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- 1 CHANGES IN THE MEADOW CINNAMONIC SOIL STRUCTRE
DEPENDING ON THE CULTIVATION SYSTEM WITH
VEGETABLE ROTATION
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Bulgaria
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Poushkatrav Institute of SoiB Science and Held
Sofiar Bulgaria-

Prediction,,

In field experiment condition» ( 1981-1984 ) effect of different
soil depths (from O to 45 cm J and methods oof basic soil anl'ti vation (with and without turning over the soil layer ) in case
of vegetable rotations winter wheat, directly seeded tomatoes
and green beans on the soil structure was investigated.
Star assessing the cultivation effect on the soil structure dry
seeving, water stable aggregateex ( Vershinin and Revut method ),
apparent density ( with EDO cm cylinders ) and plasticity (raeeiliev method) were determined.
Browing green beans and wheat after directly seeded tomatoes
contributes ta> improving water stable aggregates in all cultivation variants.
Systems without basic cultivation as well as cultivations withhout
soil layer turnover have positive effect on the aggregation. The
effect ia obvious mainly in the 0-10 cm layer.
Herbicide application in the system without cultivation under
the specific experiment conditions decreases economie effect.
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EFFECT OF SOIL WATER STATUS ON CROP PRODUCTIVITY WITHIN AN
EROSIONAL LANDSCAPE
B.J. Andraski, B. Lowery, and K. McSweeney
Department of Soil Science, University of Wisconsin-Madison,
Madison, WI 53706, USA

This study was undertaken to assess the effect of erosionmodified soil physical properties on corn (Zea mays L.) growth and
productivity, with emphasis on the effects of water status within the
soil profile under rainfed conditions.
The study site located on the Lancaster Experimental Farm in the
"driftless" region of southwest Wisconsin, USA has been affected by
both geologic and post-cultivational erosion and consists of loess
overlying a dense clayey residuum. Three levels of past erosion
(slight, moderate, and severe) were identified based on Ap and total
loess thickness. In 1985, three replicate plots (15.7 m long x 7.3 m
wide) were established within each erosion phase and corn was planted
in rows 0.91 m apart.
Soil water status was evaluated by monitoring in situ soil profile volumetric water content and moisture tension. Profile volumetric
water content of each plot was measured using a neutron moisture meter.
Steel access tubes (two per plot) were installed in the row to a minimum depth of 0.75 m. Readings were taken every 7 to 14 days at 0.25 m
increments, with an additional reading taken at 0.15 m. In three
plots, gypsum resistance blocks and tensiometers were installed in the
row, within 1 m of a neutron access tube, and used for continuous monitoring of soil volumetric water content and moisture tension, respectively. Gypsum blocks were installed at the same depths as those used
for neutron meter readings. The tensiometers, equipped with pressure
transducers, were installed at depths of 15, 30, 65, and 100 cm. These
depths allowed for placement of at least one tensiometer within each
major soil horizon of a given plot. Gypsum block and tensiometer readings, taken at 15-mln intervals and averaged every hour, were recorded
by a datalogger.
Loess thickness averaged 95, 7 4 , and 45 cm for the slight, moderate, and severe erosion phases, respectively. Plant emergence showed
no difference among erosion phases. Plant heights early in the growing
season increased in the order of increased erosion. This trend, however, was reversed approximately 14 days prior to silking. Mature
plant heights were 214, 202, and 191 cm for the slightly-, moderately-,
and severely-eroded phases, respectively. Volumetric water contents
throughout the soil profile generally increased in the order of increased erosion. Water stress occurred in all plots at silking and a
greater degree of stress was visually observed in the moderately- and
severely-eroded plots. These results indicate that although volumetric
water content was higher for the moderately- and severely-eroded
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phases, water available to the plants decreased over the growing season
and became more limiting near silking within these phases. This was
substantiated by tensiometer readings which showed higher moisture tensions in the more eroded plots.
Grain yields were 10.375, 9.531, and 9.4°2 Mg/ha for the slightly-, severely-, and moderately-eroded plots, respectively. Shelling
percentage and stover yield, respectively, followed a similar trend to
that of mature plant height, decreasing in the order: slight (88.8%
and 5.897 Mg/ha), moderate (88.356 and 5.837 Mg/ha), and severe (87.6%
and 5.787 Mg/ha). Regression analyses showed that little of the variation in grain yield, shelling percentage, or stover production was
explained by loess thickness during the 1985 study year.
Many studies have shown loess thickness to be a major
explaining differences in crop yield. This relationship was
observed within the erosional landscape of this study during
growing season. Soil moisture status, however, was observed
dominant factor in evaluating differences in corn growth and
tivity.

factor in
not
the 1985
to be a
produc-

- 4THE CHARACTERISTIC OP PHYSICAL PARAMETERS OP PODZOLIC
SOIL FERTILITY AND MEANS OP THEIR OPTIMIZATION
Aparin B.F.

The optimization of physical conditions of growth and evolution of plants as one of the ways of soil fertility control
is performed on the base of the physical parameters' study
and their agroproductive interpretation. To study physical
properties of virgin and cultivated soil both experimental
and field methods allowing different conditions and to detect
the means of parameters' interconnection were used. The next
physical parameters of podzolic soil fertility such as: bulk
density, water total potential, water- and heat-conductivity,
heat capacity and yield of water were studied.
The bulk density was defined in 10 cm layers of the soil pits
placed in every 100 ms of geomorfological profiles crossing
the terrotory with complicated soil cover. The bulk density
varies within the wide limits both in depth and in area of the
same layers. It is in the upper levels that it has the largest variability. Variability ratio is 0,3-0,4 when bulk density variation is from 0,05-to 1,54 g/cm3. Variability ratio
decreases from 0,28 to 0,06 in deeper layers when bulk density variation is from 1,05 to 1,78 g/cm3.
The character of relation variability of soil bulk density
correlation ratio 0-10 cms with the following layers (up to
80 cm) shows that the high degree of relation is preserved up
to the depth of 30-35 cms. With the increasing degree of soil
cultivation the close connection between ploughing soil and
subsoil becomes weaker.
Total water potential is defined on the soil undisturbed sample with the use of methods' complex (cappillary method, method of strain gauge, film-diaphragm msthod, hydroscopic method).
As the total potential depends on the physical, physico-chemical and structural soil features, the bending curve of the
potential and humidity is individual for every soil genetic
horizon. At the same time in all types of soils the binding
line of the potential and humidity in the upper horizons is
isolated. With the same water content water potential in them
is much higher than in the lower mineral horizons.
In the soils with different granulometric composition the total potential both in the upper and in the lower horizons is
higher in absolute values in loamy soils than In sandy soils.
The less is the water content of soils, the greater is the
influence of bulk density on the total potential. The bulk
density being increased, the rise of total potential is higher in loamy soils than in sandy ones.
Water relationships in the root zone of soils during the vegetative season is closely connected with the processes of
moisture transportation. It is necessary to define water conductivity potential to study these processes besides the definition of total potential. Water conductivity potential in
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v^terval of total potential water conductivity decreases much
more slowly in loamy soils than in sand soils. Soil consolidation has the greatest influence on both free water and capillary water conductivity.
The thermal regime of soils depends besides weather condition
on the thermophysical properties of soils. The specific heat
capacity of the soil studied varies in a quite narrow interval (0,16-0,20 cal/gm gr). Heat conductivity of soils depends
on water and granulometric composition of soils. The general
regularity for the upper horizons is that the heat conductivity potential grows very slowly up to 30% of water content,
then it increases sharply with the rise of moistening degree.
The granulometric composition of soils defines not only water
conductivity potential value but also its dependance on humidity. In soils with coarse dispersion heat conductivity grows
intensively with the increase of moisture content in the sphere of its low values. The rate of growth becomes slower when
moisture content is either moderate or high. In soils with
fine dispersion heat conductivity has the opposite character
of variability.
Soil changes its state under the influence of inner reasons
and outer factors constantly. In this connection time variability of some physical parameters such as: bulk density, water-conductivity, etc. was studied. The existence of relation
between hydro and thermo-physical parameters and other soil
characteristics allows to reveal the ways of optimization of
the fertility physical parameters.
Accoding to the idea of fertility as a complicated dynamic
system the control of the fertility physical parameters may
be represented as a following scheme:
I S control
optimization
of natural
fertility
S c opt.

operative control
of fertility
S oper.

reproduction
on an expanded
scale of fertility
Screpr.

The necessity to divide the fertility control system into
subsystems results from the different tasks of control, isolation and selection of the decisive variables, the character
of the control action applied.
The subsystems of the physical parameters control are In definite relation with each other. So the fertility level resulted from the realization of the Screpr. stage of the programme, will serve as a foundation for working out the Scoper
programme. In its turn, the new stage of the Screpr. programme will have its own fundamental fertility level, reached on
the previous stage and changed as a result of the Scoper.
programme realization.
The S c opt. programme is worked out and realized on the first
stage of the land development. The further optimization of
the natural fertility of soil is realized by the Screpr. programme.
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THE TOTOEHCÏ TO SUBSIDE OF SUBSOILS UM)ER A LOAD
H.H.BECHER

Lehrstuhl für Bodenkunde, Techn. Univ. München, D-8050 Freising
Deep subsoiling is a means to ameliorate soils with poor aeration
conditions due to a very small percentage or complete absence of large
continuous pores. The success of amelioration, e.g. the duration of
subsidence, however, depends on the structural stability of a soil at the
time of soil tillage (when in a humid-temperate climate, the soil is
usually wet) and also on the pore volume of the soil to be ameliorated
(HARTGE, 1971). To evaluate the subsidence of moist to wet soils under a
load, a model trial (BECHER and LINDEMANN, 1986) was carried out.
12 subsoil horizons with in most cases high silt contents from 1 Typic
Hapludalf, 2 Aquic Hapludalfs, and 1 Aquic Dystrochrept were sampled.
After air-drying, breaking, and sieving the soil samples, 30cm long soil
columns containing 5-25mm aggregates were prepared. The soil columns were
saturated by capillary rise, and subsequently adjusted to 10kPa or 30kPa
soil water suction at the bottom of the columns.
Using a knocking
apparatus and a loading pressure of about 0.15kp/cm , subsidence of the
soil columns was measured at the following stages: a) after saturation;
b) after reaching suction equilibrium; c) after setting the load on the
column surface; d) after each knock between 1st to 20th knock; e) after
each second knock between 20th to 30th knock; f) after each fifth knock
between 30th to 70th knock.
After completion of measurement, the pore
volume of the bottom part of the columns was determined on undisturbed
subsamples.
Initial (a) to c)) and total (a) to f)) subsidences were constantly higher
at 10kPa than at 30kPa and, in general, increased with sampling depth
within a profile (Table 1 ) . Correlation between the number of knocks (x)
and subsidence due to knocking under loading (y) given by y = a-b»lg(x)
is highly significant (rtO.99, n=33) and represents a consolidation-time
curve.
At 10kPa water suction the mean of th? ratio of subsidence due to
a)+b) was significantly lower than that of loading (c)), whereas at 30kPa
no significant differences exist. Although large differences between the
behaviour of subsidence of the horizons occurred, the subsidence was
significantly affected only by silt content (r=0.7), that is subsidence
increased with decreasing silt content. This is in contrast to textbook
doctrine (e.g. SCHEFFER and SCHACHTSCHABEL, 1982).
Because the silt
content decreased with depth within the profiles and the low organic matter
content could not affect the subsidence and therefore did not compensate
the influence of silt on subsidence, the observed increase of instability
must be effected by an overconsolidation of the parent material by
overlying soil layers at present and in the past. This is confirmed by a
significant
multiple correlation between subsidence and 'depth*silt
content' (R=0.83 and 0.88 for lOkPa and 30kPa, resp.). Depth alone had no
significant effect.
Approximate calculations using initial column height, final pore volume at
the bottom, and amount <cm> of subsidence, indicated initial pore volumes
of 60-70J within the columns (Table 1 ) . This very loose packing of the
aggregates immediately after preparation which cannot be assumed in a field
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of the columns after reaching a state of equilibrium.
Table 1: Percentage of total subsidence (A), ratio <$> of subsidence
to total subsidence due to saturation and suction adjustment (B), and due to loading (C); and calculated initial minimum (D) and final pore volume at the bottom of the column (E)
Horizon
10

30

A
B
O
D
Applied soil water suction <kPa>
10
30
10
30
10
30

Aquic Dystrochrept (profile
IIBvl 39.0 32.7
17.1 12.2
IIBgl 44.7 38.3
22.4 30.4
IIBg2 44.3 13.0
30.8 38.0
Aquic Hapludalf (profile 2)
Bt
38.3 37.0
15.7 24.3
Btg 38.7 36.7
8.6 14.5
IIBg
44.3 39.0
28.6 15.4
Typic Hapludalf (profile 3)
Bt1 32.7 31.7
10.2 10.5
Bt2 40.7 32.7
12.3 10.2
Cv
42.0 35.7
15.9 18.7
Aquic Hapludalf (profile 4)
Al
31.3 25.3
4.9
6.6
IIBt
36.7 34.7
18.2 34.6
IIBg
n.d. 45.7
n.d. 25.5

E

10

30

1)
33.3
26.1
18.1

17.4
10.8

64.2 67.2
69.3 67-3
69.9 69.6

41.4 51.3
44.5 46.9
45.9 46.6

29.5
21.6
26.3

19.8
27.3
24.8

65.1
64.1
68.1

68.3
65.7
67.3

43.5 49.8
41.4 45.8
42.7 46.4

20.4
30.3
29.3

15.8
14.3
14.0

60.7
67.6
65.9

65.9
63.3
68.3

41.6 50.8
45.3 45.6
41.1 50.6

24.2
20.0
n.d.

