. Ec. Nat. Super. Agron. Ind. Aliment., 15:69-83.
(4) Almendros, G., Gonzalez-Vila, F.J. & Martin, F., 1990. Fire-induced evolution of the soil
organic matter from oak forest. An experimental approach to the effects of fire on humic
substances. SoilSci., 149:159-168.
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Release of Carbon and Nutrients from Crop Residues and
Green Manure Crops
Yothin Konboon, Rod D.B. Lefroy* and Graeme J. Blair, Department of
Agronomy and Soil Science, University of New England, Armidale, N.S.W. 2351,
Australia.
Introduction. Green manuring has long been practiced as a conservation measure but, with
increasing pressure on land resources, the practice is diminishing. When green manure crops are
grown, emphasis is generally placed on the yield and N content of the crop and a species with a
rapid breakdown rate is preferred. This leads to short term fluxes in carbon and nutrients into the
system which are unlikely to result in long term gains in the carbon and nutrient capital of the soil.
Past work has placed emphasis on the C:N ratio of residue as a major determinant of residue
breakdown rates. This paper examines the effect of nutrient composition and leaf form on C and
nutrient release from crop residues and green manure crops.
Material and Methods. Two methods were used to measure the rate of decomposition and
nutrient release of 5 plant residues: wheat (Jriticum aestivum) straw, residues of two legume crops;
chickpea (Cicer arietinum) and medic (Medicago truncatula) and leaf litter from two tree legumes;
Albizia chinensis and Flemingia macrophylla.
The first method involved a glasshouse experiment to measure the growth and nutrient uptake of
wheat grown in soil amended with the five plant residues applied at two rates, 3 and 15 t ha 1 . The
residues were dried and cut into approximately 2 cm pieces prior to mixing throughout the soil (a
Red Brown Earth from Warialda, New South Wales, Australia.). A no residue control was also
included. Following the application of residues and a basal application of all nutrients except N,
wheat was sown into the pots and allowed to grow for 10 weeks, with the pots maintained near field
capacity. Yields are expressed relative to the no residue control and the apparent nutrient
recoveries as [Nutrient content of treatment]-[Nutrient content of control] x 100 / [Nutrient content
in added residue].
The second method was an in vitro residue decomposition method, modified from the perfusion
method of Nyamai (1), in which the residue was perfused with 0.005M CaCl2 solution, the C0 2
released during breakdown trapped in KOH and the net C0 2 release analysed. Initially the COz
release was measured on a daily basis, but as the release rate decreased this was changed to every
48 and then 72 hours. A control treatment, with no residue, was included. The decomposition
study was carried out at 25°C for 84 days.
Results and Discussion. Glasshouse experiment. At the 3 t ha' application rate, the wheat yield
was 53% higher than the control where chickpea residue was applied, but the wheat yield with all
other residues did not differ from the control (Table 1). At the 15 t ha-1 application rate, wheat tops
yield was in the order medic > Albizia > chickpea > Flemingia > wheat straw, with the high rates of
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application of Flemingia and wheat straw resulting in yield depression compared to the no-residue
control.
The apparent nutrient recovery varied markedly between nutrient residues and residue application
rates (Table 1). There was an apparent net mobilisation of N in all residues at both application
rates, although at very low rates in some treatments. By contrast, there was net immobilisation of P
and S at both application rates of wheat straw.
The magnitude of the wheat yield response and nutrient recovery was not directly related to the C:N
ratio of the residues or the amount of N applied in the residues (Table 1).
Table 1.
Relative yield and nutrient uptake of wheat tops 10 weeks after incorporation of crop
residues with different N concentrations and C:N ratios
Residue added
Application rate (t/ha)
Relative yield of tops
N
Apparent
P
Nutrient
Recovery (%)
S
N applied (kg/ha)
C:N Ratio

medic
3
15
269
113
9
15
22
45
5
29
67
344
19.7

Albizia
3
15
106 211
5
7
16
30
-10
12
404
81
18.1

chickpea
3
15
118
153
73
5
11
35
7
26
46
231
26.6

Flemingia
3
15
85
113
2
20
3
23
2
-3
70
352
19.7

wheat
3
15
90
16
0
31
-6
-54
-72
-42
4
21
281.3

Perfusion experiment. Maximum decomposition rates ranged from 6 to 70 mg COjg-'day 1
between days 2 and 8, and were in the order chickpea > medic > Albizia = Flemingia > wheat.
After 84 days the amount of carbon released ranged from 61 to 12% of the initial carbon added and
in the order medic = chickpea > Albizia > Flemingia > wheat.
Whilst the rate of decomposition of residues is influenced by the % N it is clearly influenced by the
resistance to breakdown, and so to the nature of the carbon compounds in the leaf. For instance,
medic and chickpea had the same C:N ratio and yet their maximum breakdown rates and % of total
carbon released were very different, as were the wheat yield responses (Table 1). The crop growth
response to residue application is correlated to the rate of decomposition and nutrient release. It
appears that the perfusion technique can be used to determine the rate of residue breakdown and
therefore be used to design appropriate residue management systems.
Literature Cited
(1) Nyamai, D. O. (1992) Investigation on decomposition of foliage of woody species using a
perfusion method. Plant and Soil 139, 239-245
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Carbon mineralization of composting organic materials
in soil as a function of their age
M.P. Bernal', A.F. Navarro, A. Roig and J. Cegarra. Department of Organic
Resources, Centro de Edafologfa y Biologfa Aplicada del Segura, CSIC.
Apartado 4195, 30080 Murcia, Spain.
Introduction. The addition of organic wastes to soil generates different biological and physicochemical processes, caused by interactions between exogenous and endogenous organic matter.
These interactions break down the organic material and lead to the incorporation of the
degradation products in the soil organic matter. The processes depend on the nature of the
organic matter added to soil (1) and also on the soil's characteristics and environmental
conditions (2). Composting is a biological process involving aerobic decomposition, which
degrades susceptible organic matter to carbon dioxide, water vapour and a stabilized material
(compost) (3). The aim of this work was to study the C-mineralization of organic wastes at
different stages of the composting process when they are added to soil and to establish the
influence of the compost's age on the C turnover rate.
Materials and Methods. An organic mixture of 82.64 % sewage sludge and 17.36 % cotton
waste (fresh weight) was composted by the Rutgers system. Four samples were selected at
different stages of the composting process: initial fresh mixture (I); after 21 days of composting,
at the thermophilic stage (T); after 49 days, at the end of the active phase (E); and after 110
days, including 2 months of maturation (M). The soil (S) used was a calcareous silt loam,
classified as a Typic Calciorthid (American Soil Taxonomy). The incubation experiment was
carried out using a 50:1 soil: organic material mixture (1). The C 0 2 evolved was measured
during 70 days and the results were fitted to the following kinetic models: first-order C = C0 (1 e'kt) (2), and combined first-zero-order C = C0 (1 - e"kt) + Cs l^t (1) by non linear least-square
technique. To compare the fit of the different functions residual mean square (RMS) and F
values were calculated according to the degree of freedom (df).
Results and Discussion. The amount of C0 2 -C mineralized from the soil after 70 days of
incubation was 0.71 mg C g"1 soil, which was much lower than the results obtained from the
S+I, S+T, S + E and S + M soil-organic material mixtures (10.72, 3.64, 2.28 and 2.08 mg C g"1
soil respectively). The maximum rate of C02-production from soil was observed during the first
day of incubation (0.067 mg C g"1 day"1). In the S +1 sample, maximum C0 2 -production occurred
during the third day of incubation (0.905 mg C g"1 day"1), and during the first day in the other
samples, ranging from 0.218 to 0.192 mg C g"1 day"1. This delay in the maximum degradation
rate of the S + I sample may have been caused by the growth in the microbial population at the
beginning of the incubation period, due to the high proportion of easily degradable C found
in the fresh material.
The C0 2 -C evolved by the compost samples was determined by subtracting the amount
produced from the soil alone and from the production of soil-organic material mixtures. Nearly
90 % of C added to the soil in sample I had been decomposed as C 0 2 after 70 days of
incubation and this proportion decreased with the compost's age. The differences between the
organic material were all statistically significant (P < 0.001), as the analysis of variance showed.
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The greatest decrease occurred between I and T because the readily available organic
compounds present in the fresh material were quickly decomposed by microorganisms during
the first stage of the composting process. The lowest difference in the levels of C0 2 -C evolved
was observed between the E and M samples, indicating the low degree of C-mineralization
occurring during maturation. Only the C-mineralization levels from E and M were between the
range 1.0 - 8.2 % C found in the literature for matured composts (1,4), which indicates the
stability of the organic matter obtained after the active phase of the composting process.
The fresh material (I) showed two different fractions of mineralizable-C (Table 1). The fast Cmineralization fraction followed a first-order kinetic function, while the slowly degradable C
followed a zero-order kinetic. Theoretically 100 % of the organic C from I was mineralizable
after addition to soil. However, in the rest of the samples only a fraction of the organic C was
mineralizable according to a first-order model, and both the potentially mineralizable C (C0)
and the rate constant (k) decreased with the compost's age. The kinetic parameters showed that
the easiest degradable organic compounds of the fresh sample were completely degradated after
21 days of composting, together with a fraction of the slowly mineralizable C (Cs). However,
during the following 28 days of composting (E) a smaller C-fraction was degraded than during
the first phase and microbial activity decreased due to the reduction of the carbon source. The
nature of the degradable compounds of E seems to be similar to that of T, as shown by the k
factor. The C-mineralization rate of the mature compost (M) was the slowest, since the organic
matter in this compost had already been humified. The organic C of the matured compost
remained in the soil longer than the transformed immature compost, leading to a greater
humification of the added carbon. However, the addition to soil of fresh and non-stabilized
organic matter may induce anaerobic conditions in soils and a lack of oxygen in the
rhizosphere. These conditions can result in increased denitrification, reduced nitrification, Nmineralization and the formation of phytotoxic compounds. The microbial immobilization of
inorganic-N may also occur (1), leading to a deficiency in plants.
Table 1. C-mineralization (Cm) of organic materials after 70 days of incubation with soil.
Parameter estimates according to first- (J) and first-zero-order (f) kinetic models and the
statistics for curve fitting.
Sample

C m (%C)

C 0 (%C)

k (day')

t* (days)

C, (%C)

K (day1)

F

df

RMS

V

89.5
23.9
11.6
10.0

71.4
24.0
11.7
11.0

0.1008
0.0463
0.0406
0.0293

6.88
14.93
17.07
23.66

28.58

0.0093

-

-

1989
950
274
397

11
12
12
12

1.920
0.469
0.369
0.191

r*
E*
M*
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Soil Science and Challenges of Agenda 21
Hari Eswaran, and Santiago Funes. (USDA-Soil Conservation
Service,
Washington DC, USA, and Food and Agricultural Organization of the United
Nations, Mexico City, Mexico respectively.
Introduction. The United Nations conference on Environment and
Development—UNCED, the "Earth Summit"—held in Rio de Janeiro,
Brazil, in June 1992 focused the world's attention on the harmful
impact of development on the Earth's life-sustaining capacity.
DNCED generated eloquent and passionate rhetoric and created wide
awareness of the environmental state of affairs and moved the
issues into the political arena. The UNCED may thus be considered
a culmination of the work of the Brundtland commission (WECD,
1987) which emphasized the finite limits and fragility of global
resources.
UNCED
also produced AGENDA 21, a global blueprint for
environmental action organized around seven themes, one of which
is "Efficiently "using natural resources: land, water, energy,
forests, biological resources." This is unquestionably a theme of
central importance.
Not only have the Earth's land resources
already been extensively altered by human activity, but such human
impacts will inevitably intensify as the world population doubles
in the next fifty years. The Food and Agriculture Organization
(FAO, 1989) reported that in the tropics the cultivated land per
person declined from 0.28 ha in 1971 to 0.22 ha in 1986. In view
of current population projections, this negative trend is certain
to continue.
In addition, disruptive changes in sociocultural
patterns are expected to affect landuse and productivity. Near
the end of this decade, mankind will pass a demographic milestone:
for the first time in history, more people will live in and around
cities than in rural areas. with a 50-year horizon during which
land related problems might approach critical dimensions, there is
a degree of urgency to seek solutions to these problems now.
issues.
Eswaran (1993) identified the major issues that need to
be addressed in this regard:
1.

Identification and monitoring of socioeconomic and
biophysical parameters
(including indicators) that
control the enhancement of the quality of the land
resource, and quantification of their impact i*i
different agroenvironments and farming systems.

2. Application of new approaches to land resource inventory
and monitoring, utilizing recent computer technology, to
make farm level resource information readily available
to farmers, particularly in developing countries.
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Development and utilization of svstems-based analysis and
strategy tools for assessing the impact of agricultural
practices on the land resource and for developing
environmentally sound land use options. This includes
the use of Geographic Information Systems (GIS), expert
systems, decision support systems, and the development
of databases of relevance to global, regional, and local
needs.
Development of methodologies to evaluate the resilience of
stressed ecosystems
and implementation of preventive
measures to retard degradation.
This
includes
evaluation of the degradation processes, identification
and documentation of degradation, and development of
methods to ameliorate such systems.
Identification and conservation of prime lands and
application of modern technology to enhance and sustain
their production and ensure their preservation for such
uses.
Identification and management of ,underutilized lands' to
reduce degradation pressures on 'problem lands'; special
emphasis on dryland and rain-fed systems where farmers
are historically poor.
Development of Soil. Water, and Nutrient Management M
technologies in irrigated systems, particularly in
drylands, to retard the declining productivity of these
soils.
Development of a conceptual, integrated framework for
sustainable land management and its validation
for
different land use scenarios and the application of the
framework for the characterizing,
analyzing, and
evaluating
interventions
in
major
agroecological
systems.
Development of methods and approaches to evaluate impact
of land use changes on global climate and the converse,
which is the impact of global climate change on land
resources. Major components include role of microbial
processes affecting greenhouse gas fluxes and changes in
biogeochemical processes in soils that control crop
performance.
Development of methods that enhance biological processes
and strive for a more closed nutrient cycle thus
reducing reliance on external
inputs for yield
maximization.
Initiating long term field experiments to monitor yield
trends, dynamics of changes of soil properties that
impact sustainability and accentuate negative impact of
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global climate change, and the linkages
conditions to pathogens, weeds, and insects.

of

soil

12.

Developing 'no-frills7 conservation technology for
application by farmers and in the process help initiate
a 'conservation-ethic' among all land users.

13.

Inventory and create awareness of unique and fragile
ecosystems such as wetlands and steeplands and provide
viable options to reduce pressures on these systems.

14.

Translating land resource information and soil research
findings into implamentable policy options.

15.

Designing participatory research approaches which
integrate
indigenous problems and knowledge with
scientific knowledge to ensure technology adoption.

Constraints.
Major constraints in
addressing global issues include:

developing

strategies

for

1. Current limitations of reliable global databases including
spatial GIS;
2. Absence 'of reliable information on kind, degree and
geographic location of degraded systems;
3. Lack of suitable stratification of rssource management
domains;
4. Inadequate detailed information providing
relationships between crop performance and soil/climatic
conditions;
5. Lack of studies on resilience characteristics of soil
systems to develop appropriate remedial measures for
degraded soils.
Many of these issues and concerns are stressed in the
recommendations of the Bergen conference
(NAVT, 1990) on
Sustainable Development, Science and Policy.
They stress that
major efforts are now required to:
integrate these equity and sustainability concerns with
considerations of efficiency and profitability of
agriculture;
- secure long-term commitments of development assistance and
national
resources
for
the
infrastructure
and
institutional
investments
required
for
a
more
sustainable and equitable agriculture;
revolutionize information systems, data collection and,
indicators
for
integrating
and
analyzing
the
interactions
between
bio-physical,
environmental,
economic, social, and demographic trends of rural
livelihood systems.
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Challenges and opportunities.
AGENDA 21 has provided new
challenges and opportunities to Soil Science. We need to redirect
our research from one of merely increasing production to one of
sustaining the system. We need to revisit the subject of land
degradation and approach it from the point of view of prevention
and protection, with of amelioration for the already degraded
systems.
We need to recognize that agriculture and environment
are complimentary and also that, protecting the quality of the
environment can and will result from a viable agriculture.
In
this context, some research and development agenda needed include:
1.

Identification and monitoring of parameters (including
indicators) that control the enhancement of the quality
of the land resource, and quantification of their impact
in different agroenvironments.

2.

Development of methodologies to evaluate the resilience
of stressed ecosystems and implementation of preventive
measures to retard degradation.

3.

Identification of prime lands and application of modern
technology to enhance and sustain their production and
ensure their preservation for such uses.

4.

Development of a conceptual, integrated framework for
sustainable land management and its validation
for
different land use scenarios.

5.

Development and utilization of systems-based analysis and
strategy tools for assessing the impact of agricultural
practices on the land resource and for developing
environmentally sound land use options.

6.

Development of methods and approaches to evaluate impact
of land use changes on global climate and the converse,
which is the impact of global climate change on soil
resources.

7.

New approaches to soil resource inventory and monitoring,
utilizing recent computer technology, to make farm level
resource information readily available to clients,
particularly in developing countries.

8.

Translating soil resource information and soil research
findings into implementable policy options.

As the century draws to a close, soil scientists throughout th4
world can help catalyze the new global environmental paradigm.
Feeding and clothing an expanding population and striving for
zero-degree degradation of land resources is still the most viable
and exciting option for the 21st. century. The knowledge of soil
scientists is extremely relevant to the changing conditions of our
world;
but it will be insignificant if we fail to satisfy the
critical needs of our governments and the people they represent.
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We can draw on the strength of our ancestors, revisit our
capabilities as professionals and see beyond the obvious.
Let our vision be,

"PRODUCTIVE NATIONS IN HARMONY
WITH A QUALITY ENVIRONMENT"
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The Role of the International Research Centers
in Implementing Agenda 21
Richard L. Sawyer. Chairman Board of Trustees, (IBSRAM) International
Board for Soil Research and Management PO Box 9-109 Bangkhen, Bangkok
10900. Thailand-

Introduction Changes affecting all life on planet earth are taking place at a very
rapid pace today with many important ones out of control. No solution is in sight for the
rapid population increases in many countries. The ability to keep food production in
balance with population is diminishing. The Rachel Carson concern for environment
in "Silent Spring" published in 1962 has been followed by the Bruntland Report of the
past decade and the recent declarations made by political leaders at the UNCED
Convention in Rio. Agenda 21 is a political reaction to the needs of environment
triggered by pressure groups and the general public. The problems of environment
which the political community identified for attention at Rio will require a united front by
the whole scientific community. Up until now scientists have not demonstrated an
ability to organize facilities and human capital into a global village approach to the
problems of food and environment. How they will react to the declaration on
environment by the political leaders of the world will depend to a considerable extent
on funding availability and the many other pressures on agricultural research today.
We can no longer look at environment alone or agriculture alone, we must put them
together into one package which requires urgent, increased, and continuing attention.
The role of the international research centers in Agenda 21 should be
determined by what their comparative advantage would be in a global village
approach by science to the problems of food and environment. Unfortunately up until
now this comparative advantage has not been identified although various
components of the Consultative Group for International Agricultural Research (CGIAR)
appear to be searching for a role which will address ecological as well as food needs,
serve the interests of donors, and provide financial security to the centers during this
period when funding for international agricultural research continues to decline. The
international research centers are receiving mixed signals for program activities. How
they respond to Agenda 21 will depend on whose directions they take and the funding
made available. All centers are attempting to associate agricultural research with
environmental concerns through projects which utilize the word sustainable.
Sustainability has become the 'buzz' word of the decade, a word with many
definitions and little ability to measure results.
Discussions Taking Place Since the Rio convention a number of attempts have
been made to define the role of the CGIAR centers as Agenda 21 is implemented.
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Almost any role identified will be wishful thinking unless additional funding is
provided. Most centers feel that the adjustments required for annual funding
reductions leave little room to accommodate new work without markedly affecting
priorities for food research within their present operating mandates. A paper, "A
CGIAR Response to UNCED Agenda 21 Recommendations", was prepared by the
secretariat for Centers Week in October 1992. This led to another paper by a small
CGIAR task force for presentation at the 1993 Mid-Term Meeting in Puerto Rico.
Further refinements were made by the task force for October 1993 Centers Week.
Discussions at these meetings indicated the desire of donors to have centers align
their programs where possible with Agenda 21 recommendations with the recognition
that new initiatives for environment would require additional funding. The task force
paper for 1993 Centers Week had centers concentrating on four global initiatives;
marginal soils, genetic resources, human resources, and geographical information
systems. Discussions about the paper indicated these initiatives to be too narrow and
suggested an expansion from marginal soils into other soil, water, and nutrient
research and also the addition of integrated pest management. An agreed upon
CGIAR approach to Agenda 21 recommendations will probably require a number of
additional discussions.
During the latter half of 1993 a team of writers under the leadership of the
International Board for Soil Research and Management (IBSRAM) started to develop
a paper entitled "Soil, Water, and Nutrient Management: Current Thrusts, Future
Needs, and a Strategy for Collaboration and Implementation." A draft outline was
reviewed for guidance by interested donors and participants at Centers Week 1993
and was mentioned in formal discussions of the CGIAR task force paper.
This
IBSRAM position paper covers many of the critical concerns for environment identified
in Agenda 21. The CGIAR task force will be very aware of priorities and
recommendations made by the IBSRAM paper as they proceed with the CGIAR
response.
A new book entitled "Agriculture, Environment and Health : Toward Sustainable
Development into the Twenty-First Century" edited by Vern Ruttan, contains a chapter
by Carl K. Eicher with the title "Revitalizing the CGIAR System and NARS in the third
World". This chapter indicates that until present problems within the international
agricultural research center system are resolved, their role and capacity in
implementing Agenda 21 may be limited. A similar indication was contained in the
paper " A Proposal for Revitalizing the CGIAR System" which was developed by the
newly established Oversight Committee of the CGIAR and distributed during Centers
Week 1993.
The various working groups, papers and discussions taking place at recent
meetings clearly indicate that the international agricultural research centers do not
have a well defined, developed and accepted role for a global village approach to the
problems of food and environment. Their advice and direction comes from many
sources. New centers have been added recently during a period when overall funding
has been reduced. Funding reductions have seriously affected center abilities to
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conduct the research for which they were originally established. Annual decreases in
funding have required shifts in programs and priorities that have made their medium
term plans relatively meaningless. Recently centers have been pushed towards
reorganizing activities on an ecological basis while maintaining their original
commodity approaches. However, despite the many forces affecting their present
programs the international agricultural research center community provides the best
starting point for the organization of a global approach to the needs of food and
environment which would encompass many of the recommendations of Agenda 21.
Prioritizing Science for Agriculture and Environment The green revolution of
three decades ago is still utilized as the major example to show what science can do
for food production. For the past two decades science has moved away from
agriculture. A look at the enrollment in agricultural colleges clearly illustrates the
reduced interest in agricultural sciences. However, since the green revolution science
has made tremendous progress in other fields. Man has gone to the moon and back
as a first step into outer space. Tremendous investments have been made in space
and military research and almost every major problem encountered has been
resolved. Science has clearly exhibited its super power to look outward towards other
planets. The time has come to use this super power for this planet and give a similar
concern and provide a similar problem solving capacity for people and earth as we
have for military and space research. We need an aggressive approach today to the
research needs of food and environment with protection similar to that received in
military and outer space research in the past three decades at the expense of the
global village. This is urgently needed for the implementation of the recommendations
of Agenda 21 in which a revitalized and well oriented international research center
system must play a pivotal role.
A first step to harnessing an aggressive capability in science to address the
problems of food and environment is the need to organize resources in agricultural
research in a systematic way which will utilize the comparative advantages of all
institutions in the public and private sectors across the developing and developed
world. Present capabilities and roles would be the starting point but must move to
what the capabilities and roles should be in a global village approach.
This super
power, science, has various components in the global village which if properly
integrated and attended financially have the ability to solve any major problem for
balancing sustainable food production in an enhanced environment and thus
implement the recommendations of Agenda 21. The agricultural research and
development components include, 1. the international agricultural research centers, 2.
the World Food and Agriculture Organization (FAO), 3. regional research and
development organizations, 4. national research and extension programs in
developed and developing countries in the public sector, 5. private sector agricultural
activities in research and product development, and 6. non governmental
organizations and volunteer groups which are becoming an effective force in the
determination of programs, policies and investments in agriculture. These programs
must be linked together through networking, collaboration, and partnership relations to
address the priority needs of the global village and provide a continuum from
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applicable research wherever it is produced until it reaches the user and consumer.
This continuum must be a two way path which permits the ultimate user of a
technology to be a part of the planning process and thus increase the chances of
acceptance once usable results have been produced through research.
Unfortunately up until now there has been no recognized and vocalized
understanding of the comparative advantage of the components. Institutions within
each component have tended to look inward at what they want to do instead of
outward as a part of the global research community. Instead of aggressive leadership
which is building partnerships and pathways into the future, institutions have built
fences to protect vested interests and what they feel is their given right. A good
example of the voids which have existed where there should have been
dependencies is between FAO and the international agricultural research centers
which are supposedly serving the same clients. It will take aggressive leadership
utilizing authority and responsibility with vision and wisdom to tear down the fences
and build partnership approaches into the global village of the future.
The International Research Center Roles The International Agricultural
Research Centers are essential building blocks in science for agriculture and
environment to serve the global village. The early institutions from which the center
system originated were the base for the green revolution. The present system of
international research centers should provide an essential base for the environmental
revolution of this decade which is what Agenda 21 is all about. Included in this system
must be those centers of the CGIAR system and others presently outside the system
working internationally on essential subjects such as soil, water, and nutrient research.
These international centers with their loyal donors (approximately 40 at a level
of 250 million dollars annually) have provided a basic security for essential research to
keep food production abreast of population increases for the past two decades. They
provide a kind of security which cannot be obtained from national budgets. These
centers are the best possible group of institutions in sight to provide a similar kind of
basic security which is needed for programs to address the problems which are
encompassed in the recommendations of Agenda 21 as environmental concerns are
joined to economic development. The history of economic growth in almost all
countries on this planet clearly indicates the dependency of economic development on
agricultural improvement. Basic to implementing Agenda 21 is the uniting of
agricultural and environmental research programs. The well established international
centers for agricultural research already exist and are the most logical place to start to
put the Rio recommendations into action. Some of the main reasons are;
1st. The centers hold the germ plasm for most of the major world food crops which is
being exploited to develop genetic resistance to the important insects and pests of
production and storage. This work should be continued and expanded as Agenda 21
is implemented to reduce the use of dangerous chemicals. The centers are presently
working under very restrictive financial conditions to adequately utilize their ability and
germ plasm to reduce the dependence on dangerous chemicals for major world food
crop production.
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2nd. In any global approach to a scientific need for environment and agriculture the
centers have already positioned themselves to play an ideal role for linkages between
developed and developing country research capabilities, linkages between the public
and private sectors, and an ability to help countries where the private sector has been
absent for decades but can now emerge with the change to democracy. Centers have
had to rely on linkages with other institutions for the transfer, adaptation, and adoption
of technologies emerging from their research and this background will be most
valuable in the uniting of scientific effort into a global village approach.
3rd. Environments do not stop at country boundaries and thus the effort to implement
Agenda 21 has to be global. This will require a continued attention to building
research capacity in many developing countries. Training has always been an
important part of international center programs. Many international experts feel that
training is the greatest strength of the international research centers and will be of far
greater value to developing countries than any technology produced. This strength of
centers in training must be utilized for environmental programs as Agenda 21 is
implemented. Through their many contacts and training activities centers have a
golden opportunity to help make environment and sustainability become an important
consideration in all national agricultural activities, an important step to the global
approach.
4th.
Soil, water, and nutrients have never been brought together for an integrated
approach to the sustainable management of land within the international research
centers. Research with these three components is tremendously important to the
implementation of the recommendations of Agenda 21. A number of major donors to
the international agricultural research centers believe that these three components
provide the greatest missing gap to essential research within the CGIAR center
system. The recent position paper on soils, water and nutrient management has
been a joint effort by donors and centers within and outside the CGIAR system and
should have considerable effect on international center research priorities and
activities which will be valuable for the implementation of the recommendations of
Agenda 21.
5th. In my opinion the most valuable role the international centers can play is giving
leadership to the development of a team approach to science for food and
environment. To do this Centers must recognize first their comparative advantage in a
global village approach and the many linkages they must establish and dependencies
they must have on others in order for their research to become utilized. They must
recognize the equal importance of all institutions involved along the food and
environmental chain from research to wide scale adaptation and utilization of new
technology. Each link of the chain is important, however, the international centers are
in the best position to make the global approach to science for food and environment
happen. Their present placement around the world, their well established and
essential donor community, and their present research and training activities provide
a starting point advantage that no other group of institutions has. The centers are non
-political in nature which gives them a major advantage over organizations such as
FAO which carry along the baggage of considerable bureaucracy, still absent at most
of the international research centers. What is needed badly at the present point of time
is a background paper towards a global system of science for food and environment
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which identifies the various components in the village, present capabilities and
limitations, and identifies the essential linkages which should be created and
comparative advantages towards which the individual components should be moving.
Some Necessary Precautions
A few precautions are necessary for any
organized and well funded approach to utilize the international centers in a major way
to implement Agenda 21. Both Agenda 21 and the international research centers
must be looked at critically as beneficial associations for environment are established.
Agenda 21 was a declaration by political leaders of a concern for environment. If the
concern was genuine it will have to include funding and there has been very little
forthcoming up until now. The potential costs estimated by political leaders to
implement their recommendations in Agenda 21 are massive when compared to what
centers are presently receiving for agricultural research. The funding required to
implement Agenda 21 recommendations associated with agriculture cannot be found
in the present programs of centers; all of the international center budgets combined
would only start to implement recommendations. Furthermore, who will continue to fill
their present essential role of balancing food production with population requirements
if current scarce resources are siphoned off to attend environmental pressures.
The Rio document needs to be looked at from a scientific background since
approaches by the scientific community tend to be very different from those of the
political community. A good example of this difference is encompassed in
recommendations for controlling the use of dangerous chemicals. The political
community would set up a bureaucratic structure of controls which would be
impossible to implement in many areas of the developing world where the poor and
hungry must be expected to continue to choose immediate survival at the expense of
environment and sustainability. The scientific community would invest in research to
provide economically feasible and safe alternatives whose acceptance would be
somewhat automatic. Thus the political recommendations of Agenda 21 need to be
looked at closely by the scientific community to determine if more acceptable
alternatives are available. Many of the problems of environment will take a lifetime of
scientific endeavor or longer to achieve recognizable progress. The political
community tends to recommend and invest in projects which will give results during
their term of office whereas the scientific community embarks on programs which may
take a lifetime or longer.
The present system of international research centers has an extremely
important role to play in implementing Agenda 21 recommendations. There is no
other group of institutions available which can unite the research problems of
agriculture and environment on a global basis such as can the centers. However,
problems presently exist in their decision making process and management which
need to be looked at closely and improvements made before they are given new major
environmental responsibilities. Some of the centers most involved in research
important to environment are outside the CGIAR system which up until now has
included little work on soil, water, and nutrient management. The present CGIAR
system has become highly organized with activities controlled by many components
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which frequently send mixed signals. Some donors influence programs through
special project funding, some tend to have their own separate reviews. The Technical
Advisory Committee(TAC), a scientific advisory component to the system influences
the centers through their recommendations to donors. Originally TAC was established
to provide scientific advise but has been given many other problem solving
assignments. The CGIAR secretariat influences the work of the centers through their
formulas for funding and the central coordinating function they play for trustees, review
committees and the development of agendas for meetings. The external reviews
organized by the secretariats have a major effect on center programs and frequently
provide an optimism for program growth which has little reality with funding availability.
The strength of boards of trustees has increased in recent years, however, an overly
strong board may be counter productive to the emergence of aggressive leadership
with vision and wisdom which characterized the first generation of center directors and
is badly needed today for the implementation of Agenda 21 recommendations. It
would be difficult for aggressive leadership to emerge utilizing authority and
responsibility with wisdom and vision in the presently overmanaged system of CGIAR
centers. Reforms are needed for individual centers as well as for the components of
the system which is running and funding them before the needed revitalization takes
place for any new major involvement in their implementation of Agenda 21.
The implementation of Agenda 21 needs to fit into a global plan of science for
agriculture and environment which does not yet exist. The plan must be clearly and
intelligently developed so that political leaders and donors will understand the
pronounced effect the plan will have on the many problems of society across the
global village such as economic development, education, nutrition and health, as well
as sustainable food production in an enhanced environment. The problems of health,
nutrition, and population increase can be resolved best through economic
development. The stimulus for economic development leading to industrialization in
almost all countries up until now has been agricultural improvement.
A look at how the CGIAR system started should give some insight as to how a
global structure for science in agriculture and environment for planet earth could
evolve. The Rio meeting on environment gives some additional clues. A combination
of the two approaches would be ideal with the involvement of the essential donor,
scientific and political communities. What we have in hand today however, is
tremendously important as a starting point. We have a network of international
agricultural research centers located around the world. Many of their activities are
already addressing some of the major concerns for environment identified in the
recommendations of Agenda 21. These centers are actively linked through contracts,
agreements and memorandums of understanding for research and training activities to
almost all countries on this planet. They are supported by a well organized group of
donors. All of these ingredients are very necessary for the implementation of Agenda
21.
The established international agricultural research center system is the ideal
place to start implementing the recommendations for environment encompassed in
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Agenda 21. This would join agriculture to the present interest of political leaders in
environment and once again provide the opportunity to refocus major attention to
agriculture, the most critical factor for economic development on this planet.
Summary In summary the centers are ideally positioned to play a major role in the
implementation of Agenda 21 if they have the leadership, flexibility, economic
maneuverability, and the communications skills to discuss and negotiate with the
various key players and necessary partners and understand their various pressures
and positions. As population increases food production must increase. The ratio of
people to resources is becoming less favorable by the day. As we increase food
production we must sustain the environment and control population. It will require an
application of all known technology and others to be developed if we are to maintain
the balance of people to resources and sustainable production at a level which will
permit a continuation of the personal freedom to which many of us have been
accustomed and which most of the world today wants. Agenda 21 is a wish list
prepared by our leaders to address the urgent problems of environment. There is no
better place to start to make the dreams of our leaders come true than with the
international agricultural research centers. But we must not stop there. We must use
this as the start for the development of a global plan of science for agriculture and
environment which will bring together all components into a united front. Once this
super power, science, has our fields and streams and back yards in order on planet
earth we can once again afford to look outward into space.
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Greening Sub-Saharan Africa: Meeting the
Challenges of Desertification
Uzo Mokwunye. International Fertilizer Development Center-Africa (IFDCAfrica), B.P. 4483, Lome, Togo.
Introduction:
Total food production in Africa increased by 33 percent during the 1980's. However, in
sub-Saharan Africa (SSA), less food was produced per capita at the end of 1980 than at
the beginning of the decade (20). In order to produce the food needed to feed a
population that was growing at a rate in excess of 3% per year and a livestock population
that was growing at more than 70 % per annum, farmers were forced to cultivate new
land. While the decade of the 80's was an era when a greater portion of the increases in
food production in most of the developing world was the result of yield increases, in subSaharan Africa, more than half of the production increase in cereals was from new lands
pressed into cultivation. Unfortunately, arable land is limited (4) and choice arable land is
even more limited. The result of cultivating marginal lands has been devastating. It is
estimated that on the southern fringes of uV Sahara desert, an area of erstwhile productive
land the size of Somlia (0.65 million ha) has become desert over the past 50 years. In fact,
an estimated 60,000 km^ of land goes out of production each year while the demand for
arable land grows. Thus, slowing down population growth, improving the well being of
the rural population and arresting the degradation of crop land are the greatest challenges
facing Africa today.
In subsequent discussions, we will define desertification as the processes originating
from climatic variations or the activities of humans that progressively decrease soil
productivity. Examples of these processes are soil erosion, leaching and nutrient mining.
The Environment of sub-Saharan Africa:
Low inherent soil fertility, low yield capacity of traditional crops and livestock, poorly
defined land ownership and extreme rural poverty lead to unsustainable exploitation of
sub-Saharan Africa's fragile lands including those with low and unreliable rainfall. But
what is the cause of this "low inherent soil fertility"?.
Soils of sub-Saharan Africa have been formed from Precambrian parent materials that
have undergone several stages of pedogenesis through the processes of erosion and
redeposition. The land in this region was never subjected to the rejuvenation influence of
the glaciers (8). The soils are therefore very old. Because the majority of the soils were
developed on rocks which have been subjected to thorough weathering and leaching, they
have very low contents of plant nutrients. The predominant soils are classified as Alfisols,
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Oxisols, Ultisols, Entisols and Inceptisols. The first three are the most dominant orders.
The Ultisols are found mostly in the areas of highest rainfall. Because of abundant
moisture, most of the basic minerals have been leached out leaving the soils with a very
low inherent fertility. Oxisols also occur in this area of high rainfall. They are however,
more heavily textured and are structurally more stable that the Ultisols. As a result,
Oxisols are better drained and less subject to erosion. They are however, as infertile as the
Ultisols. Tropical Alfisols are predominant in the drier monomodal or bimodal transition
zones between the forest and savanna zones. Large expanses occur in West Africa, the
Eutrophic savannas of East Africa and the High Veldt of southern Africa. They occur in
areas of lower rainfall than the Oxisols and Ultisols. As a result, they have higher base
status and they are less acidic and have relatively higher nutrient content. However, the
Alfisols have poor structural stability, poor water-holding capacity and low organic
matter content. The Alfisols, Ultisols and Oxisols are characterized by the dominance of
low-activity clays. Because these clays have variable charges, the cation exchange
capacity of the clays changes drastically with alterations in the pH of the soil solution.
This property—low buffering capacity— causes management problems when the soils are
cleared of vegetation and subsequently cultivated. Table 1 summarizes the extent of the
major soils of SSA. It can be seen that the less weathered and relatively more fertile soils
occupy regions with a shorter growing season. On the other hand, the soils in the regions
with a longer growing season and higher rainfall have lower suitability for crop
production because of lower nutrient content and high soil acidity. The humid regions
with native vegetation of tropical rainforest or semi-deciduous forest are thus dominated
by udic soil moisture regimes or isohyperthermic and isothermic soil temperature
regimes. On the opposite side are the semiarid and arid areas which are characterized by
long dry seasons sometimes in excess of 9 months of the year. They have strong ustic soil
moisture regimes and isothermic or isohyperthermic soil temperature regimes.
The major agroecological zones of sub-Saharan Africa are presented in Fig. 1 and in
Table 2, the main soils associated with each agroecological zone as well as the reliability
of rainfall in the zone are summarized. As already indicated, soils in the low rainfall
savannas have lower organic matter content, relatively higher base saturation and lower
aluminum saturation of the exchange complex. Data for selected chemical and physical
properties of some profiles primarily from West Africa are presented in Table 3. From
south of the Sahara desert to the Limpopo, phosphorus is in short supply in all
agroecological zones. It is pertinent to make this point now because without an external
supply of this nutrient, the productivity of soils of SSA cannot be raised to a significant
level. This demonstrates the need for external inputs in any programs aimed at reversing
desertification.
Traditional land use systems for agricultural production in SSA:
Before discussing the various processes which have led to desertification, it is important
to review very briefly the traditional systems of land use management. As long as these
systems persisted, land degradation was not a major problem in SSA. There are numerous
traditional cropping systems in sub-Saharan Africa but a common trait in all systems is
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that maintenance of soil fertility is based on relatively long fallows (>10-15 years)
followed by short periods of cropping (3-5 years) (24). The relationship between the
length of fallow and soil productivity is depicted in Fig. 2. This land use practice is
routinely referred to as "shifting cultivation". Nutrients accumulate during the long
periods of fallow (Table 4). These nutrients then become available to crops when the
vegetation is burned or when it decomposes. In general more nutrients accumulate under
forest fallows than under grass fallows. Slash and burn involving clearing and burning
the entire forests or grasslands is the predominant system practiced in West Africa. In the
Miombo woodlands of south-central Africa, the chitemene system, where the biomass
produced during the fallow period is concentrated in a small area and either burned or
allowed to rot is the usual practice.
Shifting cultivation has been characterized as sustainable strategy for crop production
under conditions of low population and abundance of land (12, 16). Shifting cultivation,
practiced in combination with traditional cultivation practices creates situations where
(24).
•
there is usually very little disturbance of the soil surface which is only
scratched by hoeing or plowing with animals.
•

clearing is seldom done over extended, unbroken tracts of land — whole
watersheds are not bare at any given period during the cropping season
making it possible for the intervening vegetation to check run-off

•

the root systems which are resistant to burning stabilize structure of the
soil surface

•

intercropping, which often includes tree crops, provides a fast and good
ground cover while enabling the roots of the various species in the mixture
to exploit soil nutrients from the different soil depths.

Soil Erosion:
i

Two major factors influence soil erosion. The erodibility of the soil is affected by the
soil's physical properties. Soils with heavy texture and good aggregate stability are less
prone to erosion. The second factor is the erosivity of the rainfall. Raindrop impact is a
significant factor influencing soil erosion and formation of surface soil crusts. During an
intense rainstorm, large rain drops break up soil aggregates, disperse fine soil particles
and fill the surface voids thus effectively sealing the soil surface and reducing infiltration
(22). Rainfall erosivity in SSA is very high. For example, Wischmeier and Smith (27)
reported that the rainfall erosivity for Cote d'lvoire ranged between 500-1400. These
values contrasted with 150-650 reported for the United States of America. The high
erosivity is the result of the high intensity of the rainstorms. As is the situation in the
other parts of the tropics, the absence in SSA of such factors as freezing and thawing
which, in the temperate regions recreate and aggregate structure, means that deterioration
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caused by raindrop impact is more or less permanent unless the soil is put under fallow
vegetation for an extended period. The magnitude of runoff and associated soil loss in
different parts of SSA is illustrated in Tables 5 and 6.
Kowal and his colleagues (14, 15) conducted several studies on the erosion hazards in the
Alfisols of the northern Guinea savanna zone of West Africa. Their data point out that
serious erosion hazards result in soil fertility decline as well as problems of soil and water
management. At Niangoloko in Burkina Faso, it was observed that the increase in water
erosion from 1.4 t/(ha yr) to 13 t/(ha yr) decreased the yield of millet from 729 kg/ha to
352 kg/ha (22). The surface soil in tropical Africa contains the bulk of the plant nutrients.
The loss of the surface soil therefore results in the loss of most of the plant nutrients
especially the basic cations. Loss of the basic cations results in acidification. Even for the
relatively immobile ions such as the phosphate ions, the principal loss mechanism is soil
erosion since loss of surface soil which contains the bulk of the organic matter which
invariably also holds the bulk of the native phosphorus results in loss of soil phosphorus.
Oldeman et al (17) estimate that 72 % of African arable land and 31 % of pasture land has
already been degraded as a result of soil erosion.
Unsustainable land use practices such as slash and burn associated with shifting
cultivation cause biological degradation which increase erosion. These practices lead to
loss of biological diversity and the reduction of the numbers of soil organisms. The
effects are: less organic matter to be returned to the soil; the exposure of the soil to higher
temperatures and, less balanced soil population in which pests and other organisms may
thrive. The end result is increased erosion.
Leaching:
Removal of the forest or grass cover in the ecosystems of SSA leads to increased
leaching because of reduced transpiration. In predominantly sandy soils with good
structure, most cations and anions are subject to leaching losses. Loss of cations in turn
results in acidification in cultivated lands. In most of sub-Saharan Africa, this situation is
accentuated by the decreased level of organic matter in cultivated soils which has been
induced by lower returns of organic matter to the soil and the enhanced rate of organic
matter mineralization as compared to soils under fallow. Mobilization of aluminum
occurs as a result of acidification. Nutrient losses by leaching under different crops in
different parts of SSA have been summarized in Table 7.

Nutrient mining:
Smaling (23) described the gradual process of nutrient removal by crops from subSaharan African crop lands without committed efforts to return adequate amounts of
these nutrients to the soils as "the hidden reason for agricultural production in subSaharan Africa to be lagging behind" the other regions of the developed and developing
world. It is described as "hidden" because, unlike droughts and civil wars, the dangers
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posed by nutrient mining to the very existence of the people of SSA hardly receives any
attention. The degree to which continuous cultivation of the Alfisols of the savanna
zones of northern Nigeria has changed the soil fertility parameters is demonstrated by the
data in Table 8. It must be borne in mind that these measurements were made in farmers'
fields rather than in experiment stations which have been subjected to more intensive
cropping.
In a comprehensive study of soils from 38 sub-Saharan African countries (25) , the sum
of the nutrients added to the soils (inputs) less the sum of the nutrients removed (output)
was found to be -22 kg N, -2.5 kg P and -15 kg K per ha per year for the period 19821984. An in-depth study by IFDC-Africa of the fertilizer sector in Togo showed a similar
trend (Table 9). The import of these data takes on added significance when it is realized
that:
•

the productivity of these soils in their native state is already very low
because of low levels of native nutrient contents

•

sub-Saharan Africa consumes approximately 10 kg of nutrients per ha of
fertilizers for both arable land and land under cash crops—the lowest fertilizer
consumption rate of any region in the world

•

there is intense pressure on governments to remove subsidy on fertilizers without
suitable alternative policies to sustain even the current low levels of fertilizer use.

Meeting the challenge of desertification:
A large body of evidence exists ( 11, 5, 10) to demonstrate that conservation tillage
practices such as minimum or zero tillage can stop soil physical deterioration in SSA.
Crop residue conservation on the land, use of cover crops which serve as mulch,
development of agroforestry systems to simulate the outmoded bush fallow system and
practices such as the erection of stone lines along the contours (demonstrated at the farm
level) can control run-off and soil loss. The key to the control of erosion and the other
physical forms of land degradation is to maintain vegetation on the land. This is largely
impossible in environments where seedlings die as soon as the nutrients contained in
them are used up. It is important to recognize that the most noteworthy element in the
fight against desertification is the improvement of the nutrient status of the soils.
To overcome negative nutrient balances, efforts must be made to develop integrated
systems of nutrient management for the SSA soils. This implies the use of external inputs
such as fertilizers (including the use of indigenously occurring nutrient-bearing minerals),
manure, crop residue, industrial by-products, city wastes, development of farmeracceptable agroforestry systems and crop rotations involving the use of legumes. Both of
the last two practices will increase the pool of biologically fixed nitrogen which can
considerable reduce the reliance on imported nitrogen fertilizers.
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An Integrated Approach to Soil Fertility Management in SSA:
1. Role of fertilizers:
The use of mineral fertilizers to restore and build up the productive capacity of soils
represents the only meaningful option for the countries of sub-Saharan Africa. It should
be recognized that organic recycling can provide some nutrients and exchange capacity
but it cannot improve nutrient availability to any extent because the organic material has
been produced in a very nutrient-deficient soil to begin with. As was aptly stated by
Greenland (10), "Recycling existing poverty levels of nutrients can only condemn most of
Africa to continuing poverty".
The literature is replete with work done in SSA to demonstrate that most crops (whether
indigenous or improved varieties) respond exceedingly well to mineral fertilizers (26,
28). Thanks to the pioneering work of such organizations as the Food and Agriculture
Organization of the United Nations (FAO) and the erstwhile colonial research
institutions, the fanners of SSA are aware of the value of mineral fertilizers. Long-term
trials in various agroecologies have confirmed that there are yield advantages that can be
obtained over a long period by use of fertilizers in a continuously cultivated soil (7, 13).
Fertilizer use is beneficial not only due to increased agricultural production, but also from
the point of view that better yields from better lands allow the withdrawal of marginal
lands from cultivation.
Shifting cultivation is sustainable where the land to labor ratio is high. Where crop land is
scarce because of demographic pressure and unemployment of farm labor is prevalent,
Baanante and Thompson (1) showed that fertilizer use has significant land-saving and
soil-conserving effects. In addition to these benefits which accrue to society and the
environment, fertilizer use under the aforementioned conditions leads to increased
employment of off-farm labor and income generation.
2. The place of organic materials in the scheme:
A substantial body of evidence has been accumulated to demonstrate that mineral
fertilizers alone are not always sufficient to sustain high yields in the dominant soils of
sub-Saharan Africa (19). For example, in an Alfisol in western Nigeria, Kang and
Balasubramanian (13) showed that over a 12-year period, fairly large doses of mineral
fertilizers maintained maize yield between 7.5 t/ha and 4 t/ha. In the absence of
fertilizers, yields dropped to less than 2 t/ha during the same period. They attributed the
drop in yield from 7.5 t/ha to 4 t/ha over the 12 years to loss of organic matter associated
with cultivation as well as the deteriorating physical conditions of the soil. Similar
failure of mineral fertilizers to maintain top yields on a continuous basis was reported by
Pichot et al (18) in Burkina Faso. In this trial, sorghum yields over 18 years increased
from 1 t/ha to 4 t/ha when NPK fertilizers were applied in combination with farmyard
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manure. In the absence of the farmyard manure, mineral fertilizers alone resulted in
yields between 1-2 t/ha.
Crop residue is an important source of organic materials for soil fertility maintenance. In
an on-going trial in Niger to determine the effects of crop residue (CR), fertilizer or a
combination of crop residue and fertilizer (CRF) on yields of pearl millet, the following
observations were made after the first 11 seasons:
•

millet yields in CR plots were initially inferior to the yields in the fertilizer plots.
However, by the fourth year, the yields from both treatments were indistinguishable
as the yield of the CR plots gradually increased. On the average, the yields of the CR
plots or the fertilizer plots were 415 per cent over the control plots.

•

the combination of crop residue and fertilizer (CRF) consistently produced the highest
yields. These yields were more or less additive and averaged over 850 per cent above
the control yields.
The data for the first four years of this trial are presented in Table 10 (2).
Like other organic materials added to the soil, crop residue also improves both the soil's
chemical and physical properties. We had earlier alluded to leaching of cations as a main
source of desertification especially as this loss enhances the mobilization of aluminum
which can begin to occur in toxic quantities in these chemically fragile soils. In the Niger
trial the pH of the soils to which crop residue was added tended to be higher and the
aluminum saturation was lower. The nutrient balance of the control, fertilizer, CR and
CRF treatments after the first four crops is presented in Table 11. The return of crop
residue resulted in slightly reduced export of most plant nutrients, especially Ca, Mg, and
K.
We have paid a lot of attention to crop residue for the simple reason that mixed croplivestock systems are not very common in SSA. As a result, farmyard manure is more
scarce than crop residue. However, there are competing uses for crop residue within the
household. Low yields from nutrient-poor soils results in inadequate supply of residue to
meet domestic as well as soil conservation needs. IFDC scientists have shown that under
farmers' conditions, the use of mineral fertilizers increases both grain yields and stover
yields. The increased stover yield enables the family to meet its requirements for fuel,
fencing roofing etc. while leaving substantial quantities in the fields to act as mulch
during the intense hot dry season and the subsequent rainy season. Similar information on
the effect of fertilizer application on the increased production of crop biomass was
obtained in the savanna zone of Togo (Table 12).
Farmyard manure, where available has been used to improve crop yields and the
properties of the soils (21, 19) As early as 1963, Evans (9) showed that farmyard manure
and fertilizers complement each other in Tanzania (Fig. 3).
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The need for nitrogen is primary in all SSA agroecologies. In the Sahel region of West
Africa, nitrogen uptake by pearl millet, the principal crop of the zone is between 20-37 %
of the total nitrogen that is supplied as fertilizer. Since the soils have very little colloidal
material to retain nutrients, most of the nitrogen not taken up by the crop is lost (6). This
makes nitrogen an important but costly and risky input. Alternative, less expensive
sources of nitrogen are being tested. The use of rotations of cereals and legumes (usually
cowpea and groundnut in the Sahel) offers a less risky fertility improvement option for
millet production. In an on-farm trial, Bationo et al (3) showed that an improvement in
the use efficiency of fertilizer N and P was recorded in a millet-cowpea rotation. In
addition, gross returns were increased. Where cowpea was the first crop in the rotation,
the residual N was usually sufficient for the succeeding millet crop. Data for a similar
trial on the ICRISAT research site in Niger is presented in Fig. 4. Where millet followed
cowpea, the response by millet to 15 kgN/ha was increased by more than 40 per cent.
Increasing the pool of biologically fixed nitrogen is also one of the goals of agroforestry
systems such as alley cropping. Under this system, woody legumes planted as hedgerows
provide N-rich mulch and green manure to maintain soil fertility and increase crop
production.