13.1

63.3
64.5
n.d.

62.8
65.7
74.4

44.2 50.2
43.9 47.5
n.d. 52.8

7.9

4.8
16.1

If the pore volumes of undisturbed core samples of all horizons (between
36$ and 54$) are taken into consideration, deep subsoiling of all soils
studied will be successful, except for the Aquic Dystrochrept.
Zusammenfassung
An 30cm langen Bodensäulen aus 5-25mm Aggregaten von 12 Unterbodenhorizonten eines Braunerde-Pseudogleys, zweier Parabraunerde-Pseudogleye und
einer Parabraunerde wurde die Sackungsneigung unter einer Auflast von
0,15kp/cm2 bei 10kPa und 30kPa Wasserspannung gemessen.
Anfangs- und
Gesamtsackung waren bei 10kPa stets größer als bei 30kPa.
Das
Sackungsverhalten entsprach einer Druck-Setzungs-Kurve der allgemeinen
Form: y=a-b*lg(x). Sackungsunterschiede konnten nur mit dem Schiuffgehalt
korreliert werden.
Literature
BECHER,H.H., and LINDEMANN,R.(1986): Die Sackungsneigung einiger, meist
schluffreicher Unterböden unter einer Auflast. Z.f.Kulturtechnik und
Flurber. (submitted).
HARTGE,K.H.(197D: Beurteilung der Erfolgschancen von Untergrundmeliorationen. Z.f.Acker- und Pflanzenbau 134,207-214
SCHEFFER,F., and SCHACHTSCHABEL,P.(1982): Lehrbuch der Bodenkunde, 11th Ed.
Ferd. Enke Verlag, Stuttgart.
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REGIMES
BEDRNA

ISSS
Soil regimes are partial soil forming processes, which
are presentig dynamical changes of soil properties for
shorter periods.
In soils there are acting the_sv.stems_of _§oll_regimea,
which include all of the recoverable changes of soil properties. In the systematics of soil regimes there is divided the_grou£_of_soil_regimes, which is including some of
most significant of following soil regimes of: heat, temperature, water, moisture, air and salt regime. The maps of
the world and Central Europe soil regime groups were conciped In the scales 1 : 150 Millions, and 1 : 4 Millions.
The soil regime groups are of markable significance for
ecological characteristics of plant sites.
SSil-EiSiSS-SlSäSii a r e lower systematical units. Up
till present time we have divided the following classes of:
1/ energetic status, 2/ sorption status, 3/ space coordination of mass, 4/ liquid phase, 5/ gas phase, 6/ organic
compound, 7/ mineral compound, respectively.
§oil_regime_subclasses include two different regime erders: the intrapedical ones, which are processing only in
soil} and the interpedical ones, which are processing
among soil and the other spheres: atmosphere, hydrosphere
and biosphere. The intrapedical regimes Include: temperature regime /temperature changes in soil/, moisture regime /changes of moisture in soil/, porosity regime /changes
in composition and quantity of pores/, nitrogen regime
/changes in contents and forma of soil nitrogen/,etc. The
interpedical regimes Include: heat regime /absorption,
accumulation, transfer and radiation of heat in soil/, water regime /inlet, outlet, desuction, evaporation and infiltration of water/, air regime /gases migration between
a oil and environment/, regime of salts /leaching, accumulation and migration of salts/, etc.

- 9At some soil regime subclasses there has been elaborated
the classificational division concerning the_tvj2e_s__o_f__§2il
regime. Well known are the types of the heat, temperature,
water and moisture soil regimes, respectively. Based on the
individual classifications the maps of heat, water and other regime types of continental soils, and soils of some
individual territories were arranged /examples will be give«/.
The practical significance of soil regimes research is
connected with the characteristics of ecological dynamical
soil properties for growth and development of plants. To
the decisive ecological factors of plant growth and development is belonging soil temperature. Soil temperature is
decisive for geographical range of plants and selection of
agricultural culture species for individual regions. By
comparison of temperature regime types to plant requirements for soil temperature during period of vegetation the
security degree in soil temperature has been determined.
On the example of soil temperature need at maize grown in
the moderete climatic belt, the lack of heat has been demonstrated. This lack could be partially eliminated by the
cover ef foil. Experimental and large scale maize growing
on soil covered by foil in moderate climatic belt unambigously increased yields of this crop. Similary could be
documented the significance of moisture regime, and salts
regime investigation, where the individual measures, as
for instance Irrigation are made in correspondence with
the dynamical soil properties changes, and requirements of
individual agricultural crops as well.
The classifications and soil regime maps, their relation to individual crops requirements and treatments to
sell regime regulation will be documented in a poster.

- 10 The profile water supply rate: An infield evaluation with wheat.
A.T.P. Bennie
Associate Professor, Department of Soil Science, Univ. of the Orange
Free State, Bloemfontein. 9300. Rep. of South A f r i c a .
The water uptake prosess by plants, when considered as a physical catenary
flow system and a dynamic soil-plant-atmosphere continuum, suggest that
the lower l i m i t of p l a n t a v a i l a b l e water i s not a s t a t i c water content
c o n s t a n t , at a -1500 kPa s o i l water p o t e n t i a l , but r a t h e r dynamic i n
character.
From previous research w i t h microlysimeters under controlled glasshouse
conditions the author suggested that the lower l i m i t of plant available
water, or the i n i t i a t i o n of s o i l induced plant water stress, is the water
content d i s t r i b u t i o n in the root zone when a stress index of larger than 1
i s reached. The s t r e s s index (SI) was d e f i n e d as the r a t i o between the
potential evapotranspiration (PET) from the ground cover and the p r o f i l e
water supply rate (PWSR).
SI = PET/PWSR

(1)

In the d e f i n i t i o n of the p r o f i l e water supply r a t e the Van den Honert
approach, to describe t r a n s p i r a t i o n rate, was assumed to be v a l i d and was
used in the following form:
T = Ksp (<l<s - <M)

(2)

where Ksp = the conductance of the combined s o i l - p l a n t pathway (mm.day" .
kPa" 1 )
T - t r a n s p i r a t i o n rate (mm.day"1)
+s = s o i l water potential (-kPa)
H - leaf xylem p o t e n t i a l (-kPa).
I t was also shown t h a t the s o i l - p l a n t conductance (Ksp) f o r a s p e s i f i c
s o i l layer ( i ) is a function of the empirical s o i l - r o o t conductance coeff i c i e n t (Fsp), square root of the rooting density (Lv;) and the logarithm
of the r e l a t i v e water depletion, taken as the r a t i o between the volumetric
water content (9i) of the l a y e r and the water c o n t e n t (eo) at which 4,Sj =
Hc, where the d r i v i n g force A* becomes 0, and the thickness of the
layer (Zi). The s o i l - p l a n t conductance becomes:
Ksp

= Fsp ./UvJ.jen ( e i / e o ) . Zi

(3)

The maximum t r a n s p i r a t i o n supply rate from a specific s o i l layer ( i ) was
termed the layer water supply rate (LWSR) and can be calculated w i t h the
following equation:
LWSRj = Fsp ./Uv7-J?n ( e i / e o J . ^ S j - <|,i c )Zi

(4)

Where LWSRj = layer water supply rate (mm day" 1 )
Fsp -• empirical determined conductance c o e f f i c i e n t f o r a specific
s o i l - p l a n t system (mm.day"'.kPa" 1 )
Lv; = rooting density (mm roots mm"^ s o i l ) of layer i .
ef = volumetric water content (v v" 1 ) of layer i
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4-s,
<MC
Zi

=
=
=
=

volumetric water content corresponding to 4>s; * <Mr
s o i l matric potential of layer i (-kPa)
lowest leaf xylem p o t e n t i a l f o r a non-stressed plant (-kPa)
thickness of the soil layer (mm).

The summation of LWSR f o r the e n t i r e rooting depth, divided i n t o n homogeneous layers, w i l l y i e l d the integrated p r o f i l e water supply rate (PWSR)
f o r a s p e c i f i c day (d):
PWSRd = ^ L W S R j . . . .

(5)

To evaluate the p r o f i l e water supply rate approach two plots were selected
in an i r r i g a t e d wheat f i e l d on a deep apedal sandy s o i l . The one p l o t was
kept in a well watered condition while no f u r t h e r water was applied to the
other p l o t which was allowed t o deplete the s o i l water, t i l l i n i t i a t i o n of
p l a n t water s t r e s s as i n d i c a t e d by a drop i n pre dawn and mid day l e a f
water p o t e n t i a l . Water content was measured with a neutron probe f o r 300
mm depth i n t e r v a l s , every second day. I t was p o s s i b l e t o c a l c u l a t e t h e
mean d a i l y e v a p o t r a n s p i r a t i o n (ET) from these data. Measurements were
started at the beginning of the flowering stage. The rooting density was
determined f o r every 300 mm depth i n t e r v a l , the c r i t i c a l leaf water potent i a l was taken as -1600 kPa, s o i l water potentials were calculated from
the measured water contents and l a b o r a t o r y determined water r e t e n t i o n
curves. A Fsp value of 1,16 x 10~ 4 mm.day- T .kPa"', obtained from t h e
previous glasshouse study with the same s o i l and wheat v a r i e t y , was used
for a l l depths to calculate the PWSR with equation 5 for successive days.
The results f o r the stressed p l o t , presented in f i g u r e 1, proof the v a l i d i t y of the PWSR approach. The i n i t i a t i o n of pre dawn and mid day p l a n t
water stress coincided on day 22 with a decrease in PWSR to a value equal
to the ET from the well watered p l o t , taken as PET, thus a stress index of
1. S i m i l a r results were obtained w i t h other c r o p - s o i l combinations.
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Figure 1: Change in p r o f i l e water supply rate and evapotranspiration rate
in the stressed p l o t and the evapotranspiration rate in the well
watered p l o t for the days after commencing w i t h measurements.

- 12 Bodenversiegelung in urbanen Räumen: planerische
Relevanz und methodischer Ansatz ihrer Erfassung
K. BERGER und N. VINKE
Ordinariat für Bodenkunde der Universität Hamburg
Einleitung
Im Rahmen des Landschaftsprogramms der Hamburger Umweltbehörde
wurde vom Amt für Landschaftsplanung ein Projekt zur Erfassung
der Boden Versiegelung in Hamburg als eines für die Grundwasserneubildung und die Landschaftsplanung relevanten Geofaktors
vergeben. Hierzu sollte zunächst - da unseres Wissens ein Vorhaben dieser Art noch nicht durchgeführt wurde - ein methodischer
Ansatz zur flächenhaften Erfassung erarbeitet und anschließend
eine flächendeckende Bestandsaufnahme in Form einer Karte der
Boden ver Siegelung Hamburgs erstellt werden.
Der Begriff "Bodenversiegelung" und seine planerische Relevanz
Urba ne F lächennutzung bedingt charakteristisch erweise eine
Vers lege lung des Bodens. Hierunter soll zunäch st nur rein qualitativ di i Beeinträchtigung der natürlichen Funk tionen des Bodens
dure h an thropogene Verdichtung oder Bebauung v ielfältigster Art
- in sbes ondere mit Gebäuden und Verkehrsfläche n - verstanden
werd en Durch Versiegelung werden insbesondere die folgenden
Bode nf un ktionen beeinträchtigt:
hi nsic htli ch des Wasserkreislaufs wird eine Infiltration bebi s verhin dert, die Grundwasserneubildungsra te wird drastisch

he rabg eset zt, der Oberflächenabfluß und dami t die Menge zu
be hand elnd en Abwassers wird vergrößert. Eine positive Funktion
er füll t di e Versiegelung bei bestimmten gewe rblichen Nutzungen,
in dem sie die Infiltration grundwassergefähr dender Stoffe behl nder t.
du rch die Abfuhr des Oberflächenabflusses in der Kanalisation
un d du rch Bebauung wird die Evapotranspiration gegenüber naturbe lass enen Flächen verringert und das Stadtklima in Richtung
au f höhere sommerliche Temperaturspitzen und niedrigere Luftfe ucht ïgke it verändert.
Um fang und kleinräumige Verteilung der Bodenversiegelung best imme n ma ßgeblich die Artenzusammensetzung von Stadtbiotopen,
l nsbes onde re über die beiden letztgenannten Punkte beeinflußt
di e Bo denv ersiegelung die Wohn- und Lebensqualität der Stadt.
Die Umsetzung der oben angedeuteten qualitativen Aspekte der
Bodenversiegelung in einen quantitativen Begriff macht vor dem
Hintergrund der genannten Bodenfunktionen erhebliche Schwierigkeiten und wurde deshalb zunächst zurückgestellt. Eine derartige
Umsetzung
wurde von SCHULZE, POHL und GROSSMANN in Form der
"Bodenfunktionszahl" vorwiegend unter planerischen und ordnungspolitischen Gesichtspunkten entwickelt.