Sharing Responsibilities:
So far, we have noted that there is a strong relationship between the high population
growth rate in SSA, the instinctive response by rural farm families to produce more food
from already impoverished soils and the seemingly enduring process of desertification.
The challenges facing SSA are therefore two-fold. They are, 1) how to manage land so
that continuous agricultural production is realized from a region characterized by soil and
environmental constraints and, 2) how to effect a balance between input-based agriculture
and traditional agriculture so that the business of agriculture remains profitable and
environmentally benign.
We have also noted that scientists have developed some technologies which, if adopted,
could slow down or halt the process of desertification. Science however, can only furnish
part of the solution. The decision by farmers to adopt a new agricultural technology is
governed by a set of constraints which is , in large part, determined by the functioning of
such public institutions as the national research and extension systems, credit institutions
that cater to the farmers and input/output dealers alike, input procurement, monitoring
and control agencies and marketing boards. Weak agricultural extension systems means
that the results of agricultural research are not effectively communicated to farmers.
Weak linkage between research and extension means that the farmers are denied the
opportunity of making inputs into the development of agricultural technologies.
Sustainable agricultural development in SSA will depend on strong partnership between
governments (for putting in place needed policy reforms), research and extension workers
and farmers. In the case of soil fertility enhancement, policy reform measures that
promote open, competitive markets for both fertilizers and products from the farm are
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needed. Farmer-participation in the development and testing of agricultural technologies
must become the norm. In SSA, a poorly developed land tenure system creates little
incentive for farmers to invest their meager resources on soil improvement. While
subsidies on fertilizers are unnecessary drains on the financial resources of those
countries still holding on to this practice, the task of improving the quality of agricultural
land should not be left to those who can least afford it, the resource-poor farmers. Plans
must be developed by governments involving major public investments in the
development of agricultural lands. An example of such investment is in order.
Phosphorus is the most limiting nutrient in the West African semiarid zones. Considering
the low output prices for sorghum and millet, the two principal crops of the zones, use of
imported phosphorus fertilizers is, for the most part uneconomical. However, there is at
least one phosphate rock deposit in each country in the zones. Many studies have shown
that commercial development of any of these deposits, with the current glut of fertilizers
in the world market, is uneconomical. Still, response to the small amounts of fertilizers
currently used is limited by the very low amounts of phosphorus in the soils. The
obvious solution is to utilize these native phosphorus sources to build up the phosphorus
fertility of the soils so that response to other nutrient elements can be improved. It would
make a lot of sense if this effort to build up the phosphorus fertility of the soils using
local phosphate rocks is not left to the poor farmers. Such action should rather be carried
out by the governments and should be regarded as an investment on the improvement of
the land much in the same way as the construction of a dam to provide water for
irrigation.
There is little doubt that the first action in combating desertification in SSA is to improve
the fertility of the soils so that vegetation can be established. To accomplish this task
requires the use of fertilizers. Within the fertilizer sector in each country in the region,
knowledgeable manpower is scarce and the activities within the sector are diffuse and
uncoordinated. Agronomists do not feel they ought to know about the socioeconomic
circumstances of the farmers who will adopt the technologies they produce. Fertilizer
procurement officers have little or no knowledge of the world fertilizer market or of the
control measures that must be taken to ensure that the right quality products are imported
into the country. Building national capacity in the different fields within the fertilizer
sector is a dire necessity. With limited resources at their disposal, it is recommended that
an Input Development Unit (IDU) be established in each country. The IDU should
suggest ways to coordinate national activities in the areas of agronomic research,
agricultural extension and fertilizer marketing.. The IDU should be an autonomous unit.
Ideally it should be located within the planning division of the Ministry of Rural
Development or Agriculture. However, in return for its autonomy, the activities of the
IDU should be under the supervision of a Management Board made up of high-level
decision makers from various ministries as well as representatives of the private sector.
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Summary:
Agenda 21 defines desertification as land degradation in arid, semi-arid and dry subhumid areas resulting from climatic variations and human activities. We have attempted
to show that the inherent properties of the soils of sub-Saharan Africa, the extreme
demographic pressures and the poverty of the rural population have combined to promote
desertification in the region. Improving the fertility of the soils is a necessary first step in
meeting the challenges of desertification. To accomplish this requires the use of both
mineral and organic fertilizers to promote vegetation establishment and increase food
production. Sub-Saharan Africa currently consumes the lowest amount of fertilizers.
While the use of subsidies cannot be advocated as a means to boost fertilizer use,
improvement of agricultural land should not be left entirely in the hands of the resourcepoor farmers especially in a situation where the land tenure system is ill-defined.
Investment measures by the government aimed at improving agricultural land need to be
put in place. The establishment of Input Development Units in each country is
recommended as a means to coordinate various activities that promote efficient
management of the resource base.
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Abstract:
Intense population pressure (both livestock and humans), presence of old, highly leached,
low fertility soils, high soil erodibility and high rainfall erosivity combine to promote
rapid degradation of soils of sub-Saharan Africa. Long fallow periods followed by short
cropping periods, cropping systems that involved little disturbance of the soil and ensured
that large parts of the landscape were never left bare allowed farmers to maintain
reasonable yields on a sustainable basis for as long as the land to labor ratio was high.
Continuous cultivation has led to physical deterioration of the soils as well as increased
leaching and nutrient mining. Technologies have been developed which if adopted will
slow down and perhaps, halt the process of land degradation. Improving the fertility of
the soils is key. Strong partnerships between the government, the research and extension
workers and the farmers must be formed to meet the challenge of land degradation. In
addition to reforming the land tenure system, government must get involved in the
improvement of soil fertility. The establishment of a national Input Development Unit is
recommended to coordinate national activities in the area of natural resource base
preservation.
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Table 1. Extent of Major Soils of Tropical Africa (Based on data in
Volume 1 of the Agro-Ecological Zones Project, FAO, 1978).

Soil
association domited by

OXISOLS
ULTISOLS
ALFISOLS
ENTISOLS

Forest Zone:
Growing Period
> 270 Days
Area
%
(10 ha)
176,7
63,8
35,8
57,3

54,7
42,7
63,3
9,6
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W o o d e d Savanna Grassland Savanna
Growing Period
Growing Period
> 150-269 Days
> 75-149 Days
Area
Area
%
%
(lOha)
(10 ha)
137,8
72,8
178,9
89,7

42,7
48,7
63,3
15,1

3,6
10,2
26,2
86,8

1,1
6,8
9,2
14,6

Table 2. MAJOR ECOSYSTEMS OF SUB-SAHARAN AFRICA: THEIR SOILS
AND RAINFALL RELIABILITY

ECOSYSTEM

Main Soils

Rainfall reliability

SAHEL

Entisols

LOW

SUDAN SAVANNA

Entisols, Alfisols

LOW-MEDIUM

GUINEA SAVANNA

Alfisols

HIGH

TROPICAL RAIN FOREST

Ultisols, Oxisols

HIGH

MIOMBO ACID SAVANNAS

Ultisols, Oxisols

HIGH

EUTROPHIC EAST AFRICAN SAVANNAS

Altisols, Vertisols

MEDIUM

HIGHLANDS

Oxisols, Andisols

LOW

HIGH VELDT SAVANNAS

Alfisols

MEDIUM

WETLANDS

Aquapts

VARIABLE

350

Table 3. Ranges, Means, and Standard Deviation of Selected Physical and
Chemical Properties of Soils

Parameters

Number
of sites

pH H20 (2:1 water:soil)
pH KCL (2:1 KCLsoil)
Clay (%)

49
49
49

Sand (%)
Organic matter (%)
Total nitrogen (mg kg-1)
Exchangeable bases (cmols kg-1)
Ca
Mg
K
Na
Exchangeable acidity (cmol kg-1)
Effective cation e x c h a n g e c a p a c i t y
(ECEC)cmol kg-1
Base saturation (%)
Al saturation (%)

Range

Mean

Standard
Deviation

49
49
49

3.75-7.6
3.40-7.00
0.7-13
0.7-13
71-99
0.14-5.07
31-225.9

6.17
5.05
3.9
3.9
88
1.4
446

0.66
0.77
2.67
2.67
8
1 09
455

36
36
36
36
49

0.15-16.45
0.02-2.16
0.03-1.13
0.01-0.09
0.02-5.6

2.16
0.59
0.2
0.04
0.24

3.01
0.55
0.22
0.01
0.8

36
36
36

0.54-19.2
36-99
0-46

3.43
88
3

3.801
17
3

Source: Unpublished d a t a , IFDC-Afnca.
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Table 4. The change in nutrient content and pH of the 0-45 cm depth of soil following
a rest phase and an arable phase on the same area of land in Uganda

Measured after
resting phase,
1963-66

Organic c a r b o n
Total nitrogen
Total phosphorus
Total Sulfur
pH (CaCI2)
Exchangeable K
Exchangeable Ca
Exchangeable Mg
All vegetation was incorporated into soil w

+ 15,950
' + 769
'+85
'+45
'+0.26
'+471
'+971
'+420

Measured after
arable phase,
1966-69

'-19,700
-968

-88
-86
-0.31
-461
-1897
-420

Rototilier after the rest period: units - kg/ha.
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Table 5. RUNOFF AND SOIL LOSS DATA FOR SELECTED LOCATIONS IN WEST AFRICA

Country

Location

Benin

Boukombe

Niger
Nigeria
Nigeria

Allokoto
Samaru
Ibadan

Senegal

Seta
Seta

Burkina Faso

Ouagadougot

C ó t e d'lvoire

Bouake
Abidjan
Niono
Sadore

Mali
Niger

Mean
annual
rainfall
mm

Slope

Treatments

%

875

3,7

J52
1062
1197

3
0,3
15

1300
1241
1113
850

1.2
1.2
1.2
0.5

1200
2100

03
>

%
Millet, conventionc
tillage
Sorghum, c o t t o n
Bare soil
Bare soil
Maize-maize
Maize-Cowpea
Cowpea-maize
Bare soil
Groundnut
Sorghum
Bare soil
Crop
forest

J

1-3
560
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Runoff

Bare Soil
Bare soil
Bare soil
Millet
Bare soil

Soil loss
t/ha yr)

11.7

1,3

16.3
25.2
41.9
13.5

3s
3.8
229.2
40.7
0 ]
43
21
6.9
8,4
10-20
0,6-0.8
0.1

2D

1.7
39.5
22.8
34.1
40-60
'2-32
2.5
15-30
38
25
I 5
0-20

18-30
108-170

Table 6. Effect of cropping practice on soil loss and runoff on tatagra clay loam,
Rhodesia

Crop

Soil loss (tons/acre)
Runoff (% total rain)

*
**

6 1/2% Slope
Maize*
Napier
grass**

4.50%
Maize

0.9
8

1.5
15

4.2
22

Continuous cropping.
Established and periodically cut for fodder.
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Napier
grass
0.9
2

3%
Maize

'1.0
14

Napier
grass
0.3
Nil

Table 7. Nutrient Losses by Leaching Under Crops in Senegal

Losses (kg/ha/year)
Place

Annual
Rainfall
(mm)

Bambey
(Senegal)

507
(1981)

Maroua
(Cameroon)
Bouaké
(Cóte
d'Ivoire)

705
(1975)
683
(1977)
633
(1981)
532
(1981)

Crop
(Variety)
Millet
(Souna III)
Groundnut
(55-437)
Sorghum
(IRAT55)
Cotton
(BJA)
Maize
(CJB)
Cotton
(BJA)

Drainage
(mm)

N

CaO

MgO

K20

9.5
100.6

0.3
25.1

0.8
54.1

0.4
13.6

0.3
5.2

Tr
Tr

2

Tr

0.1

0.1

Tr

Tr

83

2.1

43.7

12.3

1.7

Tr

210

6.1

36.4

26.2

2.4

Tr

260

7.1

18.0

6.6

2.0

Tr

Source (3)

355

P205

Table 8.

Percentage decreases in soil-fertility parameters in farmei's' fields
under continuous cultivation in the savanna zones of Nigeria.

Exchangeable cations
Zone

Ca

Mg

K

pH

Sudan
Northern Guinea
Southern Guinea

21.0
18.6
46.0

32.0
26.8
50.6

25.0
33.0
50.0

4.0
3.8
10.0
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Table 9. Crop production and nutrient balance in Togo

Nutrient Applied as per
cent of Nutrient Taken up

Deficit in kg
Nutrient/ha/year

N

23

-19

P2P5

56

-4

K20

23

-15

Source: IFDC-Africa, Fertilizer Market Research Project.

357

Table 10. Effet of crop residue and fertilizer use on pearl millet grain and stover
yields
Grain yield (kg ha" 1 )
1983

1984

1985

1986

1. Control

280

215

160

75

2. Crop residue (CR)
(no fertilizer)

400
(43)"

370
(70)

770
(380)

745
(900)

3. Fertilizer
(no CR)

1,040
(270)

460
(114)

1,030
(545)

815
(1,000)

4. Crop residue plus fertilizer
(CRF)

1,210
(330)

380
(80)

1,940
(1,110)

1,530
(1,940)

260

210

LSD

0.05

Source: (2)
a

Numbers in brackets are percentage yield increase over control.
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Table 11. Total nutrient export in CR and CRF treatments (export as grain
only) or in control and fertilized treatments (in grain plus stover fractions),
1985. Numbers in brackets indicate nutrient balance (fertilizer nutrient
applied minus export in grain or grain plus stover)

Nutrient Export (kg ha" 1 )

Control

K

C;i

2.5

M"

10
(-10)

(-D

16
(-16)

CR

15
(-15)

2
(-2)

4
(-4)

Fertilizer

42
(-12)

4
(13)

74
(-49)

6,5

13

39
(-9)

5
(12)

13
(12)

0.2

12

CR + Fertil izer

1

0.07

0.8

Source: (2)

Table 12. Effect of Fertilizer Application on Millet Biomas Production
in a Millet/Sorghum Intercrop in Savanna Region of Togo

YIELD

BIOMAS COMPONENTS

No Fertilizer

Fertilized
kg/ha

Roots

446

1,527

Stalks
Leaves
Grains

«12
336
81

3,539
1,235
509

Source: Unpublished Data, IFDC-Africa, Soil Fertility Restoration Project.
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Principles and Strategies to Prevent, Combat and
Control Desertification
Manuel Anaya-Garduno. Colegio de Postgraduados, Montecillo, Mexico.

INTRODUCTION.- Desertification affects more than 900 million people worldwide15 percent of the Earth's population. It is a global problem that breaches the
borders of about 100 nations.
Many plans and projects-both national and international in scope-have been
launched to prevent the spread of desertification into fertile areas untouched
by drought and to rehabilitate places already affected. Despite these efforts,
the rate of desertification continues to outpace initiatives to control it.
Desertification, which the United Nations defines as land degradation, is caused
by several factors-most notably, climate variations and human activity. Beyond
the economic and political problems it causes, desertification is a barrier to
sustainable human development. All kinds of land uses face the problem:
farmlands, forests, pastures, parks, and even roads that suffer prematrue
rippling and cracking.
Priorities in the fight against desertification are: (1) enthusiastic, organized, and coordinated community participation, (2) initiative to curb the debilitating impact of poverty, and (3) preventive and corrective measures that
address the problem straight on. Only the last priority applies directly to
the problem; the other two are tied to broad based political, economic, and
social concerns that speak to the core principles of environmental sustainability.
LITERATURE REVIEW.- 1.1 Intricate Issues. Desertification, drought, and
poverty have become intricate an interrelated problems for rapidly developing
nations such as Mexico. Desertification and drought, combined with the
debilitating consequences of poverty, often undermine efforts to improve the
quality of life for impoverished people who long for better economic and
environmental conditions.
Desertification. Mexico's arid zones, which include 936 607 Knr (See Fig 1 ) ,
are prone to desertification due to: soil erosion, which makes the land more
vulnerable to the ravages of the wind and sun; intensive agriculture, which
leaaves the soil less fertile; and poverty and inadequate education, which make
it difficult to introduce effective land-management systems.
Arid and semi-arid areas make up 70 percent of the country's land mass. The 20
million Mexican farmers who live in these parched regions harbor little hope to
persevere on the land that their ancestors tilled. As a result, each year about
900,000 Mexican farmers migrate to Mexico's urban centers or cross the border
into the United States seeking a better life.
For these reasons, the impact of desertification extendns from the farm to the
city and from the Yucatan to South Central Los Angeles. An argument can be made
that desertification has helped make Mexico City, with more than 20 million
people, the largest city in the world. At the same time, it is not too
farfetched to claim that desertification has exacerbated the problem of
inmigration to the United States, especially in California
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Mexico currently farms 20 million to 22 million hectares (50 millionto 54
million acres) of its land, 70 percent under rainfed conditions. Mexico's
population is expected to climb to about 100 million by 2000; the nation's upper
limit on farmable land, on the on the hand, is projected to be about 25 million
hectares (62 million acres). If these figures prove correct, by the turn of
the century Mexico will have an average of only 0.24 hectares (.6 acres) per
capita at its disposal. (In contrast, the United States has about 0.76 hectares
of farmland per capita). In brief, if adequate measures are not taken, Mexico
faces a future of malnutrition and perhaps famine.
The problem of desertification affects all land uses in Mexico but the impacts
are most acute among the nation's grazing land. Overgrazing, in fact, has
demaged more than 60 million hectares (150 million acres) of Mexico's land mass.
In contrast, the second most degraded land in Mexico is the nations's forest
land, where excessive cutting and inadequate fire protection have abused 41
million hectares (102 million acres) of Mexico's tree covered terrain.
Preassures to extract value from the resource in the short term, in fact, has
affected the long-term ecology of Mexico's forest land. After deep-rooted
native trees have been cleared for lumber production and grazing, the denuded
hillsides become vulnerable to erosion. When the trees are supplanted by
smaller species with more shallow roots, the likelihood of erosion-and subsequent
land degradation-increases.
About 15 million hectares (38 million acres) of rainfed agricultural land in
Mexico's arid regions suffer from erosion and about 6 million hectares (15
million acres) of Mexico's irrigated farmland suffers from salinity and/or
siltation.
All told, Mexico's current level of land degradation, which totals 1860,290,900
ha, 4650 million acres dwarfs the nation's efforts at land reclamation. In fact,
the annual pace of desertification exceeds the annual rate of rehabilitation,
which means the problem is getting worse, not better.
1.2 Thin Brown Line. About 70 percent of Mexico's soil has less than 1 percent
of organic matter. Unlike America's bread basket, Mexico's agricultural
productivity is based on a thin margin of security. About 160 million hectares
(400 million acres) of Mexico's farm land (or 80 percent of the total) have
suffered a loss of fertility (largely due to a loss of vegetative cover). Compa£
tation and cursting take place on about 40 million hectares (100 million acres).
In the latter case, the problem can be traced to the use of heavy agricultural
machinery.
Agricultural, forest, and pasture lands cover more than 75 percent of Mexico's
land mass. Thus damage to these lands effects every aspect of Mexican societyfrom the long-term sustainabiblity of its soil to the economic well-being of
millions who depend on the land for their survival. A strong case can be made
that Mexico will remain impoverished as long as these lands remain degraded.
1.2.1 Drought, each year, drought affects more than three million hectares
(7.5 million acres) of land under cultivation in Mexico. During the past century
in fact, the following stares have experienced at least 12 droughts, amounting to
more than one drought each decade: Baja California Norte, Baja California Sur,
Sonora, Chihuahua, Coahuila, Nuevo Leon and Tamaulipas. Other states, including
Sinaloa, Durango, Zacatecas, San Luis Potosi, Guanajuato, Queretaro, Hidalgo,
Mexico, Guerrero, Oaxaca and Yucatan, have endured at least 7 droughts during
this same period.
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1.2.2 Poverty. About 80 percent of Mexico's farm and grazing land is owned,
rented, or worked by poor families, most downtrodden by extreme poverty. Many
Mexicans living in rural areas, in fact, are part-time agricultural laborers,
who receive wages based on the hours they work or, even worse, the number of
bushels they harvest-much like migrant farm workers in the United States.
Thus the key issue is how to overcome poverty, which is the root cause of the
abuses that result in desertification. Study after study has shown that people
who are struggling for survival do not view long-time environmental sustainability as a critical issue. They simply cannot afford to devote time or resources
to improveing the fertility of the soil, planting new seedlings, or seeding the
land for new ground cover. Mexico is no exception to this rule.
1.3 Population and Desertification. Today, a booming population is endangering
the meager productivity of Mexico8s ecosystem even more, as increases in food
production fail to keep pace with the nation's growth in population. As a result,
malnutrition plagues many communities, such a desperate situation only adds
preassure to the nations's at risk ecosystems. In their fight for survival,
impoverished Mexicans till the soil and cut timber ever-more intensely. These
misguided, but understandable, practices place more and more stress on the
nation's soils and forests. This, in turn, undermines the ecosystem's productivity, which ontly causes more ecological abuse in desperate struggle for survival .
In 1940, Mexico had a population of less than 20 million people; by 1980, the
population had more than tripled to nearly 67 million people; and, by 1992, it
had climabed another 33 percente to 84 million people. If current population
growth rates continue, Mexico will have almost 110 million people by the turn
of the century. Put another way, it will have experienced a five-fold increase
in population in 50 years.
All land-use systems require certain inputs to improve productivity and prevent
the insipid develpment of desertification (for example, seeds, fertilizers, farm
equipment, and credit). Unfortunatelly, the most degraded land-use systems
requiere the highest levels of investment. When investment provers inadequate
or is postponed, a vicious circle is unleashed that results in ever-worsening
desertification, especially mong communities that histocially have suffered from
low productivity.
Such communities are commonplace throughout rural Mexico. Therefore, long-term
action plans are urgently needed to break the cycle of persistent low productivity and chronic poverty. The problme for policy makers is this: inmediate
improvements in the standard of living are necessary to entice people to remain
in their communities, but long-term improvements can only be achieved if peopleand the government-are willing to inves more and apend less.
Balancing these two critical goals is no easy task. As a result, reform programs
often have failed to meet theexpectations of either the public offici-als who
initiate them or the people whom they are designed to serve.
1.4 Technology and Desertification.- Mexico, despite its problems in securing
sufficient capital for long-term investment in agriculture and forestry, does not
suffer from a paucity of technology, to the contrary, it enjoys access to a vast
array of desert-fighting technologies. Some have been homegrown, while others
haave been imported from foreign sources, particulary the United States (for
example Fertilizers tillage methods, irrigation methods).
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Thus efforts to combat desertificatioin have not been inhibited by insufficient
technology per se. Mexico can tap the same tools for water efficiency-for example, improved irrigation systems-that are found in the United States. Instead,
the problem centers on providing enough education and training to make it
worthwhile for Mexican farmers to take advantage of new equipment and management
techniques. In brief, the problems associated with addressing desertification
issues in Mexico more often arise from social and cultural conditions than from
the insufficient or outdated hardware and equipment.
All of this means that successfully applying technologies to fight desertification in Mexico will depend largely on the education and motivation of the local
population and the availability of well-trained pesonnel who can teach others
how to use the technology.
Traditional technologies, Netzahualcoyotl terraces in the control part of Mexico,
ancient waer harvesting systems, irrigatioin using porous cupsw, organic mather
which have proven valuable over extended periods, should serve as the first line
of defensa aginst desertification. Local experience and knowledge often provide
a good starting point for the comapign aginst the ravages of chronic drought.
When combined with more advanced technologies, such as aplication of chemical
and organic residues, the synergistic relationship between the old and the new
often nurtures a creative environment for improving the soil's fertility and thus
farmer's crop yields, for this reason pilot or demonstration projects are a
prerequisite for success.
1.5. Pilot Projects. Pilot projects have three objectives. Firsts, they help
advance research; second, they help demonstrate the potential success of laboratory results in the field; and third, they help train farmers to use new technologies and management techniques. Pilot projects, in effect, are a way to learn
by trial and error without investing large amounts of resources.
Pilot projects contribute more to the research-and development effort when they
take place in areas representative ot the ecological and economic conditions
faced by mosto farmers. They also must be arranged in ways that encourage the
active participation of citizens and private-sector officials.
In Mexico, several rural regions representative of the ecological and socioeconomic conditions faced by the majority of Mexico's farmers are now home to
pilot projects that have been alunched to address the problems of desertification.
Pilot projects in the fight aginst desertification are now found in the states
of Sonora.Coahuila, Zacatecas, Guanajuato, Mexico and Oaxaca, where the problems
of drought, poverty, and excessive population are most acute.
These pilot projects have been geared to each area's (1) physical characteristics;
(2) social and economic conditions; (3) existing agricultural system; and (4)
attitude toward sustainable development. Once this information is in place,
efforts are made to match the project's technological response to the problems
of desertification to the level of receptivity within the community.
The ability to march one with the other is viewed as the key to success. On the
one hand, advanced technology given to a people who do not have the training to
use it is likely to be quickly abondoned out of frustation. On the other hand,
using a technolgy that falls short of the community's capabilities will slow
the pace of reform and rehabilitation.
Mexico's plan of action to address the problems of desertification is to begin on
a small scale, to learn by trial and erro, and to evantually incorporate the most
successful program initiatives into a nation wide stragegy that will curb the
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advance of desertification, the long-term goal is to allow people to earn a
living in the rowns and villages where they are born. What is at stake is not
only the health of the nation's soils and trees but the well-being of all
Mexicans-those who live in impoverished rural areas and those who have moved to
the city for a better life, only to find intolerable conditions exacerbated by
the onslaught of rural refufees like themselves.
CONCLUSION. By the year 2000, there will be 110 million human beings in this
nation, each and every one will require food and acceptable living conditions.
So, real social and economic development will be the only way to prevent and
combat desertification.
However, if our natural resources continue to be squandered,the Mexican territory will soon be nothing more than a lifeless desert incapable of providing for
our basic needs.
The battle aginst nature and man himself is an uphill one; yet, all is not lost,
hope of victory remains, through the joint efforts to save our children from a
future of misery, poverty, famine and death.
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Making Soil Research and Development Relevant and Sensitive
to Socio-Economics in Latin America
P.G. Jones, P.K. Thornton, J.N. Fairbairn, and B. Knapp.

INTRODUCTION
Latin America is a developing area where the prime aim of agricultural research is the
alleviation of both rural and urban poverty. This means increasing the productivity of
agriculture and particularly of resource poor farmers. Contrary to the situation in the
developed countries, where surpluses of agricultural products are so great that land can
be put aside for conservation and yields may be curtailed to safeguard the environment,
development in Latin America is not a zero sum game trading off productivity for
conservation. Agricultural development is, rather, an economic and moral imperative. The
challenge is to bring about development without negative or even disastrous
consequences for the environment.
We believe this to be possible. A number of CGIAR initiatives show that enhanced
sustainability can go hand in hand with increased production and reduced costs.
Examples are the application of integrated pest management in rice (CIAT 1991) where
marked reductions in the use of pesticides were achieved, the control of the cassava
hornworm by a naturally occurring virus (Bellotti et al 1992), and the development of
rice/pasture rotation systems (Sanz et al 1993). Each of these innovations decreased cost
of the product while protecting the environment. These are early days to say that the
systems are holistically benign. Rigorous studies of the implications are planned, for
example to monitor the effects of infrastructure development in the Colombian Llanos
as the rice/pasture systems are adopted.
Soil science can assist directly at the field level by enabling the farmer to better
understand the particular constraints presented by his/her soils (this is purposely in the
plural because most farmers have a diversity of resources to contend with). The critical
point of all three examples quoted above is that they use knowledge as the main input.
They do not involve extra input costs at the farm level. The reduction in cost to the
farmer to achieve a more sustainable state is paid for by the research and extension
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involved. In many cases the benefits to producers and consumers greatly exceeds the
research costs.
The development process is far wider than this, however, and soils information is needed
for prioritization of research, allocation of resources, and setting the policy framework.
Choices have to be made, for example, between recovery of badly degraded lands,
increasing productivity to meet the growing requirements of food in the continent, and
the protection of environmentally sensitive areas.
In this paper we discuss the relationship of basic soil science research to the farmer in
Latin America, to the agricultural researcher, to those who guide the research, and to
those who make the policies that guide or distort the use of the land for agricultural
production. There appear to be three basic elements to this discussion. Is the relevant
soils research being done? If so, does the information get to where it is needed? When
it gets there is it in a form that is useful?
Villachia et al (1990) suggest that socio-economic constraints are the main factor
preventing full use of technology for sustained systems in the humid tropics of South
America. The same could be said of Mexico and Central America (indeed could be said
of probably 90% of the developing world). Examples from Tlaxcala, Mexico, illustrate
how development of sustainable agroecosystems requires an agroecological approach
sensitive to both the agronomic and socio-economic processes governing agricultural
production (Altieri et al 1987).

Basoc Soils Reserach
What is the need for Latin America
There will be, for at least the near future, a need to increase agricultural food and fibre
production in Latin America. If the development process were to follow that of Europe,
Japan or the USA, then we could foresee a diminished role of agriculture in the
economies of the region. This is not the reality at present nor, as far as we can foretell,
in the next few decades.
Latin America, from the Rio Grande to Tierra del Fuego, covers approximately 2000
million hectares, of which 845 million hectares are truly acid soils. A further 336 million
hectares are soils that can potentially be acid and are so in many cases in Latin America
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due to the high rainfalls prevalent throughout the tropical regions (see Table 1). A further
324 million hectares are lands unsuitable for agriculture (although in some cases
presently used for grazing or even cropping). This leaves a relatively small percentage
(23%) of soils which may be described as potentially useful for high productivity
agricultural output. Climatic constraints on many of these soils limit productive potential.
Much of the potentially productive land is already in production. On a world scale
Brown et al (1992) show that grain harvest area is levelling out and irrigation areas are
increasingly difficult to find. The case may not be as dire for Latin America but the end
of major production increases on the better lands is surely in sight.
As can be seen from Map 1, most of the acid soils are concentrated in the frontier
regions. Ancient civilizations in Mexico and Peru had little use for the acid soils. The
present remnants of the preconquest populations make little use of them in the Andes.
Small populations of Indigenes in the Orinoco and Amazon owe little to the fertility of
the acid part of the terrain but more to their ingenuity in exploiting the varied biosphere.
The acid soils areas will be the obvious targets of agricultural development whether the
international agricultural agencies like it or not. They are where the food and fibre will
come from to fuel the urbanization and development of the region. Many of these areas
are prime candidates for conservation. The tropical forests will undoubtedly spring to
mind. Many other acid soil areas, although smaller in extent, may be in even greater
need of protection (Robison et al 1993). However, even discounting these fragile and
valuable areas, there are many more that can be fruitfully brought into production. Note
(Map 1) that the vast majority of the lands with high proportions of acid soils are not
the deep Amazon forests but the flanking savanna lands of Brasil, Colombia, Venezuela,
Bolivia and Guyana.
A search of the soils literature held at CAB International was conducted and used to
construct table 1. The areal extensions of each FAO soil mapping units were taken from
the digital version of the FAO soils map of the world at 1:5,000,000. Note that this
includes all soils related research throughout the world that made reference to the FAO
map legend. Much of the USA soils research will have been missed because of this. The
FAO map legend is, however, the only global* reference system that we have at present.
As much as it might be wished, there is no comparable US taxonomy mapping.
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TABLE 1. The soils of Latin America grouped roughly as to use and major characteristics.
With the number of papers published from 1973 to 1991.
Area M ha

Papers

Papers on Latin
America

431.1
303.6
110.9

1010
271
878

504
71
39

845.6 43.2%

2159 11.1%

614 41.3%

Acid agricultural

Ferralsols
Acrisols
Luvisols

Ambiguous agricultural (may be acid)
Gleysols
Arenosols
Cambisols
Nitosols

122.9
83.7
81.9
47.6

48
666
168

336.1 17.2%

1326

81.4
56.3
55.9
51.3
50.0
48.7
48.2
37.7
19.4

149
213
297
474
103
639
127
1422
499

4
120
28
123
15

448.9 22.9%

3923 20.2%

397

169.3
78.5
33.9
22.9
7.6
6.4
6.1

128
49
748
297
322
105
5234

31
0
20
6
16
1
295

324.7 16.7%

6883 35.5%

369 24.8%

29
2
54
13
6.8%

98

6.6%

Non acid agricultural
Kastanozems
Regosols
Planosols
Fluvisols
Xerosols
Andosols
Phaeozems
Vertisols
Rendzinas

4
29
59
15

26.8%

Non agricultural
Lithosols
Yermosols *
Solonetz
Solonchacks
Histosols
Rankers
Podsols

Non existent in Latin America
Chernozems
Podsoluvisols
Greyzems

Grand Total

0
0
0

4569
410
138

7
1
0

0

5117 26.4

8

1955.3

19408

* This includes some irrigation areas
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There appears to be a tendency to concentrate basic research on the "interesting soils"
at the expense of those of agricultural importance. It is evidently unfair to complain that
the research on Chernozems is irrelevant to Latin America as it is obviously of wide
interest in Russia, USA and Canada. Nevertheless we can see that as much as 62% of
world soil research has no relevance to the agriculture of Latin America. Although a
reasonable boay of work (over 1000 papers) exists for the Ferralsols, there is a marked
discrepancy in the balance between the area under acid or poor soil (60.4%) and the
number of papers published (17.9%). When the much smaller subset of papers actually
referring to Latin America are considered the proportions are more in line with reality.
The fact that eight intrepid researchers could publish on soils not present in Latin
America is presumably a reflection on the FAO map and not on their research.
In the past the good agricultural soils have accounted for much of the food and fibre
production of the region. As noted above this is changing and the challenge of acid, poor
soils is real. It would appear reasonable to trim soils research efforts to reflect the
changing emphasis as agriculture expands into the acid soil marginal lands.
Although rarely done, a simple ex-ante evaluation of the benefits flowing to Latin
American development from basic soils research could serve to focus efforts on relevant
problems. This begs the question, how should basic soils (or any) research activity be
evaluated, both before it is carried out and after it has been done? Basic research differs
from some other resource allocation issues by virtue of its characteristics. By definition
of some (Greig 1981, for example), basic research is that which has no immediate
application; it contributes to the store of human knowledge, and after what may be many
years, it may (or may not) turn out to be useful. However, most "basic" soil science is
not really of this nature, being more applied than this.
The question of what constitutes appropriate R & D will depend to an extent on the
policy framework, although this is very much a circular process (i.e. the policy
framework should and could be defined on the basis of R & D findings, in part). It is
important that some effort should be made to evaluate the likely impacts of a portfolio
of competing research activities, not all of which can be funded due to resource
constraints. While this might seem obvious, it is not commonly done (or, more to the
point, not commonly seen to be done).
There is a growing literature on the evaluation of benefits and impacts of agricultural
research, both ex-ante and ex-post. It is not easy; in fact, identifying (let alone
quantifying) the social dimensions of R & D
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is extremely hard. Frameworks have been proposed (Lindner, 1987; Edwards and
Freebairn, 1985). While rigorous ex-ante analyses may not often be feasible, there is
much value in even simple ex-ante evaluations of proposed R & D activity (Pachico et
al., 1987). This forces the evaluator to think about the implications of a particular
activity, and it can help in the formulation of an open and transparent evaluation process.
Even where data are almost wholly subjective, at least the thinking behind the evaluation
is made clear and transparent (Harrison et al., 1991). Anderson (1992) makes a special
plea for such activity with regard to uncertainty and risk. Attaching even wholly
subjective coefficients of variation to estimated probabilities of research success or
wide-spread impact can at least alen decision makers to the fact that some research
activities are inherently more risky than others, for example, or that some activities are
more likely to have widespread impact than others. There is little doubt that even simple
ex-ante evaluations of the benefits flowing to Latin American development from basic
soils research could serve to focus efforts on relevant problems.

INFORMATION FLOW
Notwithstanding the apparent imbalance of basic research effort, we argue that the main
impact of soil science on the socioeconomics of sustainable development is on the
availability and flows of information. No matter how good a soil map or soil profile
information may be, it is no good at all if it is not used. Soil managenemt and cropping
systems techniques and packages cannot be effectively employed if the basic information
on soils is not available. We now look at information uses and flows at various scales.
The information flows in various directions within and between scales. We suggest that
bottlenecks in these flows are holding up rational use of data that are already available.
Blockage of information flow exists at all scales. The progression 'theory - data information - knowledge', with a feedback to the theory, is often seen as a paradigm of
the scientific method (see Eisgruber, 1973 or Barnard, 1979). This however assumes a
uniform population of 'scientists' within which information flows with the AIM OF
PERFECTING A THEORY. We may view ourselves as this population and in that
context might build efficient channels for the information flows. The extension of the
concept to 'theory - data - information - knowledge - ACTION' involves many actors
outside the neat scientific loop of theory proving. This highlights the complexity of the
situation. The ACTORS include policy makers and farmers who are not interested in
proving our theories but have wholly different goals.
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Interruptions to the process may be as follows:
1.

We do not collect the right data. This is basically the scientist's problem. We
should all be trained not to do this.

2.

We may not be providing the right tools to turn the data into information. Here
we believe we are at fault but are making progress.

3.

We may not be getting the information transformed into knowledge for relevant
actors. This is due partly to lack of physical dissemination of information but also
to lack of tools for turning the information into knowledge, ESPECIALLY AT
THE LEVEL OF ACTORS.

4.

The feedback loop is not now within the community of 'scientists' but must come
also from the level of ACTORS.

There is nothing revolutionary in this. In fact it is the basis of the drive towards farmer
participatory research and community participation. The challenge is to incorporate these
things into the standard R&D processes so that we, as the scientific community, can
provide and assist these linkages.
A further important point is that information does not necessarily have to spring from
completely documented scientific data. There is a large place for softer or 'fuzzy'
information based on informed opinion, see Dregne (1989). This type of soft information
takes on more and more importance as we consider the data flow between different
scales.
Continental and Global scales
At a continental scale, information is needed for research and development planning and
prioritization. Small-scale soil maps have been in use for some years as a means of
judging research priorities. Only recently have serious efforts been made to put numerical
data behind the judgements.
The FAO soils map, with all its faults, has been invaluable in global and regional
planning and research priority setting. An early use of it
was in the FAO Agroecozone projects. Subjective judgements based on expert opinion
had to be used in fitting the models and constraints to the soils (FAO 1978-81). This
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was still hand compiled mapping; at the time GIS techniques were rudimentary and very
expensive. These were ground breaking studies, although some discrepancies can be
found due to inappropriate models for the lesser known crops, an incomplete climate
database, and the misguided assumption that a crop is grown where it is best adapted.
The techniques of analysis have advanced considerably since then. Kassam et al (1990)
report the case study of Kenya which was the logical successor to the initial studies. The
discussion of the paper highlighted the problem of linking the study results to action.
It was admitted that there were indeed difficulties linking the smallholder farming
population needs with Government policy.
The Land System study of the tropical lowlands of South America (Cochrane et al
1985) was one of the first to put data into the map database. Its main shortcoming was
the coding system. Almost all data were interpreted to simple class limits. This overcame
the problems of the user having to interpret laboratory test data from many different
laboratories using diverse methods. This was done by throwing the task of interpretation
on the database compiler and not allowing the user the option of opinion. Classes are
almost always high, medium, or low.
In the mid 80s the Agroecological Studies Unit at CIAT pioneered a table of soil
characteristics based on the published tables in the FAO soil map documents (Fairbaim
1993). These were the best available to use the map in mechanized form for some time.
The scarcity of data made the use of the table somewhat conjectural. There were
insufficient data to include information on the range of values. Thus the pH of, for
example, a Dystric Fluvisol was registered as a single value, whereas only a little
reflection would show that since this characteristic is not used in the classification of this
mapping unit, it could take a broad range of values. The same could not be said of a
Ferric Acrisol.
The tagging of actual values from profile information to a soils map in machine readable
form is only just starting. The SOTER initiative of ISRIC to form a soils and terrain
database of the world at a scale of 1:1,000,000 has been underway for some years and
has constructed some pilot sheets. An excellent procedures manual is now available (Van
Engelen et al 1993). However, as good as this project is, the final world coverage is not
envisaged for many years as the project will proceed piecemeal as the funds become
available.
What is evidently needed for many applications is a stopgap until a full world coverage
of the SOTER class becomes available. At a meeting of the International Geosphere
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Biosphere Program last year (IGBP-DIS 1992), global modelers originally thought that
a database of soil profile data could be simply interpolated. Disabused of this idea as
inappropriate for the rapidly changing qualities of soil in the spatial dimension, the only
alternative was to tie the soil characteristic values to a map. The only available world
wide map at a reasonable scale is the FAO 1:5,000,000 map. FAO assures us it will be
updated as it moves into readily available digital form (Brinkman,R., pers. comm. 1992).
The meeting recommended that a start be made to produce a standardized soil profile
database that could be linked to the map.
A number of other initiatives are presently underway. ISRIC is producing a standardized
database of soil profile information for the study of soil emissions, WISE (Batches
1993). A compilation of histograms of phosphorus data by FAO soil legend is underway
at Penn State University (Lynch, J. pers. comm. 1992). Webb et al (1993) have
produced a global study of soil water holding capacities derived from soil profile data
linked to the FAO map. It is evident from this short list that there is duplication of
effort in this vital task. The problem is that everyone needs the data NOW and cannot
wait for a major international program to provide everything for everyone. The least that
we can hope for is that duplication is minimized by clear communications between
groups. The INTERNET electronic mail system could provide such a channel.
Unfortunately INTERNET communication in many of the developing countries is
rudimentary, if it exists at all.
There is no lack of soil profile data but many are simply not in a useful form. The
difficulties of making it available to the user of a GIS based soil map cannot be
overemphasized. Cochrane et al (1985) ducked the issue by entering simple codes, but
even this simple system is difficult to implement in a database tied to a GIS coverage.
We have been attempting this recently at CIAT. The main problem is that all mapped
polygons in a land system coverage, or any soils map, are complex entities. They are
made up of a range of landscape facets or soil associations. When developing user
interfaces to the tables it is therefore meaningless to allow simple boolean operators
without taking account of the proportion of the polygon area covered by soils with the
particular characteristic. As such it is not possible to ask for a map of, for example, the
acid soils of Latin America. It has to be a probabilistic map of the proportion of the
area covered by such soils (this is a key point). Thus the graded areal percentage shown
in Figure 1 is the best representation that can be made. This is based on the table of
assumed proportion originally used for the AEZ studies (FAO 1978-81).
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As the soil profile databases are developed the specifications of soil characteristics will
improve. Individual profiles can be referenced to specific mapping units and not to the
generic classification unit. There will undoubtedly be holes left which must be filled with
generic data.
The multiple links to all soils in the association with their areal coverage will be more
complicated by the inclusion of these surrogate data. We will soon have a system that
is user friendly and does not tell lies, but it needs a lot of dedicated work to bring it
about.
International information services play a large role in this support capacity (Nowland et
al in press), providing information in the form of printed and electronic journal, on-line
hosts, magnetic tape, CD-ROM, books, newsletters, conferences and training workshops.
To improve dissemination of information, international information organizations should
re-examine and re-evaluate the content and quality of the information they provide, the
needs of users, and technology and formats improving accessibility of the information
(Nowland et al in press).
A CD-ROM of the FAO soils map, for example, can be distributed to any number of
decision makers but in many ways it is not useful information. It is still 'raw'. Unless
the data, the tools and the expertise to make sense of it are available then it is largely
no more use than the paper maps that preceded it. The information bottleneck relates
not only to the physical dissemination of information but also to our seeming inability
to provide the right people with the right tools to interpret it. This is obviously a case
where we need to turn information into knowledge.
At the other end of the scale the farmer must use soils information to make the best use
of available resources in a rational production system. Local knowledge of both soils
and production systems are an overriding influence in farmers' actions and are extremely
important in 'bottom up' development planning.
In between these two extremes lie the national research agencies and the regional and
local NGOs. All use soil data in rather different ways. We indicate some of these data
usages and identify constraints to information flow and effective data use at the various
levels. Some of the tools necessary to overcome these constraints already exist, some
are in development, but some are still lacking. In the next section we illustrate some of
the problems at this scale with examples and try to elucidate just where the problems lie.
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Intermediate scale information
In Guatemala, soils are mapped at a scale of 1:250,000, in a study carried out by
Simmonds et al (1959), since which there has been little further advancement (Rosa
Maria de Barrio. Pers comm 1990, ICTA). While the individual series were described
in detail and based on extensive fieldwork, the map is, in comparison, very generalized
and does not effectively communicate the data collected. This is one block in information
flow. The Guatemalan NARS, ICTA also has a great deal of information on soil fertility
status, the result of hundreds of analyses carried out on request of individual farmers
throughout the country. At present the results of each analysis are sent back to the client
and filed on hard copy. This information is dormant. However, collectively, the
information could be used much more effectively, particularly if incorporated into a
spatial, database. Whilst resources are not available in ICTA, it should be the
responsibility of international organizations to identify such blockages of existing
information across the Latin American continent, and to target them for external funding.
In Mexico, use of the modified FAO legend enhances the use and flow of
the information. The availability of soils information is relatively good, with many
regional information centres of INEGI (Instituto Nacional de Estadistica, Geografia e
Informatica) across the country. The central office in Aguascalientes is now equipped
with the Laser-Scan Automated Map Production System (LAMPS) - a suite of software
for production of digital and paper maps using digital mapping technology with the
accompanying hardware.
Soil maps and soil use maps are available from INEGI at 1:50,000, 1:250,000 and 1:1M.
The evolution of the mapping has resulted in gaps. The first maps to be produced were
at 1:50,000. Before complete coverage, the soils office was asked to produce a more
general map of the whole country - the 1:1M map, based on the completed 1:50,000
maps and remotely sensed images and aerial photography. To fill the gaps missing at the
detailed level, production of a middle scale coverage of 1:250,000 was proposed and
commenced. The need to react to immediate requirements has inevitably resulted in
inconsistencies in the information. In the case of Mexico, therefore, whilst the flow and
availability of the information is very good, and the mapping in many areas accurate, the
actual quality is variable.
Because of the varied quality of the information, Mexican planners are at a disadvantage.
This is a fault of information flow upwards, which unfortunately reverts to the strategic
planning institutions and to their short term budgets.
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Information flow at the farmer level
The success or failure of projects almost always depends on communications. Cases
from farm irrigation projects in Peru and Mexico (Lees 1987) show how problems in
information flow caused waste and damage due to the lack of an effective repair
mechanism, experts ignoring local knowledge (see also Hogg 1990, Warren 1991), and
excessive paperwork. Pitfalls abound. Technical solutions to problems unperceived by
the farmers are not readily adopted (a clear failure of transforming information into
knowledge). New technologies duplicating indigenous ones are superfluous, a failure of
feedback (Warren 1991). Ease of flow of information at the farmer level may also help
prevent ecological disasters. In Costa Rica, lack of information from chemical suppliers
caused toxicity and abandonment of banana soils (Thrupp 1991).
Soils research and soil projects should therefore consider socio- economic factors and
information flow at all scales, but particularly at the farmer level, since these factors are
the most difficult to predict from more general scales (Fairbairn 1993). This general need
in tropical soils research has been recognized for some years (Moran 1987, Latham
1987), and it is encouraging that a standard handbook of tropical soil methods (Anderson
et al 1993) has a section on rural farmer survey techniques. However, recognizing the
need is only the start and opens up a whole new spectrum of problems for soil scientists.
Farmer Knowledge
The literature shows that farmers have a great deal of knowledge about the soils they
manage. This could be inferred from first principles without difficulty, except where
immigration from a different agroecosystem renders farmers' knowledge inappropriate.
Dent and Young (1981) state that many farmers have a far better knowledge of their own
soils than a soil surveyor is likely to acquire during a soil survey, particularly regarding
management characteristics, whose variation may be known between and within fields.
Many authors give examples of soil types identified by farmers, based on such criteria
as fertility by colour, mineralogy, slope categories, texture, soil-vegetation associations,
susceptibility to wind erosion, colour of drainage waters, etc. (Conklin 1957; Netting
1968; Chambers 1969; Chambers et al 1991; Weinstock 1977; Nations and Nigh 1980;
Acres 1984; Tabor 1992; Fairbairn 1993). There is also evidence to suggest that farmers
can adopt their soil knowledge quickly, when innovation or utilization of new crops is
required (i.e. when the economic incentive exists for them to do so). The Shipibo of
Peru, for example, changed land use patterns after pressure to change from staple banana
and plantain cropping for subsistence to rice for cash cropping (Behrens 1989).
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Proportionally less use was made of soft sandy soils suitable for bananas and more use
made of harder clayey soils for rice.
Farmers know how soils change on their land and we have been slow to realize the
potential of these mental maps. Information concerns soil distribution and, in addition,
empirical observations of the responses of crops to different soils and conditions. The
interest in indigenous soil knowledge is clear, but there continues a reluctance to
incorporate this knowledge in current research initiatives (Reij 1991). This is in part due
to the lack of communication between soil scientists and farmers, who do not understand
each other's jargon. Talking to farmers to establish their terminology allows farmer soil
descriptors to be related to those of pedologists, and local nomenclature can be
compatible with national or even international soil classification systems (Acres 1984).
An example of a farmer conceived soil classification from Durango, Mexico, is shown
in Table 2.
While scientists have the advantage of understanding in detail the direct effects of soil
properties on crops, farmers have the advantage of being able to see the effects of soil
conditions on the efficiency of the system as a whole, since it is their livelihood. They
have strong opinions on the relative advantages and disadvantages of different soil types
for their crops for each range of conditions. Measurements may be quite indirect, but
relevant to farm management, e.g. time taken to plough a field; time for soil to become
trafficable after rain; risk of frost in different topographic positions. The challenge is to
design methods to incorporate this information. Local knowledge should be legitimized
without romanticizing its potential (Thrupp 1989). The strengths and weaknesses of
indigenous knowledge should be understood. Work in Honduras (Bentley 1989) and
Mexico (Fairbaim 1993) illustrates that farmers are good at some things and poor at
others. In the Mexican example, while farmers were good at relating soil factors to crop
management, terms for texture were confused. Is this a failure of the farmers to
understand the concepts of texture in terms of particle size, or is it a failure of a soil
scientist to recognize a useful observation of another aspect of soil at the field level?
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FAO-AEZ
CLASSIFICATION SYSTEM IN DURANGO, MEXICO
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(HI) better due to higher water holding capacity than (Hh),
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risk.
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Mlfla|on
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TIERRA
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Not
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poasble but low yields. Hard when dry,
sticky when wot.
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Adapting soils work to include local knowledge
Farmers' preferences and decision making processes are the key to the problem and must
be understood. Many factors enter into farmers' decision making processes, and farmers'
attitudes and objectives vary widely; in fact, our understanding of these factors is at best
rudimentary. However, risk management plays a critical role in determining farming
practices, as the farmer attempts to dampen down fluctuations in production levels and
household income from one season to the next (which, after all, is really the final arbiter
of "sustainability" in the long run). Conclusions from work in semiarid Durango in
Mexico showed that the assessment of soil types by dryland bean farmers was not in
terms of fertility alone, but of risk reduction factors (Fairbaim 1993). The less fertile red
soils (Phaeozems and Xerosols) were preferred overall, being less risky, since they are
quick to wet (allowing prompt sowing and reducing frost risk towards the end of the
season) and become trafficable quickly after heavy rain (allowing quick removal of
weeds, which can destroy the entire crop). The more fertile black soils (Vertisols) are
slower to wet, delaying sowing and increasing frost risk before harvest. The preferences
also change from year to year depending on rainfall. In considering farmer decisions,
therefore, temporal variability must be considered.
Another example from Mexico highlights how farmers did not adopt recommendations
to increase the number and change the timing of fertilizer applications, since it was more
profitable on one type of soil 'the traditional way', but more risky on another type of soil
(Gladwin 1980).
Such examples can give insights into the critical soil factors in
the particular farming system. Much time and effort may be saved by recognizing which
factors are relevant. Much is known about the behaviour of soil taxonomie units, but the
suitability of soils for the crops in the farming system can only be accurately assessed
by asking farmers about the relevance of differences in their soils on their crops.
Assessment of the ability of the soil to produce high yields should therefore not be the
only, or even the primary, concern.
Considerable effort continues to be made to model the way in which farmers make
decisions and to isolate the important factors that determine such decisions. Perhaps the
most basic model is the one that assumes the actors are maximisers who attempt to
obtain the greatest return on an investment. Modifications of this basic model to account
for risk have resulted in a voluminous literature ( see Binswanger (1980) for work on
risk attitudes; Davenport (1960) and the critique by Read and Read (1970) for the use
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of game theory in analysing decisions). Alternative models include the mini-max
optimising farmer, who minimises the risks of disaster and tries to ensure the survival
of his family. Once done, the mini-max optimiser will attempt to maximise his return on
what is left (if anything) of his available resource investment.
Work still continues on profit or expected utility (or its variants) maximisation models,
but whether such models are really able to account for human behaviour is in some
doubt; their predictive ability is not particularly good. Other types of decision modelling
have emerged in recent years. For example, one possible solution to modelling farmers'
decisions in response to change in Latin America is spelled out by Gladwin (1980,
1989a, 1989b). Cognitive science is drawn largely from anthropology and agricultural
economics, and involves a 2 stage process: understanding the rational reason why
farmers farm the way they do, and describing the knowledge systems and logic to
scientists. Survival strategies should also be understood (Jodha 1991).
One other type of decision modelling is being explored, largely in response to the
emergence of artificial intelligence and expert systems. Preliminary work towards the
modelling of socio-economic as well as biophysical data using crop simulation models
and rule-based systems has been undertaken, in which farm household decision models
specify the details of cropping system, sowing, crop husbandry, harvesting and
post-harvesting processing in response to a changing environment (Dent, 1993).
Although such work is in its infancy, there would appear to be much potential for
modelling soft data in this way. As in all modelling efforts, the critical test is the
predictive ability of such models, and the specification and testing of these types of
models will be key activities over the next few years.
Increasing scientists' understanding of the processes whereby farmers make decisions is
important, but equally the infrastructure has to exist to allow information to be
exchanged at the farm level between the various actors. Traditionally, the provision of
information to farmers is the preserve of extension services, whereas the movement of
information in the other direction (from the farmer to the researcher) has been much
more restricted. Extension theory and practice have evolved substantially over time, as
has the concept of applied agricultural research itself. We should now be in a much
better position for setting up appropriate knowledge and information systems to facilitate
this exchange than formerly (see Roling, 1988).
Agrarian knowledge networks allow informal exchanges and generation of information,
as illustrated in the Dominican Republic (Box 1990). Countries may develop national
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strategies for the effective flow of agricultural information (Houng 1989, Ballantyne
1991). In order to have equal accessibility of information at all levels in rural
development, it may also be necessary to set up local information centres.
To offset the apparent lack of available information covering indigenous knowledge, the
Centre for Indigenous Knowledge for Agriculture and Rural Development (CIKARD)
was set up at Iowa State University, U.S.A. in 1987 (Warren & Cashman 1989,
Rajesekaran 1991). CIKARD collects published and unpublished material, develops
approaches to integrate indigenous knowledge into agricultural research and extension,
and conducts training courses of techniques for documenting and using indigenous
knowledge.
While many developments have taken place, there is still far to go in institutionalizing
the two-way linkages between farmer and researcher for maximum benefit. On the one
hand, it must be recognised that temporal and spatial variability in the performance of
agricultural systems will often militate against the possibility of static, blanket-type
recommendations being entirely appropriate. On the other hand, local knowledge has to
be 'internalized' in the research and extension processes, if profound understanding is
to be gained of the way in which farmers operate their systems. While these demands
are undoubtedly onerous for any agricultural science, they must be dealt with if the goals
of relevance and sensitivity are to be attained.

Soil measures as indicators of sustainability
Sustainablity is fashionable, particularly since UNCED. To dyed-in-the-wool
agriculturalists it sounds very much like 'good husbandry', the meaning of which we
knew intuitively many years ago. Sustainable development, however, implies much more.
It implies that information on system performance and the quality of natural resources
is freely available and that it flows in both directions from the poorest farmer to the
policy makers. Soil scientists may be intermediaries and promoters of this information
flow.
Indicators of sustainability have recently become a major industry; Manuel Winograd
(pers comm 1993) has recently reviewed approximately 1500 papers. Seeing the wood
for the trees is, in this context, rather difficult. Harrington et al (1993) have identified
characteristics required of an efficient indicator of agricultural sustainability. The
following is based on their list.
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1.

It should be easily measurable.

2.

It should feature relevant, complete geographic coverage.

3.

It should be cost effective, taking advantage where possible of available
infonnation. The cost of an efficient indicator should ideally be born by the
economic output of the system, unless it is being used as a diagnostic from a
higher system level.

4.

It should change as the system moves away from sustainable equilibrium.

5.

It should clearly distinguish between causes and effects. Effects (system state
variables) should not be confounded with causes (system parameters) that make
the system vulnerable to decline.