- 13 Methodischer Ansatz zur Erfassung der Bodenversiegelung
Wie bei jeder Kartierung müssen z unächst die Fragen nach der
Bezu gsflache, dem Kartierinhalt u nd dem Maßstab geklärt werden.
Als Bezugsfläche wu rden Gru ndstüc ke bzw. Grundstücksgruppen gleichen Nut z ungstyps ( z.B. Bio ckrand bebauung, Gewerbegebiet) gewählt,
zum eine n , weil ein e de rart ige Ka rtierung für das Hamburger
Stad tgeb iet i n der Umwe ltbe hörde bereits existiert, zum anderen,
weil wir von der Hy poth ese ausgin gen, daß ähnliche Flächennutzung
auch ahn liehe Versi egel ung mit si ch bringt.
Auf Basi s die ser Hy poth ese wurde eine zweistufige Kartierung
dure hgef ührt, beste hend aus einer Detailkartierung ausgewählter
Fläc hen vorwi egend im M aßst ab 1:5 .000 und auf dieser aufbauend
eine r da s gesamte H ambu rger Stadt gebiet abdeckenden Kartierung
im M aßst ab 1: 20.000
Als K arten grund lage für die 0 etailkartierun£ di ente di e Oeu tsche
Grund karte (DGK 1:5 000) die eine sehr hohe Flä chendif f erenzierung auf we ist. Auf ihr w urden für j eden der vie r großen Nut zungstypkl assen - 1. Sie dlung s-, 2 . Verkehrs - , 3.. Gewerbe- , Indu strieetc . und 4 Fre lflä chen - ein e grö ßere Anzahhl a usgewäh Iter Grundstück e/sgr uppen hin sieht lieh der q ualit ativeen A usprägu ng de r
Boden versi egelu ng i m Gel ände kartï ert u nd a nsch ließend plan l metri seh u nd st at istisch ausg ewert et. I m al lgem einan wu rden je
nach Nutzu ngsty p zw ische n 4 u nd 9 quali tati ve A usprägu ngen der
Boden versi egelu ng u nters chied en , v ersuc hswe ise j edoch in hö heren
Detai liier ungsg rade n bis zu m ehr a ls 30 . Für de n Überg ang i n die
zweit e Kar tieru ngss tuf e wurde n die quäl itat iven Ausprä gunge n in
zwei Klass en (v ersi egelt - un versi egelt ) zusamm engefaß t und ein
(einf acher ) "Versie gelun gsgra (T al s Quotien t de r versi egelt en
Fläch enant eile zur Gesam tfläc he de f iniert. Hier zu werd en al le
Grünf lache n als unv ersie gelt und a lie a nder en F lachen als v ersiege lt ei ngest uft .
In de r zwe iten Kart ierst uf e , der f l ä c h e n d e c k e n d e n K a r t i e rung im
Maßst ab 1: 20.00 0, w urde von der q ualita t ïve n AU spra gung der Versiege lung abstr ahie rt un d au sschl i e ß l i c h de r qu anti tative Aspekt
in Fo rm de s ein fach en Ve r s i e gelun gsgrad es e rfaïïtTT)ie Ka rtierung
erf ol gte z um ei nen durch Übe rnahm e der Erge bnis se d er De tailkartieru ng , d ie je doch nur Bruc hteil e des Stad tgeb iets abde cken ,
zum a ndere n - a uf ba uend auf den E r f a h r u ngen der Det ailka rtierung durch Absc hätzu ng d es Ve rsie gelun gsgrad es a us I nf ra rot-L uftbild e m und K arten . Der Ver sieg elung sgrad wurd e hi erf ür in 10 %
Inter valle unte rtei lt. E ine stich p r o b e n arti ge K ontr olle e i n z e l n e r
Absch ätzun gen d urch Deta ilka r t i e r ung er g a b , daß die rela tiv f e i n e
10 % - Stu fung des Versi egel ungsg r a d e s mit eine r hi nreic hend
klein en Ra te vo n Fe hlein schä tzung en , di e in sbes onde re an I n t e r vallg renze n lie gen verb unde n ist

Summary
" B o d e n v e r s i e g e l u n g " ("ground s e a l i n g " ) as a n t h r o p o g e n e t i c
c o m p a c t i o n or sealing by b u i l d i n g s and its r e l e v a n c e for p l a n n i n g
in urban e n v i r o n m e n t s is d i s c u s s e d and a method for c a r t o g r a p h i cal s u r v e y is s h o w n w h i c h w a s w o r k e d out in the p r o j e c t " B o d e n v e r s i e g e l u n g in H a m b u r g " of the e n v i r o n m e n t a l p r o t e c t i o n agency
(BBNU) in H a m b u r g .

- 14 Einfluß unterschiedlicher Entzugsbedingungen auf die
Entstehung von Gradienten in Bodenaggregaten und Auswirkungen auf die Ausnutzung von verfügbarem Wasser
H. Bohne
Institut für Bodenkunde, Universität Hannover
Ein wesentlicher Faktor für eine effektive Ausnutzung des im
Boden gespeicherten Wassers ist die Bewegung des Wassers zur
Wurzel. Diese Bewegung ist abhängig von der Wasserleitfähigkeit des Bodens und dem Gradienten in Richtung Wurzel. Die
Höhe des Gradienten ist das Ergebnis der Potentialabsenkung
an der Wurzel als Folge der H-O-Entnahme und der Länge der
Fließstrecke zur Wurzel. Die HpO-Entnahme steht in Zusammenhang mit der Transpiration der Pflanze, d.h. dem Wasserdampfsättigungsdefizit der Atmosphäre. Die Länge der Fließstrecke
zur Wurzel ist abhängig von der Größe der Aggregate und der
Durchwurzelungsintensität.
Vor diesem Hintergrund wurden folgende Faktoren untersucht:
a) Länge der Fließstrecke (=Aggregatgröße), b) Waseerleitfählgkeit (^Bodenart), c) Evapotranspiration (^Wasserdampfsättigungsdefizit der Luft), d) zeitlicher Verlauf des H~0Entzuges. Diese Faktoren wurden in Beziehung gesetzt zu aem
Wachstumsverlauf von Roggenkeimlingen.
Bei den Untersuchungen handelt es sich um Gefäßversuche, die
in Neubauer-Schalen durchgeführt wurden. Für die Versuche
wurden kugelförmige Aggregate zwei unterschiedlicher Größen
verwendet, die aus dem homogenisierten Material eines Pseudogley-Pelosols (52% T, 36% U. 12% S) bzw. einer Parabraunerde
aus Löß (12% T, 81% U, 7% S) hergestellt wurden. Anzahl und
Größe der Aggregate wurden so kombiniert, daß alle Versuchsglieder dieselbe Menge Wasser enthielten.
In Tab. 1 sind einige Ergebnisse der Versuche mit Aggregaten
aus dem Material des Pseudogley-Pelosols zusammengefaßt.
Die Aufteilung einer begrenzt vorhandenen Wassermenge auf
Aggregate unterschiedlicher Größe hat sich auf die Ausnutzung
dieses Wassers ausgewirkt. Die Ausnutzung des Wassers steht
in Zusammenhang mit den Gradienten, die sich zu Beginn des
Wasserentzuges in den Aggregaten ausbilden und dem Ausmaß
ihrer Veränderung im Verlauf des weiteren Entzuges.
Die Höhe der Gradienten und ihre Veränderung werden beeinflußt von der Aggregatgröße und der relativen Luftfeuchte.
Bei beiden Aggregatgrößen findet im Verlauf des Wasserentzuges eine Abnahme des Gradienten statt. Die Gradienten zum
Zeitpunkt des Welkens der Pflanzen sind bei den kleinen
Aggregaten größer als bei den großen und bei geringer relativer Luftfeuchte gegenüber hoher relativer Luftfeuchte geringfügig erhöht (Zeile 1 der Tabelle). Bei Aufrechterhaltung eines größeren Gradienten bis zum Zeitpunkt des Welkens
hat die Entleerung der Aggregate in einer kürzeren Zeitspanne und mit einer größeren Menge stattgefunden (Zeilen
2 und 3 der Tabelle)

- 15 Summary
Influence of different conditions of H20-depletion on the
formation of potential difference in soil aggregates and
effects on the utilization of available water
Pot experiments with rye-sprouts growing on artificial
spherical aggregates of two different sizes were conducted
at low (40%) and high (70%) relative humidity. The aggregates
were produced from a homogeneous material of a Pseudogley-Pelosol (52% clay).
The con tribution of a limited amount of water among aggregates of two different sizes influences the utilization of
this water (Tab. 1 ) . There is a connection between the utilization of water and the potential differences developing
within the aggregates in the course of depletion with water.
Aggregate size and relative humidity influence the formation
of potential differences.
Potential differences at the time of fading of rye-sprouts
are higher in small aggregates and are slightly increased at
low relative humidity. When there are big potential differences at the beginning of fading, depletion of the aggregates
had taken place in a shorter period of growth and to a
greater extend.
Tab. 1: Influence of aggregate size and relative humidity
(r.h.) on the formation of potential differences in aggregates , on growth of rye-sprouts, and on the quantity of
Soil texture: clay
water depletion,
jBT=4,5 cm
jBT=2,0 cm
aggregate size
changing with
XXXXX
a) distance from
aggregate edge
potential dif- 70%r.h.
ference between
1)centre and edge
XXX
b)
changing with
of the aggregate
a) distance from
XXXXX
aggregate edge
40%r.h.

b) X /

XXX/

p e r i o d of
2)growth up to
fading

70%r.h.

40%r.n. Q Q

D

d e p l e t i o n of
3)H;,0 up to
fiding

70%r.h. o

ooo

40%r.h. o O

oooo

DDDD

DDD

The number of symbols (X,o,o) represents the level of the
measured value
a) beginning of growth,

b) beginning of fading

- 16 MEASUREMENT OF THE VELOCITY-DEPENDENCE OF THE HYDRODYNAMIC
DISPERSION COEFFICIENT FROM UNSTEADY ABSORPTION EXPERIMENTS
W.J. Bond
CSIRO Division of Soils, Canberra, Australia

It is well-known that the hydrodynamic dispersion coefficient (D) is
dependent on pore water velocity (u). Although this dependence was omitted
from the early mathematixal descriptions of hydrodynamic dispersion during
unsteady, unsaturated soil water flow, it was later incorporated by, e.g.,
De Smedt and Wierenga (1878) and Bond and Smiles (1983). Bond (1986)
demonstrated the effect of the velocity-dependence of D on solute
distributions during constant head and constant flux absorption experiments.
He also showed that the equations of Bond and Smiles (1983), together with
an independently measured D(u) relationship, could be used to successfully
predict these solute distributions.
The purpose of this paper is to investigate the use of the equations of
Bond and Smiles (1983) to obtain the D(u) relationship from constant head
and constant flux absorption experiments. If this is practicable, it
offers some advantages over the conventional method of steady, breakthrough
measurements. In particular, the experiments are easier to perform,
especially for the determination of D(u) at different water contents.
It is assumed that the relationship between D and u may be described by
D/D„

=

r

+

aPeb

=

r

+

a (u«./D„)b

where Do is the diffusion coefficient of the solute in free solution, T is
the tortuosity, Pe is the Peclet number, % is a characteristic dimension of
the pore space, and a and b are empirical constants. The measurement of
D(u) consists of determining the values of the parameters T, a and b.
The
dispersion term in the equations describing solute distributions for any
particular type of unsteady, unsaturated soil water flow can also be
expressed as a function of T, a and b (Bond and Smiles, 1983). Thus, by
using a non-linear least-squares optimization, the parameters F, a and b
may be estimated by fitting the appropriate equations of Bond and Smiles
(1983) directly to the solute distribution data. It is necessary to have
data for a number of experiments covering a range of values of pore water
velocity.
These procedures were applied to the data of Bond (1986) and the results
compared with those from steady, breakthrough experiments. All experiments
were carried out with tritiated water in Bungendore fine sand. They
consisted of 7 breakthrough experiments each at a different velocity, 8
constant head absorption experiments at 4 termination times, and 4 constant
flux experiments at 4 applied fluxes. Further details are given by
Bond (1986).
The values of T, a and b obtained by fitting to the data are presented in
the accompanying table. The values for the constant head and constant flux
absorption experiments were quite different from those for the breakthrough
data and from each other. However, because the Peclet numbers during the
absorption experiments were always greater than approximately 1, the data
were not sensitive to T and do not permit a good estimate of T to be made.
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When r was fixed at 0.442 (the value found from fitting the breakthrough
data which included experiments at Peclet numbers as low as 0.2) the fitted
values of a and b were much closer to those from the breakthrough data and
to each other. Consequently, if absorption experiments had been carried
out with lower Peclet numbers it is likely that D(u) relationships not
significantly different from that obtained for the breakthrough experiments
would have been found without the need to fix T.
It is concluded that the determination of the D(u) relationship from
unsteady absorption experiments is feasible. However, further work is
required to test the method more exhaustively.
References
Bond, W.J. 1986. Velocity-dependent hydrodynamic dispersion during
unsteady, unsaturated soil water flow: experiments. Water Resour.
Res., in review.
Bond, W.J., and D.E. Smiles 1983. Influence of velocity on hydrodynamic
dispersion during unsteady soil water flow. Soil Sei. Soc. Am. J.,
47: 438-441.
De Smedt, F., and P.J. Wierenga 1978. Approximate analytical solution for
solute flow during infiltration and redistribution. Soil Sei. Soc.
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Table 1