6.

It should give warning of degradation processes that are irreversible. That is to
say where the cost of reversing the process cannot be born by the economic
potential of the system.

7.

It should take account of the full cycle through which the system moves in time.

8.

It should highlight links to other system levels at which degradation processes
might be more readily addressed.

9.

It should have the capacity to be used to monitor and forecast future trends in
resource quality and agricultural system productivity, as well as tracking
corresponding trends from the past.

It is obvious from this list that an indicator is not a measure that governs the initial state
or the potential of a system. Those are system parameters which are fixed; examples
could be soil texture, depth, clay mineralogy, rainfall variability etc. In other words,
things that the farmer and farming practice cannot change, even though they are of prime
importance in deciding what can be done with an agricultural area.
The indicator should change, reflecting an underlying system variable, as the system
progresses towards system failure. (Sustainabihty is the null hypothesis and therefore
cannot be proved). In workshops and conferences one frequently hears that measures on
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the soil are prime candidates for the elusive indicators of sustainability. We often hear
that soil pH, organic matter content, compaction and many more are critical indicators
of sustainability. They are not so in most cases. They are management variables set
within a hierarchic system. Letey (1985) states clearly that soil physical properties are
what set the management practice that is appropriate. The important point, noted in the
list above, is, can they be managed within the economic constraints of the system?
Let us take the case of soil organic matter. As an example, we have before us a
Maize/Bean relay system on one of the poorer volcanic soils of the Andes. Little weed
regrowth is expected during the dry season. The maize stover is carted off for fodder or
roofing material. The organic matter of this soil will inevitably decline to unsustainable
levels and surface erosion will occur during the onset of the rains when maize growth
is slow due to the lack of nutrients.
Embed this system (field) in the larger context of a farm or community and the solution
becomes obvious. Up to sixty percent of the area under consideration is under pasture.
Farm yard manure should be available (we are not saying that it is). The deficiency of
organic matter can be corrected from a higher level of the system - be it farm or
community.
Soil compaction in an oxisol should be no problem if the production system can afford
to incorporate sufficient crop residues and to deep plough when necessary. The
secondary structure of an oxisol can be readily recovered, if the organic matter content
is not too low, by the normal wetting and drying cycles of these soils (Buol, S. pers.
comm. 1992).
In both of these examples, the critical point is the economic ability to manage the
system. Conway & Barbier (1990) identified much of the problem of agricultural
development thus: 'mismatching of technologies is particularly apparent where
technological packages are applied on a large scale; in the belief that the natural
resources they are intended to manage are uniform'. We would go further than this and
include the economic variability and capacity to cope with the management of the system
that exist between the agriculturalists of the developing world.
Thus simple measures of variable soil characteristics are not generally good indicators
of the sustainability of a system, or even the unsustainability of a managed agricultural
practice. The capacity to ma«age the system would be a much more compelling
indicator. This brings us back to the examples given in the introduction. The knowledge

i
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necessary to handle the system is the critical point. It may cost almost nothing to the
farmer who applies it, but it does have a cost in the research process.
There is one obvious case where this is not true, where irredeemable soil damage is
occurring through soil erosion. Erosion at a faster rate than the soil forming processes
is obviously unsustainable. A good example is that of the Fen soils of East Anglia. The
tilling of the Fen peat soils inevitably results in the depletion of the peat horizon. This
seems to have been accepted by the fanners of the region and they generally accept that
this is a cost that future generations will have to pay. Where obvious soil erosion is
taking place in Latin America, the same sort of mentality seems to hold sway.
If this really is the case, and farmers recognize the damage they are doing to the land
(and we are fairly sure that in most cases they do), we do not need sophisticated
measures of soil depletion or degradation to highlight the fact. We simply have to ask
the farmers why they have to pursue the course they are following. The answer will be
economics. The solution will almost always be sociological. The needs of future
generations will have to be safeguarded by convincing the present generation that it is
in their best interest. This is completely outside the realm of soil science and, we
suspect, of any science.
In essence, then, sustainability is a WHOLE SYSTEM characteristic. The system includes
the soil, the farm, the farmer and the relationship of the farmer to the community and
to the rest of the world. To look for simple soil measures as indicators of sustainability
is fraught with all the above problems. What happens on an experimental plot is not real
life. As a community of agricultural scientists we have to come to terms with the reality
of the agricultural process as a whole.

Conclusion
The move to sustainable agriculture in the developing nations implies an increase in
agricultural production. This is particularly the case with small farmers. Increased
productivity will allow the management practices that protect the environment. There
is not necessarily a tradeoff of production for conservation and sustainability, as there
appears to be in the developed nations.
The productivity increases which are most cost effective in enhancing sustainability are
most likely to be applied on the acid lands of the agricultural frontier. These lands are
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not the deep Amazon rainforest but the legally accessible land in the forest margins, the
savannas and the hillsides of Latin America.
The balance of basic soil research still reflects the academic or production interests of
the developed world. While redressing this imbalance of basic research would obviously
be a good thing, the main constraints to progress are the information flows within the
agricultural production and policy communities of the developing world. The world soil
science community can contribute to the alleviation of these restrictions.
Information for planning policy at a national or regional level is still far from complete.
This can result in the distortion of production and trade policy decisions and in poor
priority setting for research. There is a need for tools that are more easy to use for
major decision makers. The development of major soils databases now in hand must
include efficient user interfaces for non-soil scientists.
There is a major deficiency in the flow of information back from the farmers to the soils
research community. More attention should be paid to farmers' knowledge of their
soils.in particular their variability in cultivation characteristics. Farmers' decision
making processes are a key to the application of innovative soil management practices.
Agricultural system sustainability, while often based on careful analysis of soil
characteristics, is a whole system characteristic. The analysis of this depends heavily on
the joint efforts of the farmer, the soil scientist, the agronomist and the social and
economic scientist.
We conclude that while basic soils research is still required, it should be done in
response to highly specific and well-focused needs. A major effort is needed to collate
and articulate the application of already existing information. The impetus for this effort
should come from the formal research community, but its details should be driven by end
users.

Bibliography
Acres, B.D. (1984). Local farmers' experience of soils combined with reconnaissance soil
survey for land use planning: an example from Tanzania. Soil Survey and Land
Evaluation 4:3, 77-85.

388

Making Soil Research and Development Relevant and Sensitive to Socio-Economics in Latin America.

Altieri, M.A., Trujillo, P.J., Farrell, J. (1987). Plant-insect interactions and soil fertility
relations in agroforestry systems: implications for the design of sustainable
agroecosystems. In Gholz, H.L.(ed), Agroforestry: realities, possibilities and potentials.
Dordrecht, Netherlands, pp 89-108.
Anderson, J.M., Ingram, J.S.I. (1993). Tropical soil biology and fertility: a handbook of
methods. CAB International, Wallingford, UK, 171pp.
Anderson, J.R. (1992). Research priority setting iin agriculture: problems in ex-ante
analysis. Pp 131-133 in D.R. Lee, S. Kearl and N. Uphoff (eds), Assessing the Impact
of International Agricultural Research for Sur.tainable Development. Cornell
International Institute for Food, Agriculture and Development, Ithaca, New York.
Ballantyne, P. (1991). Managing the flow of scientific information for agricultural
research in small countries: an issues paper. ISNAR Small Countries Study Paper No.2,
32pp. The Hague, Netherlands.
Barnard, C.S. (1975). Data in agriculture - a review with special reference to farm
management, research, policy and advice in Britain. Journal of Agricultural Economics
26:289-333.
Batjes, N.H. (1993). World Inventory of Soil Emission. Potentials: Guidelines for soil
profile selection and protocol for completing the WISE data entry sheets. Working paper
and proprint 93/02. International Soil Reference and Information Centre Wageningen.
Behrens, C.A. (1989). The scientific basis for Shipibo soil classification and land use.
Changes in soil plant associations with cash cropping. American anthropologist 1:83-100.
Bellotti, A.C., Arias, B. & Guzman, O.L. (1992) Biological control of the cassava
homworm. Erinnis ello (Lepidoptera: Sphingidae) Florida Entomologist 75:506-515
Bentley, J.W. (1989). What farmers don't know can't help them: the strengths and
weaknesses of indigenous technical knowledge in Honduras. Agricultural and Human
Values 6:25-31.
Binswanger, H.P. (1980). Attitudes towards risk: experimental measurement in rural
India. American Journal of Agricultural Economics 62:395-407.

389

Making Soil Research and Development Relevant and Sensitive to Socio-Economics in Latin America.

Box, L. (1990). Agrarian knowledge networks: a conceptualization. Wageningen
Sociologische Studies, 28:1-7.
Brown.L.R., Flavin.C, Kane.H. (1992) Vital Signs: The trends that are shaping our
future. World Watch Institute. W.1 W.Norton & Co New York.
CIAT (1991) Annual report p. 611-67
Chambers, R. (1969). Report on social administrative aspects of range management
development in the north eastern ] provinces of Kenya. Mimeo, Ministry of Agriculture,
Nairobi, Kenya.
Chambers, R., Pacery, A., Thrupp, L.A. (eds.) (1991). Farmers first: farmer innovation
and agricultural research. Intermediate Technology (IT) publications, London, U.K.
Cochrane,T.T., Sanchez.L.G., de Azevedo,L.G., Porras,J.A., Garver.C.L. (1985) Land in
Tropical America. CIAT, Cali, C olombia - EMBRAPA/CPAC Planaltina D.F. Brazil.
Conklin II.C. (1957). An ethnoecological approach to shifting agriculture. In Vayda, P.
(ed.), Environmental and cultural, behavior, ecological studies in cultural anthropology.
The Natural History Press, Garden City, New York, USA.
Conway.G.R & Barbier,E.B. (1S»90) After the green revolution. Earthscan Publications
1990 p32
Davenport, W. (1960). Jamaican fishing: a game theory analysis. Yale University
Publications in Anthropology 59:3-11.
Dent, D., Young, A. (1981). Soil Survey and Land Evaluation. George Allen and Unwin,
London, U.K.
Dent, J.B. (1993). Potential for systems simulation in farming systems research. In:
F W T Penning de Vries, P Teng and K Metselaar (eds), Systems Approaches for
Agricultural Development, 325-339. Kluwer, Dordrecht, the Netherlands.
Dregne.H.E. (1989) Informed opinion: Filling the soil erosion data gap. Journal of Soil
and Water Conservation Jul-Aug 1989 p303-305.
•

390

Making Soil Research and Development Relevant and Sensitive to Socio-Economics in Latin America.

Edwards, G.W. and Freebairn, J.W. (1985). Measuring a country's gain from research:
theory and application to rural research in Australia. A report to the Commonwealth
Council for Research and Extension. AGPS, Canberra.
Eisgruber, L.M. (1973). Managerial information amd decision systems in the USA historical developments, current status and major issues. American Journal of
Agricultural Economics 55:930-937.
Fairbairn, J.N. (1993). Evaluation of soils, climate and land use information at three
scales: the case of low income bean fanning in Latin America. Ph.D. thesis. Soil Science
Dept., University of Reading, U.K.
FAO (1978-81) Reports on the Agroecological Zones project. World Resources report
48. FAO Rome
Gladwin, C.H. (1980). Cognitive strategies and adoption decisions: a case study of
nonadoption of an agronomic recommendation. In Brokenshaw, D.W., Warren, D.M.,
Werner, O. (eds.), Indigenous knowledge systems and development. Lanham, Maryland,
USA, pp9-28.
Gladwin, C.H. (1989a). Modelling farmers' decisions to change: using cognitive science
in the design of agricultural technology. In Groenfeldt, D., Moock, J.L. (eds.), Social
science prospectives on managing agricultural technology. IIMI publication No. 86-22.
Colombo, Sri Lanka, pp. 127-141.
Gladwin, C.H. (1989b). Indigenous knowledge systems, the cognitive revolution, and
agricultural decision making. Agriculture and Human Values 6:32-41.
Greig, I.D. (1981). Agricultural research management and the ex-ante evaluation of
research proposals. Review of Marketing and Agricultural Economics 49:73-94.
Harrington,L., Jones,P.G., Winograd,M. (1993) Measurements and indicators of
sustainability: Report of a CIAT-CIMMYT Collaborative team. Working Document.
Draft. CIAT Cali Colombia 1993
Harrison, S.R., Dent, J.B. and Thornton, P.K. (1991). Assessment of benefits and costs
of risk-related research in crop production. Pp 491 - 510 in R C Muchow and J A
Bellamy (eds), Climatic Risk in Crop Production: Models and Management for the

391

Making Soil Research and Development Relevant and Sensitive to Socio-Economics in Latin America.

Semiarid Tropics and Subtropics. CAB International, Wallingford, Oxfordshire.
Hogg, R. (1990). An institutional approach to pastoral development: an example from
Ethiopia. Pastoral Development Network, Paper 30d, 16pp.
Houng, M.H. (1989). National strategy for agricultural information flow: Trinidad and
Tobago: reflections on development. Quarterly Bulletin of the International Association
of Agricultural Librarians and Documentalists 34:4, 185-186.
IGBP-DIS (1992) Global soils database workshop report, ed J.S.I.Ingram. Oxford, UK.
Jodha, N.S. (1991). Drought management: farmers' strategies and their policy
implications. Economic and Political Weekly 26:39, A98-A104.
Kassam,A.H., Shah,M.M, van Velthuizen, & Fischer.G.W. (1990) Land resource
inventory and productivity evaluation for national development planning. Phil. Trans. R.
Soc. Lond. B (1990) 329:391-401
Latham, M. (1987). IBSRAM's soil management approach. In Latham, M., Ahn, P.,
Elliott, C.R. (eds.), Africaland. Land development and management of acid soils in
Africa n. IBSRAM Proceedings No.7, 11- 18.
Lees, S.H. (1987). Farmers and technical experts information flow in irrigated
agriculture. In Social and technological management in dry lands. Past and present,
indigenous and imposed. AAAS Selected Symposium 10. Boulder, Colorado, USA,
pp45-58.
Letey.J. (1985) Relationship between soil physical properties and crop production.
Advances in Soil Science. Vol 1:277-294
Lindner, R.K. (1987). Towards a framework for evaluating agricultural economics
research. Australian Journal of Agricultural Economics 31:95-111.
Moran, E.F.(1987) Socioeconomic considerations in acid tropical soils research. In
Sanchez,P.A., Stoner, E.R., Pushparajah, E. (eds.). Management of acid tropical soils for
sustainable agriculture. Proceedings No.2 of an IBSRAM inaugural workshop, Bangkok,
Thailand, p227-244.

392

Making Soil Research and Development Relevant and Sensitive to Socio-Economics in Latin America.

Nations, J., Nigh, R.(1980) The evolutionary potential of Lacandon Maya sustained yield
tropical forest agriculture. Journal of Anthropological research, 36:1.
Netting, R. (1968). Hill farmers of Nigeria. University of Washington Press, Seattle,
USA.
Nowland, J.L., Reid, W.J., Shaw, A.E. (in press). The role of international information
services in support of adaptive soil research and extension. Presentation at IBSRAM
Information Workshop, Hanoi, Vietnam, 4 Nov 1993.
PachicoJ}., LynamJ.K., Jones,P.G. (1987) The distribution of benefits from technical
change among classes of consumers and producers: An ex-ante analysis of beans in
Brazil. Research policy 16:279-285
Rajesekaran, B., Warren, D.M., Babu, S.C.(1991). Indigenous natural resource
management systems for sustainable agricultural development - a global perspective.
Read, D.W. and Read, C.E. (1970). A critique of Davenport's game theory analysis.
American Anthropologist 72:351-355.
Reij, C.(1991). Indigenous soil and water conservation in Africa. Gatekeeper Series
No.SA27, International Institute for Environment and Development, London, U.K.
Robison,D.M., Barona,E., Castano,S.E., Rincon,M., Becerra,H., Henao,M.R., Garcia,L.
(1993) Areas legalmente protegidas y su relacion con la frontera agricola en el tropic
Americano. Land Use Program. Working Document 119. CIAT, Cali, Colombia.
Roling, N. (1988). Extension Science - Information Systems in Agricultural
Development. Cambridge University Press, UK.
Sanz.J.L, Zeigler,R., Sarkarung.S., Molina.D.L., Rivera, M. (1993) Rice-pasture systems
for the acid soil savannas of South America. Part 1 Pasture establishment with rice.
Annals of Applied Biology - in press
Simmonds, C.S., Tarafio, J.M. & Pinto, J.H. (1959) Clasificación de Reconocimiento de
los suelos de la Republica de Guatemala. Istituto Agropecuario Nacional, La Aurora,
Guatemala.

393

Making Soil Research and Development Relevant and Sensitive to Socio-Economics in Latin America.

Tabor, J.A. (1992). Ethnopedological surveys - soil surveys that incorporate local systems
of land classification. Soil Survey Horizons 33:1, 1-5.
Thrupp, L.A. (1989). Legitimizing local knowledge from displacement to empowerment
for Third World people. Agriculture and Human Values 6:3, 13-24.
Thrupp, L.A. (1991). Long term losses from accumulation of pesticide residues: a case
of persistent copper toxicity in soils of Costa Rica. Geoforum 22:1, 1-15.
Villachia, H., Silva, J.E., Roberto-Perez, J., da Rocha, C.M.C.(1990). Sustainable
agricultural systems in humid tropics of South America. In Edwards, C.A., Lai, R.,
Madden, P., Miller, R.H., House, G. (eds.), Sustainable Agricultural Systems. Soil and
Water Conservation Society, USA, 391-437.
Warren, D.M., Cashman, K. (1989). Indigenous knowledge for sustainable agriculture
and rural development. Gatekeeper Series No.SAlO. Sustainable Agriculture Program,
International Institute for Environment and Development, 15pp.
Warren, D.M. (1991). Using indigenous knowledge in agricultural development. World
Bank Discussion Papers No. 127, 46pp.
Weinstock, J. (1977). Indigenous soil classification. M.Sc. thesis, Cornell University,
New York.
Webb.R.S. & Rosenzweig.C.E (1993) Specifying land surface characteristics in general
circulation models:Soil profile dataset and derived water holding capacity. Global
Biogeochemical Cycles, (1993) vol 7, no 1, p97-108
Van Engelen, V.W.P & Wen, T.T (1993) Global and National Soils and Terrain Digital
Databases (SOTER), Procedures Manual. UNEP.ISSS.ISRIC and FAO, Wageningen 1993
115 p.

394

Making Soil Research and Development Relevant and Sens itive to Socio-Economics in Latin America.

List of acronyms used.
CABI
CGIAR
CIAT
CIKARD
FAO
ICTA
EFDC
IGBP
INEGI
ISRIC
ISSS
LAMPS
SOTER
UNEP
WISE

Centre for Agriculture and Biotecl inology International
Consultative group on Internationa 1 Agricultural research
Centro Internacional de Agricultur a Tropical
Centre for Indigenous Knowledge for Agricultural and Rural
Development
Food and Agriculture Organization
Instituto de Ciencias y Technologists Agricolas, Guatemala
International Fertilizer Development Center
International Geospherere Biosphere Program
Instituto Nacional de Estadistica, Cieografia e Informatica, Mexico
International Soils Reference and Information Centre
International Society of Soil Science
Laser-scan Automated Map Produc'ion System
Soils and Terrain Digital Database
United Nations Environment Progra m
World Inventory of Soil Emission Potentials

395

Resource-poor Farmers in Small Nations - The Pacific
Perspective
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Abstract. The 22 nations of the South Pacific region consist of a large number of islands scattered
over a vast area of ocean. The islands are either continental or oceanic high islands or coral islands.
The most common soils are Inceptisols, but Mollisols, Alfisols, Ultisols Oxisols and Entisols are also
occur. The average annual rainfall is greater than 1500 mm, but varies widely in both total amount
and seasonality. Agenda 21 points out that these countries share many constraints to sustainable
development including fragile ecosystems, vulnerability to natural hazards, population problems,
dependence on external economic factors and risk of rising sea levels.
Agriculture in the Pacific is traditionally based on the production of staple root and tree crops,
although many fanners now produce a mixture of subsistence and cash crops. Populations are
growing rapidly in many island countries, requiring increased production of food crops to maintain
self-sufficiency and of export crops to earn foreign exchange. Consequently, agriculture has
expanded onto marginal land, particularly in steep areas, leading to increased weed intrusion, soil
erosion and offsite effects of sediments on streams and coastal resources.
Agenda 21, and subsequent FAO-sponsored plans for sustainable development of small islands,
highlight the limited prospects for agricultural development and the scarce, easily degradable land
and water resources, needing careful management. Sustainable land use must be: productive;
protect the resource base; minimise risk; economically viable; and socially acceptable.
Socioeconomic factors, such as land tenure and the increased demand amongst smallholders for cash
strongly affect sustainability. Major threats to the resource base include deforestation, soil fertility
decline, soil erosion and pollution of groundwater by agricultural chemical residues or sea water
intrusion.
The agenda for sustainable development in the Pacific shoud include increased production in high
potential areas to reduce pressure on marginal lands; agroforestry based on multipurpose legume
shrubs and trees; integrated nutrient management; soil management practices that stabilise
steeplands; and diversification into high value, low volume crops and other products that provide
cash to the resource poor farmers.
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Introduction. The South Pacific region consists of twenty-two island countries stretched from the
Marianas in the North to New Caledonia in the South, and from Palau in the West to French
Polynesia in the East (Figure 1). The total area exceeds 20 million km2 but the land area is only
about 570,000 km2. Papua New Guinea accounts for about 80 % of this land while the larger island
groups, including Fiji, New Caledonia, Solomon Islands and Vanuatu, account for an additional
15%. The majority of the 22 countries are therefore small islands dispersed over the vast extent of
the South Pacific Ocean (Table 1).
The total population of the Pacific is approximately 5.5 million (Table 1), with about 60% living in
Papua New Guinea. The population of many of the small island countries is increasing at rates
higher than the world average, creating a major problem in terms of environmental management.
The large distances between countries and their small populations pose special problems of
transport, communications and inter-regional cooperation.
A detailed discussion of the
consequences of the small size and large separation of countries in the region was published by the
Australian National University (31).
Geologically, the islands of the South Pacific are either continental, e.g. Papua New Guinea; oceanic
high islands (volcanic peaks rising from the sea bed as great domes of basalt) such as Savai'i in
Western Samoa; coral islands (raised coral platforms) such as Nauru and Niue; or atolls such as
Tarawa in Kiribati. The continental and larger oceanic highlands are dominated by very rugged
landscapes, with limited areas of flat or gently rolling land. The most weathered and developed soils
of the region are found under rolling topography, suitable for arable agriculture, but commonly with
low soil fertility due to extensive leaching. By contrast the coral islands and atolls are almost flat.
Reviews of the available information on South Pacific Island soils (14,15) show that Inceptisols are
the most abundant, with significant areas of Mollisols, Alfisols, Ultisols, Oxisols, and Entisols. In
the low atoll soils, Entisols are dominant where they rest on coral sand, rubble or reef limestone.
Vertisols and Histosols are found in limited areas. Spodosols are rare and no Aridisols have been
identified. Most of the soils of the South Pacific are of low fertility (2,6). Most parent materials are
low in phosphorus and potassium, so the soils developed on them are similarly deficient. The
organic matter content of many soils is high but declines rapidly on cultivation.
The region is generally wet, with average annual rainfall totals greater than 1500 mm. The
exception is in the eastern part of the region, particularly near the Equator, where annual rainfall
may be low (<1000 mm). Furthermore, the south-east trade winds create rain shadows on the
western side of some of the larger islands, where water shortages occur in October in most years.
The shortages are exacerbated by average temperatures of above 20° C, and above 30° C in coastal
areas, for most of the year and seriously affect and water availability for agriculture and basic human
needs.
Small island countries share many constraints to sustainable development such as fragile ecosystems,
vulnerability to natural hazards, population problems, dependence on external economic factors and
risk of rising sea levels. The Earth Summit in Rio de Janeiro recognised these problems and Chapter
17G of Agenda 21 gives special mention to them. This paper focuses on the major land and water
management issues affecting sustainable agricultural and rural development in the South Pacific.
Trends in agricultural development are discussed in the context of Agenda 21 and the major land
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Some geographic data on Pacific Island countries

Table 1

Country

Land area

Total

km 2

American Samoa
Cook Islands
Federated States of Micronesia
Fiji
French Polynesia
Guam
Kiribati
Marshall Islands
Nauru
New Caledonia
Niue
North Marianas
Palau
Papua New Guinea
Pitcairn
Solomon Islands
Tokelau
Tonga
Tuvalu
Vanuatu
Wallis and Fortuna
Western Samoa

*Datafrom(4).

197
240
710
18272
3265
541
690
180
21
19103
259
471
460
462243
5
27556
10
699
26
11880
255
2935

33000
1800
101000
715000
167000
106000
64000
31000
8000
146000
3000
1700
15000
3200000
50
285000
2000
95000
8000
115000
12000
159000

Growth
rate
%*
1.7
-0.4
3.4
2.0
3.0
2.2
2.0
2.7
2.4
1.2
-3.4
1.7
-1.6
2.3
-9.8
3.5
1.4
-1.1
3.2
3.2
4.4
0.3

Population data
Density
Persons km"2
165
75
144
39
51
196
89
171
387
8
13
35
24
7
10
10
200
135
322
10
49
54

Est. P
in year
46000
18000
145000
895000
268000
159000
81000
50000
11000
178000
3000
27000
15000
4700000
440000
2000
98000
11000
196000
22000
177000

and water resource issues highlighted. The paper then explores a number of alternative paths to
sustainable agricultural development.
Agricultural Development. Detailed discussions of this topic are published elsewhere (31), so we
will be brief. The farming systems of the region range from technologically sophisticated
hydroponics to traditional systems based on shifting cultivation. In the latter systems, gardens are
developed but most families maintain free-ranging pigs and poultry. Wild animals are hunted and,
since much of the region's population lives near the coast, fishing is a vital source of food.
The shifting cultivation systems are characterized by large inputs of manual labour, little or no inputs
of fuel, fertilizers or pesticides, extensive interplanting of crops, little or no post-harvest storage and
local consumption of almost all of the produce. Due to increasing population pressure the period of
fallow has declined significantly from 15-20 years to less than 5 (e.g., North Pentecost in Vanuatu),
and the productivity of the areas has declined concomitantly.
The most common farming systems in the Pacific are based on mixed subsistence-cash cropping and
requirements for cash have increased considerably as local economies have changed; cash is needed
for school fees, fuel for fishing boat engines, and kerosene for cooking in place of wood. In these
small holder systems, the amounts of time and land devoted to cash cropping as opposed to fishing,
animal husbandry or the production of food crops for home consumption vary considerably between
families and between communities. Time allocation depends on the profitability of cash crops,
access to markets, land quality, and the availability of land and labour. The major cash crops in
these systems are coconuts, coffee, cocoa, vanilla, kava, {Piper methysticum), and betel nut (Areca
catechu). Recently in Tonga, squash has been custom grown for the off-season market in Japan.
Extension of cash cropping to larger areas has led to the development of what are referred to as
plantation systems, that involve external capital and ownership, expatriate and centralised
management, employment for wages, and export of the total production. Initially these systems
produced coconuts and sugarcane, but have been extended to coffee, cocoa and timber and more
recently to rubber, tea, rice, oil palm, and cattle. Since independence, local ownership has increased
and nucleus estate-outgrower "plantation systems" are becoming common. These systems provide
employment for a substantial number of Pacific Islanders. It is important to stress that plantation
export crops should not be allowed to displace essential food crops for local use, because excessive
reliance on export crops leads to over dependence on fluctuating world commodity prices.
Furthermore, increased consumption of imported foods have been shown to affect adversely the
nutritional status of island people (29).
Environmental Problems Associated With Agricultural Intensification. As populations increase
in the South Pacific, agricultural production will have to expand considerably to meet the twin
demands of food self sufficiency and foreign exchange earnings. However, during the last decade,
the extent of land under cultivation has not expanded a great deal probably because of the shortage
of arable land. The options available are either to bring more marginal land under cultivation or to
increase production on the better land already used for agriculture. Since the wider use of marginal
land is unlikely to be sustainable (17), more intensive cultivation to increase production per hectare
is necessary. This can be achieved by judicious use of fertilizers, better management practices and
varietal improvement programs.
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The prevalence of steep slopes and highly erosive rainfall in the continental and high islands leads to
high natural rates of erosion. However, poor management practices such as plowing up and down
the slope and clean cultivation of steep slopes exacerbate the problem. Reviews (5,23) have
described the extent and causes of the problem, and even propose solutions to the problem, but the
situation is deteriorating. Onsite loss of valuable topsoil and offsite impacts seriously affect the
sustainability of agricultural and rural development in many areas.
The removal of trees is one of the most serious land-based environmental changes because it
drastically modifies the nutrient cycle, alters the physical soil environment (temperature and
infiltration rate) and, without good soil management, leads to erosion and land degradation.
Clearing of trees also significantly affects local people who rely on tree products in a range of
traditional practices. Trees have traditionally provided construction materials, fuelwood, food,
medicine, cultural materials, soil and water protection, shelter from sun and wind, and a pleasant
environment for living. Deforestation may result from logging, agricultural development or fires
(accidental or deliberate), but almost always has a negative impact.
Increasing population has created pressures on the limited forest resources in many island countries.
For example, in Western Samoa between 1977 and 1991, 41% of all merchantable forest and 27%
of non-merchantable forest were cleared (Tan Hon Tat, FAO, personal communication). Only
about 6% of the total land area now covered with merchantable forest (in Tonga the figure is closer
to 5%, much of it in areas that are inaccessible).
Conversion of forest for agricultural development is often beneficial, provided it is sustainable.
However if this is not the case, as has happened in many areas in the Pacific, aggressive weeds such
as Dicranopteris ferns and Imperata invade, making land unproductive. Unfortunately, the extent
of land degradation due to these weeds is not obvious at the village level, and estimates based on
suitable scale aerial photographs or maps are sorely needed.
Sedimentation is a particularly important problem in the major rivers and coastal waters (3). Soil
erosion, degradation and deforestation are increasing sediment movement into major channels or out
into the marine environment where deposition causes navigation problems, increased flooding, crop
loss, and damage to mangroves, seagrass beds and coral reefs. This results in less productive fishing
for village consumption and cash income and increased costs to government for dredging of
channels. The impact on scenic attractions also affects tourism. Curiously, coastal communities
have sought and received compensation for loss of fisheries for tourist development on numerous
occasions, but in few, if any, cases has compensation been sought for damage to fisheries caused by
agricultural or forestry development (19).
Pollution of soils in the regions may occur through the use of pesticides and fertilizers, or through
the disposal of urban or agricultural wastes on soils. Reviews of available statistics (16,18,6)
indicate that fertilizer use in the region is minimal. Even in Fiji and New Guinea where the largest
quantities of fertilizers are used, only low amounts are used per hectare, often insufficient to replace
the nutrients removed in harvests. However, although pollution of water supplies from fertilizers is
unlikely, nutrient movement due to erosion may cause problems in coastal areas where transported
nutrients can contribute to algal blooms and related problems (3).

402

Pesticides are utilised in the South Pacific but the quantities used are small (20). Only in a few
locations, where it is economic to use pesticides intensively, are there likely to be any major
environmental or health problems. Examples of such areas are where high value crops are grown on
limited areas, such as irrigated rice. The biggest concern is the impact on operators using pesticides
because the climate is not conducive to the use of protective clothing. Increased use of materials
such as pesticides should be carefully planned so that problems that occurred in the past with the
selection of inappropriate materials and the disposal of excess amounts (20) can be avoided. The
work of the SPC Plant Protection Program and other international agencies has defined much of the
requirements for improved pesticide management.
The extent of problems with the disposal of wastes on soils is not well documented. Industrial
wastes are not seen as a major problem because industrial development is limited in the region.
Localized pollution has been identified in cases such the PCBs in old transformers in Tongatapu.
Most waste disposal in the region is in dumps commonly located in coastal areas such as old
mangroves, presenting a major pollution hazard to marine resources but not to agriculture.
Agenda 21. Agenda 21 is the blueprint for development in the 21st century that was the major
outcome of the United nations Conference on environment and development. In 40 chapters,
Agenda 21 identifies 115 program areas prescribing action in a broad range of social, economic,
resource, environmental, and organizational issues. Agenda 21 contains much of relevance to the
island countries of the South Pacific. Most directly relevant is Section 17G on the Sustainable
Development of Small Islands that highlights the ecological fragility of small islands and their
vulnerability to infestations of introduced pests and diseases. The same isolation that limits their
access to markets and constrains economic development as mentioned above, resulted in the
evolution of a unique flora and fauna. The biodiversity of terrestrial and aquatic ecosystems is being
threatened by deforestation and environmental pollution. Agenda 21 calls on the island states to
implement programs that support sustainable development of their resources, by maintaining
biodiversity while meeting basic human needs and improving the quality of life of island people.
Many islands in the South Pacific are particularly vulnerable to climate change. Experts predict
major impacts on the climate for agriculture as well as the sea level, although the effects will depend
on the type of island. On atolls, serious long term damage is expected as sea levels rise, so a major
monitoring program has been instigated by countries in the South Pacific. The high islands appear
to be more vulnerable to climate change as a result of rising global temperatures. Changing rainfall
patterns could result in wetter wet seasons and drier dry seasons, and most disturbingly, more
frequent and more powerful cyclones (1).
Chapters 10-16 of Agenda 21, concerning land resources, desertification, fragile ecosystems,
mountain development, biodiversity, biotechnology, and sustainable agricultural rural development,
also address issues that are relevant to farmers of the South Pacific. Chapter 18 on the important
issue of water resources is also relevant. Some of these topics are clearly beyond the scope of the
soils focus of this Congress. This paper therefore focuses on the limited prospects for agricultural
development and the scarce arable land and water resources, that are easily degraded, need
restoration and careful management for optimum use.
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The first global conference on the Sustainable Development of Small Islands will be held in
Barbados in April 1994. At this meeting, governments will turn the ideas and concepts of Agenda
21 into concrete plans, measures and programs that will produce results. The global Conference
follows an inter-regional conference of small island countries on sustainable development that FAO
organized in 1992 to develop a comprehensive analysis of the relevance of Agenda 21 to Island
countries including those of the South Pacific (10). The report of the inter-regional meeting focuses
on the constraints to, and steps needed to achieve, sustainable agricultural and rural development.
Major constraints cited are the geographic isolation, rapid population growth, limited natural
resource base, and undiversified, export-led agricultural economies. Steps needed at the national
level are agricultural policy reform, land tenure improvement, introduction of integrated
agroforestry systems, investment in infrastructure and human resources, joint private and public
sector ventures, and more local participation in decision making. International needs include more
favorable trading mechanisms, marketing opportunities, creative use of debt, and the introduction of
trade-sustainability covenants, agreements and policies.
The FAO report also specifies in detail the main actions needed to achieve sustainable agricultural
development. These include a wide range of actions but the main technical issues related to the
theme of the Soils Congress are:
•

Improving farm production and farming systems through diversification of farm and non-farm
employment and infrastructure development

•

Land resources planning for agriculture

•

Water for sustainable food production and rural development

•

Integrated plant nutrition to increase food production

We elaborate on these issues below. However, several other actions recommended in the FAO
report are pertinent to this paper in a less direct context. Policy review and planning is one example.
Baseline data on agricultural production should be established, and the potential impact of different
policy scenarios on sustainable agriculture assessed. Another important policy area is the
development of targets for food stability and access based on policy reviews that integrate land
resource information with population supporting capacity. Related to the policy area is the need to
ensure people's participation and promote human resource development. Issues in this area include
land tenure, equity, including gender equity, the role of community organisations and the
improvement of extension services. Finally, another important technical area is integrated pest
management, which affects the potential for soil and water pollution by pesticides. Fortunately, it
has proven possible to control introduced insect pests quite effectively through biological control
(32), because Pacific islands provide an isolated environment in which natural enemies of the pests
can be introduced and effect control.
Agenda for the South Pacific. Agenda 21 stressed the importance of sustainability in agriculture
and rural development. However, as noted above, the agenda is a broad blueprint for action,
requiring further technical analysis to translate the plan into specific action. In this regard, one of
the most significant initiatives in the land and water resources area is the Framework for the
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Evaluation of Sustainable Land Management (FESLM) that was developed by IBSRAM and FAO
(11). The paper defines SLM as follows:
Sustainable land management combines technologies, policies and activities aimed at
integrating socio-economic principles with environmental concerns so as to simultaneously:
•
Maintain or enhance productivity/services (Productivity)
•
reduce the level ofproduction risk (Security)
•
protect the potential of natural resources and prevent degradation of soil
and water quality(Protection)
•
be economically viable (Viability)
•
and socially acceptable (Acceptability)
The five piHars of'sustainability - Productivity, Security, Protection, Viability and Acceptability encompass key biophysical and socioeconomic issues facing farmers and concerned agencies in the
whole developing world. These issues are addressed in the ensuing pages that contain our analysis
of the South Pacific's needs in the 21st century.
Soil and Forest Resource Inventory
Compared to most developing countries, the South Pacific is well endowed with soils resource
information. Soil survey maps at reconnaissance scale (1:250,000) or better have been produced for
almost all countries and for areas of major significance for agriculture, more detailed maps are often
available. While some of this work was completed in the 1950s and 1960s, clearly the information is
still valuable for planning purposes. The region is well served with remote sensing and Geographic
Information Systems for land use planning, forest inventory and monitoring marine resources (30).
Water Resources
Water is essential for agriculture. In the South Pacific this means adequate supplies from rainfall or
from irrigation (using ground or surface sources). The disastrous consequences of rainfall shortages
have been encountered in many regional countries - but can these be mitigated by irrigation? In
theory the answer is yes but in practice serious problems can be foreseen. Management of irrigation
schemes is a delicate business. Overpumping of a groundwater resource can eventually lead to
failure of the resource. On the other hand the careless addition of too much water to a piece of land
can lead to rise in the groundwater table and in some cases the development of waterlogged soils.
Both situations can also give rise to highly saline soils. Careful examination of the hydrology (water
balance) equation indicates where the major difficulties will arise:
P = E+R+D+S
where P = precipitation (rainfall and irrigation)
E = evaporation
R = runoff
D = drainage
S = storage as soil water
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To have good control of water it is essential to know the values for each of these parameters. In the
South Pacific, the Meteorology Departments have developed good rainfall (precipitation) data sets
and also have some data on evaporation rates. Runoff data is less common (rare, in fact) but this
may not be critical in relatively flat areas where irrigation is likely to be used. Drainage data is
severely deficient although some estimates may be obtained from information provided by soil
surveys. A similar situation applies to soil water storage data. It seems strange that in countries
where the effects of water shortages are so well known the national data base for improved use of
water from sources other than rainfall is deficient either in actual hard numbers or in interpretive
reports.
Water Sources
As noted earlier rainfall is sufficient to meet the water needs of many Pacific Islanders. Rainfall in
the region averages over 1500 mm per annum, but varies from less than 1000 mm in a few locations
to about 8000 mm in exposed elevated positions. The drier locations are found in the islands of the
eastern central Pacific (Christmas and the Line Island where no orographic effects occur) and on the
leeward sides of the larger islands, e.g., Viti Levu, Savai'i, Guadalcanal. On these leeward sides,
although the total annual rainfall is quite significant (1750-2500 mm) it is considerably less than on
the windward coasts (usually by a factor of 2 or more), and more importantly it is highly seasonal
with dry periods of 3 or more months being common.
The volcanic nature of the high islands renders the surface relatively impermeable (7), such that
much of the precipitation is shed as surface runoff via streams. Movement of some water to ground
does occur but leakage from perched or confined aquifers is common. As a result the fresh water on
high islands is obtained by roof catchments, streams, galleries, wells, springs, hand-dug wells and
drill holes. Large rivers are rare and lakes are confined to limited areas (often mountainous) on the
largest islands. Lakes are not used often as sources of water for agriculture, partly because the
majority are located in areas of low population density.
On the raised limestone islands, the highly permeable substratum allows rainwater to move rapidly
downwards to the freshwater lens near sea level. No streams are present and lakes occur only in a
few locations where the freshwater lens rises to the surface in land depressions. All water for local
use is derived from roof catchments, dug wells, drillholes and brackish ponds.
The freshwater lens has been shown to 'float' on seawater as a result of density differences and
restricted water mixing due to the surrounding rock. Lenses more than 60 m deep have been
identified and the water contained in them often exceeds 10 km3.
On atolls, there is also a freshwater lens that is recharged by rainwater moving through the highly
permeable land surface. These lenses are often relatively small but are critical sources for those
islands with significant populations. Fortunately many atolls are sparsely populated but several
(e.g., Tarawa in Kiribati and Ebeye in the Marshall Islands) have very high population densities.
These latter islands have to manage water extremely carefully and the importation of supplies of
freshwater is common. Pumping of freshwater from the lens must be carefully monitored otherwise
contamination by salt can occur, and it takes years to re-establish the freshwater/seawater balance,
particularly in drier areas.
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On the dry atolls in the eastern Pacific there is only limited potential for increased crop production,
but on the wetter atolls of the central and western parts of the region there is some potential for
expansion of both rainfed and irrigated crops. Experiments using trickle irrigation and fertigation
(irrigation with fertilizers added to the water) have proven the viability of such procedures. In
addition, experiments on the wetter atolls have shown that a significant range of food crops can be
produced successfully in most years with good management of soil organic matter and water. Even
on the wet atolls, droughts lasting more than 6 months occur at least 1 or 2 years in 10, and in these
dry periods, the production of many food crops is extremely limited.
Irrigation
Most of the natural vegetation on small islands is adapted to the local climatic conditions and derive
their water from rainfall. Irrigation is therefore rare, being used only on high value crops such as
vegetables for urban markets or fruit crops for export (e.g., pawpaw for the Japanese or Australian
markets). Irrigation schemes tend to be small scale with the exception of the locations where rice is
grown intensively (e.g., Fiji and Papua New Guinea). Discussions have taken place on the
expansion of irrigated agriculture, but the investment required and the likely returns have not been
economically favourable. These suggestions have been made with respect to sugarcane production
in Fiji, tree crops in a number of countries and even the production of root crops in some locations.
Most of the above discussion has been on the effects of water shortages. It should also be noted
that excesses of water through cyclones, floods, etc., have also had a devastating impact on regional
agriculture. Such disasters seriously affect the sustainability of agriculture systems in the region.
Farmers commonly spread their risk by planting a variety of crops. Thus, while coconut and banana
are susceptible to strong cyclonic winds, the root crop harvest is fairly safe depending on the stage
of growth of the crop; however, cyclone damage can affect the storage potential. Recent
devastation of the taro crop in Western Samoa by a leaf blight disease has led to increased planting
of banana as an alternative food crop, running the risk that food supplies will be severely affected by
tropical storms. Farmers should be encouraged to maintain a diverse cropping system to safeguard
against such problems - as was traditional in the Pacific Islands.
Action Required On Water
Despite the efforts of governmental water agencies and organizations like UNDTCD, UNDP,
AIDAB and the governments of NZ and France in the collection and analysis of hydrological
information, there is still a dearth of information on water use in agriculture (most of the information
produced has been directed at the development of water supplies for human consumption and for
other industries). An urgent assessment of current and potential future uses is required so that
agricultural long-term planning can take into account the limitations presented by water.
There has been considerable anecdotal discussion of the impacts of droughts on agriculture in the
region. A more accurate regional assessment is required as this information, together with that on
water use is invaluable in determining the sustainability of present and proposed agricultural
practices.
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Land Tenure and Attitudes to the Cash Economy
In the Pacific Islands, the farmer/land manager at times acts under the influence of a conservationist
ethic while at other times other expediencies take precedence. Even prehistorically both possibilities
are evident. The earliest inhabitants of the islands caused erosion and serious land degradation (at
least in some situations) by burning and cultivating on slopes; but they also developed irrigated,
sustained-yield terraces for cultivation of taro or sweet potato, perhaps as an adaptation to the
damage they or their ancestors had earlier caused. Today, some subsistence agriculturalists apply
conservationist practices such as mulching and non-burning, but others farm in ways that induce
erosion or other forms of soil degradation. Particularly in question with regard to land-conservation
measures today is the region's land-tenure system, whereby much of the land is "native land" held
under customary, communal tenure by land-owning groups. This land cannot be sold but some of it
can be leased in certain circumstances. The lack of long-term security of tenure, particularly as it
applies to situations like the Indo-Fijian sugarcane farmers, is often blamed for the lack of
conservation practices. Farmers on leased land are reluctant to carry out improvements or strive for
sustained-yield capabilities that may end up being of benefit to others.
The situation with the cash economy is changing because of the need to derive cash from farming
and fishing activities. Even in the most "traditional" villages, cash is now needed for school fees and
uniforms, health charges (minimal payments to local health officers), outboard fuel, kerosene for
cooking and lighting, fertiliser and other chemical purchases for farmers who have been persuaded
to try and increase production. This is a partial consequence of the improving eduction standards,
health services, the activities of extension officers and wider impact of local radio broadcasting. The
result is some desire to harvest more than is required for immediate consumption (i.e., to have
material for sale at markets) and consequently to plant more and move to a less diversified
agriculture.
The agricultural economy of small countries can be significantly changed by cash cropping
enterprises. For example Tongan farmers recently engaged in squash production for the Japanese
market. Squash growing now occupies up to 30% of the area sown to staple food crops. The peak
production of squash for export was more than 21,000 tons in 1991. fertilizer use increased 10-fold
between 1989 and 1991 when 2,355 tonnes of fertilizer were imported for squash production. The
benefits of this enterprise to the trade balance are significant but the government of Tonga has been
concerned that staple foods are being neglected and that the country is making itself too vulnerable
to a foreign market. They are encouraging diversification of the agriculture into other specialised
produce such as vanilla and tropical fruits. Island nations must try to develop niche markets for
their produce such as those offered by the winter offseason in northern hemisphere countries.
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Alternative Crops of Commercial Interest
1.

Essential oils

Commercial production of essential oils in the Pacific has considerable potential (E.V. Lassak.
personal communication). The extensive flora of the western islands offers the opportunity for small
scale operations based on sustainable harvesting of forest plants and small-scale extraction
operations. Such systems add value and provide local employment, provided marketing is organised
through a central location with contacts to developed countries. Oils can also be extracted from
waste materials such as citrus rinds after juice extraction. The small volume of the oil and the high
value provide an alternative source of income to farmers whose crop incomes are too sensitive to
varying commodity prices and losses due to drought or storms.
Some initial research is needed to achieve commercial production systems. Some of the necessary
information, such as an inventory of aromatic plants, is available from other countries. The next
step is to study the infrastructure requirements and the quality control procedures necessary These
steps may be quite inexpensive for an individual country.
2.

Crops for Drugs

Plant-derived drugs are being produced profitably in developing countries in Southeast Asia. The
crops used for this purpose grow prolific ally in tropical environments and in some cases are weeds.
These crops have considerable potential for small islands but their commercialization requires a
major national commitment. The major advantage is that the product is a high value, low volume
commodity that is easily and cheaply transported, by air in some cases. In addition, the local
extraction procedures add value, with a minimum of local capital required for the infrastructure.
Products with potential for development include:
•

Vincristine (VCR) - an alkaloid obtained from the roots and leaves of Catharanthus roseus
(Apocynacaea). This plant grows wild in Fiji, Tonga, Solomon Islands and probably other
islands. The drug is used in the treatment of leukaemia in children and is very valuable.
Commercial systems extract vincaleukoblastine (VLB) from plants (approx. 30g/plant) and
easily convert it to VCR. Crude VCR would be shipped to a drug manufacturer for purification
and sale.

•

Rotenone - is present in most species of Tephrosia and Derris, which are common in several
island countries.

•

Diosgenin - a building block for the synthesis of most oral contraceptives and steroid hormones.
The substances are found primarily in Diascoria species that are widely grown as food sources
in island countries. The drug can be extracted from the skins without affecting the use of the
bulk of the root as food.

•

Ajmalicine - obtained from Apocynacaea and of commercial interest to European drug
manufacturers.
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•

Bixin - a widely used natural food coloring agent obtained from Bixa orellana that grows in Fiji
and several other countries.

•

L-dopa - used in the treatment of Parkinson's disease and usually obtained by a synthetic
process, that is expensive. L-dopa can also be obtained from certain species of Macuna and
Leucaena, but the concentrations in Pacific species are not known and should be further
investigated.

•

Sennosides A + B - used widely as laxatives and obtained from Cassia species. Concentrations
in Pacific Island species have not been determined but the high value of the product indicates
that the potential for commercial development is considerable.

Agroforestry solutions
As pressure on land increases, increased productivity in high potential areas can reduce the need to
clear forest and intensify production on marginal lands. In the better areas, this can be achieved
through the adoption of modern, high-yielding varieties and the judicious use of inputs such as
fertilizers, particularly where mixed cash and food crop production make such inputs affordable. In
the marginal areas, bush fallow periods in the shifting cultivation systems continue to shorten to the
point where soil fertility restoration during the fallow is inadequate to maintain reasonable yields.
Permanent agroforestry systems have the potential to overcome this problem and reduce the
pressure on more fragile steepland areas by providing a fallow in space rather than in time, ie trees
grown in the system recycle nutrients from the subsoil then their leaves provide mulch to fertilize the
staple root crops (13). Many traditional systems are based on agroforestry, and commonly systems
are based on the ubiquitous coconut tree. Recently research efforts to develop improved
agroforestry technologies for farmers in the Pacific has intensified (24,27)
Efforts to improve and introduce agroforestry management systems are being stimulated by
concerns that natural soil fertility levels are declining severely, much like the situation in parts of
sub-Saharan Africa (28). The decline is caused by the inadequacy of fertilizer and other inputs to
match the export of nutrients in harvested products and is reflected in the evidence of widespread
deficiency of nutrients in soils of the Pacific (6). As noted above, the mining of the natural soil
fertility intensifies as the population grows, so the problem is a key item on Agenda 21. Recent
studies in Western Samoa (8) and in Tonga (33) show that nitrogen, phosphorus and potassium
deficiencies are common and that many soils are deficient in secondary nutrients such as
magnesium(Kubuabola) and sulfur (18), and micronutrients such as zinc, copper and molybdenum.
Further research is needed to define the extent of these problems, particularly in staple root crops
such as taro and sweet potato (21).
Soil fertility decline can be most effectively addressed if agroforestry systems are based on
multipurpose legume trees and shrubs. These plants have the potential to contribute significant
quantities of nitrogen to the system, as well as recycle other nutrients from the subsoil. However, as
Table 2 shows, the nitrogen inputs vary considerably depending on the species and the growing
conditions. Some legume species have a specific requirement for Rhzobium that is not met unless
that strain is provided through inoculation. Furthermore, nitrogen fixation by the legume symbiosis
is inhibited by mineral nitrogen available in the soil, and legumes may simply compete with
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intercropped non-legumes for soil nitrogen. The data in Table 2 suggest that legume trees and
shrubs should be carefully selected and managed to ensure that nitrogen inputs to the system are
maximised and the soil fertility decline reversed. Research on the processes of nutrient cycling in
agroforestry systems should be expanded so that the systems can be managed more productively.
Table 2. Summary of published estimates of nitrogen fixation by tree and shrub legumes (adapted
from recent review (22).
Tree species

Location

Acacia spp.

Australia
Mexico
Australia
Malaysia
Philippines
Australia
Mexico

Calliandra calothyrsus
Leucaena leucocephala
Sesbania rostrata
Glyricidia sepium

Nitrogen fixed
kg N ha 1
12
34
11
182-231
140-286
99
13

Period of Measurement
annual estimate
annual estimate
90 days
3 months
45-55 days
90 days
annual estimate

Agroforestry systems offer more than a productive approach to integrated nutrient management.
Recent farmer participatory research in the Pacific (25) shows that alley crop systems can reduce the
labour requirement for weed control in root crop production. The alley width and pruning
management can be manipulated so that the shade suppresses weed growth, while nutrients from the
leaf mulch are supplied at appropriate growth stages of the root crop. Rogers (25) also noted that
farmers dislike legume shrubs that seed prolifically, such as Leucaena, because of their weed
potential. Such farmer participatory research, backed up by strategic research to understand the
processes affecting productivity, will contribute greatly to sustainable agricultural and rural
development in the South Pacific.
Soil erosion management
Apart from soil fertility decline, the other main threat to the soil resources of the Pacific is soil
erosion. The deleterious on-site and off-site effects of soil erosion have been discussed above. The
increased use of marginal lands, especially steeplands on high Islands is the major cause of concern,
these areas must be stabilised through the development and use of soil management. Here
agroforestry also has a role to play, particularly through hedgerow cropping on the contour that has
proven to be an effective means of stabilising steep lands in other regions such as Asia (26). In the
Philippines, for example, alley cropping reduced soil loss on highly erodible sites by 50-fold. After
two years, alley cropping was as profitable as current farmer practice of clean cultivation. When
fruit trees such as banana were included in the hedgerows significantly higher returns from alley
cropping were obtained after one year. ACIAR-sponsored studies of the hydrology and stability of
several steepland sites in Southeast Asia and Australia, have recently shown that not all steepland
sites have high runoff rates and soil loss. Some steep sites where the soil strength and infiltration
rates are high may exhibit little soil loss or surface runoff (K.J. Coughlan, personal communication).
However subsurface flow of water can lead to soil slumping and landslides in areas that are not
stabilised by deep rooted trees. Similar findings in steepland areas of Chimbu province of Papua
New Guinea recently have been reported by G.S. Humphreys (personal communication). Further
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research is needed to define better the susceptibility of different tropical steeplands to different
mechanisms of soil loss.
Small nations of the South Pacific region have much to gain from a strategy of borrowing
technologies from other regions (9), and the use of alley cropping to control soil erosion is but one
example. However, countries in the region must invest in adaptive research to assess borrowed
technologies in their own socioeconomic and biophysical environment. There is much to gain from
a networking approach to adaptive research because each network participant draws on the results
of others obtained in relevant situations (12). This principle is being applied in the soils area in the
PACIFICLAND network that several Pacific nations joined with IBSRAM to establish. The main
focus of the PACIFICLAND program is to assess' soil management technologies for sloping lands.
In addition to work on soil loss, issues such as nutrient mining are being addressed. The Pacific
scientists involved have adopted a farming systems approach that should help ensure the program is
relevant to the needs of farmers.
Conclusions. Agenda 21 addresses many resources and sustainability issues relevant to the island
nations of the South Pacific. As the detailed action plans in the Agenda are formulated, a variety of
different paths to sustainable development will take shape. In terms of the focus of this Congress,
the major problems that should be addressed are the protection of water resources, conservation of
soil resources and maintenance and restoration of soil fertility. These aims must be achieved in an
environment of an increasing population that is entering the cash economy as development proceeds.
Most importantly sustainable development should incorporate and build on appropriate indigenous
knowledge. South Pacific people have limited choices because of their isolation and fragile
ecosystems - they must pursue sustainable development or run the risk of dispossessing future
generations
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Soil Science in Cuba and challenges
of the Agenda 21
A. Hernandez*, J.E. Gonzalez, and Urbicia Gómez. Instituto de
Suelos, Autopista Costa-Costa and Antigua Carretera de Vento,
Capdevila, Boyeros, Havana, Cuba.
Abstract: Studies carried out on Cuban soil geography allow to quantify degradation
processes having occurred in these soils (erosion,salinity, poor drainage, acidity, compactness). These results together with those achieved in Meteorology, Hydrography, etc.,
make possible to deal with the challenges of Agenda 21 through a National Programme in
which soil science plays the most important role.
Introduction: After the United Nations Conference on Environment and Development, Cuba
began to work on the elaboration of a document adapting to Cuban conditions those
objectives and activities outlined by Agenda 21 of Rio de Janeiro. All this activity was
compiled in a basic document namely " National Programme of Environment and
Development " (5).
About 92 Organisms and State Institutions and many other non governmental organizations
took part in the elaboration of the already mentioned Progranme. Afterward the work was
directed to adapting this National Programme to the different regions achieving a higher
precision of those activities to be carried out in the different provinces.
The elaboration of these local programmes was performed in a relatively short time thanks
to the development achieved by Edaphology and Pedology in Cuba. Both the National
Programme for Environment and Development and the Province Programmes content those
actions directed to the achievement of a proper soil management underlining the relationships
among the scientific studies and social and economic activities which by one way or another
allow a sustainable development of the country.
Materials and Methodes: All the information coming from soil research in Cuba was taken
as basis for the elaboration of the National Programme for Environment and Development.
Cuban soils degradation was analysed and also the historical development of soil science in
the country and its perspectives for dealing with the challenges of Agenda 21.
Results and Discusions: In tropical regions, soil formation processes could be considered
as intense; since that, soil degradation could proceed quickly if an improper management is
given to it. For this, when virgin areas begin to be exploited in these regions and technical
means start to be applied on agriculture, the forecasting of those changes expected to occur
in soil properties as a consequence of simple or complex means, such as fertilizer
application, irrigation, lime amendments,mechanization, drainage, and others, become a first
priority.
Our experience accumulated in different tropical regions such as Cuba, Alto Veracruz in
Mexico, León-Chinandega plain in Nicaragua and in the Ucayali region of Peruvian Amazo417

nas, points at the genetic-geographic study of soils as being the main objective of Soil
Science in this connection, since this study will reveal soil properties establishing an
evaluation system which, in turn, will allow its proper use and management.
In Cuba, this work has been seriously carried out. Since 1928, Dr. Bennett and Allison (3)
published " The soils of Cuba " beginning the development of soil geography in the Island.
However, the greatest effort in this field took place during the last thirty years. Among the
main results obtained, deserve to be mentioned:
- The development of a soil classification with three versions (9, 16, 17);
- The elaboration of a soil map at a 1:250 000 scale (15);
- The elaboration of a soil map at a 1:25 000 scale (7);
- Physical, chemical and mineralogical characterization of the main soil types and subtypes;
- The elaboration of a potential (22) and actual (21) soil erosion map at a 1: 250 000 scale;
- Geographical regionalization of soils of the oriental provinces at a 1:250 000 scale (11);
- Preparation of a Manual for Soil Cartography at great, medium and small scales (1);
- Methodology for soil cartography at detailed scale (12);
- Methodology for land evaluation (18);
- Study on water and temperature regimes of the main Cuban soils.
These results have allowed the elaboration of maps devoted to different subjects at a 1: 100
000 scale which make possible to assess the present status of soils, the quantification of those
negative process having occurred and to study their causes.
Among these negative processes deserve to be mentioned erosion, salinity, poor drainage,
acidity, compactness and low fertility.
Erosion: Cuba has some 54% of its area with potential erosion characteristics (slope degree,
soil and climate type ) (Table 1).
About 40% of this area is already erosioned with a higher or lower intensity (Table 1).
Table 1: Potential and actual erosion of Cuban soils.
Potential erosion
Erosion degree
Area %
Without potential erosion
Weak potential erosion
Medium potential erosion
Strong potential erosion
Very strong potential erosion

Actual erosion
Erosion degree
Area %

46,7
17,2
12,5
8,7
14,9

Without erosion
Weak erosion
Medium erosion
Strong erosion
Very strong erosion

62,4
16,8
6,2
7,4
7,2

Among the main causes provoking this negative process in Cuba could be mentioned the
following:
1) The intensive felling of trees which has been stop since 1959, achieving some increase of
forest areas (Table 2).
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Table 2. Forest area in Cuba ( millions hectares)

Year

Total
area

Forest
area

Forest/area %
relationship

Forest ha/
inhabitant

1812
1900
1959
1991

11,1
11,1
11,1
11,1

9,9
6,8
1,5
2,2

89,2
64,3
13,5
19,8

19,8
3,3
0,22
0,20

2) Unproper soil management.
Different agricultural labors were carried out without taking into account the basic
principles of soil conservation, such as:
- Soil preparation according to the slope;
- Very long soil preparation time without a vegetation cover protecting it:
- Utilization of soil preparation machines favoring soil erosion.
3) Absence of a programme of information and education system to high and medium level
technicians on soil erosion and menas for soil preservation.
However, this situation was reversed since the 1960-70 decade when studies were started for
the quantification of this phenomenon (potential and actual erosion maps), and also a series
of researchs in different stations and river sub-basins giving the possibility of applying proper
means for soil preservation.
As an example, results regarding the antierosion effectiveness of different plant species in
rotation and canopy closure times of crops growing on Haplic Acrisols of Pinar del Rio
province, are presented in Table 3 (23).
Table 3. Antierosion effectiveness of different crops on an Haplic Acrisol.

Crop
Sorghum
Beans
Soybean
Maize
Sesbania
Bare soil

Soil losts
t/ha/year

Running off
5.4
7.4
32.9
38.2
39.8
59.5

1.8
2.9
4.2
11.5
13.7
41.8

Canopy closure
(in days)
30-32
33-35
35-43
51
70
-

These studies were performed in running off plots, during 7 years, on a-soil with 9% slope.
It has been estimated that based on soil and rainfall characteristics of Pinar del Rio province,
erosion losts must oscillate among 40 and 50 t/ha/year; however, they are expected to
increase when heavy rains occur caused by the arrival of hurricanes or cold storms in winter.
For example, in 1989 soil losts amounted for up to 140 t/ha.
Proper utilization of integrated systems incluiding drainage borders, impacted channels,
minimum tillage in contours and contour planting, has allowed to decrease erosion down to
permissible values (lower than 6 t/ha/year) and yield increases of crops (Table 4).
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Table 4. Influence of soil conservation means on erosion and running off in an Haplic
Acrisol ( San Juan and Martinez, 1992; 2009 mm rainfall).

Variant

Running off
m3/ha

Erosion
kg/ha

With vegetation cover
Soil preparation
Total

220.8
6 865.4
7 036.2

131.1
5 573.7
5 704.8

With vegetation cover
Soil preparation
Total

345.4
9 148.4
9 493.8

2 200.8
14 300.6
16 501.2

Soil status

1. With erosion control methods of minimum tillage and contour planting with tobacco and
maize.
2. Without erosion control methods.
Results regarding soil and nutrients lost have also been obtained in premountainous regions,
with different cover, by means of essays utilizing artificially provoked rainfall.
For dealing with this problem, different institutions working in this regard are preparing a
divulgation programme of the results obtained up today with erosion control methods based
on the ordering system of lands including crop rotation, antierosion systems such as
minimum tillage, contour planting and terrace elaboration for counterbalancing surface
running off. A reforestation programme has also been planned and the elaboration of detailed
scale maps of those forest regions demanding them.
Salinity: Cuban climate does not favor salt accumulation on the soils and even in the
Guantanamo Valley (the region the with lowest rainfall in the Island ), the natural trend of
solis is toward decrease salinity.
The presence of salts on Cuban soils stem from two causes (20). The first is of geological
origin, namely, salts accumulation on evaporitic sediments during the Tertiary; the second,
due to edaphic ancient residuals, stemming from salt accumulation in arid and subarid zones,
under continental conditions, during the last Wisconsin glaciation.
Nevertheless, in spite of the present climate favoring salts washing, it was determined in the
1970-80 decade, the presence of some 1 000 000 ha of soils affected by salinity or sodicity
as shown in Table 5 (24).
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Table 5. Soil area affected by salt accumulation.
Salinity degree
(in soluble salts %)
0,2 - 0,4
0,4 - 0,6
0,6 - 0,8
> 0,8

Area
(1 000 ha)
396,6
294,3
209,3
103,2

Total

1 003,4

The main cause of this negative phenomenon was the increase of irrigated areas in Cuba and
water application not taking into account the edaphic conditions and its improvement. This
led to soil overmoisten in micro and mesodepressions with temporal water table formation
Which were rich in salts. During the dry season (from November to April, with only 150-300
mm rainfall), evaporation and capillar elavation of this water table led to secondary salinity
of soils.
Since 1980, means for stopping and counterbalancing this phnomenon began to be applied.
Two Scientific Boards began to work at the East of the country, which designed a
programme for appliying these means together with a research and a divulgation programme
on this problem.
At present, this problem is dealed with a research programme which has already yielded
some technologies for the reclamation of soils affected by salinity making them produce again
(4).
Poor drainage: Cuban relief is mostly plain with a certain cover of clay and clay-silt or
binary quaternary depots from which Gleysols, Vertisols, Planthosols and Fluvisols were
formed. Since that, and owing to the tropical climate with alternating humidity prevailing,
about one third of Cuban soils are affected by poor drainage (10).
This led in 1985 to the organization of an Expert Committee to guide a series of activities
related to drainage and salinity problems. This group consisted of specialists from the
Agriculture Ministry, Sugar Ministry, Academy of Sciences and the Hydroeconomy Institute.
It prepared a document which was known as " Drainage Programme 1986-1990 " where
appeared the actual areas affected by poor drainage and flood in the country (Table 6).
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Table 6. Areas affected by poor drainage (13) in million ha.
1. Areas with periodical excess humidity
Of these:
. With scarce and short period inundations
(relatively high plains)
. With frequent inundations owing to annual or
extraordinary rainfall (coastal plains)
2. Areas with perennial excess humidity
Of these:
. Profitable for agriculture (soil with a peat
layer thickness higher than 0,5 m)
. Non profitable for agriculture (minima soil
thickness, saline soils and coastal strips
with mangroves).
Total affected area

3,0
1.1
1.9
1.2
0.5
0.7

4.2

Based on the previous information, it was considered necessary to start a drainage
programme and to improve those drainage systems already established. The plot drainage
technology began to be applied in Vertisols and Gleysols devoted to sugarcane; irrigation was
also controlled on poor drainage areas being always accompanied by the proper drainage
means.
At present the application of drainage means has decreased owing to the economic situation
dealed by the country but a new programme is in preparation to be presented to PNUD
related to the proper utilization of the Cauto Valley lands (the biggest area with poor
drainage in the country) which includes an important group of drainage means. At the same
time, research studies on physical and hydrophysical properties of soils, drainage systems,
water and temperature regimes are in progress, especially in Vertisols.
Acidity: Cuban soils acidity stems, in one side, from the fact that part of the country,
especially at the west, presents evolved soils which formation took place under an intense
tropical weathering process which caused the transformation and washing of the different
materials, and in the other, from the intensive fertilizer utilization with an acid residual effect
(during the 1980-1990 decade, when fertilizer application amounted for up to 1 million ton
per year). At present, based on the soil map 1:25 000 and on the fertility record it has been
possible to establish the present status of Cuban soils reaction (pH in KC1) as can be seen in
Table 7.
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Table 7. Present status of pH (KC1) of arable soils in Cuba (19).
pH (KC1)

Area in ha

Total %

< 4.0
4.1 -4.5
4.6-5.0
5.1 -5.5
5.6-6.0
> 6.0

323 202
387 607
685 915
1 275 794
1 453 111
3 736 575

4.11
4.93
8.73
16.22
18.49
47.52

otal

7 862 704

100.00

Several studies have carried out on Cuban soils acidity, mainly regarding acidity nature,
methods for determining the most adequateamendment materials doses for the different crops
and different types of materials for improving soil acidity.
Studies with phosphated limestone applied alone or mixed with manure and also studies on
soil acidity control and nutrients assimilation are being carried out nowadays.
Compactness: Cuba has relatively large soil extensions with a strong compactness ( 1 597
615 ha ), 50% out of them owing to an improper machinery utilization. Several means have
been taken in this regard such as the use of one pass of subsoiler every four years in soils
affected by this problem, where sugarcane cultivation is completely mechanized; and also of
technologies avoiding such as minimum tillage or multiplough. The latter is an implement
taht besides avoiding soil compactness, protects it agains erosion processes and is
successfully utilized in those soils with light texture and clayey Ferrasols and Nitisols.
Low fertility: It has been estimated that some 223 542 ha of the country are covered by low
fertility soils. For this, and in the search of a proper fertilizer usage policy in Cuba, the
National Agrochemical Pedologic Service started to work in 1974, considering also the
following aspects:
1. The foundation of the Soil Fertility Record, which alows the permanent knowledge of soils
fertility status according to their nutrient supply category at field, lot, farm, Enterprise or
Cooperative, province or country level. This record includes mainly pH, assimilable P2Os
and K 2 0 and sometimes organic matter content, exchangeable cations and also
microelements. This work demanded a previouss calibration of the analytical methods to be
used.
2. The elaboration of fertilizer use recommendations based on the Soil Fertility Record and
the experiemntal results of fertilizer trials with different crops (both under experiemnt station
and productions conditions ) obtained in a geographical network which assures their
representativeness according to the soil group, crop and region of the country.
The Cuban Soil Fertility Record, together with the experimental results obtained in the
country during the last 25 years, have allowed a differential fertilizer and amendment
recommendation during the last year at field level and based on scientific basis. This
contributed to deal with mineral fertilizer deficit in agriculture ( excluding sugarcane )
without significant yield decreases by this concept (2).
Besides the previous mentioned aspects, another activities, non directly related to Soil
Science, are also considered within the Cuban National Programme for Environment (5)
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which have an indirect influence onthis resource. Thus, in relation to the protection of the
atmosphere in its relationship to soil, Cuba is complementing the commitments of the
Montreal Protocol referred to the ozone layer including those studies on the influence of
Ultraviolet Rays on soil, flora and fauna; at the same time, studies related to the effect of
acid rainfall and tropospheric ozone on soil are progress. It has been verified that the arrival
of winter storms has caused some irregularities during the last years and this has given basis
to a detailed study of soils which allow an accurate following of changes that could occur as
a consequence of acid rainfall (14).
Another aspect under study is that of " Desertification ". Annual average rainfall in Cuba is
about 1300-1400 mm, however its distribution throughout the year led to every scarce rainfall
during the dry months in some regions of the country causing a very low agricultural
production which, in turn, led to a poor social development in those places.
Results obtained on the geographical regionalization of soils (11) point at the presence of a
soil strip with relatively dry tropical climate ( about 1000 mm rainfall per year ), where this
situation is more critic. Sometimes in these regions 300-500 mm rainfall are recorded in one
day causing strong running off and great damages.
To deal with this problem, the country developing different activities both at a national and
international level. In this connection deserves to be mentioned the elaboration of a national
strategy (6) which entails the activity of different Ministries and Research Centres which
tackle this problem from different and independent viewpoints,with a strong participation of
people from the affected zones and supported by an education and divulgation programme.
In the international field, Cuba is part of the International Convention Against Desertification
and Drought (8), which in response to the United Nations convocation must be concluded in
June 1994.
Special efforts are also devoted nowadays to the soccial and economic development and the
preservation of the natural resources of the mountain regions of the country. The greatest
running off occurs in these zones being related to most of the hydrographic basins and rivers
formed there have an important influence on several human activities in the plains. The high
fragility level of mountains and their social and economic importance have demanded the
planning and execution of sustainable development plans.
For example, since 1987 an integrated programme for the development of mountains known
as " Plan Turquino " was started which main objectives are the recovery of coffeee
production, reforestation and the development of a sustainable agriculture which are expected
to solve ecological, economical, social and cultural problem of these regions.
The study of the characterization, cartography and productivity of mountain soils is one of
the main tasks included in the previous mentioned Plan. These works are being carried out
by the Forest Research Centre, the Soil and Fertilizer Division and the Soil Institute.
In the other hand, the application with an ecological sense of the biotechnological results
includes different field. Thus, some of them are related to soil preservation, such as the
obtention of organic residual decontaminants, the utilization of biofertilizers and other
biological products for the biological control of pests which reduces the chemicals and other
toxic products which are known to contaminate the environment.
The soil resource is present in all work and research fields. Activities in progress nowadays
are based on the results obtained up today in Pedology and Edaphology fields. The
knowledge achieved in some other sciences such as climate and hydrography, together with
the building of dams of different size and irrigation and drainage systems, play an important
rol in relation to the activities developed by the ciuntry in order to avoid the destruction of
the biological capacity of soils and to prevent other damages to them.
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Conclusions: The development of the Soil Science in Cuba gave the possibility of
inventonng the negative soil degradation processes. Based on this inventory and on the
research results in several fields of Edaphology, Pedology and other sciences, was elaborated
a document where the objectives and activities outlined by Agenda 21 of Rio de Janeiro were
adapted to Cuban conditions giving rise to the " National Programme for Environment and
Development ".
This Programme includes activities within the field of Soil Science which main objectives are
to take steps directed to the achievement of a proper soil management leading to soil
preservation, improvement and the increase of its fertility.
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The Need For a Paradigm Change in Soil Science in the
Next Century
P Bullock, Soil Survey and Land Research Centre (SSLRC), Cranfield
University, Silsoe, Beds MK45 4DT, United Kingdom.
Introduction
Such is the pace of change in the world today that it is difficult to predict situations five years
ahead, let alone the next century. Who, for example, would have predicted five years before
the Rio summit that world leaders would come together for a global meeting that would
"devise strategies to halt and reverse the effects of environmental degradation"? Underlying
Agenda 21 is the notion that humanity has reached a defining moment in its history. We can
continue our present policies which cause continued deterioration of the ecosystem on which
we depend for life QR we can change course to manage better and protect the ecosystem,
thereby, a more prosperous future for us all (UNCED 1992).
It is easy to speak and write grand words and make promises; it is much harder to implement
them. Yet perhaps more than at any period in our history, there is a need to turn grand words
into action and soil scientists must play a major part in this action, providing the basis for
economic development, food for all and a soil quality that does not jeopardise future
generations.
There is no doubt that soil science has already played a major part in the quest to improve the
standard of living of human beings on this planet in the last 50 years and even beyond. Much
of the research has focused around the need to increase food production. For example, the
Green Revolution, successful in many countries of the world, depended on underpinning soil
science. Playing its part alongside plant breeding and increased fertiliser use, soil science has
contributed significantly to increasing outputs of cereals, roots and tubers, pulses, groundnuts,
bananas and plantains. Production agriculture has been the main driving force for soil science
over the last few decades and soil science has responded.
But this will now change There is no doubt that supporting food production remains a vital
role for the soil scientist but in addition to seeking to support higher yields and improved food
quality, the soil scientist will be much more concerned with developing sustainable production
systems, matching farming systems to the nature and properties of the soil and prevailing
climate, and protecting soils. A pressing need will be to develop land use and management
systems that cause no further degradation and that, wherever possible, are economically
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viable. In view of future population pressures on land, there will also be a need to develop
measures for restoring land degraded by, for example, erosion, salinisation, desertification,
contamination, back to a condition whereby it can be productive again.
The backdrop against which soil science needs to operate going into the next century is an
alarming one :
•

the population of the world is set to rise from 5.3 billion to 8.5 billion in the
next 35 years, an increase of 60 per cent.

•

there are some one billion people in the world suffering from hunger and the
numbers are likely to increase rather than decrease.

•

desertification, which is increasing, is affecting about 1/6 of the world's
population, 70 per cent of all drylands, amounting to 3.6 billion hectares, and a
quarter of the total land area of the world.

•

the loss of agricultural land through erosion is estimated to be 6 to 7 million
hectares annually.

•

up to 20 million hectares of irrigated land around the world may be affected by
salinisation.

•

the climate of the world is expected to change causing disruption and
movement of current patterns of agriculture.

The Need for Fundamental Research
While this does not represent a paradigm shift in soil science, it is vital that fundamental
research into soil science receives much better financial support and its needs are better
understood by funding agencies. A strong fundamental research programme is essential to
underpin solutions to soil degradation problems, as a basis for increasing food production, for
the development of sustainable land management and for a better understanding of soils as one
of the three most important natural resources and an important ecosystem in its own right.
Soil science is a relatively young science. So far, knowledge of soil processes, properties and
behaviour, which advanced considerably in the last three decades, is still relatively embryonic.
As Gardner (1991) has said "As we had begun to understand more and more about the soil,
we find that the soil is more complex than one imagines, it is more complex and wonderful
than one san imagine."
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Fundamental research has the potential to produce many exciting breakthroughs in our
knowledge of soils, particularly now that technological development allows measurement and
observations to be made at scales and in places hitherto unavailable. Some of the areas
requiring more fundamental inputs include the following:Microbial Interactions in Soils
It is estimated that well below 10 per cent of the total population of organisms in soils have
been so far identified and the true metabolic state of organisms and their functions in soils, as
opposed to in vitro studies, is only known in outline. Fundamental research needs to be
conducted into the interactions between soils, plants and microorganisms since these are key
determinants of crop productivity in sustainable agricultural systems. Furthermore, the future
introduction of genetically engineered microrganisms into soils will require a much more
detailed understanding of these interactions and of the nature and properties of the soils into
which they will be introduced.
The Nature and Dynamics of Organic Matter
Few would dispute the importance of soil organic matter, probably the most important soil
component, influencing as it does nutrient storage, turnover and availability, microbial activity,
metal-organic interactions, water-holding capacity, soil structure and soil stability. Although a
great deal of research has already been done on it, the advent of new technology creates the
opportunities for major breakthroughs. In particular, there is a need for much more detailed
information on the rates of formation and decomposition of organic matter and for
identification of its structure as a basis for managing and manipulating its various roles such as
nutrient cycling, carbon cycling and organo-mineral associations.
Soil Nutrient Dynamics
In some parts of the world, soil nutrients are being mined by agricultural practice and levels
are falling unacceptably; in other parts, particularly the developed world, large quantities of
fertiliser are applied to enhance yields of crops but less than 50 per cent is sometimes used by
the crop, the remainder becoming an environmental problem. There will be a need to
understand better nutrient levels, behaviour and management to ensure that crop needs can be
met, that loss of nutrients is limited and nutrients do not become pollutants. Manipulation of
nutrient cycles to become more crop specific and understanding the interaction of crop
requirements, land management and soil processes for environmental friendly agriculture will
be a major challenge.
The Nature and Dynamics of Soil Structure
There is a need for quantitative and precise statements of the physical structure of soils in
respect to soils as a rooting medium for plants, as a transport medium for pollutants and as a
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basis for manipulating water storage and solute movement. It is likely that the next century
will see a need for major developments in soil water management. This will only be achieved
if a better understanding of soil structure from the nanometer through to the centimeter scale
is achieved and the dynamics of it in relation to water content become capable of mathematical
description and morphometric delineation.
Genetic Engineering of Crops for Specific Soils.
To date, most genetic engineering of crops has been carried out without interaction with soil
scientists or thoughts of soil sustainability. Many soil-agro-ecological zones of the world are
sufficiently large and reasonably uniform to justify a more concerted effort to develop plants to
match given soil-climate zones. Many such zones are in the developing world, with large
populations and predicted population increases. There could be major benefits to world food
supply if emphasis was given to research in these areas.
Atmosphere - Soil Gaseous Exchanges
With the increasing concern for climate change and the impact of greenhouse gases, there has
been increased focus on the soil as a source of and sink for such gases, in particular N 2 0, C0 2 ,
CH4 and NO x and on how agricultural practice and land use change in general can influence
soil-atmosphere exchanges. A programme of research is needed to determine the soil
conditions, down to micro-level, that govern the source-sink properties of soils and the
implications of different land uses for these properties
The above fundamental research topics are needed for the development of sustainable
agricultural systems and protection of the environment. Sustainable agricultural systems will
require the development of new crops to fit better to existing soils and climates, coupled with
the management of such systems with respect to nutrients, pesticides, water in amounts
required rather than in excess. The important areas of soil protection, the buffering and
filtering capacity of soils in relation to water quality and soil - atmosphere exchanges will need
a fundamental research base to prevent further deterioration of the environment. The
properties of the soil to store, filter and release would-be contaminants and pollutants, for
example, needs critical investigation if the relationship between these properties, terrestrial
ecosystems and food supplies is to be understood and managed for the benefit of the
environment.
There is now considerable conceit about likely global climate change. Soils play a pivotal role
in mediating both the overall responses of agriculture and natural ecosystems to predicted
climate change and the rates at which these responses will occur. Most soil processes will be
affected by climate change including biological controlled processes (eg carbon and nitrogen
cycling, microbial and faunal activity); chemical processes (eg weathering, salinisation.
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acidification) and physical processes (eg hydrology mechanics). At present, rather little is
known about the scale on which these changes in processes will occur and their impact on land
use change. This is another area in which fundamental research is urgently required.
Application of Soil Science in the 21st Century
Soil science, because of its underpinning of most forms of land use and management, has a
strong applications role in addition to a fundamental science one. The application of soil
science will become even more essential, given the need for increased food production on the
one hand and the increasingly recognised requirement for a cleaner environment and for a
sustainable land use and management on the other hand. The following are four applications
which are expected to dominate applied soil science in the next decade and beyond.
(i)

Improving Crop Productivity
Crop management and yield improved enormously in the 1960 - 1980's with soil
science a major factor leading to such improvements. In this period much of the soil
research focused on the need to increase fertility and maintain it at levels for optimum
crop production. Three principal areas of interest were: soil fertility, factors affecting
fertiliser efficiency, and evaluation of fertilisers, manures and liming materials. To
these areas were later added land drainage and soil water management and soil
structure. Soil biology remained the poor relation with much less support, focus
mainly being on mycorrhiza and biological nitrogen fixation.
This period of soil research was successful in that yield and quality of crops improved
but there were damaging side effects in most places where agriculture was practiced
intensively. In some parts of the world, organic matter levels declined, structural
stability decreased, acidity increased and nutrient levels decreased quite apart from the
effects of pesticides, nitrates and other compounds on water quality.
The 21st Century will require more and more food to be produced. Besides the
genetically engineered changes that will take place in crops, there will be a need for
major developments in understanding specific nutrient requirements of crops. This will
require new types of fertiliser, perhaps organically rather than inorganically based,
adaptation of the soil nutrient cycles, harnessing of soil microorganisms to deliver
nutrients to the crop in the right place and the right time. Supporting this will be
improvements in soil technology so that for a particular soil type, optimum seed beds,
soil water management and technological manipulation of other soil properties can be
produced to fit crop needs.
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Perhaps the most paradigm shift in this respect will be towards computer processed
data about soil properties, distribution, weather conditions, coupled with positioning
systems suitable for on-site applications. The capability of delivering real-time, realspace changes in almost any agronomic procedure exists in limited areas but could
become widespread in the next century. Specific applications of the nutrient/water
requirement of a given crop at a given site could become commonplace. The
development of sensor technology capable of determining a range of parameters
including contents of organic matter, nitrates and moisture, seed-bed nature and crop
yield, gives rise to the possibility of obtaining this basic information more cheaply than
hitherto (Robert et al 1993) and the development of prescriptions for the management
of most types of land use on a given soil.
(it)

Developing Sustainable Land Use and Management Systems
Judging by the extent to which land degradation has increased in the past decades, in
major part as a result of agricultural practice, it is reasonable to pose the question "Is
current agricultural practice sustainable in the long term?" Certainly, for some parts
of the world, the likely answer to the question is "No".
Going into the next century, it is predicted that there will be a major shift in focus
towards sustainability. Although the importance of increasing food production will
remain paramount, there will be a change in philosophy from one dominated by
"Production At Any Cost" to one of "Production In Harmony With The Environment".
The major challenge facing soil scientists will be to develop land use and management
systems which are in harmony with the soil and prevailing climate while at the same
time economic and productive, capable of feeding the rapidly growing world
population. This challenge will only be met by the soil scientist working in
collaboration with agronomists, biotechnologists, economists and others.
The soil scientist will be required to input in two main areas. Firstly, there will be a
need to develop a more thorough understanding of soils and their properties, with a
view to defining soil quality objectives and parameters with respect to a given land use
system. Secondly, building on the last half-century of research into crop-soil
interactions, a thorough understanding of the needs and likely impacts on soils of
different land use and management systems will be needed for various parts of the
world.
The development of highly productive agricultural systems capable of being sustained
without degrading the soil or the surrounding environment represents one of the most
exciting challenges to soil scientists ever.
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(Ui)

Restoring Degraded Land
Significant areas of the world have been subject to degradation or contamination. With
increasing world population, some of this land is likely to be required for food
production.
Soil scientists can play a major part in the next century in the development of
techniques for the restoration of this land. Numerous techniques already exist for
eroded land but can continue to be improved. Techniques for soil decontamination
also exist but tend to be costly and a range of cheaper methods are required. For large
areas of degraded land, for example that caused by desertification or salinisation, few
methods yet exist on the scale that is necessary to restore them.

(iv)

Using The Soil As A Biological Factory For Waste Disposal
With increasing production of waste and restriction of the ways in which it can be
disposed of, the soil will become an important medium for waste disposal. Research
will be needed to identify ways in which waste can be a beneficial input to the soil and
to ensure that such inputs do not damage the essential soil functions and deleteriously
affect other natural resources, such as air and water. This research will involve an
integrated biological-physical-chemical approach to provide an adequate level of
understanding.

Changing Working Habits of the Soil Scientist
Like most scientists, the soil scientist tends to be an individualist, more content to work in
isolation or in a very small team than as part of an integrated group addressing global
problems. Also in common with many other sciences, soil scientists with a few notable
exceptions, have not been noted for their public relations and promotion of the science. Both
of these characteristics will need to change going into the next century.
A Team Approach
A new way of thinking will be required for most soil scientists. No longer should soil
scientists think that soil science is the ultimate and sole solution to all land related problems.
The situation whereby new land use and management systems are imposed on communities
without reference to and discussion with them must also be avoided. Soil scientists need to
become part of specially created teams of specialists designed to deal with specific problems.
Such teams will normally include agronomists, ecologists, socio-economists, government
policy makers, engineers, lawyers, etc, as necessary. The composition of the team will depend
on the nature of the job, different for example in dealing with decontamination of land than in
creating a sustainable land management system for a particular agro-ecological zone.
Interdisciplinary cooperation becomes a prerequisite for the development of new,
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economically viable, environmentally sustainable land use systems and for the solutions to
existing land degradation problems. Research institutes may need to broaden their remit or
become closely linked with other institutes with different expertise.
It may be said that this is already taking place and has in fact been adopted before, for
example, the extension of the wheat programme in Australia in the 1960's and early 70's and
the approach taken by the World Bank and other funding agencies in the last decade. This
may be so but with varying, often modest success. There is a need to put it on a more
rigorous footing with a clear strategy, defined between policy makers and the scientist and in
consultation with the ultimate benefactor, the user of the land. The soil scientist will need to
become a team man or woman, applying and integrating skills to the benefit of solutions and
developments. For many this will require a conceptual change in thinking.
The Soil Scientist in Public Relations
The second important challenge to soil scientists is that of marketing their expertise and the
importance of soil science. The public relations of soil science has been generally poor in the
past. It is important that the fundamental importance of soil science, the critical problems of
land degradation and the need for sustainable land use and management systems become
accepted by governments and their policy makers. International opinion has been slow to face
the consequences of overuse of renewable natural resources. The sudden collapse of
biological systems - forests, grasslands, croplands, fisheries - when consumption exceeds the
rate of renewal is a principal familiar to biologists but widely ignored by governments under
political stress (Pereira, 1993). Yet soil degradation is a good example of a collapsing system
and one that is becoming more widespread. A reversal of this situation will require a mega
public relations exercise in many countries of the world and is an activity which the
International Society of Soil Science should take on more vigorously. The soil resources of
the world will continue to spiral downwards unless this understanding can be transmitted.
The soil scientist needs to ensure also a better interface with the land user, particularly in
developing countries. As Stoops and Cheverry (1992) have said "soil research in Developing
Countries needs to keep in mind that its beneficiaries are the local people that live in the area
where development is to take place. Traditionally these people have not had an opportunity to
express their views on their own technological requirements, neither have their needs been
adequately addressed. It is evident that soil science requires to take into account the
ethnographic environment and must consider the capacity of the local systems to solve the
problems".
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Crystal Ball Gazing Into The Next Century
In looking ahead to, say, the year 2025 and considering what might be the changes and
developments in soil science, the following are some of the exciting possibilities.
(i)

Detailed maps and accompanying databases of the soils for all countries of the world
thanks in part to new opportunities in soil mapping and data collection, brought about
by remote sensing.

(ii)

The availability within each country of computerised and natural resource information
systems containing a wide range of information capable of easy access to support
agricultural planning, environmental risk assessment and other land-based information
requirements.

(iii)

Availability of major sustainable land use and management systems meeting the food
demands of a growing world population while arresting the increase in land
degradation.

(iv)

More accurate nutrient management involving a better understanding of nutrient
cycling, storage and availability, manipulation of nutrient cycles and management of
nutrient inputs to match crop needs.

(v)

A better understanding of the nature and role of soil microorganisms so as to harness
their potential more effectively and to manage the introduction of genetically
engineered microorganisms as and when appropriate.

(vi)

Major improvements in soil water management involving manipulation of land use and
management, soil properties and landscape design.

(vii)

Understanding and use of the soil as a manageable biological processing factory
capable of accepting waste material from a variety of sources to the benefit of food
production and soil quality.

(viii)

Biotechnological developments leading to the development of high yielding, well
adapted crops, in harmony with the environment in which they grow.

Conclusions
Soil science has made considerable progress in the last 50 years but in terms of its
development is still in its infancy. It has been a major support for increasing world food
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supply and will continue to be, provided sufficient attention is given to the continued need for
good quality fundamental research.
Major changes will, however, be required. Continuing land degradation, in some areas on an
accelerating scale, is a clear indication that land use and management in those areas is not
sustainable. A major challenge to soil scientists in going into the next century will be the
development of land use and management systems that are in harmony with local soil and
climatic conditions. The development of these will require working in integrated teams
consisting of agronomists, biotechnologists, economists and others.
Environmental issues will become as significant a driving force for soil science as agricultural
ones.
Land degradation must be arrested and where possible the land brought back into productive
use and other aspects of the environment e.g. water, air, need to be protected from damage by
inappropriate soil use.
There is the possibility for many exciting major developments in soil science but if they are to
be achieved the bridge to policy makers on the one hand and land users on the other must be
strengthened considerably.
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The Role of the International Research Centers
in Implementing Agenda 21
Richard L. Sawyer, Chairman, Board of Trustees,
International Board for Soil Research and Management,
IBSRAM, PO Box 9-109 Bangkhen, Bangkok 10900, Thailand
Introduction. Agenda 21 is an announcement by the political leaders on planet
earth that programs will be established to address the problems of environment.
The recommendations are a result of the pressures for action by environmental
support groups and the general public. Before many of the recommendations
made in Agenda 21 can be executed solutions must come from research in the
laboratories and fields of agricultural scientists. Any attempt to address
environmental issues must include programs in agricultural development. The
international agricultural research centers have a major role to play as the
scientific community in agriculture unites to address the problems of balancing
sustainable food production with population in an enhanced environment.
Discussion. Early in the Agenda 21 document the need for economic
development is recognized as being essential for a sustainable environment.
Until there has been economic development in many countries on planet earth,
progress in environmental enhancement will be confined to those few pockets of
the world where poverty and hunger have been eliminated. Survival will continue
to be at the expense of the environment for vast areas until economic
development has reduced poverty.
Essential to economic development for almost all industrialized countries has
been the improvement of agriculture as sufficient food and fiber production was
balanced with population. The pressure of population with a balancing of food
production influences the amount of freedom for a civilization and the flexibility
within political and social systems for survival. The pressure of population in
many countries today with limited resources of land, water, and nutrients indicates
clearly the need for massive investments in agricultural development in order to
balance food production with population and establish the basis for
environmental enhancement considerations.
The International Agricultural Research Centers have become an essential part
of the global research community and have a key role to play in agricultural
improvement in all countries today. They are maintaining the genetic resources
for the major world food crops and making them available to the changing needs
of breeders for crop improvement. Through research networks and collaborative
projects the centers are providing linkages between developed and developing
country programs. The centers are providing bridges between the public and
private sectors in agricultural improvement programs. The Centers have a pivotal
role to play in the implementation of Agenda 21.
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The international agricultural research community was created over two decades
ago as the green revolution was reducing the threat of famine in many countries.
Many changes have taken place in the meantime and a different mixture of
concerns and opportunities have emerged to affect the decisions of policy makers
and donors today. The cold war is over but new ethnic disturbances are
emerging. The leadership which produced the green revolution has retired. The
international agricultural research system has matured and as funding has
decreased, bureaucracy has increased and is affecting the decision making
process within the system as overmanagement emerges.
Most institutions and organizations involved with agricultural development today
are going through a period of changing priorities, reorganization, consolidation
and reforms as interest in agriculture has diminished and funding for agriculture
reduced. The international agricultural research centers are affected as budget
reductions are met but additional reforms and changes are probably indicated if
the centers are to assume the leadership role they should be playing in the
implementation of Agenda 21. The role they will play will depend on the
changes made and reforms implemented which keep them abreast of the
changing needs, the changing interests of donors, the changing pressures from
the general public and political leaders, and the changing capabilities of other
partners in agricultural research.
A new generation of leaders is presently in place across the international
agricultural research center system. An environment is needed within the system
which will permit similar kinds of leadership to emerge which produced with
wisdom and vision the green revolution. Such an environment will require a
sensitivity to needed changes and their value by the donors, the managerial
components of the CGIAR system, center management and their individual
boards of trustees. With such leadership in place and the flexibility to make
decisions, the role of the international research centers in the implementation of
Agenda 21 would be automatic. Whether it will be the present system or one to
follow, such a system of international agricultural research centers has a pivotal
role to play in the implementation of Agenda 21 and the possible survival of
mankind on planet earth.
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Measuring the Impact of Intensive Irrigated Cotton
Production in Australia - Using New Methods of Image
Analysis to Detect the Degradation of Soil Structure
E.A. Roesner, A.J. Koppi & A. B. McBratney Department of Agricultural
and Soil Science, The University of Sydney, NSW, 2006, Australia

Chemistry

Introduction
One major limiting factor in any intensively irrigated agricultural crop is the degradation of soil by
compaction. During cotton production in northern NSW, Australia, intensively irrigated soil can
become compacted from heavy traffic passes. This compaction can cause declines in yield due to the
restriction of root growth. The most common soil type in which furrow irrigated cotton is grown in
Australia is the cracking clay (Vertisol); this soil is weak when wet and is prone to damage by
machinery.
It is considered worthwhile in Australia to investigate techniques for detecting the extent of this
degradation so that prevention or remedial action can take place. There is a need for a scientific,
versatile and dependable routine analysis method to measure soil structure so that consistent, reliable
measurements can be made.
There are various methods in use to measure the extent of compaction in a cracking clay. Traditional
techniques such as bulk density and air filled porosity measurements have been used but they do not
fully characterise the structure of the soil (l). Improved laboratory methods such as air permeability,
oxygen diffusion and clod shrinkage have been applied but they don't relate well to plant performance
partly because of biased sampling that tends to exclude the important macropores such as cracks and
root channels (2).
Image analysis techniques have been used recently with success to quantify the state of the soil structure
(3 & 4). Here "image analysis" includes the field sampling and image capture as well as the processing
and analysis of the image. This is because so much of the final analysis depends on how each step of
the process is carried out.
Image processing, measurement, suitable laboratory and field methods, as well as sensible models of
soil geometry provide powerful new techniques for visualising and measuring soil structure. The
techniques used are suitable for investigating the effects of tillage systems, crop rotations, increased
traffic and irrigation practices on soil structure. The digital images allow for the direct measurement
of total macroporosity, surface area, pore and aggregate size and distribution.
The general technique used for creating images for structural analysis involves: 1) saturating soil
samples with a fluorescent resin to highlight the pore space; 2) leaving the samples to harden; 3)
grinding smooth and 4) photographing under UV lights. The images are digitised by using a scanner
and then segmented into binary images representing pores and aggregates. The binary images are
analysed to quantify the soilattributes and relate them to the visual assessment. The established method
of impregnation (5 & 6) is labour intensive; it takes at least two days of field work followed by
approximately 2 hrs per sample of laboratory work (reimpregnation, grinding and photography) before
images can be analysed.
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A new quicker and easier method proposed here (based on earlier work,( 7)) involves the use of acrylic
paint for discriminating between macropores and solid soil. Once the paint has permeated the soil
(overnight), the saturated layer is removed and a photograph taken of the exposed, highlighted soil
structure. The ability to acquire good quick images of the soil structure means that management
decisions can be made promptly. The advantage of this method is that no laboratory work on the soil
needs to be done after field work, the film is simply developed, digitised and analysed.
Materials and Methods
Experiments were conducted at Auscott, Pty. Ltd. in Warren, NSW, Australia (148°50' East; 32°40'
South). To provide contrasting physical conditions, the techniques were compared under artificially
compacted and well-structured (uncompacted) soil on which cotton plants were grown. Five
replications of the new paint method were compared to the standard resin method on both the
compacted and uncompacted soil types. The two specimen preparation methods were compared for
both horizontal and vertical sections.
Resin technique - "Vertical
For the vertical resin samples, foam rubber (-25 mm thick) backed with particle board (600x 150 mm),
was stuck onto the vertical face of a soil profile close tofieldcapacity water content with quick-setting
araldite resin. When the araldite had set, these boards were cut out with approximately 100 mm of the
soil-pit face still attached. The samples were then placed horizontally, unsmeared and impregnated
with a resin containing UV sensitive dye. The epoxy resin takes about 24 hours to completely cure but
samples were wrapped and transported after approximately 12 hours. The hardened samples were
ground back so that only dye that is obviously in pores is present and then photographed under UV lights
in the laboratory. This method is fully outlined, including the formulation of the resin used, elsewhere
(3 & 5).

Resin technique - Horizontal
For horizontal samples, loose soil and cotton plants were cleared leaving a level surface approximately
150 mm below the natural surface of the ridge. The new surface was unsmeared using an araldite peel
(8). A square wire frame (250 x 250 mm) was placed over a cleared area of soil on top of the ridge to
define the area of interest. The same resin as for the vertical section was made up and poured slowly
inside the wire frame. The resin was allowed to infiltrate and then was topped up until the surface was
saturated. The samples were left overnight and carefully dug out and wrapped for transportation. In
the laboratory the samples were turned upside down and resaturated with resin for extra strength. These
samples were finally ground horizontally and photographed as for the vertical method.
Paint Method - Vertical
To stain pores with paint in a vertical section, 150 mm auger holes were dug -700 mm deep, about 200
mm from the vertical edge of a soil pit. The surface of the auger hole facing away from the pit was
unsmeared to encourage lateral movement of paint in this direction. The smeared surface retards flow
in other directions. A plastic pipe closed at the bottom wasfilledwith soil for weight and placed down
the auger hole to save on the amount of paint used. The rest of the hole was filled with diluted white
acrylic paint (3:7 paint: water) from a Mariotte bottle which kept the hole filled with paint until the bottle
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was empty (Fig. 1). The paint was left to infiltrate overnight prior to excavation from the pit to the
infiltrated surface. This surface was carefully picked back to expose the areas where paint had
infiltrated. Colour photographs were taken of this vertical face in the shade using 35 mm slide film.

Mariotte bottle
White acrylic paint
Pipe fillerUn-smeared
surface

Mo

w
Auger hole filled
with acrylic paint

Horizontal
flow of
paint into
soil

Photographed
area

Figure 1. Field layout for Vertical Paint method showing set up of equipment and position of photographed area.
Paint Method - Horizontal
The horizontal method is simpler than the vertical method when taken close to the surface because little
digging is required. Square frames (250x 250 x 150 mm deep) were pressed into a cleared, unsmeared
surface within the ridge. Diluted paint solution was poured into these frames and left to infiltrate
overnight. The saturated layer was removed, and the soil unsmeared to obtain a photograph (in the
shade) of the paint-infiltrated soil surface.
Image capture
Photographs were taken using Ektachrome ASA 100 slide film. All photographs of the pore-stained
soil had a scale 200 mm for horizontals and 400 mm for verticals. The slides were scanned into the
computer at the same relative scale using a digital slide scanner. Vertical images are represented by
1688 x 422 pixels and horizontals by 1022 x 1022 pixels.
Segmenting digital images
The images were segmented with new software developed to improve the binary image output.
Previously, software used grey-level images with a single threshold for large elements and a "top-hat"
transformation to estimate smaller elements of the image (3). The new segmentation procedure involves
the use of colour digital images. Areas of the colour image representing either pore or solid were
selected and identified as either part of a "pore" or "solid" class. The programme automatically finds
the threshold between the two classes and converts the image to black and white. These binary images
are realistic when compared to the original photograph.
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Analysis of binary images
The binary images are analysed to give the quantitative data relating to the soil macroporosity, surface
area, solid and pore sizes. The analyses described below are detailed elsewhere (4).
For vertical analysis, the raw data is taken from the binary image at 0.237 mm intervals (every pixel
row) along horizontal lines for the length of the image. The estimation of structural attributes is made
using a stereological model, that is, with an assumption of isotropy, i.e., the structure is isotropic in any
plane normal to the vertical. In this way the structural attributes are analysed as functions of depth.
Macroporosity (mm3 mm~3) w.as estimated as the proportion of pore pixels along each line. The surface
area (mm2 mm-3) is an estimate of interfacial area between pore and solid in a given volume of soil.
Surface area is estimated from the number of intercepts or changes from pore to solid along each line.
Pore and solid star lengths (mm) are attributes concerned with the size of each phase of the structure.
The former is the expected continuous length of pore in the horizontal plane that would be encountered
in any direction from a point at random at somefixeddepth in the soil. No assumption of shape is made
and therefore pore star length should not be thought of as a pore radius. The solid star length conducts
the same task as pore star length on the solid phase. Detailed information on these soil measurements
is given elsewhere (4).
The horizontal analysis involves the measurement of the same four soil attributes. Because the sample
is taken at one depth, the horizontal estimate is given as one number for each pore structure attribute.
That is, the average of each attribute over the entire image represents one level of the soil depth.
Results
Vertical Results
The images shown in Fig. 2 are representative binary images produced from the vertical methods in the
compacted and uncompacted sample areas. The images represent 400x 100 mm in each case. The
uncompacted images are quite easily distinguished using both methods, however the resin method
tends to illustrate this far better than the paint method. In some of the images large black areas
representing pore space can be seen, the macropores are not really so large, they are actually made up
of many small pores that cannot be individually resolved at this scale.
The vertical analysis was conducted on the five images representing each of the four treatments. The
average results for macroporosity, surface area and solid star lengths generally showed significant
differences between compacted and uncompacted treatments but not for the differences between paint
and resin, thereby suggesting that either method can be used distinguish between the soil structures.
The only exception was with the pore star lengths where no differences were found between samples,
indicating that pores are of a similar size.
Fig. 3(a) shows a graph of the average macroporosity results from the five replications of the vertical
analysis using both the paint and resin methods. The resin technique seems to overestimate the porosity,
some values as large as 80% can be seen near the surface. The probability graphs (b) and (c) illustrate
the significant differences between the compacted and uncompacted treatments (they show the
probability of treatments being the same, where 1 = same, and the the vertical line shows the 95%
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Resin
Uncompacted

Paint
Uncompacted

Resin
Compacted

Paint
Compacted

Figure 2. Sample of vertical binary images from each treatment (400 x 100mm), black = pore, grey = solid

confidence interval). Here the paint technique does not tend to detect the difference between
compacted and uncompacted as well as the resin as only small areas show significant differences. The
resin technique finds that the major differences are between 80 and 250 mm depth. Resin is better at
distinguishing the treatment difference. The limited significant differences in the paint results seems
to be due to one of the compacted samples that had a lot of resin throughout. By removing this one
sample from the analysis, more significant results were obtained.

i i mill—i i ihilïï
0.2

0.4

0.6
1

Macroporosity (mm mm^)

0.8
Compacted Paint and Uncompacted Paint

i nun

0.001
0.01
0.1
1
Compacted Resin and Uncompacted Resin

Figure 3. Analysis of vertical macroporoslty (a) Means of two field techniques on compacted and uncompacted
treatments;
Compacted paint (PC) method;
Uncompacted paint (PU) method;
Compacted resin (RC)
technique; — - Uncompacted resin (RU) technique, (a) <6 (c) Probability graphs of paired treatments being the same.
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Paint Uncompacted

Resin Uncompacted

Paint compacted

Resin Compacted

Figure 4. Sample of horizontal binary images from each treatment (20 cm x 20 cm), black = pore, white = solid.