Fitted D(u) relationship parameters (± 95% confidence limits)

Free Fit

T

a

f

b

fixed at 0.442

a

b

Breakthrough

0.44±0.06

1.60±0.13

1.16±0.04

Constant head
absorption

2.77±2.63

0.33±0.82

1.5710.60

1.30+0.50

1.2210.15

Constant flux
absorption

i.2410.29

0.87+0.38

1.6810.61

1.55+0.17

0.95±0.14

-18 ON THE USE OF THERMODYNAMICA! METHODS TO INVESTIGATE THE
SOIL MOISTURE BEHAVIOUR
Bondareva V.Ya., Muromtsev N.A.,Romanova G.I.
V.V.Dokuchaev Soil Institute, Moscow, USSR
Professor Rode A.A. is one of the founders of the soil
water theory in the USSR. His methodological view on this subject, the results of his own investigations along with achievements of the other national and world scientists are collected in his two-volumed monography "The Fundamental of the Soil
Water Theory" (1965, 1969).
Series of investigations were carried out under Rode's
head at V.V.Dokuchaev Soil Institute on the use of thermodynamical and tracer technique to study the soil water movement
both in field and laboratory conditions.
Laboratory experiments in the high columns (I.2-3.O m)
filled with quartz sand, sandy loam and humus horizon of the
thick typical chernozem revealed the minimum retentive capacity (M.R.C.) to be the limit at which the hydraulic continuity
of the water body disappears. Values of M.R.C. were 2.5; I5«5
and 32.5% and those of the moisture potential characterizing
M.R.C. - 45, 200 and 230 cm of the water column. In all cases
the moisture potential value was equal to the thickness of ca*»
pillary fringe.
Comprehensive studies were carried out to investigate
the nature of the basic hydrophysical characteristic - the
soil moisture potential as related to the soil moisture corntent (W) in soils of different genesis along with consideration of the natural factors influence upon it ("uromtsev,I978,
Ï979.I982). Moisture content at which the logaritnmical dependence of P (W) function is disordered in the non-saline loamy
soils was mfound to be characterized by 30-40 kPa range of the
potential value, it corresponds to the moisture of the capillary bonds rupture (M.C.B.R.) resulted from the cease of capillary bonds in transit capillary ways and is associated with
the shape of pore space formed as "rosary" capillaries P ( W )
function deviation from logarithmical dependence within the
range of 3OO-5OO kPa in sandy soils and 500-700 kPa in loamy
soils evidences that capillary forces are replaced by sorption
forces. In saline soils of the Northern Precaspian lowland
(3% of the water-soluble salts, chloride-sulphate salinizationj
at the combined effect of salt and clay fractions on the potential the former act mainly within the range of total moisture capacity (T.M.C.) - wilting point (W.P.). Clay fractions
affect potential greatly at the moisture content less than
M.R.C. and predominantly at W ^ W . P .
No equivalence of P (W) function in the regime of the
soil water desorption unaer the alteration of "welting-desiccation" cycles was found. This phenomenon is attributed to alteration of the pore space shape under these conditions as
well as to different volumes of the entrapped air and to the
This report is devoted to the memory of Prof.Dr.Rode(I896-I979

- 19 angle of wetting dependent particularly on the residual soil
moisture content (after evaporation and before the forthcoming desiccation cycles). Investigation of the soil temperature (T ) effect upon the capillary sorption (matrix) potential
revealed its different effect the downward and .upward temperature movement. TgC?.,) function is approxdmated by parabolic
curves and is characterized by hysteresis caused by the upward temperature movement from 36 to 0 C. The latter is observed within the whole range of temperatures investigated. At
moisture content close to M.R.C. the soil temperature affects
P insignificantly,as the moisture content drops to 0.7-0.6
MrR.C. it gradually increases.
In organic soils the temperature effect is rather higher
than in mineral ones. Increase of P following that of T can
be attributed to the better regularity in the soil water molecules distribution confirmed by the increase of entropy (simultaneously with the potential values) noted already by Taylor
and Stewart (i960). Effect of natural factors (temperature,
evaporation,intensity,atmospheric pressure.lithological heterogeneity of the soil profile,etc) on P (W) function results
in its "non-stability" in time and space. It means reasonable
in this way to use the whole range of values to characterize
the numerical expression of the soil-hydrological "constants''
water capacity and parameters of the soil availability for
plants instead of the single value.
Investigations carried out by Bondareva (1978,1983,I9&4-)
revealed possibility to use D 2 0 as a label to study the soil
water behaviour. Heavy water With 3.5-5.2% of deuterium content was found to be used to investigate the downward and upward water movement in soils and sediments of the coarse composition under laboratory conditions. Position of the label
distinctly indicates the direction and rate of the soil water
flow. The diffusive water mobility was found to be 227'I0-'cm
sec-I in the 0-20 cm layer of the undisturbed chernozem sample at the moisture content close to M.R.C. The use of D^O in
the soil columns to determine the soil water form (liquid and
vaporous) and movement as well as the intensity of the soil
water flow during evaporation was found to be unreasonable due
to the label volatilization in atmosphere.
The use of D-0 with 5-7.2% of deuterium in the field investigation of the soil water movement in thick chernozem revealed that at the depth of 15-20 and 35-40 cm and the soil
moisture content close to M.R.C. the soil water flows in two
directions - downward and upward the soil profile. Intensity
of the upward water flow is greater due to the temperature
gradient and transpiration.
Zusammenfassung.
Als Ergebnis der Feld-und Laboruntersuchungen ist das
Verhalten des Wassers unterschiedlicher Kornzusammensetzung
gezeigt. Thermodynamische Methode (Wasserpotential) sowie die
Methode von markierten Deuteriumatomen wurden dazu verwendet.

- 20 AN INFILTRATION METHOD FOR MEASURING RETENTION IN THE SATURATED ZONE.
Leo J.M. Boumans
National institute of public health and environmental hygiene
Antonie van Leeuwenhoeklaan 9, P.O. Box 1, 3720 BA, Bilthoven
The Netherlands
REASON
Agricultural or other chemicals can leach into the saturated zone. To
predict the groundwater quality, the retention of these chemicals In the
saturated zone must be known.
Retention can be studied in the laboratory or by monitoring in the field.
It is however doubtfull if results of laboratory studies are also valid in
the field situation. In adition field studies are often difficult to interpret because of spatial variability and uncertainty about starting conditions.
These disadvantages can be overcome by artificial infiltration in the
field. In this article a special kind of Infiltration is described.
METHODICAL PERFORMANCE
Two bore-holes into the saturated zone are equiped with screens. An underwaterpump
placed in one, circulates the natural groundwater from one
bore-hole through a tube to the surface and into the other bore-hole.
In
the saturated zone the water travels by paths, differing in length. (Fig.
1)
The chemicals, to be studied, are added to the tube at the surface. In the
following a continueous addition is supposed. The chemicals have been
The
mixed with a conservative tracer (for exampel chloride, bromide).
groundwater is sampled from the tube before the chemicals are added. The
retention of the chemicals can be calculated from the addition and the concentration in the sampels, relative to the concentration of the tracer in
the samples. Of course corrections have to be made for the background concentrations.
The distribution of the traveltimes between the two screens can be calculated with the aid of a fysical model for the waterflow, formula 1. The
traveltimes can also be calculated with an input-output relation of the
tracer, formula 2. By comparing the two results the validity of formula 1
in a particular situation can be checked.
By means of mathematical formula 1 the volume of the paths, needed for
the circulation of the tracer, is calculated and the retention is expressed
in amounts per cubic meter.
The retention-capicity is calculated if all the paths are completely solute
saturated. However, this can be very time consuming. But if the subsurface
is homogeneous and the chemicals show relative more retention by low concentrations (favourable retention) then an estimation of retention-capacity
can be made.
First a maximum and minimum value of the waterflux fraction, flowing
through the solute saturated paths, is made. Then with formula 1 and the
mean of these two fractions, the volume of the solute saturated paths is
calculated.
The known quantity of solute which has been put into this
fraction (- fraction waterflux times total chemical input) minus the amount
present in this volume (— volume times porosity times mean concentration in
the infiltrated water) divided by the volume, gives the retention-capacity.
In the following the estimations of the maximum and minimum of the waterflux fraction, flowing through solute saturated paths, are described.

- 21 THE MINIMUM VALUE OF THE WATERFLUX FRACTION
Because of the favourable retention, the solute flows only into the borehole with the pump, through solute saturated paths. The concentration of
the infiltrated chemicals, equals the addition in the tube plus the concentration in the tube before addition. The mean concentration, reaching the
bore-hole with the pump, through solute saturated paths, is less than the
infiltrated mean concentration in time. If all the paths are solute saturated the concentration in the samples will be less then the infiltrated
mean concentration in time. The fraction of the waterflux, flowing through
the solute saturated paths, is therefore more then the concentration in the
sample divided by the infiltrated mean concentration.
THE MAXIMUM VALUE OF THE WATERFLUX FRACTION
The fraction of the waterflux, flowing with the tracer in the bore-hole
with the pump, is known at each tracer concentration in the sample because
the traveltimes have been calculated. In case of the reactive solute it
takes more time to saturate another path and therefore the solute concentration in the saturated paths is relatively high at the same tracer concentration, relative to the injection, in an earlier sample. At the same
concentration, relative to the addition in a sample, of reactive solute and
tracer, the waterflux fraction with solute is less.
RESULTS
Between two bore-holes, with a distance of one meter and a screen at 5 meter below the surface, the groundwater was circulated. The water table was
found 1.5 meter below the surface. The natural groundwaterflux was 0.024
cubic meter per square meter per day, paralel to the two bore-holes. The
waterflux beteween the bore-holes was 25 liter per hour. The flux of the
added liquid into the tube was 0,25 liter per hour. The concentrations
(g/1) in the added liquid were 5,10,3,10 and 12.4 of K, Na, Ca, P, and CI.
The calculated retention-capacities were 34, 0, 19 and 60 g/cubic meter of
K, Na, Ca and P.
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- 22 The effect of duration of impact on surface soil properties
M.V. Braunack
CSIRO, Division of Water and Land Resources, G.P.O. Box 1666,
Canberra, A . C T . , Australia 2601
A major impact of tracked and wheeled vehicles on soils is to reduce
macro-porosity through compaction effects, thus affecting infiltration of
rainfall and conditions for plant growth. The impact can be partitioned
into a normal load component and a vibrational or dynamic component.
Tracked vehicles are designed to impart a low ground pressure thereby
reducing compaction and improving mobility under adverse conditions. The
effect of such vehicles on agricultural and forest land has been reported
by Soane e_t al. (1981) and Jakobsen and Moore (1981), respectively.
However, little is known of the effect of the dynamic or vibrational
component of track impact on surface soil properties. The study described
in this paper examines the simulated passage of a track over undisturbed
soil on the properties of soil bulk density, hydraulic conductivity and
strength.
Undisturbed cores (7.5 x 5.0 cm) were collected from the 0-5 and 5-10 cm
depths on two different soil types, a Haplustalf (Dd 1.13, Northcote 1971)
and an Entisol (Uc 2.12, Northcote, 1971). Bulk density was determined
from the collected cores. Saturated hydraulic conductivity (K ) of the
cores was measured using a constant head permeameter with the samples wet
from the base. The cores were equilibrated to 10 kPa suction and the soil
strength measured using a constant depth (0.7 cm) cone penetrometer
(conical tip with a top angle of 60°). Cores were then impacted with a
spring loaded weight released by a rotating cam, the speed being
adjustable, for time intervals of 1, 5 or 8 minutes. The apparatus was
bolted onto a direct shear frame so the weight dropped onto the load
hanger. The impact consisted of +150 g (+40 kPa) load cycled at a rate of
200 impacts per minute, super-imposed over a normal load of 60 kPa. No
shear was applied to the sample during impact. After treatment the cores
were sub-sampled by extracting small cores (4.8 x 5.0 cm) with the soil
strength and K being re-measured.
The results indicate that impact significantly increased soil bulk density
(by 1 0 % ) , significantly decreased saturated hydraulic conductivity (by
50-90%) and reduced soil strength (by 30-40%). The reduction in soil
strength may be due to thixotropic behaviour of the soil. The duration of
the impact does not appear to have a significant effect on the soil
properties measured. The implication of this result is that change in soil
properties occurs very rapidly as shown by Linger (1963). There were
significant differences between soil types, which reflect the differences
in particle size distribution and the degree of particle re-arrangement
within the soil during impact. These results have implications for the
passage of vehicles on highways, airfields, in construction of earthworks,
in recreational areas and in agriculture and forestry.
Jakobsen, B.F. and Moore, G.A. (1981). Effects of two types of skidders
and of a slash cover on soil compaction by logging of Mountain Ash.
Aust. For. Res. 11, 247-55.