Horizontal Results
Fig. 4 shows a sample of the binary images from the horizontal analysis. The quantitative analysis of
the images shows that the uncompacted and compacted samples are significantly different using both
techniques. Also that the uncompacted paint and resin as well as the compacted paint and resin are not
significantly different. This suggests that the paint method would be successful in obtaining images
that differentiate the soil pores from the aggregates in horizontal sections. One can also see that the paint
images show the structural aggregates well.
The resin method can still be used to distinguish the fine pores and aggregates better than the paint
method. This is because the resin is solid which means the pores and aggregates can be physically cut
in half not just broken along lines of weakness as with the paint. The paint is simply a dying technique
that stains pores. The resin is far better as a precise research tool whereas the paint saturation method
could be used as a quick routine management assessment technique as it measures aspects of the pore
space important for crop growth. It is particularly good at quickly revealing compaction problems.
Conclusion.
Neither the paint or resin method attempt to quantify soil pore structure fully but aim to recognise and
measure aspects of soil pore space important for crop growth, especially forthe prediction of problems.
It appears that both techniques can be used to pick up differences between compacted and uncompacted
soil. The vertical resin technique is superior to the proposed vertical paint technique in image quality
and the time saved with no laboratory work (paint) is made up for by the easier field technique (resin).
With the horizontal comparisons of samples close to the ground surface, the paint method offers a quick
technique that provides good structural images that can be quickly analysed.
For the management of cracking clays under cotton, subjective visual assessment of soil structure by
an experienced person has been the routine diagnostic method. An image analysis approach to quantify
soil pore structure tends to give the user a more practical and reliable tool that also gives more detail
than is possible by visual field observations.
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Prediction of Moisture, Salinity and Sodicity Profiles in Soil
Under Wheat Irrigated With Poor Quality Waters
M.K. Sharma, S.R. Poonia, R.K. Gupta, R.S. Siyag*andRqj Pal Department of
Soil Science, CCS Haryana Agricultural University Hisar -125 004, India.
abstract
An experiment was conducted in 2.5m X 2.5m plots at Bichpuri in U.P.
State, India to observe depth distribution of moisture content,
electrical conductivity and sodium adsorption ratio of 1:2.5 soilwater extract after irrigating wheat with waters of electrical
conductivity (ECiw) 6 and 12 dS m"1 and sodium adsorption ratio
(SARiw) 5, 10, 20, 30 and 40 mmol"2 L'm. A predictive model, based
on simple soil, irrigation water, plant and climatic parameters, was
used to predict moisture content, salinity and sodicity profiles in
soil before each irrigation and at harvest of the crop. In general,
the experimental mean moisture content of the soil profile at
harvest was less than the initial mean moisture content. Although
no specific trend was observed for the mean experimental and
predicted EC values for irrigation water of 6 dS m , these values
increased gradually from second irrigation onward with each
successive irrigation and at harvest of crop with water of 12 dS m"1.
Both the experimental and predicted mean SAR values increased
gradually with increase in SAR of irrigation waters, before each
irrigation and at harvest. Statistical analysis showed that accuracy
of prediction of the model was the highest for SAR.
Introduction. Solute transport models may be broadly categorized as
mathematical based on the analytical or numerical solutions of the
relevant partial differential equations (PDEs), and layer models
based on simple input data. The mathematical models require advanced
mathematical skill to include different physico-chemical processes
associated with solute transport in soils in the PDEs and then
derive their solutions under boundary conditions applicable to field
situations. The layer models, on the ether hand, are based on simple
logic and are better guides for solving problems of practical
importance (Addiscott and Wagenet, 1985; Pal and Poonia, 1990).
Recently, Pal et al. (1990) developed a layer model based on easily
determinable soil, irrigation water, plant and atmospheric
parameters to predict depth distribution of moisture content,
electrical conductivity and exchangeable sodium percentage in soil
profiles under wheat
irrigated with poor quality waters. The
present study was undertaken to verify the model of Pal et al. (1990)
for predicting the depth distribution of moisture content, salinity
and sodicity in an alluvial soil under a wheat-pearlmillet rotation
irrigated with saline sodic waters, in a semi-arid region.
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Materials and Methods. A field experiment was conducted ir
microplots of 2.5m X 2.5m each on sandy loam soil (sand 74%; silt
12%; clay 14%; CEC 7 cmol kg'1 at the Experimental Farm of the R.B.S.
College, Bichpuri in U.P. State, India. The boundaries of the plots
were sealed down to 1.25m by polythene sheets. The wheat cultivar
HD 2329 was sown on 22nd of November, 1990, keeping row to rov,
distance of 25cm and plant to plant distance of 4cm. The depth of
irrigation was kept at 6cm. The crop was harvested on 7th of April,
1991.
Ten different qualities of irrigation waters were used in this
study; two levels of electrical conductivity, ECiw (6 and 12 ds m'1)
and five levels of sodium adsorption ratio, SARiw (5, 10, 20, 30 and
40 mmol"2 If172) . These waters were prepared, using chloride salts of
Na, Ca and Mg. All the treatments were replicated twice. One of the
two replications was kept for soil sampling and the other four plant
parameters study.
Soil samples were taken in duplicate from each plot at a depth
interval of 15cm down to 105cm before each irrigation and at harvest
of the crop. After mixing, they were analysed for moisture content,
electrical conductivity, and soluble Na and (Ca+Mg) in 1:2.5 soilwater extracts.
In view of measurements of leaf area and root distribution being
arduous and time consuming, these observations were taken only for
six water quality treatments, vi2., ECiw 6 and 12 dS m-1 X SARiw 5,
20 and 40 mmol1/2 irin. One representative plant was selected from each
treatment 46, 54, 67, 74, 82, 89, 97, 105, 116 and 134 days after
sowing.
The depth distribution of electrical conductivity and sodium
adsorption ratio of 1:2.5 soil-water extract was estimated using the
predictive model as described by Pal et al. (1990) . A brief
description of the model is as under:
The model involved the estimation of daily moisture loss from each
soil layer due to evapotranspiration (ET, mm) using pan evaporation
data. The moisture loss due to ET was partitioned into evaporation
(E, mm) and transpiration (T, mm) using LAI based transpiration
factor. This factor was assumed to be 0.94 for LAI equal to or
greater than 4 and decreasing curvi-linearly with LAis smaller than
4. The water loss due to E, which was assumed to occur only from the
0-l5cm soil layer, was estimated using an empirical relationship
between E and t,. When the water content in the 0-l5cm layer was
depleted beyond the wilting point, the moisture loss due to E in
excess of the wilting point was assumed zero and the remaining
evaporation was added to the transpiration provided from the 15-3Ocm
layer. For computation of T from different soil layers, it was
assumed that, when the available water fraction (AWF-(moisture
content-wilting point)/(field capacity-wilting point)) in the top
layer was > 0.8, T took place only from the top layer. This allowed
preferential water use by the crop from the surface layer under
plentiful water supplies. Below this threshold value, T was assigned
to different soil layers in proportion to the fraction of roots
there. If AWF of a given soil layer was > 0.5, then the layer could
sustain T, otherwise there was a proportional reduction in T. The
insustainable T of a layer was reassigned to lower parts of the root
zone.
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Daily rooting depth, Y, was estimated using a logistic relationship
[Y = a /{I + b exp (ct,)}], with b and c as constants. The
percentage distribution of roots in different soil layers in the
rooting depth was obtained from the exponential function of t,,soil
layer thickness and their cross products.
For the downward movement of water, the soil profile was divided
into 7 layers of 15 cm each, irrigation water of known quantity, EC,
Na and (Ca+Mg) concentrations was mixed with the solution already
present in the top soil layer. Cation exchange equilibrium between
the solution and exchange complex was established using Gapon
equation (Kapoor and Pal, 1986). The solution in excess of field
capacity of the layer was transferred to the next layer and mixed
while again establishing cation exchange equilibrium. This process
continued until a layer was encountered which was either the bottom
layer or in which the incoming solution did not cause the water
content to exceed the field capacity of the layer.
Results and Discussion. The initial values of mean moisture content,
electrical conductivity and sodium adsorption ratio over the soil
profile for different irrigation water treatments are given in table
1. At corresponding values of SARiw, the initial mean values of EC
were higher for irrigation waters of 12 ds m"1 than those for 6 dS
m"1 except for waters having the lowest SARiw. The initial mean
values of SAR increased with increase in SARiw at both levels of
ECiw. This is because of the fact that these waters had been used
in the study plots since 1985 for raising wheat and pearlmillet.
Table 1. Initial values of mean profile moisture content (MC, %) ,
electrical conductivity (EC, dS m"1) , and sodium adsorption
ratio (SAR, mmol1/2 Vin)
Treatment
ECiw6SARiw5
ECiw6SARiwlO
ECiv6SARiw20
ECiw6SARiw30
ECiw6SARiw40
ECiwl2SARiw5
ECiwl2SARivlO
ECiwl2SARiw20
ECiwl2SARiw30
ECiwl2SARiw40

MC
12.9
14.1
13.6
15.3
14.7
13.8
14.1
14.0
14.8
15.7

EC

SAR

0.70
0.61
0.77
1.40
1.02
0.60
0.66
0.85
1.51
1.58

4.64
6.45
10.76
12.81
13.71
1.85
5.12
11.42
14.97
19.05

The depth distribution of the experimental and predicted values of
moisture content, electrical conductivity and sodium adsorption
ratio in 1:2.5 soil-water extracts were obtained before second third
and fourth irrigations and at harvest of the crop. However, for the
sake of brevity, their mean values over the soil profile are
presented and discussed in this paper. The experimental and
predicted mean profile moisture contents for different irrigation
water treatments before the second, third and fourth irrigations,

451

ana at harvest are given in table 2. Except for irrigation water
treatment ECiw6SAR5 there was a decrease in the experimental mean
profile moisture content values (i.e., over and above the irrigation
inputs) during the growing season of wheat. This decrease (based on
initial mean profile moisture content) ranged from 0.4 to 11.1 %.
A statistical analysis, based on the pooled data of moisture content
for the sampling depths, sampling intervals and irrigation water
qualities (i.e., 7x4x10=280), gave the following relationship
Table 2. Experimental (Exp) and predicted (Pred) values of mean
profile moisture content (w/w, %) before different
irrigations and at harvest in relation to irrigation water
quality treatments
Irrigation
water

ECiw6SARiw5
ECiw6SARiwl0
ECiw6SARiw2 0
ECiw6SARiw3 0
ECiw6SASiw4 0
ECiwl2SARiw5
ECiwl2SARiwlO
ECiwl2SARiw20
ECiwl2SARiw3 0
ECiwl2SARiw4 0

Irrigation
'
2nd

Harvest

3rd

4th

Exp

P n sti

Exp

Pred

Exp

Pred

Exp

Pred

11.4
12.3
13.6
16.1
15.2
14.2
14.7
14.2
15.9
16. 6

15.,0
16,.2
15.,7
16. 7
16,, 5
15,.9
16,,1
16,.1
16,.5
16,,7

13.0
12.8
13.1
13.5
13.0
12.3
13.2
13.5
13.6
13.0

17.0
17.0
17.0
17.0
17.0
17.0
17. ü
17.0
17.0
17.0

12.9
12.9
13.5
13.4
13.0
13.8
13.7
13.4
15.6
14.3

16.7
16.7
16.7
16.7
16.7
16.7
16.7
16.7
16.7
16.7

13.1
13.1
13.6
13.8
13.7
13.5
13.6
13.0
14.5
14.0

16.1
16.1
16.1
16.1
16.1
16.1
16.1
16.1
16.1
16.1

between the predicted (y) and experimental (x) moisture contents:
y = 0.903 + 1.138X (r=0.770) . A plot of the experimental and
predicted values showed that the model over predicted moisture
content (Fig. l a ) .
The experimental and predicted mean EC values of the soil profile
for different irrigation water treatments before second, third and
fourth irrigations, and at harvest are given in table 3. The mean
EC of the soil profile of all treatments initially equalled 0.97.
For irrigation waters of 6 dS m_1 the experimental and predicted
values at harvest were 0.95 and 0.92, respectively, almost equalling
the initial mean value. For irrigation water of 12 dS m-1 the
experimental and predicted values equalled
1.5
and 1.23,
respectively, both showing an increase during the irrigation season.
A statistical analysis, based on the pooled data gave the following
relationship between the experimental and predicted values of EC:
y = 0.489 + 0.500X
(r-0.690). A plot between the experimental and
predicted EC values showed almost even distribution of the points
around the 1:1 line (Fig. 1 b ) .
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Experimental EC t:2.5 CdSm')

Experimental MCtV. , w / w )

- i.a,

Relationship between (a) the experimental and predicted MC
and (b) the experimental and predicted EC

Table 3. Experimental (Exp) and predicted (Pred) mean profile
values of EC (dS m'1) before different irrigations and at
harvest in relation to irrigation water quality
Irrigation
water

Irrigation
Exp

ECiw6SARiw5
ECiw6SARiwlO
ECiw6SARiw20
ECiw6SARiw3 0
ECiwSSARiw40
ECiwl2SARiw5
ECiwl2SARiwlO
ECiwl2SARiw20
ECiwl2SARiw30
ECiwl2SARiw40

2nd
Pred

0.87 -0.79
0.68
0.71
0.83
0.86
1.16 1.41
0.96
1.11
0.76 0.83
0.65 0.84
0.89
1.00
1.10 1.64
1.38 1.11

Exp

3rd
Pred

0.79
0.81
0.82
1.05
0.93
1.31
0.85
1.23
1.22
1.66

0.89
0.74
0.89
1.28
1.06
0.90
0.96
1.12
1.58
1.12

Harvest
Exp
0.82
0.92
0.99
1.23
0.95
1.35
1.09
1.21
1.53
1.81

4th
Pred
0.85
0.74
0.85
1.15
1.00
0.98
1.05
1.18
1.51
1.14

Exp

Pred

0.93
0.85
0.88
1.09
1.05
1.35
1.38
1.48
1.02
1.91

0.84
0.76
0.83
1.07
0.96
1.08
1.14
1.25
1.50
1.19

The experimental and predicted mean SAR of the soil profile for
different irrigation water treatments before second, third and
fourth irrigations, and at harvest are given in table 4. The
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Table 4. Experimental (Exp) and predicted (Pred) values of mean
profile SAR (mnol"2 L"w) before different irrigations and
at harvest in relation to irrigation water quality
treatments
Irrigation
water

Irrigation
Exp

ECiw6SARiw5
EClw6SARiwlO
ECiw6SARiw20
ECiw6SAHiw3 0
ECiw6SARiw40
ECiwl2SARiw5
ECiwl2SARiwl0
ECiwl2SARiw20
ECiwl2SARiw3 0
ECiwl2SARiw40

—
2nd

5.4
6.1
12.5
13.4
14.2
3.3
5.8
12.8
17.6
21.9

3rd

Pred

Exp

5.3
7.1
12.2
14.4
16.2
2.1
5.6
12.9
16.0
22.0

4.2
7.7
13.5
13.9
15.7
3.2
6.2
13.2
16.6
22.8

Harvest

Pred

Pred
Exp 4th

EXp

Pred

4.8
6.8
12.2
15.2
17.1
2.0
5.2
12.3
17.0
22.3

5.4
6.8
13.2
16.0
17.0
2.9
7.0
13.6
18.0
24.1

3.8
8.2
13.2
16.6
19.5
3.3
6.0
15.6
20.7
25.1

4.3
6.5
13.0
17.1
19.2
1.9
4.8
11.7
17.7
24.4

4.5
6.7
12.6
16.2
18.2
1.9
4.9
11.9
17.6
23.2

experimental and predicted mean values of SAR of the soil profile
at harvest were higner than the initial values for all irrigation
treatments except ECiw6SARiw5.
The percentage increase in the
experimental values (based on the initial mean profile SAR) ranged
between 23% and 48% for waters of ECiw6, and between 18% and 35% for
waters of'ECiwl2.
A statistical analysis of the pooled data gave the following
relationship between the experimental and predicted values of SAR:
y = 0.04S1 + 0.967x
(r=0.958). The negligible intercept and slope
close to unity showed the high accuracy of the model to predict SAR
values. A plot between the experimental and predicted values showed
that the data coints lav close the line of perfect agreement (Fig. 2)
Computations of moisture content, electrical conductivity and spdiuro
adsorption ratio were also made using equations for LAÏ and' root
distribution for 'fresh water' (Arora, 1984) and 'brackish water'
(present study ) irrigations.
For the sake of brevity depth
distribution of SAR values computed using the two sets of equationsfor the extreme SARiw at both levels of ECiw are given in table 5.
The results showed that there was a small difference between the.
values of SAR estimated by the two different sets of equations.
From the results of this investigations it may be concluded that
leaf area index and root distribution in soil are considerably
influenced by the quality of irrigation waters, especially when
their electrical conductivity and sodium adsorption ratio are high.
But the predicted values of moisture content, salinity and sodicity
in soil profile are almost the same, whether they are computed using
relationships for LAI and fractional root distribution as a function
of time after sowing-, for fresh water and brackish water irrigation
conditions. This shows that the model is relatively insensitive to
these parameters. The model prediction of SAR in soil solution is
relatively better than that for moisture content and EC.
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SAR 1:2.5 (m mol'£ Vk )

Fig. 2. Relationship between the experimental and predicted SAR

Table fr. Predicted depth distribution of SARfmmol"2 L""3) for some
selected irrigation water quality treatments
Depth

ECiw6SARiw5

(cm)

Arora

0-15
15-30
30-45
45-60
60-75
75-90
90-105

2.95
3.07
3.30
4.26
5.68
6.26
7.23

P.S.
2.75
2.79
3.06
3.87
5.09
5.87
6.45

ECiw6SARiw40

ECiwl2SARiw5

ECiwl 2SARiw4 0

Arora

Arora

Arora

32.75
21.61
14.54
13.26
14.81
17.45
17.69

P.S.
31.33
21.41
16.49
14.90
15.17
16.83
17.9 0

2.30
2.14
1.93
1.96
1.83
2.01
2-83

Arora - Arora(1984); P.S. - Present study
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P.S.
2.11
1.94
1.76
1.77
1.76
1.84
2.24

40.05
27.32
19.82
18.08
19.52
22.37
24.25

P.S.
35.49
27.29
22.39
20.46
20.35
21.63
23.19
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LA MODERNIZACION INTEGRAL DE UN DISTRITO DE RIEGO: EL CASO DEL
DISTRITO DE RIEGO 085 LA BEGONA, GUANAJUATO, MEXICO
L. Rendon Pimentel, B De León Mojarro y C Fuentes Ruiz.
Coordinación de Tecnoiogia de Riego y Drenaje, Instituto Mexicano de Tecnoiogia del Agua,
62550 Jiutepec, Morelos, México.

1. INTRODUCCION
La Comisión Nacional del Agua (CNA) inició en 1989 un ambicioso programa de
modernización y transferencia de los distritos de riego a los usuarios. La superficie transferida
hasta 1993 ha sido de 2,226,888 ha. Las asociaciones de usuarios (AU) legalmente constituidas se
encargan hoy en dia de la recaudación de las cuotas de riego, de la operacion, el mantenimiento y
la administración de los distritos de riego transferidos, los cuales cuentan en la actualidad con una
autosuficiencia financiera total. Información de la CNA muestra que las AU terminaron con la
conservación diferida existente en el momento de la transferencia y que estan administrando,
operando y manteniendo con mayor eficiencia los distritos de riego que antes de Ia transferencia.
No obstante lo anterior estudios recientes realizados por el Instituto Mexicano de
Tecnoiogia del Agua (IMTA) muestran que la problematica general en los distritos de riego de
México es la siguiente (Velasco, 1992, Pefia y Carrillo, 1992, Tenango, 1993):
i)
Disminución significativa de la capacidad de los vasos de almacenamiento Esto se
debe principalmente a los azolves originados por cambios en el uso del suelo en la cuenca de
captación, por ejemplo de uso forestal a uso agropecuario
ii)

Fuertes pérdidas de agua por una operacion deficiënte de la red de canales.

iii) El método de distribución del agua existente por demanda controlada obliga al
usuario a solicitar el agua con siete dias de anticipation Este método puede representar una
fuerte restricción para ciertos cultivos como las hortalizas
iv)

Pérdidas considerables de agua en la red interparcelaria y en la parcela. Estas se

deben principalmente a la percolación del agua originada por deficiencias en la conducción y en
las practicas de riego.
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v)
Disminución de la calidad de los suelos. La aplicación no controlada del agua ha
provocado en algunos distritos de riego serios problemas de ensalitramiento
vi)

Sobreexplotación de acuiferos como en el caso de la region del Bajio

vii) Uso indiscriminado de insumos agricolas como pesticidas y fertilizantes. Se cuenta
con poca información sistematizada sobre la degradación de los recursos debida a estos insumos
En los distritos de riego de México de una u otra manera se han llevado a cabo acciones
para atender esta problematica Sin embargo estas acciones se han caracterizado por su
parcialidad, solo se ban avocado a la solucion de algunas de las deficiencias y no al conjunto de
detkiencias en toda la superficie de un distrito de riego dado
Afin de ilustrar las limitaciones de las acciones aisladas, supongamos que en algunas
unidades de producción agricolas inmersas en un distrito de riego se realizan cambios
tecnológicos que permitan la solucion del problema de las pérdidas de agua a nivel parcelario El
nivel tecnológico parcelario alcanzado se vera disminuido si la red de distribución del agua no
permite suministrarla, debido a una operación deficiënte y al rezago tecnológico de otras unidades
de producción, en la cantidad necesaria y de manera oportuna segün las necesidades de los
cultivos. En otras palabras los componentes y actores involucrados directa o indirectamente en
una actividad productiva deberan presentar la misma cultura social, tecnológica y ecológica
De lo anterior se desprende claramente que todas las acciones para solucionar los
problemas de ineficiencia en el manejo de los recursos deberan ser integrales, es decir acciones
avocadas en lo posible a la solucion de la totalidad de los problemas detectados Y deben ser
acciones dinamicas que incluyan los problemas que sean detectados en el transcurso del tiempo
La idea de modernización integral de los distritos de riego de México puede ser precisado
de una parte con la premisa de que toda tecnologia implementada para eliminar deficiencias en los
procesos productivos debe preservar los recursos naturales. De otra parte bajo la consideración
de que los cambios tecnológicos incluyan una cierta flexibilidad en el manejo de estos recursos. Y
finalmente por la necesidad de que los cambios tecnológicos en cada uno de los componentes de
los procesos productivos se lieven a cabo de forma homogénea y armónica con el resto de los
componentes
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2. OBJETIVOS
En respuesta a la necesidad actual de los distritos de riego de México de aumentar la
eficiencia en el manejo de los recursos naturales, principalmente el agua, la CNA ha solicitado al
IMTA la defïnición de las acciones integrales de modernización de los distritos de riego
transferidos que incluyan la cuenca de captación, las fuentes de abastecimiento de agua, el area de
riego y el impacto ambiental de la agricultura de riego
La presente comunicación tiene como objetivos generales:
i)
Conjuntar los conocimientos tecnológicos y cientificos
modernización integral de los distritos de riego de México.

que

permitan

la

ii)
Delimitar las estrategias para la modernización integral del caso del Distrito de
Riego 085 La Begona, Guanajuato, México
3. METODOS
Un grupo de investigadores del IMTA ha realizado considerables esfuerzos para conjuntar
los elementos tecnológicos y cientificos indispensables para llevar a cabo la modernización
integral de los distritos de riego de México. Este banco de conocimiento reune las experiencias e
investigaciones que sobre los componentes de un distrito de riego han desarrollado las
instituciones de investigación tanto nacionales y extranjeras.
Para el manejo del agua a nivel parcelaria se cuenta con conocimientos de alta calidad
generados en fisica de suelos y de la hidraulica superficial en los ültimos cincuenta aiïos. Los
principios utilizados en la elaboración de los algoritmos de control y operación para la
automatización de la red mayor de canales, han sido validados en diferentes partes del mundo. Se
cuenta con Ia experiencia necesaria para implementar practicas de conservacion de suelos. Se
encuentran disponibles los elementos que permiten un buen pronóstico del riego en tiempo real
Asimismo el conocimiento para estudiar y controlar los efectos de los agentes contaminantes se
encuentra accesible Finalmente y lo mas importante, el IMTA cuenta con el recurso humano
capacitado para contribuir en la orientación de las acciones que permitan dar una salida a los
problemas de los distritos de riego
La reunion de estos conocimientos fue inspirada precisamente por los problemas
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enumerados lineas arriba. Con base en la aplicación aislada de los conocimientos mencionados se
espera que su aplicación integral en los distritos de riego permita:
i)
Disminuir la erosion del suelo en la cuenca de captación para evitar el
empobrecimiento del suelo y el azolvamiento de la infraestructura hidroagricola construida en la
parte baja de la misma Es decir hacer un uso racional de las fuentes de abastecimiento.
ii)
Mejorar la operación de la red de distribucion mayor para disminuir las pérdidas de
agua, asi como para contar con una mayor flexibilidad, seguridad y equidad en la entrega de agua
a los usuarios.
iii)

Tecnificar las redes interparcelarias para reducir las pérdidas de agua por infiltración

V fugas.
iv) Tecnificar el riego parcelario para disminuir las pérdidas de agua por percolación y
escurrimiento superficial
v)
Pronosticar el riego en tiempo real en todas las parcelas para suministrar el agua de
manera oportuna a los cultivos. Esto incluye la integración en los diferentes puntos de extracción
y control la demanda diaria de riego con una anticipación proporcional al tiempo de respuesta de
los sistemas de transporte y distribucion.
vi) Implementar paquetes tecnológicos para el manejo adecuado de los cultivos de
acuerdo con el clima y calidad de suelos y aguas
vii) Evaluar la calidad del agua de riego, identificar las fuentes puntuales de
contaminación, asi como el deterioro de la calidad del suelo y el agua por la agricultura de riego.

4. EL DISTRITO DE RIEGO 085 LA BEGONA
El distrito de riego 085 La Begona, ubicado en el estado de Guanajuato, México, esta
formado por la cuenca del rio Laja, la presa de almacenamiento Ignacio Allende, una red de
transporte y distribucion, 10 822 ha de riego y 2144 usuarios Este distrito ha sido seleccionado
por ser uno de los mas pequenos de México, por tener la infraestructura hidroagricola bien
conservada y estar transferido y bien comunicado. Este distrito tiene un patrón de cultivos
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diversifïcado en donde se incluyen las hortalizas y lo mas importante es que los productores estan
de acuerdo en participar en el proyecto
La cuenca de captaeión. Esta tiene una superficie aproximada de 760 000 ha con
terrenos de topografia muy accidentada y desforestados. Existe agricultura de temporal en
terrenos con pendientes fuertes y no se aplican practicas conservacionistas por lo que se observan
problemas graves de erosión. También se tienen terrenos de agostadero con indices altos de
sobrepastoreo, lo que ha ocasionado una degradación acelerada del suelo Aün quedan algunas
areas cubiertas de bosque de encinos y pinos principalmente. A mediano plazo se pretende
determinar el uso actual y potencial del suelo, a lo largo lograr el ordenamiento del uso del suelo
de acuerdo a su capacidad de uso para restaurar, proteger conservar la cuenca A corto plazo se
seleccionaran los mejores tipos de explotación y sistemas de producción que garanticen la
conservación del suelo y agua; ademas de que propicien un escurrimiento superficial controlado
De inmediato se iniciaran los trabajos en una microcuenca de 1 200 ha haciendo su diagnóstico
integral, determinando el uso del suelo y aplicando practicas sencillas de conservación del suelo y
agua

Las fuentes de abastecimicnto Sobre el rio Laja, a la altura de San Miguel Allende,
Guanajuato, se tiene la presa de almacenamiento Ignacio Allende con una capacidad de 251
millones de m l Esta presa se usa para control de avenidas y proteger contra inundaciones a las
poblaciones ribereiïas, y para abastecer de agua a la area de riego Esta dualidad crea conflictos en
la operación de la presa pues desde el punto de vista del control de avenidas el almacenamiento se
debe mantener lo mas bajo posible para minimizar el riesgo de inundaciones, pero para riego es
necesario tener la presa llena para garantizar la maxima superficie bajo riego. A corto plazo se
pretende revisar y definir politicas de operación que garanticen la seguridad de las poblaciones
aguas abajo de la presa y el riego a los cultivos.

Para completar la demanda de riego se cuenta con 127 pozos profundos que extraen del
acuifero aproximadamente 60 millones de nv por ano. Un problema serio es la sobreexplotación
del acuifero, lo cual se refleja en un abatimiento acelerado de los niveles de bombeo, segün la
CNA estos alcanzan en algunos puntos 3 m/afio.
La red de distribution mayor El propio cauce del rio Laja es utilizado para conducir el
agua entre la presa Ignacio Allende y la derivadora Soria ubicada a 35 km aguas abajo. Sobre la
margen derecha de esta derivadora inicia el canal principal margen derecha que tiene una
capacidad de 10 m-Vs, una longitud de 24 km, 28 represas, 84 puntos de extracción y esta
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revestido de mamposteria
La derivadora Guadalupe se encuentra ubicada sobre el mismo rio Laja 2 km aguas abajo
de la derivadora Soria. Sobre la margen izquierda de la derivadora Guadalupe inicia un canal
revestido de mamposteria, el canal principal margen izquierdo (CPM1), que tiene una capacidad
de 2 rn^/s, una longitud de 8 km, 9 represas, 15 puntos de extracción Entre las presas Ignacio
Allende y Soria se tienen bombeos directos del rio para regar 800 ha
Para mejorar la operación de la red mayor se han seleccionado siete puntos estratégicos en
el control de la distribución del agua como son las obras de toma de las presas Ignacio Allende,
Soria y Guadalupe, las represas ubicadas sobre el canal principal margen derecha (CPMD) en los
kilómetros 5+520, 8+660 y 15+760, asi como la represa situada en el km 2+900 del canal lateral
5+52. En estos puntos se controla la distribución del agua en la entrada de cada módulo y de cada
sección de riego. La propuesta para mejorar la operación consiste en automatizar estos siete
puntos estratégicos, lo cual permitira la supervision continua del estado hidraulico de la red y la
regulación dinamica de los puntos estratégicos de control. La propuesta considera la sustitución
de 24 represas por vertedores pico de pato en el CPMD y la instalación de 80 módulos de gasto
constante en los puntos de extracción de ambos canales principales. En la actualidad se cuenta
con un modelo matematico de simulación de la operación calibrado y evaluado en el CPMD
(Mejia, 1991) y los algoritmos de regulación y control (Gonzalez, 1992; Brenes, 1993).
La red interparcelaria y parcelaria Aguas abajo de las tomas granjas de la red
interparcelaria y parcelaria esta formada por canales y regaderas en tierra que tienen grandes
pérdidas de agua por infiltración, rupturas y desbordamientos. A corto plazo se tiene programado
sustituir la red interparcelaria y parcelaria existente por tuberia de baja presión y proporcionar el
servicio de riego a demanda libre En la red parcelaria se colocarian hidrantes ubicados
estrategicamente
El riego parcelario El riego se realiza por gravedad, surcos, camas y melgas
principalmente, a partir de escotaduras que se hacen en la regadera Los suelos son profundos,
planos y con problemas de microrelieve La falta de diseno, trazo y cuidado en la aplicación de
riego, sumados a los problemas de microrelieve ocasionan enormes pérdidas de agua por
infiltración y escurrimiento superficial (Rendon et al, 1992). El proyecto de tecnificación del riego
parcelario consiste en el "empareje" del suelo para solucionar los problemas de microrelieve, el
diseno y trazo del riego por gravedad, asi como la aplicación del agua con tuberia de compuertas
conectada a los hidrantes de la red parcelaria

462

El pronóstico del riego El productor decide regar cuando detecta sintomas visibles de
deficiencia de agua en los cultivos, a partir de este momento solicita el agua y se la entregan siete
dias después, esta situación para muchos cultivos en etapas fenológicas criticas puede ocasionar
una disminución en el rendimiento El sistema propuesto para hacer el pronóstico del riego en
tiempo real consiste en: a) una base de datos en donde se tenga información a nivel de parcela de
suelo, cultivo, fecha de siembra y de aplicación del riego; b) dos estaciones agrometeoro lógicas
automaticas, colocadas en ambos margenes, que estarian midiendo en forma continua las variables
meteorológicas que tienen mayor influencia sobre la evaporación de los cultivos, c) un
procedimiento de calculo del balance de humedad en el suelo y de la fecha de aplicación del riego
a nivel de parcela, d) un procedimiento de integración diaria de los volümenes de riego a nivel de
los puntos de extracción y de control de la red de distribución; y e) un mecanismo de información
y advertencia a los productores sobre la fecha en que se recomienda que deben regar
Evaluation de la contamination El distrito de riego se encuentra en el area de
influencia de una gran zona industrial que puede estar ocasionando la precipitación de ciertos
iones por la lluvia. A lo largo del rio Laja las poblaciones riberefias descargan las aguas de drenaje
sin tratar contaminandolo La actividad agricola en la zona de riego en muy intensa y se usan
grandes cantidades de fertilizante, insecticidas, fungicidas y herbicidas que pueden estar
contaminando el suelo y el agua subtenanea Con este trabajo se evaluara la posible
contaminación causada por las deposiciones atmosféricas, la calidad del agua de riego en la presa
y en diferentes puntos de la red de distribución del distrito de riego, asi como la posible
contaminación del suelo agricola y el agua subterranea por los agroquimicos utilizados en la
agricultura de riego.
5. PRINCIPALIS BENEFICIOS ESPERADOS
i)

Disminuir la cantidad de azolve que llega a la presa Ignacio Allende y por lo tanto

alargar su vida ütil.
ii) Disminuir los derrames en la presa Ignacio Allende a las cantidades convenidas en el
marco del Consejo de la Cuenca del rio Lerma, para garantizar la maxima superficie de riego
iii)

Entregar en los puntos de control de la red de distribución el gasto acordado.

iv) Disminuir de siete a dos dias el tiempo de entrega de agua a los usuarios en la
distribución por demanda controlada
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v)

Tener una mayor equidad y seguridad en la entrega de agua a los usuarios

vi)

Disminuir las pérdidas de agua en las redes de distribución mayor, interparcelarias y

parcelarias; asi como en las parcelas
vii)

IVIantener la misma supertlcie de riego e indice de repetición de cultivos, pero

disminuyendo las extiacciones del acuiféro en un volumen igual al recuperado por la disminución
de las pérdidas de agua en todo el distrito
viii) Mayor recaudación de las Asociaciones de Usuarios

Al contar con mas agua

proveniente de la presa Ignacio Allende los excedentes pueden ser suministrados a los usuarios
que extraen por bonibeo el agua de los acuiteros
ix)

Ahorro de energia electrica al disminuir los volumenes bombeados del acuiféro

6. CONCLUSIONES
Dada la gran cantidad de componentes que coniprende la modernización integral de un
distrito de riego en México, y posibleniente de muclias regiones del globo, se liace absolutamente
necesario que las instituciones creadas por la sociedad con la finalidad de administrar de manera
racional los recursos naturales participen de manera decidida, coordinada y convencida de la
implementacion de acciones que permitan un desarrollo regional equilibrado y armónico
La modernización integral de los distritos de riego de México, y en particular del Distrito
de Riego 085 La Begoiia, que aqui se propone de ninguna manera se contrapone a las
aspiraciones de progreso que la sociedad actualmente reclama Sino al contrario, los modestos
conceptos aqui esbozados pueden contribuir a una mejora sustancial de las condiciones de vida de
los productores agropecuarios y tal vez de la sociedad toda
Ademas se debe considerar que un aspecto fundamental para la evolución de un pais es
que acciones de tal envergadura proporcionan al individuo y a la sociedad una esperanza y un
propósito
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Persistent and Transient Mineral Reactants in Vertisols
J. B. Dixon. Department of Soil and Crop Sciences. Texas A&M University,
College Station, TX 77843, U.S.A.
Abstract. Smectites are generally recognized as the most important reactants in Vertisols
because of their abundance, fine particle size, shrinking and swelling ability, and high cation
exchange capacity. Within the smectite group there is a range of charge characteristics that
causes some smectites to hold ions selectively e.g. potassium and ammonium. There is also a
wide range in particle size and shrink-swell characteristics of smectites. Vermiculite is not
abundant in Vertisols but it does occur in them and mica that may weather to vermiculite is
usually is present. The presence in Vertisols of highly charged smectite and tetrahedral charge
in smectite present some characteristics of vermiculite. Kaolinite is present in most Vertisols
and it may be the most abundant layer silicate in the clays of some Vertisols e.g. in El
Salvador. The particle size of kaolinite and halloysite can be very small and thus have greater
reactivity than typical kaolinite. Iron oxides occur in Vertisols as both persistent and transient
phases. Ferrihydrite and minute crystals of lepidocrocite form and dissolve in a few weeks in
Vertisols of southeast Texas that are utilized for paddy rice culture. In the subsoils benea*h
these rice paddies small amounts of goethite persist. Iron-manganese oxides and calcium
carbonate nodules form in some Vertisols. In the Burleson soil of Texas birnessite and todorokite were tentatively identified in Fe-Mn nodules. In spherical nodules the Fe is concentrically
banded and the Mn may or may not be banded suggesting different mechanisms of precipitation
or recrystallization. Gypsum is abundant in some Vertisols and it poses problems with corrosion of metals and a swelling reaction with lime utilized to stabilize Vertisols for construction
purposes. The utilization of Vertisols is complicated by the various reactive minerals present.
We now have the analytical methods to identify and characterize most of these crystal phases.
Thus we should be able to better predict and to some extent control the behavior of these
complex soils that are underutilized in many parts of the world due to their intransigent
behavior.
Introduction. Vertisols are clayey soils based on their physical activity determined by field
and laboratory evidence e.g. sickensides, gilgai, deep cracks on drying, and measured shrinkage (32). These soils usually contain smectite as the most abundant type of clay mineral.
However, kaolinite may be the most abundant clay mineral in some Vertisols. They also
contain other minerals that exert important influences on their appearance, behavior and use in
some circumstances. Owing to their high smectite clay content Vertisols weather more slowly
than coarser textured soils that accept water more rapidly and where leaching is more uniform.
Leaching in Vertisols is along slickensides surfaces, and thus, they are subject to more
movement of dissolved constituents such as nitrates than the clay content alone would imply
(25). Also, gilgai microlief, variable depth of soil, and large structural units make Vertisol
pedons large and sampling error a problem when the whole soil is to be represented. The
major minerals in Vertisols were described previously (8). The purpose of this manuscript is to
describe the mineral reactants in Vertisols particularly those that have been recently identified
and described.
Smectite in Vertisols. In view of their fine texture and low permeability to water it is not
surprising that the mineralogy of Vertisols from the Blue Nile region of Sudan was considered
to be inherited from the parent sediments (2). Partial re-expansion after Li saturation and
300°C heating showed the smectite was a mixture of beidellite and montmorillonite. Also,
most smectite in many Vertisols of the U.S. A. is inherited from parent materials such as the
chalks and marls of Alabama, Mississippi, and Texas.
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The initial range of properties of some smectites in Vertisols may be inferred from those in
bentonites, widely distributed smectitic rocks. In a monumental study, many bentonites from
several countries were investigated by transmission electron microscopy and selected area
diffraction (16). The shape of smectite aggregates include globules, euhedral plates, subhedral
lamella, laths, and rolled edges that resemble fibers. Smectite aggregates frequently gave a
selected area electron diffraction pattern composed of spots indicative of single crystal behavior. Personal experience has shown that smectites in soil clays usually have ring diffraction
patterns indicative of turbostratic stacking. Smectites in soils usually are very thin low absorbers in the electron beam, and they have diffuse boundaries (5). Also, euhedral smectite plates
are uncommon in soil clays. These comparisons suggest a wide range of properties of Vertisol
clays depending on origin, weathering history, as well as elemental composition and the extent
of turbostratic stacking of the 2:1 layers of the smectite. This loose association of smectite
structural layers in Vertisols is believed to be one reason for their high chemical and physical
reactivity. Thus the extent of physical dispersion of smectite layers appears to be one of their
differences from smectites in bentonites.
The importance of interparticle swelling and shrinkage in smectitic soils was emphasized by
Greene-Kelly (14) and low layer charge was emphasized by several studies reviewed by
Wilding and Tessier (32). These interpretations correlate with the lower K selectivity of fine
versus coarse and medium clays from Vertisols (4). Tessier and co-workers have given
electron microscopy evidence for the smectite fabric composed of thin disorderly "quasi"
crystals that contribute to shrink-swell of Vertisols (29, 32). Their models provide a visual
basis for interpreting the shrink-swell behavior of smectitic clays. Also, they compare the
shrinkage and swelling of smectite, illite, and kaolinite and emphasize the greater relative
influence of smectite.
Smectites: Physical reactions. The abundance of smectites in Vertisols is recognized as the
major source of their shrink and swell properties. Traditionally lime (CaO; Ca(OH)2) stabilization has been used to improve the physical behavior of soils (17, 22, 26). The generally
accepted mechanisms for lime treatment are the control of the exchange ion by Ca, the flocculation and agglomeration of the clay, and the precipitation of new silicates that act as
cements. The influence of lime stabilization has been investigated for many years (17) and is
widely recognized. The addition of supplemental sources of soluble Si and Al such as fly ash
to improve cementation (i.e. pozzolanic reactions) is often practiced. The high cost of lime
stabilization and the shallow depth to which lime can be mixed are two of the objectionable
properties that have prompted the exploration of other treatments. One such treatment is the
injection of Condor SS containing naphthalenesulfonic acid under high pressure to 2 m. This
product reduces the cation exchange of the smectite and causes flocculation of smectitic soils
(19). The full extent of this stabilizing treatment is still being investigated. Exposure of
smectite to this pH 2 solution most likely mobilizes Al that in turn occupies cation exchange
sites probably as one of its major reaction mechanisms (12). The changes are measurable but
incomplete and the full impact of it on the strength of Vertisols is yet to be determined. In
view of the wide pH range of vertic soils it is reasonable to pursue an acid treatment method
with the hope that it may be effective when properly matched to soil conditions. Vertisols
have very large particle surface areas and complete stabilization is unlikely to be economic but
significant improvement may be possible.
Vermiculite in Vertisols. Carson and Dixon (4) reported vermiculite in Vertisols although the
amounts were small and identification was not always unequivocal. Subhedral platy particles
of coarse clay (2-0.2 pm) with numerous moiré patterns have been observed in transmission
electron micrographs of Houston clay Vertisol from Alabama and Beaumont clay Vertisol from
Texas (Fig. 1). These complex moiré patterns and the visible fractures in particles about a
micrometer width suggest vermiculite possibly mixed with mica (7). Coarse clay particles of
vermiculite such as these are believed to contribute selective sites for NH„+ and K+ ions.
4

468

Figure 1. Layer silicates in Beaumont Vertisol 2-0.2 pm clay illustrating the diversity in individual particles.
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Highly charged clay minerals cause NH 4 + fixation in the Beaumont soil further indicating
vermicular properties of some 2:1 clays in Vertisols (6). Moiré fringes form due to mismatch
between layers. The fact that they become evident in the electron beam indicates interlayer
water is being vented under the heating of the beam. Such a large relatively thick particle with
interlayer water is most likely vermiculite. Its imperfections suggest some diversity in exchange sites near fractures, layer steps, and where fringes form different patterns. Thus even
the larger clay particles that often appear simpler than smectite can be complex in surface
properties.
Mica in Vertisols. Little mica is found in Vertisols of Alabama, Mississippi, Texas, Turkey,
and South Africa (8). The selectivity of Vertisols for K is greater in the coarse clay where
mica and vermiculite are more abundant (4). This may be influenced by the wedge zones that
occur at the mica-vermiculite (or smectite) interface (24). Although the amount of mica in
Vertisols is small it deserves further study because of its relevance to ion selectivity and to
shrink-swell properties.
Chlorite in Vertisols. Chlorite has been shown to alter to smectite in laboratory investigations
(27) thus supporting the consept that lithologic ferromagnesian chlorite is a labile mineral that
is one of the first layer silicates to alter under surficial weathering conditions (3,11). The
presence of chlorite in the Burleson Vertisol suggests that it is a rather young soil from the
weathering perspective. The age of the Burleson soil has been reported to be 30,000 to 40,000
years BP (23). The presence of chlorite in the Burleson soil may be due to a combination of
factors including the slight permeability of the Vertisol and the moderate age of the soil. The
chlorite in it appears to be lithologic ferromagnesian chlorite based on its resistance to heating.
This chlorite is speculated to be a source of Fe and Mn that have been released and precipitated as oxides in nodules. Yet, most of the Mn is still in the weatherable silicate minerals
thus suggesting the relative youth of the Burleson soil (1). Chlorite weathering status and FeMn nodule formation may be useful indicators of weathering in other Vertisols that contain
chlorite in the parent material.
Kaolinite in Vertisols. Yerima et al. (33) investigated five Vertisols from El Salvador that
were smectitic to smectitic:kaolinitic. Much of the kaolinite was very fine ( < 0 . 2 /*m) and
some apparently was interstratified with smectite. Kaolinite was reported to be more abundant
than smectite in the Atiocoyo soil. Two Vertisols (Chromusterts) in Hawaii, Waihuna and
Honouliuli were placed in kaolinitic families (3) but that placement has been challenged (18).
A subsequent thorough investigation of the two Hawaiian Vertisols by several methods located
more smectite than was previously recognized (e.g.cation exchange values were from 20 to 42
cmolc kg"1) and indicated that the kaolin mineral was mostly dehydrated halloysite indicated by
electron microscopy. The smectite is considered to be composed of tactoids with such short
range order that distince x-ray diffraction peaks were not produced. Interparticle diffraction is
credited with many x-ray diffraction features observed. Randomly interstratified illite/smectite
and possibly kaolinite or halloysite/smectite are believed to occur in significalt amounts in the
Waihuna Vertisol from Hawaii. The mineralogy taxonomy on these two Vertisols is
recommeded as mixed rather than kaolinitic and local soil taxonomists concur (R.C. Jones,
Honolulu, Hawaii, personal communicatton). In light of Malik's findings about the fine
smectite giving broad x-ray diffraction features and the Atiocoyo cation exchange values of 14
to 39 cmol kg^ the abundance of kaolinite minerals in Vertisols deserves further investigation.
Kaolinite occurs in a wide range of particle sizes and is abundant in the fine clay fraction of
many vertic soils (10). It is not clear how much fine kaolinite contributes to the reactivity of
Vertisols. The Beaumont soil of southeast Texas and the kaolinitic Vertisols of El Salvador
occur in regions of high weathering intensity (warm temperature, high rainfall, acid pH) in
relatively stable landscape positions. The two examples from Hawaii occur in a warm climate,
moderate rainfall and have near neutral pH (R.C. Jones, personal communication). Thus much
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of the kaolinite in some of these soils may have formed after the vertic properties were already
expressed and the question remains how much contribution do kaolinite and halloysite contribute to the properties of Vertisols.
Iron Oxides. Vertic soils in the coastal region of sou|h Texas near Beaumont that are planted
to rice form prominent yellowish red Fe oxide coatings on ped and pore surfaces when they are
drained from the paddy condition. These coatings form in about two weeks in the spring and
may disappear in a similar period when the wet conditions return. These Fe oxides are
ferrihydrite, lepidocrocite and goethite mixtures as identified by a series of concentrating
procedures and differential x-ray diffraction (31). Progressive removal of the Fe oxides by
incremental treatment with acid ammonium oxalate in the dark removed first the ferrihydrite
and the finer crystals of lepidocrocite and eventually the coarser lepidocrocite crystals. Finally
dithionite-citrate-bicarbonate treatment removed the minor amount of goethite present. The
ferrihydrite to total Fe oxide ratio was higher in the paddy zone than in the subsoil layers.
Also, the ferrihydrite to lepidocrocite ratio was higher in the paddy soils than in the non-paddy
soil. Subsoil Fe oxides beneath paddy soils were largely more crystalline (i.e. not extracted by
AOD treatments). In the paddy zone of three vertic soils the AOD extractable Fe was 0.1 to
0.5%, while the subsoil layers contained 0.1% or less extractable Fe (Dixon, J.B., G.N.
White, and F.T. Turner, unpublished manuscript). The hypothesis was advanced (Golden,
D.C., F.T. Turner, H. Sittertz-Bhatkar, and J. B. Dixon, unpublished manuscript) that the
larger crystals of lepidocrocite around rice roots than on the soil coatings may be due to the
depletion of Si and P in the vicinity of the rice roots. This hypothesis deserves further study.
Examination of the Fe oxide coatings by transmission electron microscopy showed the
presence of ferrihydrite also occurred in relatively pure aggregates (Fig. 2a). More commonly
lepidocrocite laths, a few unit cells wide, were intimately mixed with ferrihydrite. The boxlike shapes of some Fe oxide ferrihydrite-lepidocrocite aggregates that suggested precipitation
of the Fe oxides in the cells of micro-organisms (Fig. 2b). The presence of thick and thin strips
of these Fe oxides in aggregates resemble the precipitates attributed to the microorganisms in
South Africa (13). Ferrihydrite is difficult to disperse as a pure mineral and in these soils it
bonded quartz and layer silicates together (31). The precipitation of ferrihydrite appears to be
a significant source of stable natural aggregates in Vertisols emerging from reducing conditions.
Iron-Manganese Oxide Nodules in Vertisols. Nodules containing Fe-Mn oxide cements often
have a concentric distribution of Fe. The Mn distribution may be concentric complementing
rather than duplicating the distribution of Fe (Fig. 3b, c) but often evidence for concentric
distribution is scant or absent (White, G.N. and J.B. Dixon, unpublished manuscript). The
complementary effect of Fe and Mn patterns is further indicated by the relatively few pixels
that contain both elements in Fig. 3d. In Fig. 3(c) the Mn is most concentrated in the core of
the nodule whereas in Fig. 3(b) the Fe is most concentrated in an intermediate layer outside of
the core. In Fig. 4 the precipitation of Mn is not concentric and the mode of deposition is not
evident. Conceivably the mode of deposition may be different or recrystallization may have
occurred in the nodule represented by Fig. 4. Concentric distribution of Fe and Mn is mostly
in spherical nodules. In the Burleson soil irregularly shaped Fe-Mn oxide nodules usually do
not have concentric distribution of either Fe or Mn.
The Fe-Mn oxide nodules contain a complex mixture of small Mn oxide crystals (Fig. 5, 6).
Birnessite (2.5A - fringes and 7A XRD peak) and todorokite (9A fringes) are suggested
(White, G.N. and J.B. Dixon, unpublished manuscript). The birnessite in a U.S. National
museum sample (#155937) from Japan has similar properties to the soil nodule in regard to the
presence of many small crystals, extensive fine (2.5 A) fringes and fringes around the edges of
particles (author, unpublished).
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Figure 2. (a) Ferrihydrite granules and (b) ferrihydrite granules and lepidocrocite laths from
yellow red coatings that form and dissolve seasonally in the Beaumont Vertisol under ricepaddy culture.
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Figure 3. (a) Scanning electron micrograph of polished section and (b) iron and (c) manganese
distribution in a banded circular nodule from a Burleson Vertisol shown by (d) distribution of
pixels with both Fe and Mn (White, G. N. and J. B. Dixon, unpublished manuscript).

Figure 4. (a) Iron and (b) manganese distribution in an unbanded irregularly shaped nodule
from a Burleson Vertisol (White, G. N. and J. B. Dixon, unpublished manuscript).
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Figure 5. Transmission electron micrographs of Mn oxide particle from a Burleson Vertisol
Fe-Mn oxide nodule.
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Figure 6. Enlargement of upper part of particle in Figure 5 showing regions with fringes
measuring 9 A (1 & 2) and 2.5 A (3 & 4).
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The complex mixture of very small Mn oxide crystals in nodules from the Burleson Vertisol is
in contrast to the larger crystals of lithiophorite identified in Wahiawa Oxisol of Hawaii and
the Decatur Ultisol of Alabama (9, 15, 30). The maturing of Mn oxides in Fe-Mn oxide
nodules as soils weather may be useful in rating their relative age and, with calibration, real
age correlations may be obtained under stable climatic conditions where soil permeability is
relatively uniform. Barium and Ni are present in the Fe-Mn nodules and Ba concentrations are
approximated at 30 g/kg of nodular material (White, G.N. and J.B. Dixon, unpublished
manuscript). Concentrations of these elements in Mn oxide nodules are in agreement with
other investigations of Fe-Mn oxide nodules (20). In spite of the Fe-Mn nodules present, the
relative youth of the Burleson soil is indicated by the fact that most of the Fe and Mn in the
firo earth ( < 2 mm) is in the weatherable silicate minerals (1).
Carbonate Nodules in Vertisols. Calcium carbonate (calcite) and Fe-Mn nodules occur in the
youthful Burleson Vertisol of the Brazos River valley in Texas. This soil has deep weathering
beneath the microlow (BCK to 213 cm) and much less weathering beneath the microhigh (BCK
to 152 cm). Calcium carbonate nodules occur throughout the pedon (1). To a depth of 150 cm
both Fe-Mn oxide and calcium carbonate nodules were more abundant in the microhigh position than in the microlow. The relative abundance of the calcium carbonate nodules indicates
greater weathering in the microlow versus the microhigh as does the depth of soil development.
Gypsum in vSrtisols. The influence and importance of gypsum is diverse and dependent on
how a soil is to be used or studied. Gypsum to the agriculturalist has favorable aspects since it
implied the presence of abundant Ca ions that promote soil aggregation, water infiltration,
better friability, and less erosion. When a soil is in contact with metal the presence of gypsum
promotes corrosion (21). A survey of Texas soils that are known to contain gypsum revealed
161 soil series of the 1200 series mapped in the state (Michael L. Golden, personal communication, Soil Conservation Service, Temple, TX). Twenty-nine of these gypsic soils are
Vertisols or soils containing abundant smectite (i.e. vertic or in a montmorillonitic family).
The amount of gypsum varied from 1 to 72 % although most of the soils contained 5 % or less
gypsum. The concentration of gypsum has to be interpreted with due regard to its tendency to
be localized and the fact that gypsum is extremely high in one sample does not necessarily
represent the whole pedon. The possibility of corrosion by gypsum is worsened by a very acid
pH. The China soil (Jefferson County, TX) contained the most gypsum and the pH was from
4.4 to 5.7 in 0.01 M CaCl2 solution and was similar in water as expected (28). It is unclear
why China and other Vertisols that occur in an area of 1300 mm of precipitation contain so
much gypsum. It is evident that clayey smectitic soil has protected it from dissolution and
leaching in the humid area of Jefferson Co., TX.
Conclusions.
1. Vertisols tend to preserve minerals in unexpected environments such as the gypsum in a
China soil with 1300 mm precipitation annually.
2. Vertisols range widely in maturity and presumably in age from the young Burleson (30,000
to 40,000 years BP (23) to the kaolinitic Atiocoyo of El Salvador.
3. Localized conditions in the surface horizons of Vertisols lead to the seasonal cycling of Fe
oxidation state and formation and disappearance of ferrihydrite and lepidocrocite.
4. Iron-Mn oxide nodules formed in the young Burleson soil may serve as a source of residual
information on the chemical and mineralogical conditions during nodule formation because of
the Fe- and Mn- mineral stability, restricted permeability to water, and the ion selectivity of
Mn oxides.
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Modeling of Soil Water and Thermal
Processes for Irrigation Scheduling
W.Olszta', D.Kowalski. Department of Water and Waste-Water Management, Lublin
Technical University, 20-618 Lublin, ul.Nadbystrzycka 40, Poland.
Introduction. Under the prevailing climate in POLAND, nearly every summer dry spells occur that
cause the water demand of the atmosphere to exceed the ability of the root system to extract water
from the soil. Consequently there is a growing interest for supplemental irrigation, especially on
intensively managed dairy farms located on drought sensitive soils.
The model GRAGRO considers water movement in and through the soil in response to pressure head
gradients in accordance to the equations of Darcy and continuity. Water extraction by roots is
accounted for by a sink term. The approach requires specification of the soil water retention -and
hydraulic conductivity curves, upper boundary conditions of precipitation and potential
evapotranspiration and an appropriate lower boundary condition. The growth rate of the crop is
defined as a hyperbolic function of the growth factor water (i. e. transpiration) with the maximum
growth rate as the upper limit and the efficiency of water utilization as the initial slope of the
hyperbola. Crop temperature and the energy balance components can be simulated under specified
meteorological and soil physical conditions - model TERGRA.
The results of the investigations presented in this paper points out a possibility of calculating the
value of the function O /x,t/ and the growth of the dry mass of meadow plants by the method of
mathematical modelling of leaf temperature and transpiration on the basis of the climatic conditions
and the physical and water properties of soil. There is still a lack of an empirical verification of
the calculations obtained, the therefore the results illustrate the theoretical aspects of the water
movement in the unsaturated zone of soil profile.
Summary and conclusions. In this paper attention has mainly been poind to determining the
dynamics of water and heat transport in the unsaturated zone under growing grass. The uptake of
water by the root system is considered to be a function of the root density, hydraulic properties of
the soil, and time.The model was compound to field data for section II with the water table held at
40 cm depth. The lack of agreement between the simulated and measured data is sometimes
disappointing, but indicates more than anything else the areas in which our knowledge is lacking.
Based on those results, we may conclude that these methods can be used to help explain the
agrophisical basis for soil and plant productivity.
Literature Cited.
(1) DE WIT, C. T., J. GOUDRIAN. H. H. VAN LAOR, F.W.T. PENNINGDE VRIES. R.
RABBINGE and H. VAN KEULEN, 1978, Simulation of assimilation, respiration and
transpiration of crop. Simulation Monogr. 90-220-0601-8. Pudoc, Wageningen, 148 pp.
(2) FEDDES, R. A., P. KOWALIK and H. ZARADNY. 1978. Simulation of field water use and
crop yiela. PUDOC, Wegeningen.
(3) FEDDES, R. A., 1988 Crop water use and dry matter production. Internat. Cong. INRA, Paris,
11-14 Sent. 1984.
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Design of an Irrigation Guide Using Crop Response Functions
and a Simulation Model
J. E. Palacios Si., and G. Félix E. University of Sonora, Navojoa,
Mexico.

Sonora.

INTRODUCTION. The design and operation of efficient surface
irrigation systems, require knowledge of the soil , the crops, the
climate and other factors. The soil is of a great interest
because of its influence on plant growth and on the water
storage, distribution
and movement. The importance to
characterize the soil properties has long been recognized. And
by the other hand, the required timing and amount of applied
water is governed by the prevailing climatic conditions, crop and
its stage of growth and soil moisture capacity. The objetive was
to clasify and characterize the soils, obtain the response
functions for corn, bean and wheat and develop an irrigation
guide including design of surface irrigation systems.
METHODS, the study was conducted at the Irrigation Districts No.
38 and No. 41 at the South of Sonora State in the Northwest of
México. The study was divided in three parts, the first part was
the soil characterization and consisted on getting agrologic
surveys and the physical and chemicals properties, the second
part consisted on obtaining the response functions for the main
crops. The experiments were conducted for wheat, corn and bean;
in this part the evapotranspiration and other variables were
evaluated too. The third part consisted in calibrating and to
probe the surface irrigation model according to Green and Ampt
(1911) infiltration equation and make irrigation field tests to
obtain the design for surface irrigation in the main soils.
RESULTS AND DISCUSSION. Results of the soils characterization and
soils profiles from the agrologic surveys shown three main soil
groups: Ustifluvents, Chromusters and Calciorthids. The response
functions obtained for corn, wheat and bean were:
CORN (Xl= 41.77%, X2 = 65.41% and X3= 58.34 %; Y = kg/ha)
Y = 3565.65 + 28.85 X, + 48.68 Xj + 35.19 X, - 0.518 X,2 -0.466 X,2
- 0.337 X32 + 0.213 XjX2 + 0.008 XJXJ + 0.058 X}X}
BEANS ( X l = 4 4 . 7 7 % , X2= 4 4 . 7 5 % a n d X3= 4 3 . 9 6 % ; Y= t o n / h a )
Y = - 0 . 2 1 6 + 0 . 0 4 1 Xj + 0 . 0 7 2 8 X, + 0 . 0 6 5 Xj - 0 . 0 0 0 3 X,2 - 0 . 0 0 0 6
X22

-

0.0006

X32

-

0.00023

XJXJ

-

0.000

XJXJ

-

0.00006

X;X3

WHEAT ( X l = 3 7 . 1 6 % , X2= 5 7 . 3 6 % a n d X3= 4 4 . 4 9 % ; Y= k g / h a )
Y = - 3 0 3 . 6 0 + 8 5 . 4 5 X, + 1 7 1 . 9 7 X, + 1 1 8 . 9 2 X, - 0 . 7 0 7 X,2 1 . 1 5 5 X, - 0 . 9 6 4 X,2 - 0 . 4 7 2 X,X, - 0 . 1 3 1 X,X, - 0 . 4 9 3 X,X,
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The surface irrigation model was calibrated and used for surface
irrigation design, in most of tests the model performed well, in
Chromusters soils the irrigation length varied from 250 m to 500
m, in the Ustifluvents soils the length varied from 150 to 350
m and in the Calaciorthids soils varied from 200 to 400m. The
required timing and amount of applied water was obtained in two
ways by suplying enough water and with water restrictions. The
results in the first procedure indicated that the crops need one
(wheat and bean) or two (corn) additional irrigation for best
yield production. The analysis with water restrict:!ons indicated
that the wheat can be growth with only two irrigations, corn and
bean with three irrigations.
EXAMPLE:
CROP: WHEAT
SOIL: NAVOJOA CLAY TYPIC CHROMUSTER
PLANTING DATE: 15 NOV- 15 DEC
IRRIGATION SCHEDULING
D= DEPTH in cm
DAYS= days after irrig.

No. IRR.
No.
1
2
3
4
5
TOTAL

GENERAL

OBTAINED

D(cm)
15
10
10
10

DAYS
0
45
30
30

D(cm)
15
8
8
8
8

DAYS
0
40
25
20
20

45

105

47

105
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Reclamation and Drainage Impact on Pseudogley Soil
D. R u d i c , N. D j u r o v i c , R. Stricevic. University of Belgrade,
Agriculture Nemanjina 6, 11080 Zemun,
Yugoslavia.

Faculty

of

Introduction. Pseudogley soils are very spread out in Serbia, and the greatest complex of
these soils there are on deluvial loam on the west periphery of the Pannonian plain.
Although, arable pseudogley soils have high potential fertility, in natural state they are not
used satisfactory because of compactness of second (Bg) illuvial horizon and presence of
subsurface of ground water table during the winter-spring period disturbing the right time
soil tillage and sowing. Except this, during the summer period water shortage is occuring.
Therefore, mentioned soils are predominantly plain and very suitable for mechanized
ploughing and irrigation, what was the reason to be reclaimed by drainage and deep
scattering (loosening).
The aim of three years of investigation was to find out alteration of physical properties
of the reclaimed pseudogley soils.
Materials and Methods. Investigation of the pseudogley soils was carried out both in the
field over the three trial plots (Vladimirci, Loznica, Kcceljeva) by 4 soil profiles and in the
laboratory. Disturbed and undisturbed samples were taken in autumn after harvesting by
morphogenetic horizons.
Soils are being drained by horizontal subsurface plastic pipe systems. Drains were laid out
around 1 m below surface with drain spacing 20 - 40 m. Deep scattering was carried out only
over the profile 4 at the depth of 0.7 m, pependicularlly on drains.
Laboratory analysis of taken samples were tested by following methods;
a) soil texture was determined by pipet method with natrium-pyrophosphate
b) partical density was determined by method of Albert-Bogs
c) bulk density was determined by cylinder of Kopecky of 100 cm3
d) total porosity was calculated according to the obtained partical and bulk density
e) Air capacity of soils was calculated according to the total porosity and water field capacity
f) soil water conductivity measured in laboratory was determined by Darcy' equation
Results and Discussion. Researched pseudogley soils have unsuitable physical properties
concerning air - water regime. Drainage system reduced soil water content and improve
environmental condition for plant growth, but did not impact on alteration of essential
physical soil properties.
During the three years of investigation.soil texture remained unchanged Those are heavy,
clayey soils. Content of colloid clay ranged from 19.48 - 50.12 % and physical clay from 53.2
-76.66 %.
Partical density ranged from 262 - 274 g/cm3. Naturally, the values stayed unchanged
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after applied reclamation.
Values of bulk density ranged from 1.35 - 1.51 g/cirr1 increasing by the depth. At the
profile 4, where scattering was applied bulk density reduced for 12 % immediately after
reclamation in upper horizons, and then after three years slightly increased. It seems to be
a consequence of subsidences and compression.
Values of total porosity at each of 4 profile varied from 43.18 - 48.87 %. Drainage systems
by themselves cannot influence any change in total porosity and air capacity. These values
were slightly reduced only in profile 4 after scattering for 1 - 2 %, but air capacity being
almost around zero quite increased ( even for 10 %). After three years on that plot
reversible process was observed, what led us to conclusion that deep scattering have to be
repeated every 3 - 4 years. It's important to point out such effect because of eventually
irrigation application, which is necessary during the latest years and determination of
scattering application frequency with and without irrigation application.
According to the water permeability, pseudogley belongs to the group of soils with very
low permeability especially at illuvial horizon where is practically impermeable (1.08*10'*
cm/s). On the profile 4 permeability was improved on 9.96*10* cm/sto be dropped following
year on 1.08*10* cm/s, whereas on that profile without scattering application remained
unchanged.
Conclusion. According to the data obtained by this research it is found out that
pseudogley can be a suitable soil for rise production especially in sense of flooding irrigation
application, but moderate climate of this region excludes such possibility. Therefore,
pseudogley have to be reclaimed in such manner to suit fine for field production of
mentioned region.
So, the trial points out following effects on physical soil properties applying drainage and
reclamation measure by deep scattering:
a) essential soil physical properties change very slowly by drainage application, although
overlogging problems of pseudogley soils is efficiently solved;
b) reclamation of pseudogley soil by deep scattering significantly ameliorated physical soil
properties;
c) third year already after deep scattering application tendency of previous state returning
is observed, indicating needs for its periodical repetition.
Bibliorgaphy
(1) Marafi N., 1992. Komparativna prouCavanja uticaja odvodnjavanja na promene fizickih
i hemijskih osobina pseudogleja i semigleja zapadne Srbije. Magistarski rad. Poljoprivredni
fakultet, Beograd, 19. jun 1992.
(2) Rudiè D., 1989. Odvodnjavanje. Ed. Poljoprivredni fakultet, 1989.
(3) Jakovljevifc M, 1988. Effect of meliorative and regular cultivation of different soil
properties in drained pseudogley. ISTRO Conference, Ontario, Canada
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Irrigation Scheduling and Sulphur Application for Optimum
Utilization of Saline Water in Desert Irrigation
Mostafa H. Hilal and Samy A. Korkor. National Research Centre, Cairo
Egypt.
The basis of decision making with respect to saline water
irrigation in arid regions should be to maintain control of the

anticipated transformations and to apply ecological principles to
minimize the adverse effects on the environment .
This paper discusses the potential role of sulphur
application to soils and proper irrigation scheduling as
promising means of salinity control . In a calcareous soil at Ras
sidre ( South Sinai ) , which is irrigated with saline water ,
4500ppm, salt accumulation in the root zone was sharply
reduced by the application of sulphur . In barley field the total
salt content in the topsoil of sulphur-untreated plots reached 61
mmhos , whereas in sulphur treated plots salinity did not exceed
23 mmhos by the end of growth season . Salinity control was
associated with 115% increase in yield . Similar effect on the
yield of wheat , fodder beet and corn are also discussed . The
residual sulphur effect was found to exist for more than 6
growth seasons in calcareous and alkaline clay soils .
Long-term , deeper irrigation has maintained a better salt
moisture distribution around plants and significantly increased
the yield of cucumber and onion as compared to light daily
irrigation .
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Antropogenic Load on the Irrigated Soils
of Uzbekistan
J . S . Sattarov. Institute
700179, the Republic of

of Soil Science
Uzbekistan.

and Agrochemistry,

Kamarniso-3,

Introduction. It is getting more perceptible, at the recent few decades, that negative effect of
antropogenic factor on state and fertility of irrigated soils of the Republic. This process, progressing
from year to year, is formed influence of such antropogenic-based negative phenomena as
desertification, salinization. humus degradation, pollution by fluorides, heavy mettals and
radioactive elements. Because of desertification, there have been hew soils in the vicinity of the
Aral sea. typical for desert zone - unfertile desert sandy soils and takyr soils. Because of
inapprapriate agrotechnics, the area of irrigated saline soils has increased to 53%. area of soils
exposed to irrigation erosion taking up over 800 000 ha. Also, there is lasting the prosses of soil humus degradation.
Materials and Methods. The above mentioned data were collected from a number of sites all
over Uzbekistan during 18 years, from 1975 to 1993.
Results and Discussion. Quantity of humus in irrigated light sierozems has already decreased by
0.08%. in typical sierozems and meadow soils - by 0.32-0.33%: The especially large lost of humus
takes plase in soils without fertiliser applying. Only does cotton-lucerne crop rotation moderate soiihumus degradation process at significant rate. Thus, amount of humus was 1.45% in the light
sierozem after three year of lucerne growing and 1.10% in rotation. Yet at. the sixth year after
lucerne replasement with other cultures it was decreased to 1.02%. The typical sierozem
contained 1.35.1.82 and 1.14%. respectively.
As it may be inferred from the data listed, the use of crop rotation leaded to cycleness in soil
humus contents, i.e.. there was its increase during the lucerne vegetation period and decrease for
the years of cotton cultivation. Nevertheless, there was not its expanding production.
As there is only 4 t/ha organic fertiliser storage in the Republic, they are applied in very small
quantities.
The main pollution factor is phosporic fertilizers. The kinds of this fertilisers, according to
uranium contents, are to be arranged in the following order: ammopos - 34-44 x 10"^%.
superphosphate granulated - 20 x 10"^%. superphosphate ammoniated - 24 x 10"^%.
arnmonitrophos - 30 x 10"^% and ammonium polyphosphate - 32 * 10"^%. Concentrations of
thorium-235 isotope vary in low rate and are 8-9 x u H % in superphosphate. 1-21 x IG'^% in
arnmophos. 3-10 x 10"^% in arnmonitrophos. The maximal concentration of fluoride has been
determined in arnmophos - 26000-34000 mg/kg. the other kinds of fertilizers indicating the
numbers: arnmonitrophos - 20100-21500 mg/kg. superphosphate granulated - 12500 mg/kg and
superphosphate ammoniated -11000 mg/kg. The entrance of natural radionuclides and fluoride into
soil arable layer, with regular fertilization, is directly proportional to rates of fluoride fertiliser
applied. The accumulation of both radionuclides and fluoride, resulting from the use of fluoride
fertiliser takes plase in all the soil types and can represent twofold increase and even more.
Such circumstances require from agricultural scientists to make the vary efforts for discovering
ways to impruve the situation. The researches in that field have already been undertaking in the
Republic. Yet. international cooperation is encouraged.
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Soil Compaction Evaluation in an Arid Soil under a
50 Years Old Pecan Orchard
G. Gonzalez, and A. Lagarda. CENID-RASPA-INIFAP, Gomez Palacios,
Durango, Mexico.
Introduction. Soil compaction or the resistance of the soil to
penetration of the cultivated soils, have been gaining importance
in the irrigated areas from the arid lands of north Mexico, since
there is evidance that growth capacity have been affected
negativelly mainly of the perennial crops, .as a result of the
poorly understood soil management practices.
Materials and Methods. The estudy was carried out on a aluvial arid
soil which has been cultivated with a 50 year old pecan orchard.
The edaphological description of the soil included 3 observation
points located along the irrigation direction. Adisionally we took
3 more observation points: 1, 2 and meters away from the tree
trunks or tree row. Three basic parameters were evaluated within
the soil profile of each sampling point: the; resistence of the soil
to penetration (RPS), utilizing a static penetrometer; the bulk
density
(BD) utilizing the soil nuclei extractor and the
infiltration velocity (Iv) done by the doable cylinder method.
Results and Discussion, the soil profile described in this study
showed two compacted layers as a result of the management practices
executed in the terrein, during that 50 year period.
One upper layer localized 20-40 cm. deep from the soil surface,
having a tendency to evolve toward the soil surface in the areas
where the machinery trafic was evident as wel as toward those areas
where the irrigation water runs.
The second or lower compacted layer was localized from 100 to 120
cm deep into the soil profile; apparently this layer was compacted
as a result of the aluvial layer accomodation during the soil
formation process.
It was concluded that values found in both compacted layers 14.5
Kg/cm2 and 15.5 Kg/cm2 for the (RPS).
BD of 1.594 gr/cc and 1.1596 gr/cc respectivelly for the upper and
lower compacted layers may be aible to reduce the root growing
conditions by 50 % as a result of the low Iv of water and oxigen.
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Figure ns l Values of different parameters evaluated in an arid
soil modified by the cultural managment practices during 50 years.
Parameters Soil Without Upper Compacted Lower compacted Threshold
compaction
Layer(20-40 cm) layer(95-120cm) (no laife)
Resistence
15.5 Kg/cm2
16.3 Kg/cm2
Penetration 10 Kg/cm20*
14.5 Kg/cm^
Bulk
Density

1.45gr/cc

1.594 gr/cc

Infiltration Velocity 4.06 cm/hr

0.169 cn/hr

Accumulated
Infiltration 8.20 cm

1.98 cm

1.596 gr/cc

1.7 gr/cc

Sice the threshold values for limiting life withe these parameters
are as shown in figure Na i.

riguct 2 Resitenca to ptn*l. ationporosilr and I

Profile

2

Profil»

3
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Crop Production Regional Risk Analysis
C. Hernéndez Y., Ma. M. Villa C , T. Jimenez L. Centro Nacional de
Investigación Disciplinaria en la Relación Agua-Suelo-Planta-Atmósfera, INIFAP,
Apartado Postal # 41, Ciudad Lerdo Durango, México, C.P. 35150.

Introduction. The crop production is a function of the environmental risk due to
the normal time and spacial weather variability. In order to minimize such risks
is necessary to develop a methodology to identify the regional areas with a
similar crop response. Such methodology will permit to extrapolate the research
results from one area to another . This paper shows a part of a more extensive
regional crop-weather work, where weather variability is complemented with a
specific crop production function and risk analysis. The main objective of this
work was to develop a risk regional methodology for actual crop production as a
function of actual evapotranspiration.
Materials and Methods. The work was developed at the Centro Nacional de
Investigación Disciplinaria en la Relación Agua-Suelo-Planta-Atmósfera, C E N I D RASPA, Gomez Palacio, Dgo., México, using information from Tamaulipas State. The
input information was: crop, weather (daily temperature maximum, temperature
minimum, precipitation, for a period of 20 years from 45 weather stations, and
soil (texture, and organic matter) information was gotten from INEGI (scale 1:
50 000); from this information, the reference evapotranspiration, ETr,
(Hargreaves, 1985), soil water retention capacity and crop production were
computed.
The methodology consisted in a daily and regional soil water balance (Hill
et al.. 1987), for a 120 days period (April first to July 29) using a uniform 60
cm soil depth . The crop used was corn with a general crop ETr coefficient of
0.7 and an assumption that it starts its germination when the cumulated
precipitation is 15 mm. Actual crop production, ACP, was computed as a function
of actual evapotranspiration, ETa, (Hargreaves, 1985), potential yield, Py,
(Doorenbos y Kassam, 1979), and the yield constants developed by Luna (1993).
From ACP values, crop production deficit, CPD, and per cent of looses, PL, were
computed. Using those results a regional probability risk analysis (80, and 99
per cent) was performed and mapped taking as a example the weather Tamaulipas
State information.
Using this information as a data base, kriging procedure (Journel and
Huijbregts, 1987) was used in order to interpolate data from one known point to
one unknown.
In order to make these computations several computer programs
(FORTRAN 77) were developed. In this paper is shown the importance of the risk
and regional analysis for the investment and water-land-crop decision makers.
Results and Discussion. Regional actual crop production as an output variable
is the result of the of climate-soil-plant interaction. The results gotten with
the developed programs show a general similar trend to that showed by Hernandez
and Villa (1993), respect to soil water deficit for same state. Because of the
lack of rainfall water for crop production the low yield area is located at the
northern and northwest parts of the state. In the same way, the computer program
developed also compute potential yield, deficit of production, and per cent of
yield looses expressed in terms of confidence levels for 80, 90, 95 and 99
probability. A computer methodology has been developed in order to account the
regional crop production as a function of soil water deficit stress, which
integrate time and spatial climate and soil variability.
The temporal
variability of that variable was performed with probability levels.
This
procedure will be a good and complete tool for water resources and land-crop
decision makers.
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Physical Properties of a Red Latosol Under Coffee Plantation
With Different Management Practices During 13 Years
J.A. Jorge*, G.M. da Silveira, and J.C.V.N. Pereira.
Agronomico, 13001-970, Campinas, Sao Paulo, Brazil.

Institute)

Introduction. Coffee plantation in Brazil goes back to the 18
century and it has been a very important export crop. For this
reason many management crops have been studied aiming diseases
control, higher productivity and the least soil degradation.
The objective of this research is to evaluate the effect of
different tillage management systems on the physical properties of
a red latosol soil under coffee cultivation during 13 years.
Materials and Methods. Coffee of the strain CP 379-19 were planted
on February, 1980, and the management systems were: a) manual
hoztng,
the whole year; b) horizontal
rotary
cutter
mowe.fi, from
January till March; from October till December; diik harrow was
used after harvest; c) horizontal
on January and February, and from
October till December; and 'pre-emergence
Wzn.bi.di.dm, just before
harvest; d) lea{, abiortion
herbicidei,
ipray in January and Fabruary
and from October till December; pre-emergence herbicide in March;
e) rotary
hoe from January till March and from October till
December, f) horizontal
rotary
cutter
mowe.fi in January-February;
rotary
hoe. in March and from October till December; g) lea^
he.ibi.cide. from January till March and from October till December;
h) horizontal
rotary
cutter
mowe.fi in January-February and in
November-December; fiotafiy hoe. in January-February and in November-December; fiotafiy hoe in March; dt&k hafifiow in October.
Several physical parameters have been studied either in iitu
or
in laboratory, namely: rei-Litance
to penetfiation,
determined in dry
soil and in field capacity; iteady
itate
i.n{,titration
Kate;
microporoii.ty
,macroporoiity;
^ield
capacity
in iitu
and in
laboratory, wetting fifiont and ioil
bulk
deniity.
Results and Discussion. The resistance do penetration both in £te.ld
moisture and in ^ield
capacity
are shown in Table 1. The figures in
Table 1 demonstrate that considering both levels of soil moisture,
the resistance to penetration was higher in the 15-20 cm depth
layers for the treatments C and F. As to the steady
itate
infiltration
fiate (Table 2) , the infiltration rate did not vary
significantly, except to the treatment
E which showed a much slower
rate. For the wetting front, that is the depth the water penetrated
during infiltration, the higher depths were achieved for treatment
"B", and the imaller
de.pthi were observed faor the treatment
"A".
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Table 1 - Resistance do penetration; number of blows (average of
five measurements).
Depth
(cm)
0
5
10
15
20
25
30
40

A

B

2
5
7
10
10
11
10
9

2
9
12
12
12
12
9
9

T R E A T M E N T S
Field Moisture
Field Capacity
C

D

E

2 2 3
10 7 10
12 9 12
14 12 10
14 13 9
12 1 1 8
10 9 7
9 8 7

F

G

H

A

2 2 2
10 7 8
12 10 13
14 12 13
13 11 11
12 9 10
11 7 9
11 6 8

B

C

D

E

F

G

H

0 0 0 1
3 3 4 4
6 7 8 6
6 8 10 8
7 10 12 10
6 10 11 8
5 8 8 6
5 7 7 6

0
5
7
8
7
7
5
4

1
4
8
9
9
8
7
6

0
3
5
7
6
6
5
4

1
3
7
8
6
5
5
5

Table 2 - Steady State Infiltration rate and wetting front
INFILTRATION

(mm/min)

T R E A T M E N T S
E

B

C

D

0.62

0.70

0,56

0.48

0.55

0.64

0.52

0.75

1.15

1.00

WETTING FRONT (cm)
0.80
0.80
0.95

0.78

0.85

0.16

F

G

H

A

Z
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Properties of Soil and its Erosion-Preventive Stability
V. Y a Grigor'yev, M . S. Kuznetsov, and A. D. Fless. Department

of Soil

Science, Moscow Sate University, 119899 Moscow,.Russia.
INTRODUCTION. Erosion-preventive stability means the capacity tc
withstand to outwash action of the water flow or a combined action
of water flow and rain drops. Quantitatively, this capacity is
characterised by the bottom-scouring velocity of water flow and
depends mainly on the size of the soil water stable aggregates and
the cohesion between them.
The determination of the cohesion by the Tsitovich's method
(based on the measuring of the pression depth of the spherical
stamp into the soil under the load influence) is not sutable to
determine the value of interaggregate cohesion directly.That leads
to the necessity of using a number of empirical coefficients
responsible for soil density and root content in the equation
describing the bottom-scouring velocity [11.
MATERIALS AND METHODS.In this article an attempt was made to
improve this equation in order to decrease the number of the
empirical coefficients.For this purpose the new (water-jet) method
of determination of cohesion was used [31.This method gives an
opportunity for the direct fixation of the interaggregate cohesion
as well as those determined by the plant roots.
Cj - 16(
)2,
H + 20d
where Cj-cohesion mesured by water-jet method, t/nr; Vj - velocity
of the vertical falling jet,m/s; d - diameter of jet.m; H - depth
of the local wash-out,m.The duration of the experiment is 10
minutes, the correlation between the height of the jet fall and
its diameter is 20.
Soil samples of different density and root content were eroded
in laboratory hydrological tray and by water jet. Knowing the
experimental value of the bottom-scouring velosity and soil
properties determining it one can calculate the value of cohesion
between soil aggregates
V 2 &s n'Go
KC - 0.8
- d(G - Go)(l
)1,
L
•ton J
1.55zg
100
where C - interaggregate cohesion, t/nr ; K - homogenitv factor:
V&s - experimental bottom-scouring velosity, m/s; n - coefficient
founded on pulsating character of velocity ( n' - 1,46 in
laboratory conditions); g - acceleration of gravity, m/s^ (g 9,81);
G, Go - accordingly specific gravity of soil and water,
t/m3; d - mean of weighted diameter of water stable aggregates
(Savinov's method),m; P - porosity of aggregates,%.
RESULTS AND DISCUSSION.As the result of experiments the connection
between the interaggregate cohesion and cohesion mesured by the
new methnod was revealed (Fig.1). Analitically this dependence can
be described by two crossing lines:
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KC - 1 10 2 Cj, when Cj < 0,30 t/m2; 02
(1)
KC - 0,085(Cj - 0,3) when Cj> 0,30 t/m . (2).
Thus the equation of bottom-scoring velocity can be described
as followinq:
/ mig r
P
1
Y4 3 - 1.55 /
)(cos«-sinot)+1.25KCJ , (3)
L (Q-Go)d(l
/ Gon'
100
where V A s - bottorn-scouring velocitv,m/s; mi - coefficient
depending on the presence of lees in water.This coefficient is
equal to 1 on pure flow: 0,85 in the presence of tractional lees;
1,40 - in the presence or nondeposited lees: a - gradient, dg; n'coefficient depending on the enedgy or drops and the rain
intensity; n'- 2,3 for water flows on the slopes without rain
action C2];KC can be calculated by using the equation (1) or (2).
KC
VAS
s.
®

•

C,04

•m//
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m
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/

/
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••/
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1

1

1—

i-»«

L,.

a.,(»

V4sexp.

Figure 2. The correlation
Figure 1. The relationship
of calculated and experibetween the interaggregate
mentally obtained values
cohesion (KC) and the cohesion determined by means of of bottom-scouring velociwater-jet method(C>).
ties,
CONCLUSIONS. The comparison of bottom-scouring velocitv values
experimentally obtained and those calculated on the base of
equation (3) showed small distinction (Fig.2).
Developed methods simplified the equation for the calculation
of the bottorn-scouring velocity without decrease of the accuracy
of the erosion-preventive stability evaluation.
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Agrophysical Properties of Soil and Erosion-Preventive
Sprinkling Technology
M . S. Kuznetsov, and V. Y a Grigor'yev,. Department

of Soil

Science,

Moscow Sate Unuversity, 119899 Moscow,.Russia.

INTRODUCTION. In some areas the existing sprinklers are unable to
distribute a considerable amout of irrigation water without,
producing runoff and erosion.Therefore.the one- time irrigation
norms must be decreased to permissible volumes:
N - tr,
where N is the permissible irrigation norm.mm; r is the sprinkling
rate,mm/min-,t is the time untill runoff begins ,min.We established
earlier [1] that the time untill runoff begins can be calculated
using the following function:
A
t

_

.

(r - f)e F
where f is steady infiltration rate without ponding,mm/min; e is
the base of natural logarithm: F is the impact force of the
drops,kN/sq.m • s; A is the factor that takes into account the soil
properties. Maximum sprinkling rate at which no runoff occurs
during prolonged continuous sprinkling of a given soil is called
the steady infiltration rate without ponding.
The purpoes of the research is finding of the function for the
calculation of the steady infiltration rate without, ponding (f)
and the factor A by using other easily defining agrophisical
properties of soils.
MATERIALS AND METHODS.The steady infiltration rate without ponding
is defined experimentally by method of sprinkling on 1.5 sq.m
plots.The sprinklinc rate ranged from 0.3 to 4.1 mm/min,with a
coirespondiiig variation in drop si^e. Sprinkling was done until
runoff stabilised.In the experiments the irrigation norm was no
less than 60 mm. The crossing point of the straight line of the
dependance between infiltration rate and sprinkling rate and
bisector of the right angl between the co-ordinates corresponds to
the steady infiltration rate without ponding [11. The objects of
our researsh are shown in table.
RESULTS AND DISCUSSION. The treatment of the results received
(table) allows to get the following analytic function for the
calculation of the steady infiltration rate without ponding:
G - p 02 „5 C 100 - C _2 „
f - 0.41 d (
) - (
) -55,
(1)
G
C
where d is the average diameter of water stable aggregates after
the rain depending on the soil properties,the impact forse of the
drops and protective role of the vegetation,mm [21; G,p are
accordingly specific gravity and bulk density of the densist
layer of the root inhabition solum (g/cc); C is percentage of
soil primery particles less than 0.01mm in diameter.

499

The following' function was obtained by using experimental data
(table) for the calculation of the value A:
1.80 z (G - i r 1 r n _
-,
A
0.5
_
.)
_
.
d
(G
p
0<05 W(G
1}
J
1 + fo - 0.32K 0 ' 74 L
where z is the tillage depth, cm; do - average weighted diameter
of water stable aggrerates for the capillariiv saturated soil by
water, mm (Savinov's method); p'- the bulk density of the tillage
layer,g/cc: W - moisture content (volume persentage); f 0 - the
steady infiltration rate without ponding for the capillariiv
saturated soil by water calculated by using equation (l),if d-dn;
K - coefficient of permeability,mm/min (field method of flooding
checks),
Table
THE STEADY INFILTRATION RATES WITHOUT PONDING,FACTOR A
PROPERTIES
FOR
A
C
W
K
f AND SOIL
d THEM
z DEFINED
Gzfi TO BE
No
do
P'
%
mm/min
mm
mm
G
cm
mm/min g/cc
1 0.26
0.16
3 0.20
4 0.46
5 0.41
6 0.30
7 0.21
8 0.02
9 0.02
10 0.09
11 0.11
12 0.45
2

24.3
24.0
15.1
32.2
10.1
22.3
20.2
66.3
50.7
14.7
12.8
18.0

3.2
3.2
4.9
4.9
5.7
5.7
5.2
8.4
6.2
0.9
1.1
0.1

50.1
50.1
50.8
50.8
52.5
52.5
47.4
64.8
72.6
37.4
45.2
12.5

2.53
1.61
1.58
2.28
3.71
3.71
1.72
6.72
3.33
0.36
0.44
0.06

0.50
0.50
0.58
0.58
0.49
0.49
0.51
0.47
0.43
0.43
0.50
0.46

20 21.5
20 21.5
7 11.0
7 11.0
22 20.5
22 20.5
20 17.3
20 24.3
20 24.3
20 12.8
20
6.8
20
4.3

2.26
2.26
1.10
1.10
0.30
0.30
0.62
0.25
0.25
0.33
0.24
0.83

1.00
1.00
1.0C
1.0C
1.32
1.32
1.00
1.00
1.00
1.00
1.00
1.00

1,2,3 - ordinary chernozem,clay loam, the clean tilled crop;4 ordinary chernozem, clay loam, water-melons (the vegetation cover
35%); 5,6- ordinary chernozem, clay loam, grass; 7-12 - the clean
tilled crops accordingly to dark chestnut soil, clay loam; brown
mountain-forest soil. clay, mediumly and strongly eroded;
meadow-alluvial soil, medium clay loam; takyr-like soil, medium
clay loam; sandy-desert soil.
CONCLUSION.In the result of verification it was established that
the received volumes of the permissible irrigation norms are
close to those obtained experimentally. Averadge error is 16.5%.
Therefore the above-mentioned equations can be used for the
culculation of the permissible volumes of the one-time irrigation
norms for the different soils.
LITERATURE CITED
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Calculation of Porosity of Soil with Small Unit Weiaht
Zhao hongshu, and Jiang linjie. Heilongjiang Investigation and Design
Institute for Water Resources, China.
For the peat soil layer confained the peat and Marshy soil,and the forest soil layer contained the
withered branches and the fallen leaves.it is more difficult to measure their soil unit weigth,so their
soil porosdies can not be determined easily. They can not be estimated simply.
For the dense layer which unit weight ranges from 1. 12 to 1. 14,we can use the empiric specific
gravity of 2. 65 to calculate its porosity. For the peat and forest soil layers we can not find the empiric
specific gravity value for calculating their porosity. Therefore for these soil layers , people can only
provide their unit weight values but no porosity values. This has a great influence on engineering
practice.
Since 1964 we have find and used the empiric formulae suitable for calculation of porosity of soil
which unit weight ranges fron 0. 68 to 1. 82. based on high correlation ship between the unit weihgt
and porosity of soil Through a great number of test we derived the empiric formulae from the
regression line for specific gravity. Without the mwasured specific gravity regression line (i. e. ,
empiric formulae) is better than the empiric specific gravity (included the empiric specific gravity value
of 2. 65). This regression line ,i. e ,this empiric formulae,can not only be used to calculate porosity for
soil with a wide range of unit weight, but also error is so small that specific gravity value meets the
need for engineering practice. Beside that,the empiric formulae is used to save the test expense,so to
have the significant socioeconomic effect.
The statisfical method can be used to determine porosity of soil with small unit weight,based on
the theoretical study of empiric formulae. That is not only practicable but also the best way to
determine the porosity.
We have collected more than two handred of unit weight data which unit weight value ranges
from 0. 04 to 0. 7 .Using these data,we plotted the correlationship between unit weight and porosity.
We process the data repectively to get different regression equation.
For the interral of unit weight of 0. 04 to 0. 25:
P % = 99. 2 1 9 5 - 5 7 . 1301D

(1)

Where P is porsity of soil ,D is the dry unit weight. In this case .standard error
correlation coefficient r = — 0. 92,sample number N = 129.
For 0.26 to 0. 70 :
P % = 90. 7 5 9 6 - 2 8 . 5832D

(2)

6 = ± 2 . 8 7 . r = - 0 . 8 , n = 74
•
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6 = ± 0 . 16,

For 0. 04 to 0. 70 ;
P % = 95. 7 0 3 7 - 3 9 . 4667D

(3)

6 = ± 2 . 2 8 , r = - 0 . 92,n = 203.
For 0. 68 t o ' 1 . 82 which have been collected in 1964, We have find the follwing regression
equation ;
P % = 93. 9 4 7 - 3 2 . 995D

(4)

5 = ± 0 . 76,r = 0.98,n = 507.
According to the data the data shown in Fig. 1,these regression equation are used to calculat the
porosity respectivty.
Compared to the correlation line, we find that the equation ( 1 ) is suitable for interval of unit
weight of 0. 04 to 0. 25;the value of P obtained using equation (2) is far different from the value of P
using equation (1) when D = 0. 25 amd 0. 26;when D = 0. 25, the correlation line has turning point,
equation (3) is linear equation,so equation (3) is not suitable for at least D = 0. 25;when D is greater
than 0. 25,value of P obtained using equation (4) agrees the practical correlation line shown in Fig. 1.
So we recommende to use equation (1) for interval of 0. 04 to 0. 25,and equation (4)for 0. 26 to
1. 82 . The values of P obtained using equation (4) are better than P value using equation (2) and (3).
For the convenience of the use ,we calculate the values of P using equation (1) .listed in Table 1,
and the values of P using equation (4).
Fig. 1 Dense(0. 04 — 0. 25)

0. 01
.

0. 01

0.02

0. 03

0. 00

porosity check table

0. 09

0. 06

0. 07

96.93

96. 36

95. 97

95. 22

94.65

94.08

90. 08

89. 51

88.94

88. 36

0. 10

93. 51

92.94

92. 36

91. 79

91.22

90. 65

0.20

87.79

87.22

88. 65

86. 08

85. 51

84.94

Reference

0. 08

0. 05

0. 04

:

l.Zhao hongshU:A method for the calculation of soil porosit from weight
ACTA PEDOLOGICA SINICA Vol. 12 No. 2 1964
2. Zhao hongshu : The application of an Empirical Formula of pore space and porosity
Chinese Journal of Geotechnical Engineering Vol. 4,No. 2 May,1982
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Humus Characterization of two Agroecosystems from
Puebla State (Mexico).
J.A.Ticante*, N. Garcia-Calderon, M.A. Valera*, N. Aguilera. Dpto.
Investigation
en Ciencias Agricolas,
ICUAP, Puebla*;
Laboratório
investigation de Edafologia, Facultadde Ciencias, ÖNAM, México, 04510.
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Introduction. Comparative studies were carried out on representative soil samples from
several coffee growing agroecosystems with traditional management as plantation crop
combinations (coffee-Inga); as intensive management plantations (coffee without shadow), as
well as in ecosystems of evergreen cloud forest closed to the coffee plantations and coniferous
forest associated with areas cultivated with corn and range system.
With the hypothesis that the comparative research of the humic substances of these
agroecosystems allow us to know the evolution of organic matter in relation with their stability
and resistance to harsh management changes; the aim of this study was to characterize the
humic substances of several agroecosystems on the North and Central zones of Puebla State.
Materials and methods. The coffee growing area of the Sierra Norte of Puebla is situated
between 97° 49' to 97° 30' W and 20° 00' to 20° 22'. The main characteristics of the soils from
which the humic substances were isolated are their low acidity and high organic matter
content/1) under udic and thermic regions samples of ten profiles were selected from the
Zihuateutla1, Cuetzalan2, Hueytamalco3, Xicotepec4 and Tlaola5 Municipalities. Xiutetelco6,
Tlatlauqui7 and Teteles8 Municipalities were collected on the Central Zone of Puebla,
classified as Andisols(2) with high organic matter content, Profile 6 is covered with induced
grass, Profile 7 represents the coniferous forest and 8 is cultivated with corn; under udic and
mesic regimes.
Organic carbon fractionation was carried out following an experimental procedure similar to
that described by(3) light organic matter (LF) was isolated by flotation in a CHBr3-et mixture,
d= 1.8 g ml"1; on the soil residue the C bond was disaggregated with an ultrasonic generator,
after centrifiigation, the suspended inherited humin (H3) was obtained. The humic acids (HA)
and fulvic acids(FA) were removed from the heavy fraction of the soil by repeated extractions
with 0.1 M Na4P2Ü7 and 0.1 M NaOH until the supernatant became clear. From the
demineralized soil residue the exhaustive extraction with 0.5 M NaOH yielded an iron-clay
bonded humic fraction called extractable humin (HI) and on the soil residue remains the nonextractable humin (H2). C content in all fractions was determined by Walkley & Black
Method; specroscopic measurements in the visible range, E465/E665 and E450/E520 ratios
and the coagulation threshold were carried out by the Methods of Bel'chikova.
Results and discussion. The evolution of humus characteristics shows that humification
follows the indirect pathway with predominance of C bond over CLF fraction (table 1).
Predominance of high stabilized humin substances (HA+H1+H2) on the Coffee-Inga
agroecosystem 2;0-13 cm, Coffee-Musa agroecosystem 4:1.5-15 cm, indicates the favourable
effect of traditional management against the intensive production on sites 1:0-28 cm; 4:9-27
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Meanwhile on the Andisols samples, site 6 shows the highest stability in contrast with corn
plantation and coniferous forest sites, also FA:HA ratio indicates the predominance of HA and at
the same time the effect of vegetation on these sites reaching the higher FA concentration of low
humified fractions (H3+FA). Values of E4/E6 ratios as well as results of the coagulation threshold
showsa low degree of humification related to low aromaticity (4.39-6.08), their properties
associated to the prevalent climate conditions of high dinamic decomposition conducted to the
formation type of moder humus and Mull Andic Type humus on the site 6.

Tabla 1. General properties and C distribution of the studied samples.
Depth C C%
cm % bond LF
0-2»
0-15
11-17
0-13
0-15
9-27
.5-15
0-6.5
0-10
0-5
0-15
0-34

54
7.0
6.4
6.7
6.8
3.0
3.2
2.5
5.0
8.9
11.2
7.2

86.3
82.4
94.3
70.3
91.3
92.6
89.7
61.0
70.1
62.1
73.9
89.3

13.6
17.7
5.8
29.7
X7
7.4
10.3
19.0
29 9
37.9
26.1
10.7

H3
30.0
12.9
8.8
11.9
20.7
111)
8.3
175
11.2
6.6
17.5
9.2

HA
21.9
18.2
13.6
28.7
17.5
20.1
20.1
25.2
19.4
20.8
8.6
12.5

FA

HI

C%
H2

FA:HA

30.9
43.3
60.9
19.2
25.6
37.9
34.1
30.2
20.5
16.1
26.4
43.8

8.7
7.8
10.9
10.5
11.8
5.4
6.5
2.5
2.5
1.4
8.6
12.1

0.05
0.04
0.02
0.02
15.75
18.15
20.60
5.53
16.36
13.99
12.86
9.65

1.4
2.4
4.5
0.7
1.5
1.9
1.7
1.2
1.1
0.8
3.0
3.5

H3+FA
64.7
68.3
73.9
44.3
50.6
52.8
47.3
59.0
45.3
36.7
59.4
54.4

HA+H1+H2
35.3
31.7
26.0
55.7
49.4
47.2
52.7
41.0
54.7
633
40.6
40.6
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Spatial Variability of Hydroarsenism in the Region North of
México
M . E n r i q u e z * . Centro de Investigación y Graduados Agropecuarios
Tecnológico Agropecuario No. 10 Torreón, Coah., México.
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Introduction. In the last years, there has been detected arsenic contamination in the water
supply of the Laguna Area of Coahuila and Durango, Méx., (50E 3 km 2 ) in higher
concentrations than the established limits for human consumption, without knowing the
principal source and force of the distribution of the arsenic. Under the hypothesis that there
exists a punctual sites with arsenical enrichment which generate a regular tendency on spatial
distribution of hydroarsenism in the Laguna Area, the present study determined the following
objectives :
Identify the principal source of arsenic contamination.
Determine the spatial variability of the hydroarsenism.
Calculate ther accumulation of the arsenic in soil, alfalfa (Medicago sativa L.) and milk.
Materials and Methods. The punctual Kriging methodology was utilized (1). The base of data
were the physico-chemical analysis of 96 locations of samples of the quality of the water for
different uses in the area for 1991 (2). Lately, were selected the agricultural surfaces subject to
irrigation with arsenic concentrates above the permissible percentage of 0.05 mg L for human
consumption and 0.1 for irrigation.
Common techniques were used for sampling and analysis by means of atomic absorption
spectrophotometry of soils, alfalfa and milk as the possible route of poissoning for living
beings.
Results and Discussion. With figure 1 as a base three major sites of greatest arsenic contamination ( A,B and C ) were identified.

F ig . 1 Hydroarsen ism in the Laguna Area» North of Hex ico. 1993
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These sources of contamination are of geological nature and of punctual character. In area A
and C , the arsenic contamination possible due to the discharge of the residual waters of two
saline industries and the presence of deposits of evaporites rocks, that confirm the statement by
Onishi (3), that the brackish waters as such are the important source of arsenic producing a
content up to 300 mg L"1 of arsenic.
In area B, due to the metal washing plant of metalurgical industry, where the arsenic is found
associated in arsenates form, in primary deposits of minerals sulphurous and polimetalical bed
of ( Pb - Zn - Ag ) and ( Cu - Zn - Pb ) which present no hydrothermal change, originating by
residual mechanical concentration by meteoric water percolating through metalic masses,
products of mineral waste.
Conclusions. The principal sources of arsenic wich contaminate the water supply of the Laguna
Area are of a geological nature and intensified by the metalurgical and saline industries wich
operate in the Region. The expansion of the hydroarsenism is due in all cases to the movement
of groundwater as inmediate answer to the piezometric different levels of the areas, being
greater in the areas that present greater density of deep well in operation. Under the conditions
of the study, there exist no evidence of accumulation of arsenic in alfalfa and milk that
represent a risk of toxication for living beings.
Literature Cited.
(1) Cooper, R.M. and Jonathan D. Istock. 1988. Geostatistic Applied to Groundwater Contamination. I,II Methodology.J. Environ. Eng. ASCE. 114:2
(2) Hita, G. L., A.I., Mata y D.L.F. Sanchez. 1992 . Estudio Hidrogeoquimico e Isotópico
del Acuifero Granular de la Comarca Lagunera. IMTA.
(3) Onishi, P. H. 1969. " Arsenic " Handbook of Geochemistry. Ed. by Wadephol, K. H.
Springer Verlag Vol. 11(1) 33.
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Study on Water Quality Renewing Technology in
the National Coastal Saline Soil Improvement and
(utilization
Shi L i - B e n * l , Zhao Chuanji 1, & Yinyouqi2 . iShandong Academy of
Agricultural Jinan, PRC, 250100 &2Sciences Beijing Agricultural University Beijing,
100094.
Abstract:
The paper puts out the technical combination and configuration of WQRT, discusses the
scientific theory, technical characteristics and functions on which the WQRT bases. The paper
thinks: The WQRT is fitted to the different type of saline soil improvement and can reach the
improvement purpose of desalinizing the soil and construct the fresh groundwater layer
synchronously.
In areas of the coastal soil of Highly Mineralized Groundwater (HMG) type, the WQRT combined
with production development measures can successfully constructthe Agriculture- Salt
Industry- Husbandry Combination" comprehensive development merchandise production base; in
areas of coastal saline soil with high salt water level and severe surface groundwater loss, the
WQRT can successfully gather the surface fresh water underground and build up the
underground fresh water reservoir in the large scale and depth. Besides, the paper discusses the
possibility to use WQRT to renew the water quality and depollute the soil in the polluted
groundwater area. The application of WQRT has the wide future and the huge economical,
social, and environment efficiencies.
The research of WQRT started in 1979, the experiment area is in Shouguang Coastal Saline
Soil Improvement and Ultilization Area, Shandong, PRC.
Each technical combination parameter experiment was finished in 1990 and the technical
combination had been set up. The stage research results had ever been the tittle as "Agriculture Salt Industry- Husbandry Combination Improvement and Ultilization of Coastal Saline Soil"
and "Agriculture-Salt Industry- Husbandry Combination Comprehensive Treatment and
Development of Coastal Saline Soil of HMG type" to be published in the both international
Symposiums on
Saline Soil, Jinan, P.R. China, and Votga, the original Soviet Union, 1991. So this paper
simpifies the ordinary discussion but details the technical combination, characteristics,
function and the area fitted and so on. The Author thus expects both the valuable opinions and
cooperation study from all colleagues.
The whole set of "Agriculture Salt Industry-Husbandry Combination" Development, configured
on the base of WQRT, has been widely applied in the north coastal saline soil aren with HMG in
Shouguang, Shandong, and obtained high economical, social, and ecological environmental
efficiency. This technology has been awarded the National Invention Patent and the National
Iuvention Award of 2nd in 1991.
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Effect of Different Saline Solutions of Total and Qualitative
Composition on the Germination of Creole Varieties of Beans
(Phaseolus vulgaris L.) and Com (Zea mays L.)
Escobar R.E.*, Rios G.R.** y Ortega E.M*. *Centro de Hidrociencias,
Colegio de Postgraduados, Méx. **FES Zaragoza, UNAM, Méx.
INTRODUCTION. The 50% of the 500,000 salt effected hectares in
Mexico are in the Northwestern region, the 18% in the centre and the
1% in the Southeast. Beans and corn are grown in some of these areas
because
of
ancient
traditions
and
the
farmers
alimentary
requirements. The effects of salts in plants and soils are varied,
being manifest in different ways according to the prop and the kind
of salts, most of which are formed by Ca , Mg , Na , and K ,
cations as well as S04~, C03~, HC03 ,and CI anions (3,8) The plants
growth can be decreased by the concentration of salts whether by
osmotic effect, specific affects of ions or toxicity, or due to
ionic imbalance or induction of nutrients deficiencies (5,7).
In
general terms, most plants are more sensitive to salinity during
germination than in their later developmental stages whereas there
happen to be species which are very tolerant to salts in that period
(1). Studies on tolerance and endurance of vegetables to salinity in
our country are limited and they are even scarcer regarding corn and
beans crops. For such reasons, the effects of some of the most
commonly found-in-soils salts on six Creole varieties of beans and
corn grown in San Luis Tecautitlan, Santa Ana Nextlalpan, San Andres
Xantenco and Tonanitla (all of them located in the State of Mexico)
are analized in this paper.
MATERIALS AND METHODS. The search was done under greenhouse
conditions in the water-soil-plant laboratory of the Postgraduate
College Hydrosciences Centre. Using Mass' and Hoffman's results
(1977), six salinity levels were prepared which generate electric
conductivities from 1.0 to 9.5 dS/m for the beans and from 2.0 to
15.0 dS/m for the corn in total composition solutions or pure salts
of NaCl, CaCla, MgCl2, MgSO-i, Na2S04, and Na2C03. In qualitative
compositions or compound salts solutions, the methodology proposed
by the Arinushkina Chemical Analysis Manual (published in the former
USSR) was applied to determine the proportion of solutes. Ten seed
of each 12 cultures were used and the percentage of germination,
root length, fresh weight and dry weight biomass were assessed.
RESULTS AND DISCUSSION. It has been reported by some researchers
that salinity delays germination ( 2, 4 ) . That assessment is
confirmed in this study with crole varieties of beans (black ball,
entangling yellow bean, large kidney bean -ayocote- , brown bean
-bayo- , black bean, and French bean ) for total composition
solutions and mixtures. The delaying effects is stresses with salt
concentration. Of the six varieties reported here, the French bean
and the black bean were the most resistant since more than 65%
sprouted in 3 to 6 days, in the first four concentration.
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In contrast, the other four varieties could reach the same sprout
percentage in 8 days or more. It is worth indicating that these two
resistant varieties have been traditionally cultivated
in most
affeccted soils by salinity. A similar response of beans' was
observed
in
germination
and
sprout
of
Creole
corn
cultures
(chitocle, yellow corn, spotted corn, purple corn, and Tonanitla's
white corn). However, corn happened to be more resistant than bean,
yielding more than 70% sprout
before the 6th day for the pure
salts, excepting the Na2C03. The varieties
that proved to be more
tolerant were chitocle, purple corn and Tonanitla's white corn.
Results in both species indicate than plants respond better to
pure salts than to saline mixtures. This does not match the general
idea according to whitch saline mixture are less toxic than total
composition solutions.
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CONCLUSION. Tolerance to salinity is inheritable in bean and corn
cultures, which can be demostrated through the better response got
from Creole varieties gathered during a number of cycles in soils
with salinity problems in comparison with varieties from non saline
ground.
BIBLIOGRAPHY.
(1) Ayers, A.D. (1951). Seed germination as affected by soil
moisture and salinity. Agronomy
Journal,
44:82-84.
(2) Azaizeh H..B. Gunse and E. Steudle. (1992). Effects of NaCl and
CaCla on water transport across root cells of maize (Zea mays L)
seedlings. Plant
Physiology,
99:886-894.
(3) Bernstein, L. andHayward, H.E. (1958). Physiology of salt

tolerance. Annual

Review

of Plant

Physiology.

9:25-46.

(4) Francois, L.E. (1985). Salinity effects on germination, growth
and yield of two squas c u l t i v a r s . H o r t S c i e n c e . 20:1102-1104.
(5) Levitt, J. (1976). Responses of Plants to Environmental Stress.
Chap. 10, Vo.11. Salt and ion stresses. Academic Press. New York
(6) Mass, E.V. and Hoffman, G.J. (1977). Crops salt tolerance.

Journal

of

Irrigation

and Drainage

(7)

Division.

103: 115-134.

Prisco J.T. and J.W. O'leary.
(1970). Osmotic and "toxic"
effects of salinity on germination of Phaseolus
vulgaris
L.
seeds. Turrialba
20: 177-184.
(8) Strogonov, B.P.
(1964). Physilogical bases of plants salt
tolerance (with different types of soil salinity). Translated
from Russian. Academy of Sciencies of the USSR. 279 pp.

509

Effect of Agricultural Irrigation With Residual Waters on
Soil Salt Accumulation
A . Martin del Campo-Carrillo*, J . E . Frfas-Ramirez, A. Rueda-Guardado.
Institute Tecnológico Agropecuario No. 10, Torreón, México.