- 23 Linger, D.A. (1963). Effect of vibration on soil properties.
Transportation 22, 10-22.
Northcote, K.H. (1971). A Factual Key for the Recognition of Australian
Soils. 3rd ed. (Rellim Tech. Publ. : Glenside, S. Aust.). 123 pp.
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SOMMAIRE:
Pour imiter 1'effet du passage d'un lourd tracteur ä chenille sur le sol
vierge, on y a appliqué une série de chocs pendant différentes périodes.
La densité de la masse en fut considerablement augmentee, tandis que la
conductivité hydraulique saturée et la resistance du sol en furent
notamment réduites. La durée du choc ne semble pas avoir eu d1effet
notable sur les qualités du sol. Les raisons de ces résultats sont
discutées.
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NUMERICAL MODELING OF HEAT AND MASS FLOWS IN SOILS
Laurent BRUCKLER
Institut National de la Recherche Agronomique (I.N.R.A.), Station de
Science du Sol, 8*1*0 MONTFAVET (France)
I.

Introduction

The surface layers of the soil are directly subjected to climatic conditions
(heating, evaporation) and soil tillage. The variations of soil moisture of the top
layers are important in regards to :
i

compaction of the soil : dry soils have distinctly different properties than
wet soils
ii seed germination and root growth : both of these phenomena are highly
sensitive to soil temperature and soil moisture conditions.
Consequently, it is necessary to understand heat and mass transfers in soils
and to have physical and mathematical models of prediction.
II.

Physical basis of heat and mass transfers in soils

The theory of heat and mass transfers in soils presume the following underlying
hypothesis :
i generally the soil surface is considered as a horizontal plane.
ii heat and mass transfers are modeled presuming that the direction of water
and heat movement is vertical. The functions K(9 ) and <\i ( 6 ) are also
presumed to be without hysteresis,
iii at any given time the water potential in both the vapor and the liquid phases
are equal at a given depth.
According to these hypothesis, the combination of mass and energy balances
with transfer equations leads to obtain a system of heat and mass transfer
equations in both the liquid and the vapor phases.
Transfer equations are obtained using Darcy's law for the liquid phase, Fick's
law for the vapor phase and Fournier's law for heat conduction.
The energy balance at the soil surface presents a physical and mathematical
condition at the top of the system. Therefore, it is necessary to calculate
or to know turbulent sensible heat flux, latent heat flux and heat conduction
into the soil.
III.

Forming and verifying models of heat and mass transfer

A numerical model based on the finite elements methods was developped.
Generally, the most important soil physical properties are well presented
by these models. For exemple, self mulching is well known from field data
and is also well predicted by the models.
In view of the validation of the model, an experiment on a field of 1 ha was
made by the Soil Science and Bioclimatology department of Institut National
de la Recherche Agronomique and Institut de Mécanique de Grenoble.
The experiment was performed on a field with a regular grid layout. At different points on the grid, measurements were made in order to estimate water
balance, water potential relations, transfer coefficients and temperature and
water profiles.
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example, it is shown that the spatial variability of water-potential relations
is not very important. But the saturated hydraulic conductivity shows variations
from one point of the grid to another and also between the top of the soil
and the bottom. In this case, it is important to have a model that is able
to simulate heat and mass transfers in the multilayered dimension.
Good agreement between field observations and calculated values demonstrates
the reliability of the model after a period of calibration in view of estimation
of transfers coefficients particularly the vapor transfer coefficient that is
not very well knowed. Improvments of the model needs to test it in various
field conditions with numerous standard meteorological data.
IV.

Conclusion

The validation of mass transfer and heat transfer models requires sophisticated
field experimentation.
At the parcel level however the prediction which represents the average
situation is what is sought.
It is thus necessary to utilize equipment capable of measuring the principle
sources of spatial variability.
Summary
A model of heat and mass transfer is presented, according to both liquid
and vapor phase. Numerical simulations using the finite elements method
are proposed. Furthermore, experimental data for the estimation of the transfer
coefficients and an experimental procedure for the validation of the model
according to spatial variability are given. Finally, hypothesis that are taken
into account for the models are discussed, according to available experimental
results.
MODELISATION
LES SOLS

DES TRANSFERTS

DE MASSE ET DE CHALEUR

DANS

Resume
On présente un modele relatif aux transferts de masse et de chaleur dans
les sols en considérant les transferts en phase liquide et gazeuse. On présente
également des simulations numériques relatives ä ces transferts en utilisant
la methode des elements finis.
Le dispositif experimental prenant en compte la variabilité spatiale est utilise
pour 1'estimation de coefficient de transferts, pour le calage et pour la validation du modele. La comparaison "valeurs expérimentales/valeurs calculées"
permet de discuter les hypotheses introduites au cours de la modélisation.
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CATION EXCHANGE REACTION
1
2
W. Burghardt and M. Loxham
1
2
University GHS Essen, Delft Soil Mechanics Laboratory
Peat soils are widely used in agriculture but also for deposition of wastes
(Feige, 1975). As special problems fertilizers as potassium of phosphorus
are reported to be easily leached out (Eggelsmann, Kuntze, 1972, Scheffer,
Bartels, 1982). This was explained by physico-chemical retention characteristics of organic compounds (Feige, 1970). New findings of Loxham and Burghardt (1981, 1983) point out, that this characteristics are modified by the
structure of peat soils. This paper will present a mathematical model of
structure effect, which will be verified by experimental findings.
Theoretical: The peat pore space is modelled as an essentially stagnant
volume penetrated by relatively few but large capillaries. The latter are
responsible for all the convective transport whereas the cation exchange
sites are associated with the stagnant volume and can only be accessed by
diffusion from and to the capillaries.
The mathematical statement of the model (Loxham & Burghardt, 1983) leads
to:
C/Co = exp (Vz)/v~P * fexp (-A- (Vz/2A))* (2erfc (//2T))dX
I
9
V = q/(2 En), B = V 4 En^/q2' , Y = 1/A * (VBz/2A) ,
A = n/V 4RD' , 1 = z/2 * V 1/fct' , T = \f t - z 2 /(4EA 2 )'
Where C is the concentration, t the time, z the depth, q the water discharge,
E the hydrodynamic dispersion coefficient in the capillary zone, D' the effective in-pore molecular diffusion coefficient and R the retardation coefficient resulting from the linearization of the exchange equation and
given by:
R = (1 + pk/e), k = (adsorbed concentration)/(solute concentration)
p = soil (dry) bulk density, e = water content.
The coefficient n is a material constant reflecting the relative distribution of the stagnant and capillary zones and has the dimension of length
and can be considered as a characteristic penetrating capillary diameter.
It is established by curve-fitting non-exchanging trace break-through data.
Experimental: The experiments were done with low moor sedge peat from Ochsenmoor, northwest Germany. The peat soil is characterized by himification
degree H 7 - H 8, ash content 14 %, bulk density 240 g/1, pore volume 87 %,
pores > 50 microns 11 Vol.%, pores > 10 microns 24 Vol.%, saturated permeability 100-550 cm/day, pH (CaCl2) 5.3, CEC (pH 7) 430 meq/1, Ca-saturation
92 %. Break-through experiments were done with undisturbed samples. Inflow
solutes were 1 x 10~ 2 meq NaCl and 5 x 10" 3 meq HCl. The experiment started
with percolating 600 ml salt free water, followed by 920 ml solute and
aqain 1000 ml water free of salts. It has been measured versus time and
effluent volume EC, pH, CI -, Ca -, Na -content.
Results and discussion: Figure 1 shows the result done with NaCl solution.
The CI*, Na + and Ca++-concentration of effluent changes immediately from
the beginning of the experiment. By a column volume effluent of 10 % the
CI -concentration has
risen to 10 % of inflow concentration. The 50 %
CI -concentration level is already reached by 36 % of column volume.
The experiment indicates a different break-through characteristic of the
peat soil compared with mineral soils with normal hydrodynamic active pore
spaces. The active zone of peat soil is low. With an effluent volume of

- 27 100 % column volume only 75 % concentration level of Cl" was reached. This
can be explained by interzone diffusion from active to inactive zones. Na
behaves i n a similar way. The concentration level reached by Na + is lower
than of Cl . This is due to exchange reactions. C a + + reaches the solute
by diffusion from the inactive pore space and by exchange reaction with Na+.
The exchange reaction leads at the beginning of NaCl inflow to a high adsorption of Na and desorption of Ca + *. This effect decreases with higher
flow rates. This indicates, that only a low volume of the peat takes part in
immediate exchange reactions and most of the exchange capacity is only
available by diffusion. From this follows that the amount of exchange reactions of peat with cations is dependend not only on the specific exchange
characteristics of humic substances but also on the diffusion and structure
characteristics of peat. The apparent effective pore space is a strong
function of the discharge velocity (fig. 2 ) . Slow solute movement leads to
a deeper penetration of the chloride into the matrix and a corresponding
delayed break-through. This implies, that the exchange process is dependent
on climatic conditions such as precipitation and evapotranspiration.
The mathematical model allows the experimental results to be extrapolated
to a wide variety of field conditions.
Zusammenfassung: Aus der Literatur ist bekannt, daß Moorböden ein von Mineralböden abweichendes Sorptionsverhalten für Ionen aufweisen. Anhand von
Laborversuchen zum Transport von Salzlösungen (NaCl) in Niedermoorböden und
eines auf diesen Versuchen aufbauenden mathematischen Modells wird in der
vorliegenden Arbeit gezeigt, daß die Menge aus der ßodenlösung sorbierter
Ionen auch von den Gefügeeigenschaften von Moorböden und von der Fließgeschwindigkeit der Moorbodenlösung abhängig ist. Entsprechend besteht ein
klimatischer Einfluß.

Figur« 1 Th« braak-through data 'or aqueous »odium chloride i
exchanged calcium at velocity ol 2 S • 10"* cm/MC

Figure 2 Relationship between in* braak -through pom« at 10% and
50% tew« and the overat drachatge vetocrty
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- 28 NUTRIENT LOSSES AS AFFECTED BY THE TILE DRAINAGE SYSTEM
F. Callebaut and M. De Boodt
Department of Soil Physics, State University of Ghent,

Belgium.

Abstract
This paper describes a field study which was initiated to determine
leaching losses of applied fertilizer nutrients, N and P, from a tile
drained sandy soil during a period of three years. A secondary objective
of the study was to get information about the effect of three different
drainage systems on the discharge of nutrients.
The results indicate that the washing-out of nitrate-N and phosphate-P
is influenced by the drainage system. The highest discharge was recorded
with a drainage system consisting of drains prewrapped with a coconut
fibre envelope. 18 to 22 % of the applied N-fertilizer was washed-out.
The phosphorous losses amounted to 1 . 3 % to 3 . 7 % . A plain drain system
resulted in a smallest discharge.

- 29 PROPIETES HYDRIQUES DES SOLS SOUS CULTURES NON IRRIGUES
Cuadrado Sanchez, S. et Ingelmo Sanchez, F.; Col. Tech.
Hernandez, J.
Centro de Edafologla y Biologia Aplicada de Salamanca
(CS.I.C. )
Pour comparer la fertilité physique de 12 parcelles avec
des cultures de blé non irrigué on a determine les caractères
hydrophysiques des profils de sol et on a fait 1'étude des valeurs de la reserve d'eau du sol jusqu' au 100 cm. de profondeur.
La reserve d'eau utilisable (RU) par Ie culture a eté cal^
culé par difference entre la reserve d'eau ä pF = 2,5 et la reserve d'eau ä pF = 4.2. Compte tenue la variabilité des propie
tés physiques des profils (teneur moyen d'argile; teneur en
cailloux et graviers; disposition spatial des horizons et profondeur moyenne compactée dans Ie profil), on a introduit un
facteur de correction (F), pour obtenir la valeur de reserve
estimée utilisable (REU) par le culture, selon la relation suivante:
REU = F. RU
Pour chaque valeur de reserve on a calculé le paramétre:
«i =

Sm

Si
avec la condition de normalisation suivante:

1/N JlPCi

= 1

Cette methodologie a permis différencier 4 groups de sols selon les valeurs de REU.
Dans le poster on presente la situation des parcelles
dans la carte, les valeurs du paramétre 0(i et ceux qu'ont eté
utilises pour determiner le facteur de correction (F).

- 30 Increasing production through efficient use of soil water in arid
zones
M. De Boodt
Department of Soil Physics, State University Ghent, Belgium

The demands on soil, specially in the semi-arid and arid zones is focussed on the efficiency of soil water and this independently the way the
water is brought into the soil: be it winter rainfall or by irrigation.
Efficiency of soil water can mainly be enhanced in three ways:
- Increasing water infiltrability
- Increasing the waterholding capacity in the rootzone
- Limiting the evaporation from the soil surface
A. Water infiltrability•
To reach a good infiltrability, a stable soil surface should neither slake
nor be sensitive to crust formation although it must be hydrophylic. An
appropriate porous system should sustain a good hydraulic pull to a limited
depth: the rootzone.
B. Waterholding capacity.
Besides the appropriate porous system mentioned above, mainly in sandy
soils, the pull of gravity may not exceed the matrix suction. Water can be
stored in the rootzone by reducing the capillary pore sizes in the upper
top layer (+ 2 cm) on which the capillary water can hang. In this way
length or depth of the waterfilled pores can be controlled by the amount
of water applied. This means the depth of the waterfront can be adjusted
according to the development of the roots.
The reduction of the capillary sizes at the very top soil can be
promoted by the proper structurization. It can be done through proper soil
management and soil aggregation by either natural or artificial products or
mulches.
C. Evaporation.
Evaporation can be reduced in having the hydrophobic side of the organic
matter or mulches turned upwards and the hydrophylic side turned downwards.
Both natural and artificial co-polymer systems can have this properties and
have been tried out successfully.
D. Results.
Since 1980 important experiences have been carried out in the desertie
area's in Egypt. Cheap mulches incorporated in the top 2-3 cm have proved
to be very efficient in hanging up the penetrating water at the treated
upper
soil surface. The depth of the waterfront could be clearly established as measured by the neutron moisture probe and tensiometers. At
the same time the evaporation of the soil was reduced by more than 50 %
as the upperside of the soil surface was made hydrophobic. The production
of five major crops and fruittrees show an important early growth and
development together with a greater production. Earnings could be
increased by 50-80 % while the extra-costs of the treatments did not exceed
20 % of the crop value.

- 31 RELATIONS EAU DU SOL-PRODUCTION VEGETALE DANS UN ECOSYSTEME
ARIDE DU NORD DU MEXIQUE.
Jean-Pierre DELHOUME
Carlos MONTANA - Antoine CORNET
Dans la zone aride du nord du Mexique, 1'activité économique
primordiale est 1'élevage bovin extensif qui consomme la production végétale naturelle. Cette dernière, dans un tel milieu,
est largement conditionnée par Ie cycle de 1'eau: apports, redistribution dans Ie paysage, evaporation et stockage dans Ie
sol.
Par suite des contraintes climatiques (pluie moyenne annuelle»
270 mm. (25 années d'observation) dont 65% se produit de juin
a septembre; forte variabilité interannuelle: coefficient de
variation de 42%), il s'agit d'une region fragile dans ses
équilibres écologiques. Cependant, sous 1'effet de pressions
socio-économiques de plus en plus importantes, eile subit une
intensification de 1'exploitation qui, par suite d'une insuffisance de comprehension de la dynamique de fonctionnement des
écosystèmes, comporte de graves risques de degradation.
Depuis 1982, 1'Institut d'Ecologie de Mexico et 1'ORSTOM
(France) réalisent un projet dans cette region, dans Ie but de
proposer des scenarios d'aménagement et d'utilisation rationnelle. Ce programme s'Oriente essentiellement sur 1'étude des
modalités de production des principales espèces végétales ä intérêt fourrager, en fonction des conditions hydriques et des
caractéristiques des couvertures pédologiques.
La zone test de recherches, qui s'etend sur 1600 km2 en limite
des états de Chihuahua, Coahuila et Durango, est un secteur représentatif de la region physiographique connue comme "Mesa
centrale" du nord du Mexique et de la region biogéographique
appelée "Désert de Chihuahua".
Un inventaire classique des cómposantes naturelles du milieu
étudié, realise sous forme de cartes (géomorphologie, vegetation et pédologie; echelles: 1/25000 ä 1/100000), nous a permis d'identifier et d'individualiser les différentes unites
élémentaires de base ou unites écologiques homogenes, dont
1'emboïtement et la superposition constituent Ie milieu.
Pour chacune des unites élémentaires de base ä intérët fourrager est réalisée au niveau stationnel (parcelles de SO x 80 m.)
1'étude du fonctionnement de 1'unité considérée: caractéristiques morphologiques (sol, vegetation, topographie, climatologie) et dynamique saisonnière (bilan hydrique, phénologie, production végétale).
Nous présentons ci-dessous les principaux résultats obtenus
pour 1'une de ces unites de base, constituée par une formation
herbeuse ä graminées pérennes (type C4) quasi mono-spécifique
d' H-Lla.K.La. mu.ti.ca, dont Ie recouvrement basal moyen est de 25%.
Il s'agit d'une espèce ä intérêt fourrager importante dans
toute la zone aride du nord du Mexique.
La couverture pédologique est homogene (camborthid (soil taxonomy), sol brun aride (C.P.C.S.) et se caractérise par une texture tres fine (50 a 55% d'argile de type smectite) dans les
soixante centimetres supérieurs du profil, qui est a 1'origine
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contrölée montrent qu'il y a saturation progressive de la partie supérieure argileuse du sol, et qu'ensuite apparait un refus ä 1'infiltration ne permettant plus le transit vers la profondeur, 1'exces d'eau stagnant en surface. Le même phénomène
se produit sous pluies naturelles a partir de 30 mm. de hauteur.
Au-delä de cette valeur, les apports d'eau complémentaires
s'accumulent ä la surface du sol oü ils sont rapidement évaporés. La distribution verticale des racines est parfaitement
adaptée ä cette hydrodynamique: 92% de la biomasse est localisée
de 0 ä 40 cm. de profondeur.
Durant les phases de sécheresse, il y a reorganisation de la
surface du sol qui prend 1'aspect d'une "croute" tres peu permeable. Celle-ci, lorsque survient la pluie, favorise un important ruissellement en nappe qui se redistribue dans le paysage en fonction de la pente (1 ä 2%) et surtout du micro-relief. On distingue ainsi:
- les zones de sol nu ä pente reguliere: il y a surtout transit
(ruissellement) et une infiltration faible.
- les zones de vegetation ä micro-relief, du ä 1'alternance de
touffes végétales en relief et de sol nu en depressions. Ces
dernières recoivent les exces d'eau (ruissellement, refus ä
1' infiltration), rapidement évaporés. Les touffes de vegetation, au contraire, protègent tres efficacement le sol de la
dessiccation, permettant une durée d'utilisation plus longue de
la réserve hydrique du sol par la vegetation.
Les racines d' H^lal-ia. mu.tLc.0. sont capables d'extraire 1'eau du
sol ä des pressions tres supérieures ä Celle définie comme le
point de flétrissement permanent (pF 4,2-16 atm.). Les valeurs
obtenues pour ce dernier sur échantillons remaniés ou non perturbés (Hv = 24 ä 321 de 0 ä 50cm.) sont nettement plus élévées que les teneurs mesurées dans le sol (10 ä 17%) durant la
période la plus sèche observée, au cours de laquelle 1'espèce
n'est pas morte. C'est ce profil de dessiccation maximum qui
est utilise comme limite inférieure de 1'eau disponible pour
1'estimation de la réserve hydrique.
La production végétale est fonction des alternances pluiesécheresse. En phase sèche, Hlldlla.
mu.ti.ca. entre en vie latente
qui disparait dès que la réserve hydrique se reconstitue. La
reaction de 1'espèce ä 1'eau est tres rapide et la production
débute 5 ä 10 jours après le début de la pluie. Un modele mathématique de production integrant bilan hydrique (du sol et
climatique) et evolution de la biomasse aérienne est en cours
de realisation et de mise au point. Les principaux processus
retenus pour cette modélisation sont: le flux d'eau dans le sol
(infiltration, redistribution), 1'evaporation (sol nu), la transpiration des végétaux, 1'extraction de 1'eau par les systèmes
racinaires, la photosynthèse, la respiration et la senescence.

- 33 QUANTITATIVE RELATIONSHIPS BETWEEN THE MORPHOLOGY OF VOIDS
AND WATER MOVEMENT: RESULTS OF SOIL COLUMN EXPERIMENTS
HEIKO DIESTEL
Leichtweiß-Institute for Water Research, Technical University,
D-3300 Braunschweig
1.

Purpose

The spatial variability of soil properties relevant to the movement of
water and solutes is, i.a., due to differences in soil structure. If we
eventually want to characterize functional soil types with regards to hydrodynamic behaviour, we need criteria to do this. The shape and size of
structural voids needs to be characterized quantitatively, so that the
morphology of these voids can be correlated with parameters which quantify
water and solute movement. The work presented here is an attempt to find
such correlations.
2.

Methods

2.1

Experiments

45 soil columns of around 8.8 cm height and 7.5 cm diameter were prepared
with ground and heated (600 C) soil from the illuvial horizon of a Luvisol. "Aggregates" and "interaggregate" voids were created by mechanical
action. Two to five preliminary runs were carried out with each column by
ponding water 1 cm over the surface and measuring percolation rates. When
a new run showed the same final percolation rate as the two runs before,
the material was considered as structurally stable and the actual run
began, at the end of which methylene blue was added to the water to mark
the voids through which water flow had taken place. When breakthroughcurves were measured, a percolate fractionator was used. The columns were
soaked with paraffine and sawed into 20 segments. The interaggregate voids
in 4 vertical and 3 horizontal planes were analyzed by registering their
width in 0.2-cm-steps.
2.2

Evaluation

The inter-aggregate voids (shortened as "er-voids" in the following) were
characterized with a number of parameters, some of which are, for the ervoids of the whole column:
PVer • their volume, Fa = their surface area
{cm'/cm1 }, Rh (cm) • their hydraulic radius {PVer : Fa}, Md = the median
of the er-void diameter summation curve (VDSC) cm at 50 % frequency, Devq
= (D 75 % : D 25 %) °-5 {D 75 % and D 25 % = diameters at the 75 % and 25 %
points of the VDSC}.
Flow resistance in the er-voids was characterized based on (1) with the
parameter Aer,

Aer =

Ê

(1 PVer

"

'

Reynolds Number Reer is

fl

- B M iTpver'"1 where the
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Reer = (Md • ver • p)p
with the water density p , the dynamic viscosity v of water and
ver= Q : Aer,
in which Q is the percolation rate at equilibrium (which in all cases was
reached after = 300 minutes) and Aer is the average cross-sectional area
of the column multiplied by PVer.
To elucidate in more detail the flow processes taking place, theoretical
combinations of percolation rates of unmixed infiltrate with percolation
rates of unmixed soil solution were calculated from the breakthrough-curve
data for different phases of flow.
3.

Results

A clear relationship between the rate of percolation from the columns and
morphometric characteristics of the structure of the interaggregate voids
could not be identified. However, with the evaluation procedure mentioned,
25 columns can be arranged to series which show functional relationships
of flow resistance or of the Reynolds number with some of the geometric
parameters as well as of geometric parameters among each other. There are
certain geometric relationships which are not appropriate to differentiate
between soil structures of differing functional, hydromechanic behaviour,
e.g. the relationships Md/PVer or Rh/PVer. They are non-specific and occur
in most of the studied structures, regardless of whether the flow through
them is determined by laminarity of flow and resistance to flow or by flow
resistance alone. However, other geometric relationships exist which are
obviously specific to hydromechanic properties of a soil structure, such
as Fa/PVer or Rh/Fa. Flow through voids of a morphology which can be defined with those functions will show clear exponential relationships of
Aer with PVer, Rh and Md, and is evidently governed by flow resistance
and not by laminarity of flow.
Saturated flow correlates with the morphometeric characteristics of voids
which in field descriptions of soils would be classified as "cracks of
< 1 m m ) . Structures which make a subjectively
very small width" (
intricate impression to the observer show a hydraulically more predictable
behaviour than "simple" structures. The concept that cracks lead to a
reduction in the degree of mixing or contamination could not be
substantiated with these experiments. Rather, the results showed that the
presence of voids can increase leaching of contamination efficiency. A
mechanism of increased mobilization of soil solution in aggregates plays a
role in this, as well as flow through preferred stream paths.