Introduction. The principal problem at the Comarca Lagunera is irrigation water shortage due
to the fact that of the 196 million hectares that conform this country, arid regions constitute
about 52.13%.
This condition manifests the value of the water resources where it is scarce, obligating all
efforts to conserve and optimize this resource (4).
A 1.5 to 1.75 m depression of the underground water levels has been registered at the
Comarca Lagunera without the existence of a recharge program able to guarantee future
supply. The present investigation is directed not at solving the underground water
problem,
but at the determination of the permissible limits of the use of residual waters for agricultural
purposes without reaching the adverse effects of farm-soil salinization over the years.
Present in the residual water are industrial waste emulsions, or those of similar orgin, which,
after interacting with the soil, promote a series of chemico-colloidal reactions with
soil
hidrofobic colloids, these end up covered by a film which does not allow the establishment
of the soil solution-colloid and atmosphere-colloid interphases, thus
modifying the natural
mechanisms of ionic interchange (1).
The objective is to determine salt concentrations due to residual water applications for 5 years
on agricultural grounds, as well as recommending their use on the basis of the extent of soil
salinization.
Materials and Methods. The experimental soil free of salt problems was selected from the "El
Cercado" farming lot located at km 7.5 of the Torreón-San Pedro, Coah., road from which it
was transfered to the ITA N° 10 laboratory, where the ground sample was dried and screened,
Da, pH, C.E., soluble salts, interchangeable bases, evaporated dry residue and mechanic
composition determinations made.
The soil was introduced into cylindrical PVC columns 120 cm in height and 18.5 cm
diameters, retaining the soil by means of a plastic mesh with 1 mm apertures. Tha soil
quantity per column, which represented 1 m soil profiles, was calculated by determining the
Da, which being 1.3 gr/cm3 and total weight of 34.945 kg, rendered the 20 cm stratus 6.989
kg, once assembled the columns were mounted on laboratory tables, giving start to residual
water
leaching, which was collected from the Los Rodriguez riffle of Torreón, Coah.
The leaching quantity was calculated according to the alfalfa culture, which is of 1.65 m/year,
under an experimental design completely randomized.
Table 1. Indicates the calculated leaching quantity
applied to each treatment.
TRATAMIENTO
1 year
2 year
3 year
4 year

LEACHING QUANTITY
44.352
88.70
133.05
221.47
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On table 2 we can observe the soluble salt composition values on the experimental soil before
the leaching process.
Table 2. Soluble salt composition meg/100 grms. of soil
Prof.
0- 20
20- 40
46- 60
60- 80
80-100

C.E.
2.85
2.80
2.'80
2.79
2.75

PH
8.3
8.2
8.2
8.2
8.2

Ca
0.74
0.75
0.69
0.80
0.82

Na
2.2
2.6
2.3
2.4
2.2

Na/Ca
2.97
3.46
3.33
3.00
2.68

x

2.79

8.22

0.76

2.34

3.08
9

One can observe that the Na/Ca value is below 4, which indicates us that the soil presents
structuration conditions.
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The Using of Silicon Metal-Industiy Wastes in Environment
Friendly Agrotechnologies
V. Matichenkov. Institute of Soil Science and Photosynthesis, Russian Academy
of Sciences, 142292 Pushchino, Russia.
Introduction. People use silicon fertilizers for very
long
time (plant straw, ashes, composts and other).
Today the number of silicon fertilizers is being
increased: calcium silicate, minerals, amorphous silica,
Na-and
K-si1icates.But
silica
fertilizers
is very
difficult problem for agricultural economic, because
this is dear fertilizers. They use only on rice now. The
human agriculture activity result in to breach of
natural silicon cycle, because 2,75 10 t of Si is out
irretrievable
from field with crop annually. Tne
scarcity of mobile silicon have negative influence on
plants viability (stress resistance,increase of illness,
attack of vermins) and plant nutrition (Si,P,N,Fe) which
result in to decrease of crop and degradation of land.
World industry involves 10 1 1 t of rock minerals every
year,which contain only 1% of ore and from 40 to 80% of
SiC>2- A great part of metal industry wastes is present
various silicates, which don't utilize today. We
investigated the possibility to use the some metalindustry wastes as ecology pure and economy silicon
fertilizers.
Materials and Methods. The two wastes were being
investigated. The Voskresensk metal-industry enterprises
waste ( Si02-97%, Al 2 0 3 -2,5% and H2O-(0,5% with 5 m2/g
surface). The Zaporogje metalindustry enterprises waste
(Si02-95%,C-4 ,6% and H2O-0,4% with surface of 20m 2 /g).
This wastes no containet heavy metals. The studying soil
is Chernozem. The culture is barley. The experiment was
conducted in climate chambers and had two parts. Firstly
studied the influence of metal-industry wastes on mobile
soil phosphates. The second part of experiments was
researched of influence of this wastes on drougt
resistance of barley under water stress.
Results and Discussion. The obtained results are present
in table 1.
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Table 1. Influence of some metal industry wastes on
barley
(three
week
ago)
on
the
Chernozem.
Increa

Wastes Condition

in soils

Si
Vosk

favorable
water stres
Zap . favorable
water stres

3,0
40,0
14,7
38, 3

P
12,5
60,6
20, 8
45,4

in pi ants
growth
weight
8,1
17,4
2, 0
0

0
19,0
10,7
14,5

These data show that silica metal industry wases can be
used as silicon fertilizers and for to increase of
phosphate fertilizer effect, and drought reistance of
plants. Our investigations showed that moble silicon had
influence on soil phosphates (theoretic, model and field
experiments).The reaction of replacement Si on P in soil
has three parts: 1) adsorption of silica-anion on soil
phosphates; 2) displacement of P by Si; 3) desorption of
phosphate-anion in soil solution. The application of
high active silicon compounds in various soils (virgin
and
agricultural
soddy
podzolic
soil,
Chernozem,
Chestnut soil) permitted to increase contents of mobile
phosphates on 30-80% . It is known, that silicon is
accumulated in cell walls of epidermal tissue. It forms
the thick layers of silicon-cellulose membrane. All
these protect plants from evaporation. The lack of
soluble silica result in to decrease on plant drougt
resistance and to increase the expenses of irrigation
water. Our data show that silica metal-industry wastes
can be used as silicon additive to increase phosphate
fertilizer effect and drought-resistance of plant and to
improve silicon nutrition of plants.We elaborated the
scheme of study the various wastes for it use in
agriculture. It is allow to determine ecology and
economy effects, doses and time for addition of the
wastes in the soils. The offering methods will permit to
solve some ecology problems: 1) to utilize many tons of
industry wastes; 2) to decrease phosphorus pressure on
nature;
3)
to
restore
overphosphating
land.
The
suggesting technology allows to use some metal-industry
wastes for environmental protection and creation of
optimum soil silicon condition and optimized of plant
nutrition by phosphates in agroecosystems.
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Earthworm-Soil Research in Cuba
M.A. Martinez, C. Rodriguez, A. Hernandez, O. Mercado and E.
Furrozola. Instituto de Ecologia y Sistematica de la Academia de Ciencias de
Cuba, Carretera de Verona, Km. 3.5, Capdevilla, Boyeros; Habana, Cuba.
In the present work some results of the use of earthworms as an alternative to the
amelioration of soil physico-chemical and biological conditions are described. In
pastures where the Voisin's rational use of pastures was applied, Oligochaete
population increased 280% in comparison to areas where conventional pasture
methods were used. The function of earthworms, in particular Onychochaeta
elegans cubana in this ecosystem, with a ferralitic yellowish-red soil, was to
favor nitrification processes and organic matter formation. In addition, these
earthworms stimulated bacterial and fungi populations as well as microbial
activity and biomass such that these values were always greater in the cast than in
non-ingested soil. This earth worm species also seemed to be an efficient agent of
mycorrhizal (VAM) spore dispersion through the soil; in the casts 5 species of
mycorrhiza of the genus Glomus were found.
Another strategy for the practical use of earthworms is vermiculture, for humus
production. The vermicompost derived from this process is used to restore the
quality of cultivated soils. The actual production of humus in Cuba, its quality,
depending on the different residues, and some examples of the applied rates and
effects on plant yield, depending on the soil and crop type, are shown.
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Stability of Earthworm Casts with Variable Organic
Carbon
B. D o u b e l ' 2 , A. C a s s 2 and N. Long 2 tCSIRO Division of Soils and
^Cooperative Research Centre for Soil and Land Management, Private Bag 2,
Glen Osmond,S.A. 5064, Australia

Introduction. Soil tillage commonly results in degraded soil structure. Australian red duplex
soils under continuous crop production and regular tillage suffer reduction in organic matter,
aggregates in surface horizons weaken and become unstable and break down as a result of
wetting by rain or flood irrigation (Mullins et al, 1990). On drying, a deep, uniform
"hardset" layer or thinner "crust" of high strength develops at the surface. Consequently
these soils are difficult to manage and suffer reduced productivity. Rehabilitation relies on
improving biological activity in the soil and conserving organic matter. Earthworms can play
a significant role in soil rehabilitation by creating casts that may have higher levels of organic
materials than the native soil (Mulongoy and Bedoret, 1989; Zhang and Schrader, 1993). It
is possible to experimentally manipulate the composition of earthworm casts by varying the
type and amount of organic matter available to the earthworms.
Materials and Methods. The effects of organic matter and soil moisture was determined on
the surface casting of Aporrectodea trapezoides, using a Kapunda red-brown earth topsoil.
Organic matter (zero and 10 % by mass of straw or dung) was placed in a layer just below
the soil surface and soil moisture levels of 18, 20, 22 and 24 % by mass were tested. The
structural stability of the casts was assessed by subjecting beds of casts to simulated rainfall.
Slaking of the casts and deflation and surface roughness of the beds was measured with a
laser scanner. The beds of casts were drained to a range of suctions using tension plates and
development of strength by the beds was measured using an indirect tensile strength test.
Results and Discussion. Cast production was lowest at 18 and 20 % water content, but
increased significantly (PO.05) at 22 and 24 % (in excess of field capacity). The interaction
between organic matter and moisture was significant at P<0.05. While water content was
important for cast production, the presence or absence of added organic matter was not.
Total carbon content of the parent soil was about 1 %. Carbon levels in casts derived from
the control treatment (no added organic matter) were about 1.6 % and significantly greater
than that of parent soil (P<0.05). Carbon contents of casts derived from straw- and dungtreated soil were not significantly different from each other (ca. 3.2 %) but were significantly
greater than that of other casts (P<0.05).
Earthworms in the control treatments lost mass at all soil water contents, although at 24 and
22 % differences were small. The earthworms in soil treated with dung gained mass when
water contents were over 20 % but remained constant at 18 %.
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Casts with high levels of total carbon (derived from the added organic matter) showed
significantly higher structural stability (P<0.05) than the control casts as judged by surface
roughness and deflation of beds of casts after simulated rain and drainage of excess water.
Tensile strength was highest for casts with low carbon contents but no significant effect of
water content was detected. Casts produced in the presence of dung or straw were weak,
even when dry, while casts produced without added organic matter increased in strength
rapidly as they dried.
Conclusions.
1.

The presence of added organic matter did not influence the rate of surface cast
production by the earthworm A. trapezoides.

2.

The rate of surface cast production was strongly influenced by soil water content,
with the highest rate occurring near field capacity.

3.

Carbon in the casts increased from about 1 % in the parent soil to 1.6 % in control
casts (no added organic matter) to more than 3 % in casts produced by earthworms
given access to buried straw or dung.

4.

Earthworms from dung and straw treated soil gained mass when soil water contents
were high but remained constant in drier soil. Earthworms in all control treatments
lost mass, regardless of moisture levels.

5

Casts produced by earthworms fed straw and dung did not slake and maintained
structural stability under rainfall, while the control casts collapsed and the beds
consolidated.

6.

The tensile strength of beds of casts produced by earthworms fed on straw and dung
was very low compared with beds of casts produced from soil without added organic
matter.
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Characterization of Ecuadorian and Argentine Bean-Rhizobia
and their Specificity with Phaseolus vulgaris L. of
Different Gene Pools
G. Bernal. Rhizobium Research Laboratory, Department of Soil Science,
University of Minnesota, Saint Paul, MN, 55108

Introduction. Common bean (Phaseolus vulgaris L.) is grown on more than 12 million hectares
world wide and is a major source of dietary protein in developing countries.
The center of domestication of P. vulgaris has been the subject of speculation, because of the
extensive distribution of its wild ancestors throughout México (Miranda Colin, 1967) Andean
South America and Argentina (Berglund-Brucher and Brucher, 1976).
The use of molecular markers has shown distinct heterogenity in Phaseolus vulgaris (Gepts et al.
1988; Singh et al. 1991) and in the rhizobia nodulating beans (Martinez et al. 1991; 1993).
Diversity of host legume and Rhizobium is greatest within the centers of origin, and is often
manifest as differences in specificity. Diversity has been reported for a number of plant species,
including stylosanthes, soybean, and pea.
The objective of this research was to characterize Ecuadorian and Argentine bean- Rhizobium
isolates relative to Type I (Rhizobium etli) and Type II (Rhizobium tropici), then evaluated
specificity between these strains and cultivars of/3, vulgaris representative of Mesoamerican and
Andean gene pools.
Materials and Methods. Thirty seven representative cultures of bean-Rhizobium were used in
the infectiveness evaluation, these included 21 nodule isolates from Ecuador, 11 from Argentina
and five control strains (CE3 and UMR 1632 R. etli, and UMR 1020, UMR 1899 and UMR 1166
R. tropici).
To determine whether the strains from Ecuador and Argentina corresponded to R. etli or R.
tropici, each isolate was subject to a series of biochemical, plant infection and genetic tests
To determine if coevolution of host and Rhizobium could have led to specificity in nodule
formation, strains were evaluated in symbiosis with one representative cultivar from each of the
nine distinct bean clusters identified by Singh et al. (1991). The ecuadorian genotype Imbabello
was also tested. Host-Rhizobium compatibility was evaluated using the speed of nodulation assay
procedure (Bhuvaneswari et al. 1981) as modified by De Oliveira and Graham (1990)
Results and Discussion. All of the strains from Ecuador arid Argentina examined in this study
appear to belong to Rhizobium etli, as defined by Martinez et al. (1993).
Statistical differences were found in the speed of nodulation of the 37 strains tested with the
cultivars representing the different gene pools of P. vulgaris.
The Argentine isolates and those from the Central region of Ecuador proved uniformly weak in
their nodulation response, whereas those from the Loja and Imbabura regions were uniformly
superior in nodule forming ability. Distinct specificities were identified between bean genotypes
Andean bean cultivars were generally more compatible with Imbabura and Loja bean rhizobia
strains tested.
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Results of this investigation may have profound implications in the field. It could mean that lines
derived from Mesoamerican cultivars will need different inoculant cultures than those of Andean
background
An appropriate effort to conserve bean-Rhizobium gene pools within their native agroecosystem
must be undertaken
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Effect of Seed Inoculation and Fertilization with Different Forms
of Calcium on Yield and Quality of Peanut (Arachis hipotea)
A. A Farrag, and A. A. Shebata. Department of Crop Science, Soil Science,
National Research Centre, Dokki, Cairo, Egypt.
Ground nuts have Shown to be very dependent on calcium as aplant
nutrient, Rigney and wills (1981). Adequate Supply of Calcium is
needed for both fruiting and rooting zone for proper pod
development.The most beneficial period for applying calcium to
ground nuts is from 10 to 30 days after gynophores have reached the
soil. Application of calcium at other Stages has no influence on
fruit development, Mizuno" (i960).
The yield of pea-nut plant was increase by inoculation and
fertilization with nitrogen, phosphorus and potassium Loutfifit&!•
(1966) .
The present work aimed to studing effect of four calcium
sources for soil application with and without seeds inoculation on
the yield of pea nut plants.
Materials and Mathods
Pot experiments were carried out on pea - nut (Arachis Hyogea)
cv. Giza-4. the pots were filled with sandy soil. Ten treatments
were investigated; i.e. they were the combination of two seeds
inoculation
treatments
(inoculated with Rhizopium
sp. or
noninoculated) and five calcium fertilization treatments (control,
Ca (oH)j, Ca(N03)a, Ca S04 and Ca, (Hs PoJ 2 .
After 15 days of gynophores have reached the soil the calcium
fertilizers were added. At harvest time, the yield components were
recorded. Also, the percentage of nitrogen, phosphorus, potassium
and oil of seeds were determined. Protein percentage was calculated
by multiplying the N-values X 6.25.
Data was subjected to the proper statistical analysis and the
new L.S.D. test as given by waller and duncan (1969) was used to
indicate the significance between treatment means.
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Results and Diacuaaioa
Yield components as pods number; kernels weights were higher
under Ca(NO,)3 than those of the other Ca** sources with inoculated
pea-nut plants. This attribute to an insufficient supply of fixed
N, from the root nodules is then compensated for by enhanced
mobilization of nitrogen from the leaves, an effect which can
accelerate senescence and cause "self destruction" of the system.
Furthermore, N03 - in soil can be absorbed in relatively large
amount by plants, and is expected to increase soil PH because of
the preferential uptake of N03 relative to Ca++ and also ground nut
produce the highest yield on the soil with pH above five.
As for the percentage of crude protein in pea - nut seeds was
increased significant by CaSo4 than the other treatments.
Meanwhile,, there is an increase in crude protein productive due to
combined seed inoculation treatment and soil fertilization with
Ca(No3)3.
Also,
the
using
Ca, (H3Po4)3
increased
the
phosphorus
concentration as compared with other treatments, while, Ca (No,)3
With or without seed inoculation increased much more the phosphorus
content in peanut seeds. This may be due to increase the seed
yield.
On the opposite, potassium and oil concentration in pea-nut
seeds have not effected by applying calcium fertilization and
inoculation treatments. But, potassium and oil content in seed
yield appeared an increase with both treatments.
Conclusion
Soil fertilization with ca (No,)3 gave the highest yield
components. Applying Ca(No3)s in combination with inoculation led
to increment in crude protein, phosphorus, potassium and oil
content compared with the control.
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Utilization of Organic Phosphorus in Soil by Plant Roots
T. Tadano, and K. Komatsu. Faculty of Agriculture, Hokkaido University,
Sapporo, 060 Japan.
Introduction. It has been shown that plants have a function to secrete acid phosphatase from roots,
though there is difference in the secreting function among plant species (1). The secreting function
increases when plants suffer from phosphorus deficiency moderately. Secretion of acid phosphatase
from roots increases much earlier than that in leaves when plants are transferred from a nutrient
solution with phosphorus to that without phosphorus. The acid phosphatase secreted from plant
roots may play an important role to release phosphate from organic phosphorus compounds in
rhizosphere and to supply it to the plant. Objective of this study is to evaluate the function of acid
phosphatase secreted from plant roots which makes organic phosphorus in rhizophere available for
plants.
Materials and Methods. Exp.I. Acid phosphatase activity and decrease of organic phosphorus
content in rhizosphere of lupin, tomato and azuki bean grown under sterilized soil conditions. A
brown forest soil (Typic Udifluvent) with a low phosphorus availability was added to a 250 mL
rayon bag with the pore diameter of 4 - 7 fi m. Two bags were settled in a 2 L plastic pot and the
same soil was added to outside of the bag. One hundred fifty and 100 kg/ha equivalent amount of N
and K2O as NH4NO3 and K2SO4, respectively, were applied both to the inside and outside of the
bag uniformly. To these pots, treatments without application of phosphorus (-P treatment) and with
100 kg/ha equivalent amount of P2O5 as Ca(H2P04)2 (100P treatment) were given. Phosphorus was
applied into the inside of the bag. Pots were then sterilized by 60CO irradiation and seeds of lupin
(Lupinus albus L. cv. Kievskij Mutant), tomato (Lycopersicon esculenlum Mill. cv. Fukuju No.2)
and azuki bean (Phaseolus angularis L. cv. Erimo-shyouzu) were sown. Plants were grown for 61 d.
Exp.II. Effect of adding crude acid phosphatase secreted from lupin roots to rhizosphere on the
growth and phosphorus absorption of sugar beet and tomato. Experiment was conducted with the
same pots and the same soil as in Exp.I. The -P and 100P treatments were also prepared as in Exp.I.
To these pots, seeds of tomato and sugar beet {Beta vulgaris L. cv. Mono-ace) were sown. After
germination, 5 mL of crude acid phosphatase solution, which was collected by growing lupin in a
nutrient solution without phosphorus, was added every two d to a half of pots with the -P treatment
(enzyme treatment). Plants were grown for 70 d.
Experiment III. Evaluation of utilizing function of lupin roots for organic phosphorus contained in
plant powder. Twenty kg/ha equivalent amount of P2O5 as Ca(H2P04)2, dried plant (maize shoot)
powder, dried plant powder washed by demineralized water, or dried plant powder washed by IN
H2SO4 was mixed with perlite and added into two rayon bags. Perlite was also added to the outside
of the bags. N and K were applied in the same manner as in Exp.I. At the same time, all other
essential elements were applied. After sterilization by 60 CO irradiation, lupin was grown for 44 d.
Results and Discussion. Exp.I. Growth of lupin was similar between -P and 100P treatments,
and those of tomato and azuki bean were better at 100P than at -P. Acid phosphatase activity of root
surface soil was extremely higher than those of rhizosphere and bulk soils in all the plants. It was
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higher in lupin than in tomato and azuki bean and higher at -P than at 100P. Amount of phosphorus
absorbed by lupin was slightly smaller at -P than at 100P while those absorbed by tomato and azuki
bean were considerably lower at -P. It was shown that decreased amount of organic phosphorus in
rhizosphere soil was larger in lupin than in other two plants. Furthermore, that in lupin was larger
than that of inorganic phosphorus at -P while those in tomato and azuki bean were similar. Acid
phosphatase activity of non-sterilized soil where no plants were grown was similar level to that of
sterilized bulk soil where plants were grown.
Exp.II. Growth and amount of phosphorus absorbed were increased both in sugar beet and tomato
by adding crude acid phosphatase secreted from lupin roots (Fig. 1). Acid phosphatase activity of the
root surface soil at -P was 20 times higher in tomato than in sugar beet, and highest at -P, followed
by -P • enzyme addition and lowest at 100P treatment. Decreased amount of organic phosphorus in
rhizosphere soil at -P • enzyme treatment was extremely larger than those at other treatments. The
results that, in tomato, growth and amount of phosphorus absorbed were increased by adding crude
acid phosphatase secreted from lupin roots may indicate that property and function of acid
phosphatase secreted by tomato roots are different from those secreted by lupin roots.
Exp.III. The rate of organic phosphorus content to the
total phosphorus content was 27% in original plant
powder, 62% in plant powder washed by demineralized
& 12.5water, and 78% in plant powder washed by IN H2SO4
The dry weight was largest at Ca(H2P04)2 treatment,
slightly smaller at plant powder and plant powder
washed by demineralized water, and smallest at plant
powder washed by IN H2SO4. But that at plant powder
D)
wahsed by IN H2SO4 was still 62% of that at original
s
plant poder treatment. Amount of phosphorus absorbed
was largest at Ca(H2P04)2, and there was no significant Q
difference among three plant powder treatments.
From the results obtained above, it is concluded that
acid phosphatase secreted from plant roots decomposes
organic phosphorus compounds in rhizosphere and a 12.5supplies inorganic phosphate to plant. The rate of
phosphorus supply from organic phosphorus may be at
E
least similar to that from difficultly soluble inorganic
T3
phosphorus compounds. It is assumed that function of
I
acid phosphatase secreted from tomato roots to
decompose organic phosphorus compounds may be
weaker than that from lupin roots.
Literature Cited.
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sugar beet

tomato

Fig. 1. Effect of adding crude acid
phosphatase secreted from lupin roots
on the growth and phosphorus
absorption of sugar beet and tomato
• -P • enzyme, Q -P, ü 100P

NUTRIENT CYCLING IN WHITE BIRCH STANDS,
NEWFOUNDLAND CANADA
B.A. Roberts, B.D. Titus and K. W. Deering. Natural Resources Canada,
Canadian Forest Service, Newfoundland and Labrador Region, P.O. Box 6028,
St. John's, Nfld., Canada, A1C 5X8
Introduction. A total of 6% of the total energy requirement of Newfoundland comes from
the burning of wood, for an estimated net saving to the province of $ 20 million in 1988.
Of this total consumption, 25% of residential requirements alone are met through burning over
800,000 m3 of wood per year. Residential use accounts for 60% of the biomass consumption,
as compared with 36% for industry. Although residential users consume mainly softwoods,
birch is burnt when it is easily available. However, because of its higher BTU content
industry prefers burning birch. Many of the highest quality birch stands grow on rich, wet
seepage sites with underlying fragipans. There are concerns that harvesting these stands may
cause physical damage to the sites through compaction, and perhaps a loss of nutrient capital,
especially if whole tree harvesting techniques are used. A study was thus initiated to
determine the environmental effects of harvesting white birch by conventional and whole tree
harvesting methods on three sites in central Newfoundland. The objectives are to: (i) quantify
the mensurational characteristics, biomass, and nutrients in vegetation; (ii) quantify effects of
harvesting on understorey vegetation and soil physical characteristics; and (iii) quantify
nutrient inputs and outputs in mature undamaged stands and adjacent felled stands. Stands
were felled in the late summer/fall of 1991 and only preliminary data are available.
Methods. This poster outlines the objectives and establishment of major field studies being
conducted to assess the impact of whole-tree and conventional harvesting of white birch in
central Newfoundland. White birch makes up about 12% of the total tree volume in insular
Newfoundland. It forms pure stands after cutting and wildfire and is a major component in
all balsam fir stands on the island. Little is known regarding the environmental impact of
harvesting this species. Three harvesting treatment plots (whole-tree harvest, conventional
harvest, control stand) were established across the slopes in each of three >5 ha stands in
central Newfoundland. Each of the treatment plots were 1 ha in area (100 x 100 m) and were
subdivided into 25 sub-plots (20 x 20 m). A total of 36 1 x 1 m quadrants were placed in the
lower right-hand corner of each 20 x 20 m sub-plot, plus along two outside edges of every
treatment plot for monitoring vegetation cover and abundance.
Results and Discussions. Sites were Dryopteris fern, rich sites on Orthic Humo-Ferric
Podsols and Orthic Gleysols with seepage. The slopes of the three sites differed, and ranged
from <5% to >20%. Biomass in each treatment plot was estimated before harvesting took
place. Wood, branches, bark and foliage made up approximately 66, 14, 12 and 7% of the
total biomass, respectively, in all three stands. Total biomass on the three sites varied between
11 and 20 tonnes per ha. Stem densities ranged from 594 to 2131 stems per ha, and heights
ranged from 10 to 20 m at ages 55 to 60 years. Nutrients (NH4-N, N03-N, P, K, Ca. Mg) and
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pH were measured in rainfall, throughfall and stemflow. Soil solution was sampled with
porous cup, fritted glass and zero-tension lysimeters. Litterfall, litter decomposition and slash
decomposition were also monitored. Weather stations were established on all 3 treatment
plots on one site (Middleton Lake) to develop a hydrological model for later determination
of soil nutrient fluxes (Figure 1).
Biomass equations estimate foliage accounts for about 6-7% of the total tree biomass, an
average of 1.2 tonne/ha in our 9 experimental 1 ha pure stands. Small (25x25 cm) litter traps
gave an overestimate of litter, while 1 m2 traps were close to equation estimates. Litter depths
on top of well developed moders or mulls varied from 1-15 cm but 2-3 cm was common.
Humus depths rarely reached 20 cm and were commonly 5-10 cm in 324 profiles. Total and
available nutrients show that white birch produces among the highest quality organic matter
of local forest types and is important in improving forest site quality. Other aspects of nutrient
cycling in local white birch stands are presented in this poster paper.
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What Options Do Resource-Poor Farmers Have to Conserve
the Fertility of their Land?
J.R. Okalebo1, N.K. Karanja2, J.K. Lekasi1, P.L. Woomer3, and K.W.
Gathua1. ; National Research Centre, Muguga, P.O. Box 30148, Nairobi; 2
Soil Science Department, University of Nairobi, Nairobi and 3 The Tropical
Soil Biology and Fertility Programme, P. O. Box 30592, Nairobi, Kenya.
Introduction. Shifting cultivation and bush fallow systems allow regeneration of soil fertility but
is no longer feasible in many third world countries where continuous cropping must be targeted
to meet food demands of rapidly increasing populations. Because of low yields, poor access to
markets and low prices, these farmers are often unable to invest in external inputs. As a result,
crops are grown with little or no external nutrient inputs. For example, a maize crop grown in
a Humic Nitisol of the Kenyan Highlands yielding 12 t/ha dry shoots requires 134 kg N/ha (3)
(Table 1), 14 kg P/ha and 178 kg K/ha in one season. Most of these nutrients are removed from
the cropping system because farmers regard stover as an important component of yield for sale
or use as livestock feed. There are already serious declines in cereal yields on land continuously
cultivated in Kenya. In such croplands, nitrogen (N) and phosphorus (P) are commonly deficient,
while soil erosion also accelerates losses of these nutrients.
Whereas fertilizers have an impact on crop production, it is now a reality that they are not
affordable, particularly in Africa, where subsidies are either nonexistent or being eliminated
during structural readjustment programmes. In such situations, the farmers must seek alternative
nutrient management strategies. One option is to diversify the production of crops with different
rooting patterns (crop rotation) to more thoroughly exploit the soil and to better recycle nutrients.
Such crops, particularly traditional ones (sorghum, millet, potatoes, cassava, groundnuts, cowpea,
pigeon pea) will also minimise risks of crop failure under inadequate rainfall. The exotic
chickpea (Cicer arietinum) and soyabean {Glycine max) grain legumes could also be adopted as
sources of protein and income.
Experimentation. Nutrient inputs will still be needed under the diversified cropping systems to
maintain productivity at high levels. To this end, the commonly available and cheap sources of
nutrients are the manures (farmyard, poultry compost) and crop residues (stovers and roots). An
example of manure use benefit is cited from maize grain yield increases found in a field
experiment in eastern Kenya, whereby the yields of 2340, 3084 and 3998 kg/ha were obtained
from the control, cow manure at 20 t/ha and chicken manure at 5 t/ha applications respectively.
It is however noted that some drawbacks exist related to manure and crop residue use. Thus in
general, the manure(s) from subsistence farmers are often inadequate and are of low quality (total
nitrogen and phosphorus contents are as low as 0.13% N and 0.13% P) (2). The majority of
these farmers apply manure unevenly across fields; this practice is associated with possible
manure overdoses in some fields, particularly those close to homesteads, and wide variability in
nutrient supply (1). The storage of manure is rather poor as most farmers leave their manure
exposed in bomas (open enclosures) where nitrogen and potassium losses through leaching from
rainfall may occur, as reported in a survey conducted in eastern Kenya. On the other hand, crop
residues also vary widely, depending on crop species and residue management strategy.
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Table 1. Nitrogen demand of Maize cultivar 512 under improved fertility conditions at Muguga,
Kenya (from Woomer et al., 1993)
Plant component

dry matter
(kg/ha)

N
(%)

total N
(kg/ha)

grain
cobs
stover
roots (approx.)

3600
540
5030
2750

1.79
0.30
0.72
1.10

66.2
1.6
36.2
30.2

Total

11920

-

134.2

Nonetheless, a cash-poor smallhold farmer faced with the dilemma of soil degradation and
declining yields has several options. Farm labour and locally-available materials may be used
to reduce erosion through bench terraces, grass strips and the like. Biological nitrogen-fixation
may be more thoroughly exploited by increasing the role of nodulating legumes within mixed
cropping systems. Farmers can better conserve manures and prepare composts from on- and
readily available off-farm organic resources. Farmers who presently market cereal stover as
animal feeds can insist that purchasers allow the livestock to consume the feed within the farm,
as in many cases the consuming livestock are more mobile than the stover. Cropland margins
may be better utilised by establishing multipurpose tree species. While the options may not be
endless, many do in fact exist and it is the responsibility of extensionists, researchers and policymakers in developing nations to gear their efforts to the smallhold sector as well as larger
commercial interests.
Recommendations. It is suggested that support should be given to endeavours aimed at
producing efficient manure and crop residue use package. The package should spell out the
immediate and long-term effects of manure and crop residues. The incorporation of low cost
fertilizer inputs (for example phosphate rock) to boost nutrient supply from manure and crop
residues should be examined. It is felt that recycling of nutrients within the farming system has
the potential to arrest the decline in soil nutrient status. The contribution of legumes and
agroforestry are important in nutrient cycling.
Literature Cited.
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Soil nutrient availability and ratios, under balanced and
imbalanced fertilizer regimes, in diagnosing nutritional status
of Cupressus arizonica seedlings.
B. Marano, E. Coppola, A. Merolla, G. Arcieri. Department
University of Basilicata, 85100 Potenza, Italy.

of Crop

Productivity,

I n t r o d u c t i o n . N u t r i e n t a v a i l a b i l i t y in p l a n t g r o w i n g media and n u t r i e n t
u p t a k e are l a r g e l y d e p e n d e n t b o t h on f o r e s t a l s p e c i e s and g r o w t h s t a g e ,
o w i n g to b a l a n c e d or i m b a l a n c e d N : P : K r a t i o s . It is w e l l k n o w n that the
d i a g n o s t i c i n t e r p r e t a t i o n of the c h e m i c a l s t a n d of plant t i s s u e s offers an
i n d e x of a b a l a n c e d n u t r i t i o n a l s t a t u s . With the aim to p r o v i d e a d e q u a t e
f e r t i l i z e r r e g i m e s e n s u r i n g fast plant g r o w t h it is n e c e s s a r y that s o i l
f e r t i l i t y and p l a n t n u t r i t i o n c o n t r o l take into a c c o u n t the r e s p o n s e of
s e e d l i n g p r o d u c t i v i t y (a) to the e f f e c t i v e n u t r i e n t a v a i l a b i l i t y
versus
n u t r i e n t s u p p l y , and (b) to the s i n e r g i c and a n t a g o n i s t i c effects among
n u t r i e n t s b o t h in s o i l and in p l a n t . The o b j e c t i v e s of this p a p e r w e r e to
check
in
the
early
growth
of
Cupressus
arizonica
seedlings
r e l a t i o n s h i p s b e t w e e n soil n u t r i e n t a v a i l a b i l i t y and p l a n t
critical
c o n c e n t r a t i o n s and c o n t e n t s , in o r d e r to state a b a l a n c e d n u t r i e n t r e g i m e
fitted to n u r s e r y p u r p o s e .
M a t e r i a l s a n d M e t h o d s . Cupressus
arizonica
s.eedlings w e r e g r o w n in
p h y t o c e l l - filled with w o o d y leaf mould a v a i l a b l e in a f o r e s t a l
e n v i r o n m e n t s o u t h e r n I t a l y , S e e d l i n g s (7 m o n t h s old) r a i s e d in PVC
p o t s t h r o u g h o u t 12 m o n t h s in full open air, E x p e r i m e n t a l d e s i g n
c o n s i s t e d of 8 f e r t i l i z e r rates a c c o r d i n g to d i f f e r e n t N, P, K r a t i o ,
i n v o l v i n g z e r o n u t r i e n t s u p p l y (OF), b a l a n c e d f e r t i l i z e r rate ( B F ) , and 6
i m b a l a n c e d r a t e s f o r m e d by l a c k i n g (-) or e n r i c h e d ( + ) N, P or K
n u t r i e n t . Each d o s e was s u p p l i e d in w a t e r s o l u t i o n at b e g i n n i n g
e x p e r i m e n t and 6 m o n t h s after. C h e m i c a l a n a l y s i s w e r e p e r f o r m e d on
s o i l s a m p l e s ( s e e d l i n g s 10 and 19 m o n t h s a g i n g ) : N by K j e l d h a l , P by
O l s e n and K by M e r w i n - P e e c h p r o c e d u r e s . At the end of e x p e r i m e n t
s e e d l i n g s a m p l e s w e r e c o l l e c t e d for the c h e m i c a l N , P, K a n a l y s i s of the
n e e d l e s . T h e r e l a t i o n s b e t w e e n s e e d l i n g g r o w t h and n u t r i t i o n are
g r a p h i c a l l y e x a m i n e d a c c o r d i n g to T i m m e r - A r m s t r o n g (3) t e c h n i q u e
k n o w n as v e c t o r i a l a n a l y s i s .
R e s u l t s a n d D i s c u s s i o n . Variability
of nutrient
levels in soil
compost.
Nitrogen.
The very a c t i v e s e e d l i n g g r o w t h c o u l d be r e s p o n s i b l e of a
d e c r e a s e d N c o n t e n t in the n u r s e r y s u b s t r a t e , that was l o w e r w h e n
s e e d l i n g s g r o w t h w e n t on (17 m o n t h s a g i n g ) , and s u g g e s t s that the
element
amounts
lied
in
the
boundaries
of
probable
lacking
l e v e l . P h o s p h o r u s . The f o r m e r s o i l t e s t i n g has s h o w e d data i n c r e a s i n g
by e n r e a c h e d f e r t i l i z e r d o s e ; 4 8 , 4 9 , and 56 ppm v e r s u s 37 ppm of BF
r e g i m e . T h e l a t t e r c o n t r o l p r o v e d that a v a i l a b l e P c o n t e n t of the s o i l
a t t a i n e d trie h i g h e s t v a l u e (89 ppm) l a c k i n g K d o s e ( - K ) . It may be
s u g g e s t e d that K in the n u t r i e n t m e d i u m c o u l d have e x e r t e d a n t a g o n i s t i c
a c t i o n an P a v a i l a b i l i t y , s i n c e the +K r e g i m e s h o w e d P v a l u e (59 ppm)
s i g n i f i c a n t l y l o w e r than -K s u p p l y . A c c o r d i n g to the s a m e n u t r i e n t
r e g i m e , the data r e f e r r e d to d i f f e r e n t g r o w t h s t a g e p o i n t e d out the

p o s i t i v e a c t i o n b o t h of +P and -K in e n h a n c i n g P a v a i l a b i l i t y , even
w i t h r e s p e c t to BF r e g i m e . Potassium.
When s e e d l i n g g r o w t h was more
a c t i v e , a v a i l a b l e K l e v e l s in soil c o m p o s t r a n g e d w i t h i n 512 (-K) and
630 ( - P ) p p m , but o c c u r r e d r e d u c e d K u p t a k e and more i n t e n s i v e than
the f o r m e r c o n t r o l .
Seedling
growth performance
and needle nutrient
composition
Seedling
performance.
Looking
at
seedling
yield
and
growth
p e r f o r m a n c e it a p p e a r e d that +P and +K r e g i m e s e n s u r e d the h i g h e s t
n e e d l e y i e l d , but only P r e g i m e offers the w i d e s t s i g n i f i c a n t d i f f e r e n c e
w i t h i n r o o t w e i g h t s . S h o o t : r o o t r a t i o s were d i f f e r e n t l y affected by
n u t r i e n t r e g i m e : 3.1:1.0 ( + N ) , 3.8:1.0 ( + K ) , and 1.9:1.0 for BF r e g i m e . The
role of K in a c t i v a t i n g p h o t o s y n t e s i s a p p e a r s c l e a r l y j o i n t e d w i t h
n e e d l e s y i e l d ( 1 ) , that r e a c h e d 111.6 g per s e e d l i n g . Needle
nutrient
It r e s u l t s the p o s i t i v e effect of N f e r t i l i z e r in p r o m o t i n g
concentration.
a b e t t e r u p t a k e of P and K, that reached 156 mg and 0.98 g per 100 g
n e e d l e versus
9 6 . 7 and 0.78 r e s p e c t i v e l y , of BF r e g i m e . To l a c k i n g P
d o s e ( - P ) is r e l a t e d the b e s t K c o n c e n t r a t i o n in s e e d l i n g n e e d l e s , t h u s
c o n f i r m i n g the o p p o s i t e effects of P and K in the s o i l - p l a n t s y s t e m .
I n g e s t a d (2) s t u d i e d n u t r i e n t r e q u i r e m e n t s of Pinus silvestris
and Picea
abies
s e e d l i n g s and c a l c u l a t e d an optimum
N : P : K ratio e q u a l to
1 0 0 : 1 4 : 4 5 , for m o s t of c o n i f e r o u s s p e c i e s . F o r Cupressus
arizonica
we
d e c i d e d to a d o p t i n s t e a d of the optimum,
the balanced
ratio (100:9:70)
o w i n g to from b a s i c n u t r i e n t s u p p l y ( B F ) . +N r e g i m e p o s i t i v e l y affected
the r e s u l t i n g r a t i o ( 1 0 0 : 1 2 : 7 3 ) , s i n c e in n e e d l e s b o t h P and K
content.
I m b a l a n c e d and
c o n c e n t r a t i o n was i n c r e a s e d . Needle nutrient
e n r i c h e d n u t r i e n t r e g i m e affected d i f f e r e n t l y n u t r i e n t s t o r a g e in n e e d l e s .
+ N and +P r e g i m e s e n h a n c e d P and K c o n t e n t , and +K r e g i m e e n r e a c h e d
N, P, and K s t o r a g e at a high level (p = 0 . 0 1 ) , +P and +K s u p p l y a p p e a r
the n u t r i e n t r e g i m e s i n v o l v e d more e f f i c i e n t l y in d e t e r m i n i n g a g r e a t e r
m i n e r a l s t o r a g e in p l a n t . N e e d l e yield o b t a i n e d by -K was r e g i m e , was
s i g n i f i c a n t l y h i g h e r t h a n BF ( 6 5 . 4 v s . 3 7 . 8 g per s e e d l i n g ) and e v i d e n c e
the m o d i f i e d n u t r i e n t r a t i o s , c o n f i r m i n g the p h y s i o l o g i c a l f u n c t i o n of K
analysis.
This d i a g n o s t i c
in d e t e r m i n i n g p l a n t p r o d u c t i v i t y . Vector
m e t h o d for c o m p a r i n g b a l a n c e d and i m b a l a n c e d f e r t i l i z e r t r e a t m e n t s
s h o e d (a) that no s i g n i f i c a n t v a r i a t i o n of r e l a t i v e n e e d l e D . M . o c c u r r e d ,
o w i n g to N s u p p l y , but (b) w h e r e h i g h e r b o t h the r e l a t i v e P
c o n c e n t r a t i o n and c o n t e n t , V e c t o r i a l a n a l y s i s r e l a t e d to P and K s u p p l y
i n d i c a t e s that e n r e a c h e d f e r t i l i z e r r e g i m e may a t t a i n the b e t t e r n e e d l e
y i e l d . T h e v e c t o r is d i r e c t e d to P for + P s u p p l y , i n s t e a d the v e c t o r
trend for +K s u p p l y s u g g e s t s to be N the n u t r i e n t acting at h i g h e s t
l e v e l . The r e l a t i v e i n c r e a s e of yield D . M . a p p a i r s r e l a t e d to e l e m e n t
r a t i o s , s h o w i n g that the best values c o r r e s p o n d i n g to 1 7 3 , 2 1 6 , and 295
g ( n e e d l e D . M . per s e e d l i n g ) agreed with the f o l l o w i n g N : P : K r a t i o s :
1.0:1.4:1.0, 1.0:2.2:2.0, and 1.0:1.5:3.0 that d i s p l a y the i n c r e a s i n g a m o u n t of K
on the ratio.
Literature cited
(1) A g r e n , G. I. and I n g e s t a d , T. 1 9 8 7 . R o o t : s h o o t r a t i o as a b a l a n c e
b e t w e e n n i t r o g e n p r o d u c t i v i t y and p h o t o s y n t h e s i s , P l a n t Cell E n v i r o n . ,
10, 5 7 9 .
(2) I n g e s t a d , T. 1 9 7 9 . M i n e r a l n u t r i e n t r e q u i r e m e n t s of P i n u s s i l v e s t r i s
and P i c e a abies s e e d l i n g s . P h i s i o l . P l a n t . , 4 5 , 3 7 3 .
(3) T i m m e r , V. R. and A r m s t r o n g , G. 1987. D i a g n o s i n g n u t r i t i o n a l
s t a t u s of c o n t a i n e r i z e d tree s e e d l i n g s , Soil S c i . S o c . Am. J., 5 1 , 1 0 8 2 .
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NITROGEN LOSS DUE TO DENITRIFICATION FOLLOWING
PERIODS OF PASTURE LEYS IN SUBTROPICAL AUSTRALIA

Guixin Pu',Wayne M. Strong2,Paul G.Saffigna1
Faculty of Environmental Sciences
Griffith University,Brisbane 4111,Australia
Queensland Wheat Research Institute,
Toowoomba,Australia

Potential denitrificatipn rates were measured at three sites near
Roma,Queensland(26°32'S, 148°46'E) in subtropical Australia. Measurements
were made during the transition phase between a period of pasture ley,either
pure swards of lucerne or medic or a mixture of grasses + medic,and the
cropping phase. Tillage or no-tillage during transition phase were compared.
Denitrification losses of N from soil were determined directly by
gaseous emissions of 15N from 15N enriched KN0 3 applied(4 g m"2) to
microplots of 235 mm diameter enclosed by PVC enclosures to a depth of
250 mm. Water logging was promoted by irrigation of microplots. Air-tight
soil covers were positioned daily,following irrigation, to the top edge of the
enclosures and gas samples,for 15N(N2+N20) and N 2 0 analysis,were drawn
from beneath the 40 mm high headspace.
Substantial loss (28.2 % to 48.4%) of the applied nitrogen was
determined in gas emissions over a 15-day period following saturation. Peak
emissions of 15N(N2+N20) occurred between day 4 and day 10 and declined
to a negligible flux on day 15. Patterns of emissions of N 2 0 was similar to
the 15N emission pattern,but the quantity of N emitted was very much
smallerCl.S-Q.TmgNm-'d-1).
Potential denitrification rates were similar for the two tillage treatments at
each site but 15N losses differed significantly(P<0.05) between the three sites
following different pasture leys.
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Integral Design of Nitrogenated Fertilization on Pecan Nut
[Corya illinoensis (Wangenh) C. Koch]
MX. Gorostiola-Herrera*, D.L. Ojeda-Barrios, N. Chavez-Sanchez, and J.M.
Soto-Parra. Centro de Bachillerato Tecnológico Agropecuario No. 35. Facultad de
Fruticultura de la Universidad Autónoma de Chihuahua, México.
Introduction. The cultivation of pecan nut [Carya illinoensis (Wangenh) C. Koch], is one of the
most import one in the state of Chihuahua, since it provides approximately, 85 per cent of the
national production, furthermore, its nut possesses the ideal characterics for its marketing at an
international level (1).
Even thoung, the yield is low, compared to the ones reached by the American producers, its fruit is
very appreciated in the international markets, because of the quality reached in this region. The
behavior óf the pecan tree regarding its nutrition is influenced by many variables, therefore, this may
differ in the different zones where it is cultivaded (2).
Beingable to rely on the results of a research under the local planting conditions, is not only ideal,
but necessary, where the challenge is productivity, savings, and conservation of the environment.That
is why, the following hypothesis was stated: The responde to the nitrogenated application throughout
time, depends on the dosage, opportunity, and the cumulative effect and its objetives were to: Evalute
the behavior of the pecan [Carya illinoensis (Wangenh) C. Koch], the "Western" variety to
nitrogenated fertilization, carrying out an integral analysis during a five year period, determines the
nutriment concentration, the yield and quality of the nut, based on the nitrogenated fertilization
applied totally or partially, and generating the regional technical information and placing it at the
disposal of the producers, by doing this, you facilitate a more technical management of fruticulture
goods.
Materials and Methods. The experiment was carried out for five years (1987-1991) in "La Florida"
orchard located in Jimenez county, in the state of Chihuahua. It was practided in thirty six, eighteen
year old trees of the "Western" variety, the plantation of desing is real framework of 12 x 12 m.
A factorial experiment 3 2 in which the experimental units are organized in a complete aleatory block
desing with six repetitions; considering each tree as an experimental unity, the treatment proposal
to add nitrogen to the plant, were: 100, 150 and 200 kg of N/ha applied partially or totally ('A in
March and '/4 in June), the fertilizer used was Ammonium sulfate 20.5% of N.
The conformation of each of each block, was made in bfce of the tree trunk perimeter.
Combined variability analysis were made using comparisons of the octagonal regressions, starting
out from the sum of the squares of the treatments in their linear, quadratic, cubical and quartlle
components.
The test of multiple ranges of Tukey was used at a 0.05 of probability for the individual analysis of
the years, as for the global one.
The evaluated variables were: yield (kg/tree), number of nuts per kg and foliage contents of: N, P,
K, Fe, Zn, and Cu.
A multi-variable analysis was used, in which you can find not the usual items of a linear model, but
the compound symmetry, which is the variability of the differences between the repeated
observations, which are homogeneous, or where there is an equal-correlation in time, this is why you
have the responses of time which area vector for the depending variables. This is an experiment in
wich you have predetermined the treatments assigned to specific subjects, in this case, trees, and each
one of them studied in different periods (with is individual treatments), with which you can detect
the cumulative effect through time in a global analysis (3).
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Results and Discussion. The results indicate that there was a response on behalf of the pecan nut
tree [Carya illinoensis (Wangenh) C. Koch], to the application of nitrogen through time (figure 1),
due to the cumulative effect analyzed through repetitive observations, and it depends on the dosage
applied. You can not detect a statistical influence between the fractional or total application (table 1).
A high relation was found between the provided nitrogen and the yield appraisals. Number of nuts
por kg of foliage concentration of macro and micro-nutrients, having a 100 kg dosage of N/ha excel
(figure 2).
Table 1. Yields Through The Years For Different Treatments And
Its Grobal Mean. Jimenez, Chih. 1987-1991.
Trat

1987

1988

1989

1990

1991

x Global

100 T
150 T
200 T
100 F
150 F
200 F

31.19
29.28
33.77
33.77
24.85
30.06

38.01
27.81
30.77
32.19
22.96
29.17

63.50
50.50
51.66
55.60
45.66
55.66

39.01
36.61
42.23
42.38
31.62
37.58

51.33
50.33
44.00
51.40
48.83
58.00

44.60 a*
38.90 ab
40.48 ab
43.06 ab
34.78 b
42.09 ab

TOT AL31.41
FRACT29.31

32.19
27.87

55.22
52.11

39.28
36.89

52.82
48.55

41.33
39.80

35.10 a 59.55
25.38 b 48.08
29.97 ab 53.66

40.69
34.11
39.90

51.35
49.58
51.00

43.83 a
36.84 b
41.29 ab

53.71
25.08

38.12
18.80

50.62
27.21

40.59
11.98

100 T 32.48
150 +27.06
200 F 31.91
x
30.39
C V . 18.28

30.09
28.07

* Means With The Same Letter Are Coequal To 0.05 (Tukey).
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Conclusions. Based on the hypothesis statement and on the results obtained, the writer can conclude
that: There is response to the application of nitrogen on the pecan tree, due to a cumulative effect,
detected by a multi-variable analysis, and depending of the applied dosage. No statiscal influence is
found between applying the fertilizer in a fractional or total manner.
Literature Cited.
(1)
Fideicomisos Instituidos en Relation a la Agriculture. La nuez pecanera. Situation y
Perspectivas en México. Fira Boletfn Informative 1993.
(2)
Tarango R., S. H. 1992. Fertilization del nogal. Nutrition y Productividad. Coleccion
Agropecuaria. Universidad Autónoma de Chihuahua. 130 p.
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Mendez R. I.; Posadas A.; Mundo E. y Marin S. 1992. Anilisis de experimentos con
observaciones repetidas. Un ejemplo Farmacológico. Ponencia presentada en el VU Foro de
Estadistica. Puebla, México.
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Respuesta del cultivo de papa a los abonos organicos e
inorganicos y su efecto sobre las propiedades del suelo.
F. Valverde, y O. Villafuerte. Departamento de suelos, 1NIAP Autónomo,
Santa Catalina, Quito, Ecuador.
ABSTRACT. Effects of organic and inorganic fertilization on a potato crop was evaluated
under field conditions, in a loam soil, classified as an Inseptisol, in Central Ecuador.
Results suggest that cattle manure increases the yield of this crop. However chimical
fertilization, alone or in combination with manure, produces the highest yields for that
crop. With manure the percentage of dry matter ranges from 22% to 25%, which is
adecuate for industrial processing, while it drops to 20.9% with chemical fertilizers only.
Chemical fertilizers increase the percentage of potato for consumption, while manure
favours seed size of tubers.
INTRODUCCION. En el Ecuador, el uso de materia organica por los agricultores es muy
restringido, debido a que se requiere aplicar grandes cantidades, para cubrir los
requerimientos nutrimentales de los cultivos; sin embargo, aplicaciones continuas y
exclusivas de abonos inorganicos reduce el contenido de materia organica en el suelo,
causando serios problemas nutrimentales; asi', se presentan sintomas de deficiencias por
carencia de los elementos que no son aplicados con los fertilizantes, disminuyendo los
rendimientos de los cultivos. Una alternativa que se ha considerado, es el uso de materia
organica combinada con fertilizante quimico, en cantidades que cubran la demanda de los
diferentes cultivos; el objetivo de la presente investigación es incrementar la fertilidad de
los suelos para mejorar la productividad de los cultivos.
MATERIALES Y METODOS. En 1993, se llevó a cabo un ensayo con papa variedad
INIAP-Gabriela, localizado a 3425 m de altitud en Chimborazo, Ecuador. El suelo se
caracterizó por tener textura franca, pH ligeramente acido; contenido de Zn bajo; N, P y
Mn medio; mientras el Fe, K, Ca y Mg presentaron contenidos altos (Hunter, 1973). Segün
el Mapa de clasificación de Suelos del Ecuador (1986), este suelo pertenece al orden
Inseptisol, Suborden Andepts y Gran Grupo Distrandepts; derivado de materiales
volcanicos. Disefio experimental de Bloques Completes al Azar, con cuatro repeticiones.
Los tratamientos fueron seis, provenientes de cuatro niveles de estiércol vacuno (0, 5, 10 y
20 t/ha), la recomendación de fertilizante quimico en base al analisis de suelo fue 200-300100 kg/ha de N-P2O5-K2O, respectivamente, y media recomendación de fertilizante
quimico mas 5 t/ha de estiércol.
RESULTADOS Y DISCUSION. El analisis estadistico presente diferencias significativas
al 1 % para las variables altura de plan tas, rendimiento de tubérculos por categories,
porcentaje de materia seca y contenidos de fósforo, potasio y magnesio en el suelo.
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El rendimiento de papa se incrementó por la aplicación de niveles crecientes de estiércol
vacuno, la mayor tasa de incrementó (9.7 t/ha) correspondió a 5 t/ha de estiércol; los
siguientes niveles presentaren una tendencia lineal con incrementos entre 3 t/ha. El maximo
rendimiento de papa 58.4 t/ha se consiguió con 200-300-100 kg/ha de N-P2O5-K2O;
cuando se combine 5 t/ha de estiércol con 100-150-50 kg/ha de N-P2O5-K2O el
rendimiento de papa (57.4 t/ha) no fue estadfsticamene diferente. La fertilización qufmica
incrementó en una mayor proporción la producción de papa comercial; mientras que el
estiércol vacuno, favoreció la producción de papa semilla. Ademas, el estiércol mantuvo el
% de materia seca del tubérculo entre 22 a 25 % que es requerido para la industria; asf, sin
abono se obtuvo 24.4 %, con estiércol vacuno 23.7 %, el fertilizante qufmico abatió a 20.9
% y la mezcla de fertilizante qufmico con organico dio 22.1 %.

El contenido de fósforo se incrementó por la aplicación de los abonos organicos e
inorganicos, la maxima disponibilidad de fósforo en el suelo se obtuvo con la fertilización
qufmica de 300 kg/ha de P2O5. La disponibilidad de potasio en el suelo se incrementó con
los niveles de estiércol, debido al contenido alto de potasio; con la fertilización qufmica se
redujo el contenido de potasio. El magnesio presentó un comportamiento similar al potasio.
El analisis económico del presupuesto parcial (CIMMYT, 1988); reportó que con 5 t/ha de
estiércol vacuno mas 100-150-50 kg/ha de N-P2O5-K2O, se consigue una Tasa Marginal de
Retorno (TMR) de 221 % comparado con una Tasa Minima de Retorno (TAMIR) estimada
en 150%, mientras la fertilización qufmica sola produjo una TMR de 183 %.