4.
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- 35 THE STRUCTURE OP THE SOILS OF BULGARIA
R.Dilkova and G.Kerchev
N.Poushkarov Institute of Soil Science and Tield Prediction,
Sofia, Bulgaria
The structure has been studied of 30 representative profiles of the major
soils of Bulgaria as found in virgin and cultivated tracts of land. At
least four structure indicators of the genetic horizons have been studied:
water stability of soil aggregates, aeration porosity (pores ?30/nm),
available water (pores of a size between 30 and 0.2jnm) and bulk density.
For some of the soils measurements have been made of infiltration rate,
soil strength at pF 2.7 and water peptizable clay content. Soil structure
has been evaluated using indices and criteria reported in the literature.
The results reveal the specific features of the soil structure related to
the process of soil formation and give a picture of the soil structure
changes caused by a long continuous agricultural use of these soils.
The study of virgin soils has shown a medium to poor struoture in the cases
in which leaching and podzolization have become well advanced. This group
also includes soils with a strongly differentiated profile such as lightgrey soils, gley—like soils and cinnamon!c podzolic soils which have illu—
vial horizons of very low aeration poroBity and infiltration rate. A very
good to good structure throughout the soil profile has been observed in
chernozems, while the median situation, i.e. a good to medium structure,
has been noted in the soils of weak differentiation between the genetio
horizons.
The long continuous agricultural use of these soil typeB has induced
unequal changes in the soils of chernozemic and forest type of formation
with regard to organic matter content and physical properties of the
surface soil.
Surface soil organic matter content in cultivated chernozems has been found
to be by 17 to 29$ lower than in virgin chernozems, which is a less signifioant reduction than the one observed in forest soils of which the cultivated types contain 24 to 62$ less organic matter than the virgin ones.
This difference corresponds to a difference in the qualitative composition
of organic matter.
Chernozems are more stable than forest soils when subjected to a management
which adversely changes their structure and physical properties. The values
of the mean weight diameter of the water stable aggregates have been lowered by 34 to 62$ and the infiltration rate has become by 40 to 61$ slower
in cultivated chernozems. A worse situation has been found in the forest
soil group where the reduction in these values ranges between 50 and 81$
and 84 and 99$» respectively. A similar tendency has been observed in
the content of water peptizable clay. It has been raized by 22 to 74?t in
cultivated chernozems and by 55 to 172 in cultivated forest soils as
compared with their virgin analogues.

- 36 WATER RETENTION AND PERMEABILITY OF AGGREGATE FRACTIONS
SEPARATED FROM LOESS SOILS
B. Dobrzariski and B. Witkowska-Walczak
Institute of Agrophysics P.A.N., Lublin, Poland

Under natural conditions the soil functiones as water distributor and therefore its physical properties determine the
extent of retention, losses i.e. direct evaporation or through plants, and also water transport to lower horizons, and
augmentation of ground waters. Moreover, together with surface inclination, these properties determine the extent of
surface run-off, which is significant for areas utilized
agriculturally affected by erosion due to their texture and
relief. This phenomenon may be considerably restricted through improving the physical properties of soil, and particularly its structure by using appropriate agrophysical Measures and agents reducing erodibility.
The paper presents some water characteristics of aggregate fractions, sieve separated, from three different soils
in the Lublin region formed from loess: brown proper, grey
brown podzolic and chernozem located in eroded areas. Soil
water potential - moisture characteristics were determined
for the aggregate fractions in a process of drying within
a pF range from O to 4.2 using gypsum plates and pressure
chambers, as well as their saturated water conductivity coefficient. The experiment was carried out on material of natural properties, which required the use of a method of stabilization of the physical properties of samples consisting in
alternate drying and moistening, ensuring stability ef all
characteristics during the measurements. Statistical mean
diameter of the aggregates was adopted as a measure of soil
sample aggregation.
It was found that the size of aggregates, or rather sample aggregate distribution expressed in terms of their mean
diameter clearly determined the course of water characteristics, and this effect is strongly modified by other factors
like the type of soil, its granulometric composition and compaction, and humus content. Moreover it can be noticed that
the aggregate status determines the air-water relations in
the soil and various pF values correspond to various statistical mean diameters of aggregates, optimum for the values.
The relationship is such that, higher water bond forces correspond to smaller mean diameters of aggregates making up
the soil sample. Degree of sample saturation was calculated
for the pF values examined and it was found that its course
may constitute a basis for the determination of most favourable mean diameter of aggregates in a given soil for particular pF values which in practice is related to e.g. different levels of ground water table. This relationship may be
of particular significance in the choice of methods of agrotechnical cultivation of soils with relatively etable ground
water tables. Analysing the results of measurements of water
permeability of the soils examined it was found that it de-

- 37 pends on aggregate diameters only to a small degree, while it
is functionally related to large pores content,
Zusammenfassung
Wasserret ent ion und Durchlässigkeit der aus Lössböden ausgesonderten Aggregat fraktionen
In der Arbeit wurden die Untersuchungsergebnisse Ober die
Retention und Wasserdurchlässigkeit dreier aus Lflss entstandener Bodentype besprochen. Oie Untersuchungen wurden für
Fraktionen der Aggregate von unterschiedlicher Grösse durchgeführt. Es wurde festgestellt, dass die Verteilung der Aggregate in einem hohen Grade über die Retentionselgenschaften der
Böden und insbesondere im Bereich niedriger Wasserpotentiale
entscheidet. Oie transmissionseigenschaften hegen dagegen
hauptsächlich von dem Gehalt an groben Poren ab.

- 38 PHYSICAL PROPERTIES OF THE ROOT ZONE OF SOIL AS A FACTOR AFFECTING THE GROWTH AND THE YIELD OF PLANTS
Henryk Uomial, Anna Slowiriska-Ourkiewicz
Agricultural Academy of Lublin , Poland
One of the most important results we want to obtain in
the process of cultivation is to give the soil in its root
zone the optimum physical properties. In the field experiments, carried on the brown soil formed from loess and on
the chalk rendzine, we wanted to emphasize the relation
between the physical properties of the soil and the growth
and yield of winter wheat. The differentiation of physical
structure of the arable layer was obtained by the use, for
the cultivation, of different tools and various depth of
their operating /a plough - 25 cm, a plough-miller - 20 cm,
a rotovator - 15 cm, an active harrow - 10 en, an active
harrow - 5 cm/.
During four years, both soon after the cultivation and
during the vegetation of plants, the structure of the arable
layer was analysed and the basic physical properties of the
soil were determined /density, total and differential porosity, air and water capacity and air permeability/. The
growth and yield of winter wheat ware also estimated.
Analysing the results of experiments we tried to define
the possibilities to form the structure of the arable layer
by using the mechanical cultivation. We wanted to learn
about the stability of the obtained effects and to define
the factors deciding about this stability. We also tried
to define how the growth and the yielding of winter wheat
depend on the physical properties of soil.
We discovered that it is possible to influence the
structure and physical properties of the soil by cultivation
/Table 1/. The stability of the effects of cultivation
depends on the kind of the soil material, mainly on its
granulometric composition, and the weather conditions.
In rendzina soil, that is in the loamy soil, good changes
in the structure and in physical properties, caused by
cultivation, can be noticed during almost the whole vegetation season. In loess soil the effects of cultivation
disappear very soon, especially when heavy rains follow
the tillage.
We also discovered the clear dependence between the
physical properties of the rendzina soil and the quantity
of the winter wheat crop - the increase of soil compaction
in arable layer is accompanied by the decrease of wheat crop.
A similar univocal dependence was not found for the loess
soil /Fig.l/.
We must also emphasize that to shallow the cultivation
in both kinds of soil and, what is connected with it, to
make the soil more compact cause the very strong decrease
of winter wheat crop in the conditions of dry autumn.

- 39 Table 1. Soil density directly after tillage, 10 3 kg/m3
/Cultivation
was made at optimal working moisture/
""1
Soil
Depth of c u l t i v a t i o n , cm
Layer, cm
25

20

15

10

5

Chalk
rendzina

0-10
10-20
20-30

1.00
1.02
1.17

1.03
1.01
1.41

0.95
1.31
1.32

1.07
1.35
1.35

1.31
1.32
1.37

Brown
loens s o i l

0-10
10-20
20-30

1.04
1.08
1.27

0.98
1.03
1.33

0.94
1.04
1.47

1.12
1.43
1.52

1.07
1.46
1.47

Chalk rendzine

Brown loess soil

^-~«v\ ^ V

1

4,0

é

4,0

>
3,0

Years: »1979/80
•1980/81
«1981/82
• 1982/83

3.0

\
2,0

2.0

1,4
Soil

1,5

density-mean

116 [rPkg/rrß] 1.3
values

tor

1,4

vegetation

1,5 [103kg/m3]
season

of

layer OH-30CJII

Fig.1 Relation between soil density and yield of winter wheat
DIE PHYSIKALISCHE EIGENSCHAFTEN DER WURZELZONE
VON BODEN ALS EIN FAKTOR BESTIMMENDER DIE ENTWICKLUNG
UND ERTRAG DER PFLANZEN
In den Feldversuchen, die auf der Braunerde aus Loss
und Kreide-Rendzina durchgeführt wurden, wurde die Abhängigkeit zwischen dem physikalischen Bodenzustand und der Entwicklung des Winterweizens und seinem Ertrag bestimmt. Es
wurde eine deutliche Beziehung zwischen physikalischen Eigenschaften von Rendzina und der Ertragshohe festgestellt.
FOr den Losabodan wurde solche eindeutige Abhängigkeit
nicht nachgewiesen. Unter Bedingungen des trockenen Herbstes
verursacht die bedeutende Feetigkelt der Ackerschicht auffallend schlechteres Keimen und eine draetischs Erniedrigung
der Winterweizenertrfige.

- 40 Movement and Distribution Of .Vater
And Salts In Stratified Iraqi Soils.
Dr. Jamal S. Dougrameji
kr. Raoof H. Abbass
Soil Physics
Textural stratification in soil profile is common in the
Uesopotamian plain where the drainage and reclamation projects going on. This condition is causing achange in water
flow pattern and consequently moisture and salt distribution throughout the soil profiles. For these reasons &
careful study of this phenomena is important.
This investigation was conducted to study the effects of
texture, thickness and position of each soil layer on water
and salt movement and their distribution throughout prepared homogenous and stratified soil columns plus naturally
stratified soil profiles.
ü. set of stratified soil columns prepared in plexiglass
tubes 12cm. inside diameter and 130 cm. long. The soils
used were from tree agricultural projects namely: sandy
soil from Zubair, sandy clay loam soil from Greater muasiab
project and clay soil from iVahda project. The prepared
columns were either uniform in texture or consisted from
two or three layers different in texture, thickness and
position from water table. Furthermore, three undisturbed
stratified soil profiles differs ta^-thickness and position
of the layers plus the texure were taken from the Greater
iJussiab project and used in the study, A drainage water of
known chemical composition was used as a source of water in
the study.
Movement of water and salts and their distribution by
Capillarity and infiltration were studied. The results
of the study were indicated the following:
In the stratified soil columns, the texture, thickness and
position of layers in the column were affected the final
height of capillary water, tfhen the thickness of lower layer
was more than its maximum height of capillary water in
uniform soil columns, the water did not reach or pass the
boundary to the upper layer. The middle sandy soil layer red
uced upward movement of water from the lower layer of clay
or sandy clay loam soils and consequently reduced the height
of capillary rise in these columns.
The infiltration rate and accumulated infiltration was
affected also by the texture and position of soil layers
in the columns. The location of the clay layer whether at
the top or bottom of the soil columns was restricted and
reduced the infiltraion rate and accumulated infiltration,
of water. The sandy clay loam layer followed the same trond
but in a lesser degree. But when the sandy layer was underlying the clay or sandy clay loam soil layers, the infiltration rate was delayed at the boundary between the two
layers. The soil water was accumulated above the boundary
to near saturation and then moved downward to the coarse
sandy layer under positive pressure.
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The moisture content was decreased with an incrase in
distance from water table. But the soil moisture eantent of
the upper or middle clay or sandy clay loam soil layers
was higher when overlying a sandy sail layer, compared to
the uniform soil in the same position and thickness. In the
case of infiltration and when a clay or sandy clay loam soil
layers was averlying a sandy soil layer, the moisture content
above the boundary of the two layers was increased. 'When
the position of the layers were reversed, the soil noisture
content of the clay or sandy clay loam layer was increased
the gradually was decreased below the boundary of the
layers.
The soil texture of the columns affected the accumulation
and distribution of salts, specilly in the upper layers. The
middle or the upper sandy layer caused a decrease in the
salts accumulation in the overlying soil layer or at the
soil surface, and whether the overlying layer was clay or
sandy clay loam. At the same time the sandy layer caused an
increase in salt content at the boundary of the layers and
at the layer below
The results of the study in the naturally stratified soil
profiles showed the same trends of the prepared layered
soil columns. Furthermore the results as compared to the
field
data of natural soil profiles from different projects
showed a similar trend in respect to the salt distribution
but with different magnitude. This fact indicates the
possibility of predicting water and salts distribution in
the soil profile by knowing the texture of soil layers and
the chemical composition of ground water.