CONCLUSIONES. La aplicación del abono organico combinado con el inorganico,
permite obtener altos rendimientos de papa, manteniendo las caracterfsticas intrfnsecas de
calidad de tubérculo para la industria, a la vez que mejora las propiedades del suelo.
LITERATURA CONSULT ADA
CIMMYT, 1988. Laformulacirtnde reeomendaciones a partir de datos agronómicos: Un manual
metodológieo de evaluación económica. México D.F., México, p. 13-42.
HUNTER, A.H. 1973. Procedimiento analftico del suelo usando la solución extractora modificada
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The Effect of Hydromorphism Rate and Rock's
Age on Clay Minerals of the Soils of Ch irchik
River's Valley
A. I Feliciant. Institute of Soil Science and Agrochemisirj?. Kömarniso-3,
700179. Tashkent, the Republic of Uzbekistan.
Introduction. About 50% of irrigated soils on the territory of Uzbekistan is represented by
hydromorphic ones. The research of their genesis has both scientific and applied importance. It is
obvious the hydromorphic soils are not identical, because of difference in rock genesis,
hydromorphism rate and period of its influence. Apart, from this, it is required, for proper
undestanding of soil genesis, to see distinctions between features, formed under current and farmer
conditions Despite the well-knowm difficulties, such a demarcation becomes easier with
comparative research of soils, developed cm rver's terraces of different age.
Materials and Methods. The data considered were obtained as a result of field and laboratory
researches, carried out during 5 years, from 1988 to 1992. The experimental site was located in
Tashkent district. Uzbekistan. There were three soil-profile sets, intersected Chirchik's valley.
Results and Discussion. Relative age of river's sediments was determined from
geomorphological positions and weathering degree (ratio between basic oxides) those correlating
well. The ratio of Si 0 2 and AlgOg is: 9.1 in typical sierozems, 10.0 - meadow soils and 11.3 - in
boggy-meadow soils. It was discovered, that the soil formation process under hydromorphic
* conditions results in more intensified forming labile silicates of montmorillonite group along with
chlorite and kaoünite degradation.
Distribution of the main groups of soil clay minerals (iHites. labile silicates and kaofrnitechlorites)
is following: 63.0. 11.9 and 25.4% in the typical sierozems. G2.8. 16.6 and 20.7% - in the meadow
soils and 83.9, 13.9 and 22.1% - in the boggy-meadow soils, respectively. As it may be obviously
seen, the mainstream of clay mineral transformation is the forming of labile silicates with
destruction of ïüïte and chlorite.
These processes indicate fuli maturity in the case of the meadow soils as the more ancient
ones, while the boggy -meadow soils are next to the typical sierozems by that feature. At the same
time, the results with reference to the sierozems are unabeguate, because of lack comparative
data an sierozems of different age. So. it is planned to carry out such a research, with extremly
attention to soil-age determination and applying radiocarbon method.
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Aridity and Climatic Changements in the Northern
Sahara
( carbon as an indicator in the calcic accumulations in arid and
semi-arid tunisian )
A. MTIMET, Direction des Sols, Rue Alain Savary, 1002 Tunis, Tunisie.
Well linked to geological substratum essentially carbonated, the tunisian soils like all the other
atlasic Maghreb countries, are marked by calcic accumulations which appear under different
forms, diffuse accumulation, concretions, encrusting and crust with variable thickness.
If the Vertisols of the North West are enough divided in organic matters, Xerosols and
calciorthid Aridisols in which, the organic matter content is very reduced (1 - 2% ) is extending
along the bioclimatic stages according to morphopedological units which prove the impact of
paleoclimates along the quaternary (Villafranchien - Holocène ). They are now occupied by
vegetal natural covering (essentially steppical) the aboricultivation ( olive and fruit trees) and
sometimes the cerealcultivation.
The study which is based on morphological, physico-chemical and isotopical C 14 , 913C and
3 1 8 0 descriptions of many paleosols cuttings out principally in central and meridional Tunisia
permit to show the forming process of these carbonates and the importance of climatic
changements in the North of Sahara ( Quality and type of vegetation ) in an accentuated
aridification tendency. The result is an evolutionary degradation of vegetation at a regional and
local scale and the appearance of erosive forms.
This pattern of analysis by calcic accumulations aim to determine and to better understand the
integration of carbon in arid and semi-arid tropics ecosystems and its list as an indicator in
ecological imbalances stem from dryness, bad use of lands and recent demographic pression.
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Genesis of Vertisols: Model Study
Qiu Rong Liang. Departamental Science, Zhongshan University, Guangzhou
610276.
Abstract
Vertisols with a systematic depth functions of organic matter, carbonates,
particle-size distribution, spore-pollen characteristics and radiocarbon age,
which being found after the study on properties of Vertisols of Southwest China,
suggest that pedoturbation is an incomplete genetic model and mixing by
churning and inversion of soil materials is not as rapid and ample as previous
imagination.
Meanwhile, Vertisols and vertic soils express high swell pressures. At certain
bulk density, when moisture content exceeds 300g/kg which being within the
plastic limit, the swelling pressures of vertisols and vertic soils (0, 53-0,
62kg/cm2) exceed the shear strengths (o, 33-0, 48kg/cm2) whnever failure
results in the formation of slickensides and wedge shaped structure in microshear region. So it is speculated that aoil mechanics model is more suitable for
interpretting pedogenic processes of Vertisols without any contradiction with
soil properties
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THE PRESENT SITUATION OF LAND-USE
OF SAN-GONG RIVER VAT,LEY
IN FU-KANG DISTRICT
Cheng Xin-jun
Li shu-gang
(Xinjiang
Institute of Biology. Pedology and Desert Research,
China)
Chinese Academy of Sciences, Urumqi 830011, Xinjiang,
The shortage of reserve-resources of mountain forest,
and the
vegetation on the plain and sand zone at the oasis border were seriously
destroyed. There are good conifer forest that grows at an altitude of 1,7002,800 m on the mountain shady slope. The result obtained from investigation:
as due to the denudation of cutting and falling but overlooked the breedings
and renew of young forest together with the non-perfect regulation between
forest and livestock, so, the problem of forestry is r a t h e r difficult.
In the mountain forest,
the matured and over-matured forest
are
predominent, the medium young forest occupies only a small proportion, so that,
the density of forest deduced, then the capability of containing water also
deduced, caused partial mountain springs dried out, amount of stream flow
decreased, somewhere even stopped.
In plain region, because of the enlargement of farming land, destroyed
forest and reclaimed into farming land, since there are not enough water
resources, not able to farm, then abundant, the result is for the original
primitive vegetations can not be recovered, the ground surface became bared,
caused large land area became salinized.
Agricultural structure irrational in the plain regions. The cereal
sowing area had been too excessive in every year's sowing. Stillmore, the sort
is too unitary. Among the cereal culture, the wheat has the biggest proportion,
usually attends the sowing area even over 50%, but the economic culture and
the earth-feeding green manure culture occupies only a small portion, thus
caused the collision of using irrigation water, resulted the multi-managing
and the overall development of economy suffered severe impact; meantime, the
irrational cultural structure
use the land but give no maintain, then the
fertility of soil decreases year after year, the vield of the culture is not
high.
Grassland area presents a rather big proportion in t h a t river vahey,
but unfortunately more than half of them are bad qualitied, whose grass yield
is low, from an investigation, less than 300k/ha, animal-bearing capcity is
not high, utilization of seasonal grassland not balance.
In the
middle mountain grassland there have better quality, but failed
utilization, because

of the time that can be used is too short. Mo.

high and
perfect
the low

mountain and dune grassland either without water or in lack of wi.ter,so the
utilization ratio is somewhat low, some grassland have suffered over-burden
grazing, degraded seriously.
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Because of the water-earth non-balanced in this river valley, and the
irrigation

canals proiect are not complete, the utilization

ratio of the canal

system is low, irrigation measure lagged-behind, planning lay 0"* of pumping
wells irrational,

the problems of serious water shortage in Autumn not yet

thoroughly resolved. Besides, the water conservancy construction in livstock
region remains still

a weak section.

Facing to the main problems that existed in land-use, the only way to meet
the rational using the land resources under a limited water resources, the
following steps should be adopted:
Protect and rationally utillize the water source in mountain region
for conserving afforestation and the wind-resisting and stabling-sand forest
at the oasis borders. Strictly
control the forest falling
quantity in
mountain region and strengthen management in the mountain region,
well
coordinate the contradiction of land-use between the forestry and livestock,
promote vigorously the artificial renew of mountain forest, strengthen the
management of young forest, enlarge the coverage area of forest gradually in
solving the shortage of forest reserve-resources problems.
The agriculture of the plain region should adjust 'heir
planting
structure, optimumize the cultures with a system of ' r o t a t i o n of c r o p s ' ,
decrease a certain area of cereal sowing, especially the area of wheat should
be decreased, then mitigate the contradiction of using water in Spring and
Autumn, assure the irrigation to every kind culture. Stillmore, to plant the
high-yield corn and aridity-resistant, barren-tolerate, stable yield and rawmaterial supporting to the industry, kaoliang ^orghum) and other economic
cultures.
Water is oue of

the

constraint

key factor

of

the

agro-livestoc*

development of the river valley, so the foundamental construction should take
the water as the center.
Well managing the grassland animal-husbandry, scientifically use the
grassland, insist:

the capacity of grassland t h a t can

be

grazed, with

condition, deciding the number of livestock, strictly control the
bearing capacity of

consider

grassland

and grazing

time. Where

there

this

livestockoccurs

the

Launching comprehensive planning of this river valley,
perfectly
the industry, agriculture, forestry, livestock
and eco-environment

condition, but take the water as the center of planning, because the water act
as the controlling factor of a fine circulation
of the eco-environment. The
rational and scientific distribution of sharing water between the upper reach
and lower reach, is a very important problem.
As above stated, the main problem that exist in that river valley is: it
needs a comprehensive planning, and consider its bearing-capacity of natural
resources, design a reliable and practible protection and construction allover
planning, in order to realized the fine circulation of eco-environment of that
river valley.
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Estudio del Proceso de Degradación por Hidromorfismo
en un Suelo Ferralïtico de la Parte Alta de una
Secuencia de Tepetate Silicificado de Xalapa, Ver.
(México)
A. Campos*, P. Quantin**, D. Dubroeucq**, y K. Oleschko. *lnstituto
de Ecologia, Apartado Postal # 63, 91000 Xalapa, Ver. México. **ORSTOM 72
Roifte d'Aulnay, 93143 Bondy Cedex, France. Centro de Edafologia, Colegio de
Postgraduados, 56230 Montecillo, Edo. de Méx. México.
INTRODUCTION. Se presenta el estudio del efecto de hidromorfismo que afecta un suelo ferralitico.
Este suelo se encuentra en la parte alta de una secuencia con tepetate (Rossignol et al. 1992). Los
suelos que se desarrollan aqui provienen de la alteración de varias capas de flujos piroclastico. El
objetivo de este trabajo es analizar la diferenciación de los horizontes en cuanto a su micromorfologia,
composición quimica y mineralógica; ademas de mostrar el inicio del proceso de degradación por
hidromorfismo temporal en un sistema de bandas grises.
MATERIALES Y METODOS. El perfil que estudiamos se encuentra en la parte alta de una meseta
redondeada. El perfil es poligenético,con al menos 3 conjuntos de flujos piroclasticos. El sitio de
estudio se encuentra a una altura de 1400 msnm, en un clima subtropical subhümedo con régimen
udico. Se presentan sucesivamente de arriba a abajo los siguientes horizontes: Al, (B)/A, Bt, 2Btl(g),
2Bt2g, 2Bt3g, 3Btlg, 3Bt2g; la profundidad del perfil es de 5 metres. A partir del 2Btg se desarrolla
una red de bandas grises, que aumentan de tamano con la profundidad. Hemos hecho un muestreo de
suelo separando las partes pardo rojizas de las bandas grises para comparar sus propiedades
Se estudio la micromorfologia del perfil con un microscopio petrografico, se utilizaron laminas
delgadas sin cubre objeto (para la microscopia electrónica de barrido) y con cubre objeto. En MEB con
microsonda se realizaron analisis quimicos in situ de los objetos elegidos por microscopia optica, dando
atención particular a los rasgos pedológicos, a la matriz y a las bandas grises. Se hizo un analisis
selectivo de los elementos mayores, por una extracción con el reactivo triacido y luego por la fusion del
residuo. Por difracción de rayos X, se analizó el suelo menor a 2 mm y la fracción menor a 2 micrones.
Se compare el material global y el de las bandas grises. La fracción menor a 2 micrones fue sometida a
una desecación a 105°C para probar la presencia de haloisita, y la fracción menor a 2mm a un
calentamiento a 550°C para revelar la presencia de mineral arcilloso 2:1.
RESULTADOS. La microestructura del horizonte Al y en parte en (B)/A es migajosa con poros
gruesos de empaquetamiento. Luego en los Bt siguientes es poliédrica y prismatica con poros de fisuras
y camaras.En la parte superior del perfil, la distribución G/F es 30:70; los feldespatos, anfibolas y
vidrios volcanicos son poco alterados. Luego, en la parte inferior (horizontes 2 y 3 Btg) el G/F es
menor a 10:90; feldespatos y anfibolas son muy alterados, pero permanece la titanomagnetita. Los
rasgos pedológicos son principalmente: (1) texturales, de revestimientos microlaminados de arcilla y
hierro, ellos predominan en los horizontes Bt y 3Btlg; (2) de empobrecimiento de hierro y de
manganeso en las bandas grises al borde de las grietas y fisuras; y (3) nódulos de hierro y de
manganeso en la matriz, e impregnaciones al borde de fisuras y bandas grises. La fabrica en la matriz
de los horizontes Bt es isotrópica pero en las bandas grises vuelve anisotrópica y estriada.
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La composición quimica por el analisis selectivo nos muestra los hechos siguientes: (1) el
residuo de los minerales primarios es de 10% en el horizonte (B)/A, con abundancia de feldespatos y de
silice (cuarzo y cristobalita); este valor desciende a 6% en Bt con la misma composición. Luego en los
horizontes 2Btg y 3Btg, la composición es casi de silice, mientras que el porcentaje de este mineral
varia de 3 a 5% en los horizontes 2Bt2g, 2Bt3g y 3Bt2g, y aumenta bruscamente a 16% en 2Btlg y a
15% en 3Btlg; (2) el producto soluble es de minerales de alteración (arcilla y óxidos de hierro), a pesar
de que incluye la titanomagnetita. Sin el hierro de ese mineral se obtuvieron las relaciones moleculares
Si0 2 /Al 2 0 3 (Ki) y Si02/Al203+Fe203 (Kr). Los Ki varian de 1.94 a 2.16 y estan próximos al valor de
una arcilla 1:1. Los valores de Kr también varian poco, de 1.79 a 1.94. El producto de alteración es
casi constante en todo el perfil. En cuanto al material de las bandas grises, hay poco cambio, los ki
corresponden a los de las arcillas de la matriz inicial; hay una disminución del hierro de los óxidos de
neoformación. Se observa un leve aumento del titanio. En las bandas grises el hidromorfismo provocó
sólamente la pérdida de hierro de los óxidos y una pequefia parte de la titanomagnetita, sin alterar las
arcillas.
La composición mineralógica muestra principalmente feldespatos, cristobalita, cuarzo y
titanomagnetita. La arcilla es de tipo haloisita de 1 a 0.7 run, sin evidencia del mineral 2:1. Hay poco
óxidos de hierro. No hay variación de la composición en el perfil ni tampoco en las bandas grises. Se
nota un aumento brusco de cuarzo y cristobalita en los horizontes 2Btl(g) y 3Btlg, asi como una
disminución notable de haloisita en 3Btlg. El analisis con microsonda muestra en la matriz parda un
valor de ki de 2.2 proximo a la composición quimica global del producto de alteración en todo el perfil;
se nota un aumento leve en el horizonte 3Btlg. La matriz gris tiene un ki de 2.2, ese valor aumenta
hasta 3.0 en algunos lugares. Ello significa un aumento local de silice.
CONCLUSIONES. El hidromorfismo tiene efecto principalmete en la pérdida de hierro, en la
concentración de nódulos y en la redistribución de óxidos de hierro en la masa basal. Ademas, en una
reorganización piasmica poroestriada y granoestriada por presión (efecto de contracción y expansion).
Con los datos mineralógicos no se distingue, por efecto del hidromorfismo, una alteración de la arcilla.
Pero con los datos del microanalisis con microsonda si se aprecia una concentración localizada de
silice. Ello podria deberse a una alteración débil de la arcilla o a una acumulación por iluviación de
silice. El aumento de cuarzo y de cristobalita no esta relacionado al hidromorfismo ya que no hay
diferencias con las bandas grises y la matriz parda inicial. Ello podria estar relacionado con la
composición del material parental.
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"Genesis de Capas Endurecidas (Horizonte Hacico) en Suelos
Volcanicos de las Islas Azores"
Madruga, J.S*. y Rodriguez Rodriguez, A**.
*Dept. de
Ciências
Agrarias.-Universidade dos Aqores, 9700 Angra do Heroismo. ACORES. **Dept.
de Edafologia y Geologia. Facultad de Biologia, Universidad de La Laguna.
CAN ARIAS.
Resümen.
Los suelos volcanicos derivados de materiales piroclasticos
de granulometria fina, en determinadas situaciones presentan a
lo largo del perfil, capas u horizontes con un elevado grado de
cementación. Estas capas pueden reducir de manera considerable
la infiltración y el movimiento del agua en el suelo. En las
Islas Azores, ademas de estas capas endurecidas, puede observarse
la presencia de horizontes placicos, gue debido a sus caracteristicas impermeables, contribuyen también a reducir el movimiento
del agua y a dificultar en ultima instancia la penetración de las
raices, llevando asi a una degradación de los suelos, en
particular en cotas superiores a los 400 m, la mayor parte de los
cuales se encuentran ocupados por pastizales de altitud o incluso
por explotaciones forestales. Con este trabajo, pretendemos
contribuir a un mejor conocimiento de la genesis de este tipo de
horizontes.
"GENESIS OF HARDENED LAYERS (PLACIC HORIZON) IN
VOLCANIC SOILS OF THE AZORES"
Abstract.
Volcanic soils derived from fine-grained pyroclastic
materials present, in certain situations, along their profile,
layers or horizons with a high degree of cementing. These layers
may considerably reduce the infiltration and movement of water
in the soil. In the islands of Azores, in addition such hardened
layers, the presence is observed of placic horizons which, due
to their impermeable characteristics, also contribute to reduce
water movement and ultimately to hinder root penetration, this
leading to soil degradation, particularly above altitudes of 400
m, the greater part of which land is given over to high altitude
grazing pastures or even forestry explotation. The objective of
this work is to contribute to a better knowledge of the genesis
of this type of horizons.
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Land Use and Management Requirements in Relation to
FAO Topsoil Types
A. Hebel1*, T. Gaiser2, K. Stahr2, and F.O. Nachtergaele1.
'Food and Agriculture Organization of the United Nations, Rome, Italy.
2
University of Hohenheim, Stuttgart, Germany

Summary. As a response to the demand of agronomists, field technicians and other
scientists, FAO has developed a topsoil classification system, which can be used alone or
together with the traditional soil classification system, in order to provide more specific
information on the fertility status of soils and to facilitate the establishment of management
recommendations for sustainable land use.
The present paper aims at the assessment of management options with respect to topsoil types
identified in FAO's draft "Framework for characterization and classification of topsoils in the
world" (FAO, 1992, and Purnell et al., 1994). A universally applicable methodology is
being developed. In a pilot study land utilization types, such as rainfed agriculture and
grassland/pasture in different agro-climatic zones in the warm tropics, are considered in
relation to topsoil types being most relevant in these zones. The suitability of the selected
topsoil types for a range of land uses is assessed, comparing land characteristics/qualities like
moisture availability, nutrient availability and workability with crop requirements. The
identified suitability constraints allow the formulation of appropriate management options for
suitability enhancement and conservation measures. Results of this pilot study are presented
in a poster that is complementary to that of Purnell et al. (1994).
Literature Cited
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Land Data Interpretation System as a Modern Tool For
Prediction of Land Use/Cover Changes in Russia
V.S. Stolbovoy. Dokuhaev Soil Science Institute, 109017 Moscow, Pyzhevsky
7, Russia.
Introduction. Land use and Land Cover (LUC) are reflected both by natural
and man-made biodiversity and biogeochemistry. They cause a number of soil
and environment degradation processes. Thus, it seems very important to
forecast LUC changes in order to predict and manage environment problems at
local and global levels.
Recent LUC in Russia proves to be changed in the nearest future by following
reasons: (1) a lot of unsuitable lands are involved in agricultural practice, thus
more than 80% of arable lands have different kind of limitation; (2) land cover is
represented indeed by arable lands in some regions. So natural biodiversity and
biogeochemical cycles should be restored; (3) there are an active migration of
population, a convertion of military personal into peasants, political and socioeconomic alterations, etc. As far as Russia occupies more than 1/7 of the world
terrain, the proposed LUC transformations and conversions could have
consequent impact on the very processes that sustain the interacting systems of the
geosphere-biosphere.
Driving by different physical and human forces, LUC changes could be described
and investigated by intergrated models. A new land data interpretation system
(LDIS), elaborated by the V.V. Dokuchaev Soil Science Institute, possibly may
play a significant role in such kind of models. The system is proposed to become
an important part of an official government manual for soil survey to support the
land reforms in the country.
Methods and Discussion. A new model for land use planning in Russia is
proposed. This model is based on LDIS. The main goal of the model is to
provide sustainable development based on harmonization of government duties
and responsibilities and private initiative.
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The principal innovation is grounded on a transformation of goverment soil
service.Earlier the service supplied mosty goverment organizations. Now it
should separate duties of government institutions and landholders. In accordance
with proposed model the government should keep control on environmental
conditions; landholders would keep care on making their own land use options.
Both of these activities may predict LUC changes.
Environment control is realized on the basis of ecological zonning map. It helps
to divide all mapping units (lands) into three zones: lands should be conservated;
lands are needing to be rehabilitated and lands may be used. These zones are
created by a complex procedure. A number of special algorithms and criteria is
given, for example actual and potential erodibility, soil-hydrology functions,
critical loads, etc. The procedure also includes a special memorandum on the
environment protection which should be reached between administration and
local population. Land use options could be created individually on the basis of
seven sets of land suitability maps. A modification of FAO approach as well as
criteria, used in SCS USDA, were developed to compile land suitability maps.
Thus, LDIS helps landholders to work out their own landuse options.
The proposed model will provide theoretical LUC structure of a given region.
This structure will differ from the existing one. It may be seen, that in some
places these contradictions cause environment degradation. So, this analysis helps
to establish priorities in land transformations and convertions. in common sence,
it wil predict and govern LUC changes.
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Modelling the Spatial Variability of Element
Concentrations in Soils of Sudbury, Ontario in a
Geographical Information System
R. Ponce Hernandez, S. Dudka. Trent University, Environmental and
Resource Studies Program, Peterborough, Ontario, Canada, K9J 7B8.

Introduction: Over 100 years of mining and smelting of Cu-Ni ores have caused
strong acidification and metal contamination in soils of Sudbury, central
Ontario, Canada (46° 30'N 81° 00'W). These soils were found to have pH from
2.0 to 4.5, and contained Cu and Ni concentrations often exceeded 1000 mg kg"'
(1, 2 ) . The spatial variability of elements concentrations in soils in the
area can be considered as the result of the realization(s) of random functions
behaving as regionalized variables. The structures of spatial variability of
such elements in soils can then be elucidated and modelled through the
parameters of semivariograms (3). Thematic raster maps of an appropriate
pixel resolution can be generated from spatial interpolation by Block Kriging,
and after imported into a Geographical Information System (GIS), these
thematic overlays can be "drapped" onto a Digital Terrain Model (DTM) of the
same area, to establish the spatial relationships between contaminant levels
and landscape units (4).

Methods: A reconnaissance survey was conducted to determine and model the
spatial variability of Cd, Co, Cr, Cu, Mn, Fe, Ni, S, and Zn concentrations in
Sudbury's soils. Soil samples were taken from specific locations by
collecting material from the topsoil (0-20 cm) at open pits. The sampling
sites correspond to the vertices of a net of triangles whose size changed
according to the expected spatial variability of element concentrations, as
perceived from the location of point-sources and main wind direction. The
sample locations (73 in total) provided with data sub-sets for trials with
various sampling scenarios for the estimating reliable "reconnaissance"
semivariograms of spatial variation of soil element concentrations (3).

Results: Concentrations of these elements in the studied soils were elevated
above the normal levels. Copper and Ni were the major contaminants in the
area. These metals occurred in soils with concentrations (in mg kg ) ranges
of: Cu 11-1890 and Ni 5-2150. The element concentrations showed strong
spatial variability, which is related to the effect of the main point sources
of contaminations (smelters). The pattern of spatial distribution of Cu and
Ni concentrations was strongly coincidental. Other elements had distributions
of various degrees of similarity with Cu and Ni. Spatial distribution of Cd
concentrations did not follow the pattern of other elements and Cd
1

546

concentrations negatively correlated with the levels of other elements and
other soil properties.
The triangular network of varying sizes proved to be useful for yielding
sufficient number of sample-pairs to estimate reliable semi-variances to
elucidate the structures of spatial variation. Short inter-sample spacings
contributed to the estimation of the "Nugget" or random variance. Long
spacings proved useful in the estimation of the range of influence and the
"Sill" variance, allowing for the estimation of the portion of variation due
to spatial dependence. The thematic raster maps generated from Block Kriging
from cross-validated semi-variograms models proved to be an excellent
modelling tool in explaining spatial relationships when "drapped" onto a
Digital Terrain Model of the same area.
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contamination by nickel, copper, and other metals. Environmental
Conservation, 1: 123-132.
2. Taylor, J. G. and Crowder, A. A. 1983. Accumulation of atmospherically
deposited metals in Wetland soils of Sudbury, Ontario. Water, Air, and
Soil Pollut. 19: 29-42.
3. Webster, R. and Oliver, M. A. 1992. Sample adequately to estimate
variograms of soil properties. Journal of Soil Science 43: 177-192.
4. Ponce-Hernadez, R. and Dudka, S. 1993. Modelling of the spatial variability
of trace elements in soils using geostatistics and a Geographical
Information System (GIS). In Allan, R. J. and Nriagu, J. 0. (eds.).
Heavy Metals in the Environment, CEP Consultants, UK, vol.2, p. 195-197.
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Yield Valuation of Forage Corn Under two Sulfuric Acid
and Manure Application Models at a Comarca Lagunera
Ground Plot.
R.A. Aldaco-Nuncio*, L. Garcia-Galindo, J.M. Briz-Izaguirre, J.E. Sanchez-Hernandez. Centro de Investigation y Graduados Agropecuarios, HA No.
10, Torreón, México.
Introduction. The increrase in forage production is one of the greatest challenges to which the
Comarca Lagunera is faced, this is mainly due to the fact that the Comarca Lagunera is one of
the principal milking basins of the country. This may be accomplished by making use of areas
that are actually affected by salts and sodium. At present, this is done by applying sulfuric
acid and bovine manure, these resources being potentially available in quantity as well as
having a relatively low cost.
The objective of the present study is to compare two bovine manure and sulfuric acid
application models on sodic saline soils, the first one consisting of a sulfuric acid application
over the soil being studied incorporating afterwards the bovine manure. The second model
consists of a change in the application sequence of the study materials, applying the manure
over the ground and adding the sulfuric acid over the manure afterwards. It is hypothetically
assumed that, by applying this method, the sulfuric acid accelerates the organic matter
mineralizing process.
Methods and Materials. The experiment was carried out on experimental grounds of the
Instituto Tecnológico Agropecuario N° 10, a farming lot was subdivided in a random block
experimental design, where the big lot was occupied by the two application models of
acid-manure, the medium lot representing the three manure levels (0, 30 and 60 ton/ha), and
the small lot being the fertilization factor (with and without fertilizer) with three repetitions.
The genetic material employed was Pioneer H-3420 corn seed. The fertilization and sowing
density used was that reccomended by the CIFAF-LAGUNA. Previous analysis were carried
out to determine the sulfuric acid application quantity, as well as chemical analysis for the
determination of soil chemical properties before, during and after the experiment. The
farming plot characteristics where: 25 m2 (5x5 m) experimental area, 0.75 m groove distance
and a 0.20 m plant distance. The studied variables were height, green weight, dry weight,
soil recovery and forage toxicity.
Results. The height was valuated at two points: flowering and harvest. Green forage, dry
matter and soil recovery were evaluated. It was also observed that a highly significant
difference was established for the interaction of the highest manure level and the fertilization
factor on model N° 2, on that concerning green forage height and dry matter. There was no
statistical diference concerning soil recovery.
Conclusions. According to the statistical analysis that were carried out one can conclude that
the sulfuric acid-manure application model N° 2 showed better general results than those of
model N° 1.
The best treatment response was that in which model N° 2 was applied with the highest
manure level and followed by inorganic fertilization.
The repetition of this experiment with higher manure levels is suggested.
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TABLE 1. ANAVA significance for the studied variables
F.V.
Fac. A
Fac. B
A x B
Fac. C
A x C
B x C
A x B x C

GREEN
FORAGE
*•
**
NS
**
**
•
*

%
D.M.
**
**
NS
**
*
*•
*

HEIGHTS
62 Cos.
**
**
**
**
**
**
*

**
**
**
**
**
**
**

SOIL
RECOVERY
NS
NS
NS
NS
NS
NS
NS
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Management of Sloping Lands for Sustainable
Agriculture in South China
Chen Xuihui, Zhou Changhua, Zhou Peidon and Adisak Sajjapongse.
Soil and Fertilizer Institute, Guizhou Academy of Agriculture Sciences, Guiyang,
550006, PR. China.
Introduction. In the subtropical region of Southern China red and yellow soils occupy an area of
218 million ha, of which 90% is located in mountainous or hilly areas. In some parts of these regions,
abusive clearing and overfarming have caused serious problems such as severe soil erosion, extensive
and rough farming, and low-level crop production. Soil erosion in these regions covers 615 300 km2,
which constitutes 30% of the total area.
Materiales and Methods. In order to validate the effectiveness of different improved
technologies in reducing soil loss and runoff, the project "Management of Sloping Lands for
Sustainable Agriculture in South China" was carried out from 1991 to 1993. It included two
experimental sites on the sloping lands of 30-46%, which were located in Luodion County, Guizhou
Province, China.
Results and Discussion.
(1) Seasonal characteristics of rainfall, runoff and soil erosion.
According to meteorological statistics, the average annual precipitation for that area is 1176.8mm,
89% of which is contributed by the rainy season from April to October. In the case of the bare-land
treatment, the monthly runoff from April to August 1992 was 15.9%, 16.6%, 13.2%, 51.0% and
3.3% of the total for the two periods. The monthly soil erosion was respectively 25.2%, 70.4%,
2.3%, 2.1% and 0.0% of the total and 38.2, 12.8%, 7.6%, 36.9%, and 4.5% for the two periods.
However, on land with grain crops or covered with plants, the occurrence of runoff and soil erosion
was not only influenced by rainfall, but also by the degree of ground coverage, the plant canopy and
the conditions of the land surface.
(2) Ronoff and soil erosion under the different treatments.
The surface runoff and soil erosion from the bare land between May and September 1991 amounted
to 3777.5 m3 ha-1 and 119.53 t ha_l respectively. The severity of water and soil loss from bare land
is alarming.
Among the different types of land utilization agricultural practices had similar effect on runoff than
farmer's practice in 1991, but soil erosion was 26.4% less than of the farmer's practice. For hillside
diches runoff and soil erosion were reduced significantly as a ditch was constructed every 6m to trap
water and soil.
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Of all the different treatments alley cropping had an increasing obvious effect on soil and water
conservation. Soil erosion, in comparison with the farmer's practice, was reduced by 19.3% in 1991,
though the runoff from the two treatments was about the same. With the growth of the hedgerow
crops in 1992, alley cropping proved to be a more effective practice for controlling soil and water loss.
Compared with the farmer's practice, the runoff from alley cropping was reduced by 40.96% and soil
erosion was reduced by 82.21%.
(3) Nutrient loss and soil moisture under different treatments.
The results of experiment showed that during the five-month period from April-August 1992, the
total amount of N, P2O5, and K2O loss through runoff and soil erosion in the farmer's practice was as
high as 1096.74 kg ha-1, which is more than the amount of nutrients applied to the crops each year.
So soil fertility will continue degrading unless effective measures are taken to prevent water and soil
loss. Alley cropping reduced the total nutrient loss to a fifth of the loss experienced on the farmer's
practice, which means that alley cropping is a very effective practice for preserving the resource of soil
mineral nutrients. The agroforestry treatment resulted in a moderate amount of nutrient loss.
The soil moisture content was effected significantly by the different soil management practices. In
general, alley cropping gave the highest soil moisture content throughout both in 1991 and 1992. The
bare-land plot had the lowest soil moisture in 1991. The agroforestry treatment had lower soil
moisture content than the other treatments in 1992, because the soil water was largely consumed by
the reapidly growing eucalyptus trees.
(4) Effects of the different treatments on crop yield.
The results of harvests in 1991 and 1992 indicated that although the hedgerow crops in alley
cropping occupied 15% of the total area, the yields of corn were as high as those in the farmer's
practice, or slightly higher. This was due to the effect of hedgerow crops on improving soil
conservation and on increasing the available water in the soil.
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EFECTO DE ALGAS MARINAS Y ACIDOS HUMICOS EN
SUELO ARCILLOSO Y ARENOSO ASI COMO SU
INFLUENCIA EN LECHUGA (Lactuca sativa)
D. M. Reyes R.,* J. Silveyra M., R. López C.,V. Sorani y J. P. Munguia L.,
Departamento de Suelos, UniversidadAutónoma Agraria Antonio Narro, 25315,
Buenavista, SaltUlo, Coahuila, México.
Introduction. Existen diferentes investigaciones que mencionan la importancia de la materia organica
como acondicionador en las propiedades fisicas y quimicas en suelo tales como infiltration, retención
de humedad (1), estructura, aireación, porosidad (2). Dado que el incremento de los cultivos
dependen de diversos factores entre ellos las variables fisicas y quimicas (3) se generó el siguiente
trabajo planteandose e) objetivo de evaluar el efecto del alga marina y acidos hümicos en algunas
propiedades fisicas y quimicas en suelo arcilloso y arenoso, asi como su influencia en el cultivo de
lechuga (Lactuca sativa).
Materiales y Métodos. El trabajo tuvo una duración de 270 dias se realizaron 4 muestreos cada 90.
Fue establecido en invemadero con macetas de 20 Kg. El suelo arcilloso, fue tornado de un valle
localizado en San Pedro, Coah. mientras que el arenoso de un pie de monte en Navidad N.L. Se
evaluarpn variables fisicas y quimicas con un disefio completamente al azar en un arreglo factorial con
4 repeticiones y la prueba de rango multiple DMS. Sin embargo en planta se tomaron en cuenta
aspectos fisicos solamente
Resultados y Discusión. En el cuadro 1 aparecen los resultados obtenidos en las variables fisicas al
initio y al final del experimento en los dos suelos. Se encontró en el suelo arcilloso un incremento en
porosidad una mejor agregación, aireación, infiltración del agua y una modification en estructura (4).
Sin embargo en el arenoso se encontraron en las variables quimicas. Los resultados fueron altamente
significativos la mejor dosis fue la 3 en los dos mejoradores.
Cuadro 1 Variables fisicas suelo arcilloso
Muestreos
Mejorador
Organico
Variables
Initial
Final
Da
1.2
1.18
1.09
1.13
E
0.5175
0.5387
0.5528
0.54

Mejorador

Initial
1.2

0.5175
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Quimico
Final
1.23
1.20
1.21
0.50
0.52
0.54

Conclusion. 1. Los mejoradores usados modificaron las propiedades fisicas de los dos suelos mas que
las quimicas. 2. El alga marina presento un efecto en agregación de particulas el cual dio origen a una
estructura en bloques subangulares. 3. El cultivo no presento diferencias entre tratamientos.
Literatura Citada
1. Charterjee. R.R. and Jain, J.k. 1970. Studies on aggregate formation whit reference to cementing
substance. Soil Sci. and Plant Nutrition 16: 231 - 233
2. Shaw, T.B. 1952. Soil physical conditions and plant growth, amer. Soc. of Agron. monographs,
vol. II: 73 - 38
3. Hillel, D. 1971. Soil y Water Physical principles and proces. Acd. Press Inc. NY.: 131 -135
4. Buckman y Brady, 1985. Naturaleza y propiedades de los suelos. Ed. Uteha.
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Recultivated Lands and Biotest Usage in Pedogenous
Process
A.Massyuk. Department of Geobotany, Soil Science and Ecology. State
university, 320625 Dniepropetrovsk, Ukraine.
Introduction. The aim of the investigation is to study the changes, which have taken place in
the recultivated land profile for 16 years after Robinia pseudoacacia L. planting with the usage of
biotests: spring barley (megatrophic plant) and planting pea (mesotrophic plant). At present
disturbed lands (pit heaps, removed subsoil material, etc.) have occupy more than 1450 kml
within the boundaries of the West Donbass region.
Materials and Methods. Two samples of the forest plantation were under investigation. The
following stratifications of the soil profiles were studied:
1.
0-60 cm chernozem layer;
60-120cm alluvial sandy deposits;
120-180cm locss-likc loams from the watershed lands;
180 cm and deeper dirt rock (after the coal mine working).
2.
0-40 cm loess-like loams;
40-100 cm alluvial loamy sands;
100 cm and deeper dirt rock.
The obtained data are compared with the 7.onal chernozem (dry vertisoils on the loess-like
loams) under the 16-ycar plantation of Robinia pseudoacacia L.
As to the methods used this work has been done in the following way: from 2 above
mentioned variants of recultivated lands and zonal soil the layers of soil mass and mining rock
were taken off step by step (20 cm thick layers). So layers of soil mass and mining rock were
taken off successively, including the layer of dirt rock. The taken mass was placed into
vegetative vessels (by 5 kg in each), after that bioindicators were placed. The duration of the
experience was 2 years (1990-1991) and two blocks were included: the first one contained the
spring barley, the second-planting pea. The vessels, which were planted with barley in the first
year of experience, next year were planted with pea and vice versa: after pea planting in the first
year barley was planted next year.
Results and Discussion. On the basis of obtained data the following conclusions should be made:
1. Pea and spring barley are the sensitive indicators of the environment ecological
peculiarities. The maximum of the productivity is determined on the upper 0-20 cm layers of
recultivated lands. The alluvial sands are characterized by minimum plant productivity. The
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different reaction of plants on each of three horizons in the first sample (1) is established.
Productivity increases in the samples from capillary water horizon of 140-180 cm.
2. There are two opposite tendencies in the soil profiles of the recultivated lands: a) the
nutrient elements translocation from layers of 20-40 cm into upper layers of 0-20 cm by the tree
root systems: b) the water soluble ions leaking from the upper horizons into the deeper layers
(down to water resistant dirt rock stratum).
Changes of the total pea and barley productivity (effective fertility) in the soil profiles under
the 16-year plantation are as follows:
soil upper horizons:
0-20 cm
100%;
20-40 cm
55%;
40-60 cm
74%;
alluvial sands:
60-80 cm
32%;
80-100 cm
33%;
100-120 cm
32%;
loess like loams:
120-140 cm
41%;
140-160 cm
77%;
160-180 cm
81%;
dirt rock:
180-200 cm
30%.
3. It is evident, that the colloidal fraction translocations with the water soluble ions within
soil profile and it is confirmed by loess-like loam profile differentiation on the cruble-nutty
structure in the 0-30 cm layers and prismatic-columnar that in 30-60 cm horizon. The
translocation of colloid fraction of the soil horizons into dirt rock, from loams into alluvial sands
has been confirmed by the soil texture analysis.
4. The effective fertility of the loess-like loams under the forest plantations is equal to that
of natural upper soil horizons in spite of colloids transmigration from loams to sands (40-60cm).
The sands effective fertility amounts up to 130%.
5. It became clear that the recultivated soil stratum avoids the clay shales (dirt coal rock)
withering. The H2S04, toxic water soluble salts, Fe-, Al- mobile fractions, trace elements is
leaked out in far less values. Of great impotence is to construct the boundary between the coal
dirt rock and soil matter by the carbonate loess-like loams. The 100 cm layer of carbonate loesslike loams is enough for the toxic dirt rock conservation.
6. According to the moisture control coal shales play the role of water-resistant horizons as
well. The water accumulation in soil layers over the dirt rock during the spring period
approaches the level of full water capacity. During the most rainy months and are minor
depressions, which contain water during 1-2 weeks.
Within the soil profile the percentage of root mass content in the water containing horizons is far
larger than that in the upper unwetted soil layers.
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Acondicionamiento en las Propiedades Fisicas de un
Suelo Arcilloso al Adicionar Algas Marinas y
Acidos Hümicos
J. Silveyra M., D.M. Reyes R., R. López C , y V. Sorani.
Departamento de Suelos, Universidad Autónoma Agraria Antonio Narro,
Buenavista, 25315, Saltillo, Coahuila, México.
Introducción. Los suelos arcillosos constituyen un alto porcenteje de los suelos agricolas, tanto a
nivel nacional como mundial. Estos estan limitados en su condición fisica deficiënte ocacionado por su
alto contenido de arcillas expandibles, que dificultan su preparación y manejo. Existen diferentes
investigaciones que sefialan la importancia de la materia organica como mejorador en las propiedades
fisicas como estructura, aireación, porosidad, formación de agregados estables (1) (2) infiltración (3).
Este trabajo tuvo por objetivo evaluar el efecto del alga marina y acidos hümicos en algunas
propiedades fisicas del suelo asi como su efecto en el desarrollo de la lechuga (Lacluca sativd)..
Materiales y Métodos. El trabajo se desarrollo en invernadero con macetas de 20 kg con una
duración de 270 dias, fueron colocados dos tensiometros a fin de registar la humedad a capacidad de
campo durante el experimento. El suelo fue tornado de un valle localizado en San Pedro Coahila. Se
adicionaron tres dosis de los dos mejoradores y un testigo fueron evaluadas variables fisicas en suelo y
planta. Se uso un disefio completamente al azar en un arreglo factorial con 4 repeticiones y la prueba
de rango multiple DMS.
Resultados y Discusión. Se encontró un incremento en la porosidad y una disminución en densidad
aparente altamente significativos esta ultima fue obtenida por tres metodos, en las figuras 1 y 2
aparecen la tendencias encontradas. En cuanto a textura en porciento de arcilla una disminución de
55.8% a 45% en la dosis 3 y un incremento en limo de 25.4 a 37.34% en la dosis 3 mientras que la
arena permaneció igual, los mejoradores unieron los minerales arcillosos a formar complejos
organominerales esto lo menciona (4).
Figura 1. Suelo arcilloso con mejorador
Densidad aparente.
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Figura 2 Suelo arcilloso con mejorador
espacio poroso

Conclusiones. l.los mejoradores modificaron las propiedades fisicas evaluadas. 2. El agua influyo en
la descomposicion de los mejoradores. 3. El cultivo no presentó diferencias entre los tratamientos.
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Pedologic and nutritional aspects of the new type of forest
decline - a review after 10 years of research
Reinhard F. Hiittl. Lehrstuhl fur Bodenschutz und
Rekultivierung,
TU Cotthus, D-03044 CottbuslDeutschland
und ZALF - Insütutfür Wald- und
Forstökologie, Eberswalde, Dr.-Zinn-Weg, D-J6225
EberswaldelDeutschland
Since the mid- 70ies new type forest decline symtoms are observed in central Europe. Besides
unspecific phenomena specific symptoms indicating nutritional disorders, particulary Mg
deficiency occure. Eventhough Mg deficiency is not new remarkable results related to the
ecophysiology and histology of Mg-nutrition in trees and the behavior of Mg in soils were
detected indicating that Mg deficiency can be regarded as a " vitious circle" in forest ecosystems.
These mechanistic findings are in contrast to the traditional concept of nutrient limitations in forest
stands. As causes, accellerated soil acidification due to acid deposition causing enhanced base
cation leaching but not Al-toxicity, N saturation leading e.g. to dramatically increased forest
growth over large areas of Europe, reductions in Mg containing deposition, ozone induced foliar
leaching and other mechanisms are discussed. As direct countermeasures, emission reductions of
SCb and NO x leading to clearly reduced S input rates in forests and even to S deficiency in
agricultural crops were implemented. To compensate for further acid input large-scale liming is
practised. But this widely and unspccifically utilized tool is increasingly enticed as serve ecological
risks may be associated with this practise. On the other hand site and stand specific "vitality"
fertilization including specific lime application has been demonstrated as an appropriate counter
measure along with necessary changes in silviculture.
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Premises of Soil Valuing for Sustainable Development
R. Hamada. Laboratory of Soil Science, Faculty of agriculture,
Tokyo
University of Agriculture and Technology, Saiwaicho, Fuchu, Tokyo 183 JAPAN.

Buringh(1982) discussed that a loss of prime land has more significant
meaning than the soil related problems such as desertification,
salinization, erosion and pollution which are commonly recognized as
"World Soil Problems". His idea partly has come from the fact that most
of the phenomena arising are taking place in the area where marginal
soils or peripheral areas to marginal soils.
A similar thought was, in advance, already expressed in the European
Soil Char ter(1972) of European Council held in Strasburg. Here, a grave
concern was explained on the loss of prime agricultural land in in the
process of development and expansion of city residential areas or
factory construction areas.
These concerns on the problems of the loss of prime land and other
soil degradation were stemmed from the fact that we have liiited
resources of soil, water and air, in addition, we have started to aim at
sustainable development. The former concept of limited resources was
pointed out by Meadows et al (1972) and stated in the publication of
The Limits to Growth by The Club of Rome. In the preface to Japanese
edition, Ohkita who is a member of The Club of Rome, and also a member
of Brundtlant Commission says that up until present time we had pursued
economic and population growth as if the earth were limitless, but we
were strongly impressed that it is necessary to revise such a thought as
growth oriented attitude. The Limits to Growth already pointed out the
necessity for sustainable development. Recently Meadows et al(1992) made
some addtional work with slight optimism to which the author dose not
agree.
However the concept of sustainable development has become more widely
known after the Brundtlant Report or Our Common Future by the World
Commission on Environment and Development(1987). There is a fundamental
understanding that there is a difference in the meaning of two terms,
they are: growth and development. Here, we have to make sure that growth
is for size and development in quality.
For the simplicity sake, I would say that we are confronting the
world of quality of life. As we realized that there is a limit to the
'growth', we are facing to do something for the 'development' in a
sustainable way. That is a development of quality of life (Redcl ift, 1993).
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These concept of growth and development have to be always in mind as
a p r e m i s e s of considering a soil valuing for a new system of mankind.
The system will somewhat revised one which is different from the present
one of economic and social activities where a monetary flow is more
concern among people. However, new system will be based on the more
concern on stock including expression of a value of natural environment
with non-monetary values(Hamada, 1992), with which transgenerational
s u c c e s s i o n of value of natural environment of soil, water and air can be
properly handled. Friend(1992) states that presently prevailing economic
paradigm is being challenged by our growing knowledge of complex systems,
p a r t i c u l a r l y ecosystems. Daly(1991) has proposed a steady state economic
system to revise present standard economics.

REFERENCES
Buringh. P. 1982. Potential of world soils for agricultural
production. Paper Presented at the Plenary Session of the 12th
International Congress of Soil Science, New Delhi. 31-34.
Daly. B. E. 1991. Steady-State Economics. Island Press, W a s h i n g t o n
D. C.
European Council of the European C o n u n i t y . 1972. European Soil
Charter. Strasbourg.
Friend. A. li. 1992. Economics, Ecology and Sustainable D e v e l o p m e n t :
Are they compatible? Environmental Value 1: 157-170.
Ilaaada. R. 1992. Fundamental strategies for sustainable agriculture,
p. 18-22. In Sustainable Agriculture for the Asian and Pacific
Region, Food and Fertilizer Technology Center Book Series No. 44,
Taipei
Meadows. D. H. . D. L. Meadows. J. Randers. and f. ff. B e h r e n s III.
1972. The Limits to Growth. Universe Books, New York.
Meadows, D. H. . D. L. Meadows.
and J. Randers. 1992. Beyond the
Limits. Chelsea Green Publishing, Vermont.
Redclift. M. 1993. Sustainable development, needs, values, right.
Environmental Values 2: 3-20.
World Commission on Environment and Developaent. 1987. Our Common
Future. Oxford University Press, Oxford.

560

Assessment of Some Soil Properties Under Continuous
- Monocropping System
Dr. M. Gamal Ahmed Younts. Director/Soil Conservation and Land Use.
INTRODUCTION
The various objectives of the land use plan are
intended to
counter both declining productivity and environmental degradation.
The fact the yields of the staple grain, sorghum, in the rainfed
lands, have steadily declined since the 1950's to extremely low
levels, less than 300 Kg/fd. (sal eh, 1989) is merely held as the
proof that degradation has reached alarming levels.
The
extent
of
soil
erosion,
decline
of
soil
fertility
or
deterioration of soil structure that can be correlated with the
decreasing productivity is not yet indefinable in the study area,
due either to lack of data or to the complex inter-relationship
between many potential contributing factors.
Tt is the objective
of this study to investigate and assess the changes in the some
soil properties, under continuous cultivation of monocropping
(sorghum), with inadequate rotations of fallow periods.
MATERIALS AND METHODS
Soil samples from 0-20
and 20-40 cm
layers were taken from
randomly selected sub plots in December 1991 .
The plots were
cultivated continuously for 0 - year, 5 - years, 10 - years, 15 years and 20 - years with sorghum (Sorghum hi col or ! • ) .
The
samples were analyzed in the laboratory for some chemical and
physical properties.
The soils of study area belongs to the
Vertisols order, soil survey (1973).
The particle size distribution, by hydrometer for silt and clay
fractions (Day, 1965), after removal of organic matter (Anderson,
1963), Carbonate with the minimum amount of 0.1 NHCI, (Youniss
1983). The results are expressed as weight percentage on oven dry
basi s.
Aggregate stability, dry sieving, using rotary sieve equipment
(Chepil, 1962).
Bulk density, method, (Blaoke et al, 1965).
Organic Carbon, Modified Walkley Black Method
1965).
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(Black,

et.,al.,

RESULTS AND DISCUSS TON
There is a reduction in clay content, or increase in sand particles
with the
increased
time of cropping.
Soils usually become
degraded when sand particles increase in the top layer either
because of removal of fine particles by wind or water, or by the
addition of sand particles from adjacent areas.
Thus continuous
cropping for longer periods leads to reduction of clay content and
thus soil degradation.
This process is further accentuated by the
removal of vegetative cover which prevents transportation of finer
particles by wind or water.
This is because vegetative cover
holds the fine soil particles in an aggregate form and so hinders
its removal. Lower moisture content was found in the analysis of
soil samples representing the old cultivated areas (10, 15 and 20
years).
Saturation
percentage
(SP)
decrease
with
longer
period
of
cropping.
This decrease in (SP) coincides with the decrease in
the clay content of the soil .
Tt. is believed that both the clay
content and the saturation percentage of a soil are important
measures of soil
degradation.
Generally, reduction
in clay
content or increase of sand particles together with reduction in
(SP) in the old cultivated
areas indicate the occurrence of
degradation.
Therefore,
the
hypothesis
that
states
"land
management of particles of farmers in the mechanized
rainfed
schemes results in soil degradation" is upheld, since continuous
cropping of the same scheme resulted
in degradation of soil
texture.
For evaluating the change in soil structure, size distribution of
aggregates and bulk density were carried out.
A significant,
change occurred in the < 2.0 mm and 2.0 - 1.0 mm aggregates
content, of soil . (Fig 1 ) .
The both size decreased by almost. 50
percent, aft.er 20 years continuous cultivation.
However, Mitchell
(1985) showed the aggregates of Vertisols in Malawi declined from
2.0 mm to 0.6 - 1.0 after 4 or 5 years cropping with no further
reduction thereafter.
Bulk density data indicates that, there a
significant, reduction in bulk density in the 20-40 cm layer aft.er
10 - years of continuous cultivation, with no further reduction
thereafter, which indicating a subsoil pan.
Tests were carried out to determine The chemical composition of
the
soil.
° Organic
matter
(OM) nitrogen
content. (N) and
phosphorous (P) " were found to be slightly higher in the 0 year, 5 - year cultivated areas compared with 10 - years, 15 years and 20 - years cultivated areas. Their is slightly increase
in the SAR in the cultivated for 15 - year and 20 - year compared
with the other areas. This increase is expected to result, in poor
water infiltration. poor soil aeration and increase in osmotic
pressure.
From all of the above it. is clear that there was a general
decrease in the some nutrients essential for crops with increased
duration of cropping, indicating a decline in soil fertility.
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Sugar Cane Tolerance to the Soil Salinity in Cuba.
Odalis Barquié*, R. Cabrera, G. Cervera, L. M. Herrera. National Sugarcane Research Institute, Van Troi 17203, Boyeros, Havana, Cuba.
Introduction. Salinity is one of the main problems that affects large extensions of sugar cane
areas in the Republic of Cuba (3). Different researches were carried out in other countries on
the relation between sugar cane yield and soil salinity, but all them did not cover the specific
conditions of climate, soil and variety (1); therefore, in order to define this relation for genetic
and soil improvements, several physiological experiments developed in the clayey soil of
Guantanamo Valley.
Materials and Methods. The researches worked out in experimental and planting areas of
Paraguay Sugar Factory, at South of Guantanamo Valley in the Oriental Region of Cuba.
These areas had been selected because of the representative soil and salinity conditions of
Guantanamo, determined by Soil Institute (3). The soil classified as Fluvisols salic (Fls), is
deep and clay, with chlorhydric-sulfatic type of salinity, and has a high level of sodium.
Studies were made in 20 plots (200 m2) of extensive C266-70 variety plantation, with different
salt levels (0-60 cm) from 0.09 until 0.75 % of soluble salts, picked out five months after
plantation, the salinity level vs physiological answer of the plants before harvest such as stalks
number (Ns), stalks height (Hs), stalks diameter (Ds), folial leafs area (laf), agricultural yield
(Ya) and sugar percentage (%p). In order to select the best varieties for these conditions,
another experiment with seven varieties of sugar cane harvested in five salt levels and three
replies of 48 m2.
Results and Discussion. The 20 plots of C266-70 variety proved that development of sugar
cane was hardly limited by salinity, affecting all physiologic determinations of plant (table 1),
in negative correlation coefficient (r) significance, principally with stalks number and stalks
height, both with the fundamentals weight in agricultural yield. This negative relation includes
other physiological elements of the leaf, as chlorophyll A and B (CA, CB) and water relative
contents (wrc), making evident that the vigour and green colour of the plant in salinity conditions shown an important reduction.
Table 1 Coefficients of correlation between salinity of soil (0-60 cm)
and physiologic determinations, in harvest moments
Ns Hs Ds laf
Ya %p
CA CB wrc
Salt level -0.85 -0.82 -0.73 -0.78 -0.87 0.64 -0.79 -0.72 -0.74
The reductions of these variables because of salinity contributed to the decreasing of the agricultural and industrial efficiency of the variety. The relation between salt levels and relative
yield can be seen in figure 1, when the yield start to affect significatively 15 % of yield loss
after 0.15 % of salt, 50 % of yield loss 0.35 % of salts, and after 0.65 % salt, 50 % of yield
loss 0.35 % of salts, and after 0.65 % did not grow; according to Maas and Hoffman criterion
of affectation (2), in these levels (0.3-0.6 % of salts) all the efforts have been made to obtain
best technology of soil and genetic improvement. The sugar percentage is the only positive
correlation coefficient, as high salt level provokes a hydric stress and although it is particularly
convenient for the sugar concentration, could produce a sugar crystallization with serious
danger to the sugar mill.

563

In significative differences found among seven varieties in the experiment showing a differentiated answer, some tolerate more salt than others and this tolerance could be possible by
hydric or ionic stress (2). The varieties classified in three groups of tolerance are: C266-70,
C120-78, C568-75 as more tolerants; Ja60-5 and CI 11-79 as middle tolerants in keeping with
Maas and Hoffman (2); C87-51 and B72-74 as limited tolerants. It results interesting to see
that C266-70 is quite affected by hydric stress, meanwhile CI 11-79 is tolerant to this stress,
therefore, the first variety is more tolerant to ionic stress than the second.
Conclusions. The sugar cane varieties were decidedly affected from 0.15 % of salts, decreasing the number of stalks, height and diameter of them and as a consequence the production of
field, and the folial area in the same proportion in which the chlorophylic pigments diminished.
For the Guantanamo Valley conditions, we should continue looking for more resistant varieties
to salinity according to the study results.
Literature Cited.
(1) Cabrera, R. 1992. Bases of the measures for improving and reclamation of the saline soil
in sugar cane zone in Guantanamo Valley. Ph. D. Doctor, INICA, Havana: 102 pp.
(2) Maas, E. V. and Hoffman, G. J. 1977. Crop salt tolerance. J. of Irrigation and Drainage
Div. 103:115-134.
(3) Soils Institute, 1987. Salinity of the soils in the Sugar cane area Paraguay-Honduras. Final
Report, Havana:21 pp.
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figure 1- Relation between soil salinity (0-60 cm) and relative yield.
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