- 42 THE CONVECTION-DISPERSION EQUATION AND TRANSFER FUNCTION MODEL FOR
SOLUTE TRANSPORT: A COMPARISON BASED ON EXPERIMENTS WITH A STRUCTURED
CLAY SOIL
J.S. DYSON and R.E. WHITE
Department of Plant Sciences, University of Oxford, Agricultural
Science Building, Parks Road, OXFORD 0X1 3PF, England.
There is ample need to compare the convection-dispersion equation (CDE)
and the transfer function model (TFM) for solute transport in a l l porous
media, especially the more extreme (Nielsen et a l . , 1983).
Both are
derived from the law of mass balance, but the CDE is also based on the socalled mechanisms governing solute movement (Nielsen and Biggar, 1962),
whereas the TFM is based only on non-mechanistic stochastic theory (Jury
et a l . , 1986).
However, the TFM does depend on a notional transport
volume, which is that deemed to be e f f e c t i v e in transporting a solute
The CDE is
during the time scale of observation (Jury et a l . , 1986).
often thought not to be applicable to structured s o i l s without r e f i n i n g i t
with the "mobile-immobile" water concept (van Genuchten and Wierenga,
1976). However, Parker and van Genuchten (1984) suggest that the simple
CDE is applicable to structured soils provided the d i s t i n c t i o n is made
between flux-averaged
and volume-averaged
solute
concentration, a
d i s t i n c t i o n which has also been made in the TFM (Jury et a l . , 1986).
Experiments were performed on eighteen large, undisturbed cores (22
cm x 16.4 ± 1.4 cm) comprising only the A horizon of a structured clay
soil (Typic Haplaquent). The cores were taken from a 4 m x 6 m s i t e i n
the catchment at Wytham, Oxford, described by White et a l . (1983). Each
core was subjected to a step-change in chloride concentration during
steady, near saturated flow for several, non-ponding application rates (q)
between 0.3-3.0 cm/hr.
The experimental data showed t h a t , irrespective of application r a t e ,
each breakthrough curve (BTC) was displaced well to the l e f t of the point
C/Co = 0.5 at 1 pore volume, where C (Co) is the flux-averaged chloride
concentration in the drainage (input) s o l u t i o n .
Such displacement is
often a t t r i b u t e d to some of the water being i n e f f e c t i v e in solute
transport, i . e . water that is immobile or excluded from taking part in
solute transport due to anion exclusion (Nielsen and Biggar, 1962). But
t h i s may also occur when a l l the water is e f f e c t i v e in solute transport
where there is an extremely wide range in the d i s t r i b u t i o n of pore water
v e l o c i t i e s (Nielsen and Biggar, 1962-, Parker and van Genuchten, 1984).
The BTCs were f i t t e d to forms of the TFM and CDE appropriate to
steady-state flow. For the TFM, a lognormal d i s t r i b u t i o n of travel times
was assumed, for which the solution to a step-change in solute
concentration is
C(L,t) = Co,l + e r f r l n t

2

- p-,,

Jz a

where L is the depth of a core, t the observation time, y the mean of the
d i s t r i b u t i o n of travel times t
and 6l the corresponding variance. For
the CDE, the solution to a step-change in solute concentration is
C(z,t) = Co -erfCpZ - vt-,

2

2,/Öt

+

exp[vz/D] e r f c r z + vt-i»

zjüt

where z is the depth below the soil surface ( i n this case z=L), v the
average pore water velocity and D the apparent dispersion c o e f f i c i e n t .

- 43 The BTCs could be modelled very accurately by the TFM, and could be
equally well modelled by the CDE when both v and D were optimised
simultaneously by the method of least sqaures, but not when v was put
equal to q/8, where 9 was the mean volumetric water content. Thus it was
postulated that not all the water was effective in chloride transport, and
that the CDE fitted the BTCs because it was a model containing two
optimised parameters and not necessarily because it accurately represented
the mechanisms involved in chloride transport.
Indeed, the TFM fits for
all the BTCs were almost identical to those of the CDE (where v and D were
both optimised), based on the R2 values (range 0.997 ± 0.003) and the
ratios of the areas under the fitted curves to the areas under the
experimental curves (range 100.105 ± 1.045%).
A more complete comparison between the CDE and TFM could be made by
calculating v and D values by the method of moments (MM) from p and 6 .
The values from the MM agreed closely with those obtained directly from
curve-fitting (CF) the BTCs with the CDE, except at higher application
rates (> 1.1 cm/hr) when the D values calculated by MM were up to 20
c m V h r greater than those obtained from CF.
These differences were
explained by the fact that least squares CF weights each point on a curve
equally whereas MM gives greater weight to the tail ends of a BTC, which
Skopp (1984) noted as being especially important in BTCs showing extensive
"tail ing".
D varied with v to the power 1.42 (from the CDE), which demonstrated
a clear dependence of D on v and implied a large spread of applied
chloride as it moved through the Wytham soil. However, no mechanistic
interpretation was made. A similar picture emerged from the TFM: tf1 was
positively correlated with median pore water velocity [core length divided
by median travel time (see White et al., 1986)].
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- 44 THE EFFECT OF FREEZING AND THAWING ON THE PHYSICAL STABILITY OF
THREE PRINCE EDWARO ISLAND SOILS IN THE ATLANTIC REGION OF CANADA
L.M. Edwards1 and J.R. Burney2
^Agriculture Canada, Research Branch, Research Station,
Charlottetown, P.E. I., Canada technical University of Nova Scotia,
Dept. of Agricultural Engineering, Halifax, N.S. Canada.
The 3I0W-freezing, moist climatic conditions which characterize Prince
Edward Island and the rest of the Atlantic Region of Canada have been
considered to weaken soil aggregates considerably. In this climate the
cycle of freeze/thaw is repeated numerous times during the cool season,
which is further characterized by abundant rain and several snowmelts, and
thus subjects the soils to erosion during winter and early spring. The
present study was, therefore, conducted to assess (i) the relationship
between soil aggregate stability and freeze/thaw, and (ii) the effect of
freeze/thaw on run-off volume and sediment loss.
Three of the major agricultural soils of P.E.I, were assayed; viz: a loam,
a fine sandy loam and a sandy loam.
Soil aggregate stability was determined by a common wet-sieving method, but
aggregates were first subjected to a pre-treatment of overnight freezing
while saturated and moisture-sealed, then allowed to thaw at room
temperature for 4-6 hours before wet-sieving. Progressively increasing
cycles of freeze/thaw from one to 10 were observed and plotted against
aggregate stability percentage.
Run-off volume and sediment loss were determined by placing wooden
cassettes (100 cmx30 cmx30 cm) of soil in a laboratory rainfall simulator
which accommodated four cassettes at once. Cassette design is shown in
Fig. 1. The factors examined were freeze/thaw, and constant cool
(non-freezing) temperature; three soil types; bare soil, and winter rye
ground cover; rainfall, and rainfall plus flooding.
the aggregate stability of all three soils declined progressively with
increasing freeze/thaw cycles, and began leveling off at about the fourth
or fifth cycle. The relationship was significantly (P=0.01) quadratic in
all three cases, accounting for 97 to 98S of total variation. Stability
was consistently highest for the loam, intermediate for the fine sandy loam
and lowest for the sandy loam. The loam soil had an initial freeze/thaw
stability of 90S which declined relatively slowly to 70S after five
freeze/thaw cycles; the fine sandy loam declined more steeply from 80S to
about 50S; and the sandy loam declined most steeply from 78S to 38S.
Basic physical data for these soils show aggregate stability without the
freeze/thaw pre-treatment to be 97S for the loam, 86S for the fine sandy
loam, and 80S for the sandy loam which, by known standards, indicate a high
level of stability. This means that under the influence of freeze/thaw,
soil aggregate stability dropped by 7S for the loam, 6S for the fine sandy
loam and 2S for the sandy loam after the first cycle; and 20S for the loam,
30S for the fine sandy loam and 50S for the sandy loam after the fifth
cycle, which is a substantive drop. It strongly suggests, therefore, that
under natural conditions, freeze/thaw exerts a more severe impact with
repeated occurrences. It is also evident from these studies that the use
of the freeze/thaw pre-treatment can increase the sensitivity of soil
aggregates to the wet-sieving method.
The effect of freeze/thaw treatment was, generally, significant for

- 45 sediment loss. Freeze/thaw increased sediment loss by 755 and run-oTf
volume by 275. Whereas freeze/thaw had significant effect on both sediment
loss and run-off volume from bare soil, there was no such effect when a
ground cover was present.
The loam soil yielded 1165 less run-off than the fine sandy loam, which
yielded 265 less than the sandy loam. In terms of sediment loss, the loam
soil yielded 2555 less than the fine sandy loam, which yielded 275 more
than the sandy loam.
The degree to which these three soils yielded run-off and sediment was,
generally, of the same ranking as that of aggregate stability breakdown
with freeze/thaw; and thus showed a generally consistent trend.
Furthermore, from the aggregate stability, run-off and sediment-loss
characteristics, it is evident that the fine sandy loam and sandy loam
responded similarly to freeze/thaw. This study thus demonstrates the added
destablizing stress that freeze/thaw can exert on soils during the cool
season in climates where the temperature fluctuates below and above
freezing; and, therefore, leaves soils vulnerable to erosion by winter
rains and early-spring snowmelts.
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- 47 EFFECT OF MACROPORES UPON INFILTRATION INTO NON-TILLED SOIL

W. M. Edwards and L. D. Norton
USDA, ARS Coshocton, Ohio and West Lafayette, Indiana

For many years rainfall and runoff were measured on several small gauged
watersheds (ca 1 ha) containing residual forest soils on 10 to 15 % slopes
in East-Central Ohio. Runoff from intense summer storms averaged nearly
65 mm/year when corn (Zea mays L.) was grown on these watersheds using
conventional tillage practices (moldboard plowing and clean seedbed).
One watershed was managed with continuous corn production without tillage
(no-till) for 20 years. All crop residues were left on the surface and
weeds were controlled with herbicides. Annual runoff averaged < 5 mm/year
with total runoff during the 1979 through 1985 period of 12 mm. Average
annual rainfall during this period was > 1014 mm/year. Bulk density at
the 20 cm depth is 1.6, meaning that total porosity at that depth is only
40 % by volume. The soil (Rayne silt loam, typic Hapludult, fine-loamy,
mixed, mesic) was investigated to describe characteristics that influence
infiltration into this soil after 20 years of continuous no-tillage corn
production.
Studies using a brightly colored dye and a small sprinkler showed that some
of the infiltrating water moves rapidly down through the soil in open holes
made by worms and other organisms that thrive in the residue-covered, nontilled topsoil environment. To characterize the number and size of these
holes, we carefully prepared flat, smooth surfaces at 2.5, 7.5, 15, and 30
cm depths and removed all loose material by vacuum. Pictures of these
surfaces were analyzed with an image analyzer to determine number and size
of each hole in the diameter range of 0.33 to 5.0 mm.
With 8 replications at each depth, the average number of pores detected in
each 30 by 30 cm square area ranged between 313 and 1965 in the 2.5-cm
depth and from 527 to 2465 at the 30-cm depth. The overall average was
1254 holes per 900 cm of soil area, 15 of which were > 5 mm in diameter.
Mean pore diameter ranged between 1 and 2 mm at all depths and the number
of holes was inversely proportional to hole diameter. There were more
holes > 5 mm in diameter at the lower depth than near the surface. Greater
biological activity near the soil surface appears to occlude abandoned worm
holes in the uppermost layers. Pores > 0.33 mm in diameter accounted for
0.5 to 3.0 % of the total surface area.

- 48 Summary: Rainfall-runoff records show that even high-intensity storm water
infiltrates readily into the long-term no-till fields. In our environment,
when infiltration is increased, the potential for movement of more water
down through the soil profile and into the ground water is increased. Dye
in simulated rainfall shows that under some conditions, the vertically
continuous macropores are important channels for rapid downward movement of
water. Image analysis of carefully cleaned horizontal surfaces in the
long-term, continuous, no-till corn field describes a system of noncapillary sized pores through which soil water may rapidly move downward.
Water flowing in these macropores may have very little contact with, and,
therefore, very little interaction with, soil water held in the fine pore
matrix. The quality of the water that moves down through these soils may
therefore be strongly influenced by the tillage practice.

- 49 TRANSPIRATION AND YIELD RELATIONS OF OATS
Wilfried Ehlers
Institute of Agronomy and Plant Breeding, University of Göttingen,
von-Siebold-Str.8, D-3400 Göttingen, Federal Republic of Germany
There are two major reasons, why cumulative transpiration and total crop
dry matter yield should be closely connected (de Wit 1958). Firstly, stomata of plant leaves are the orifices for CO2 diffusion into the leaf and
for water vapor diffusion out of the leaf. Hence during times of water
shortage stomata cl osure will lower both CO2 assimilation rate and transpiration rate. Secondly, below light saturation increasing radiation will
heighten photosynthesis as well as transpiration.because solar radiation,
the energy source of photosynthesis, is interrelated with net radiation,
the energy source for transpiration.
The aim of the study reported here was to find out, if there exists a linear relation between dry matter production and transpiration of oats as
obtained for different years and if the relation could be improved by normalizing transpiration when using either potential evaporation rate (Epot)
(de Wit 1958) or saturation defizit ( A e ) (Bierhuizen and Slatyer 1965).
Methods
Oats were grown during four years on grey-brown-podzolic soils derived from
loess near Göttingen. Some hints on experimental data and the climatic
situation are presented in Table 1. In 1976 and 1977 results were obtained
from both conventionally ploughed and zero-tilled soil. By the soil physical water budget approach evapotranspiration (ETI) including rain water intercepted by leaves was evaluated. Soil evaporation (E) as part of ETI was
estimated separately by a calculation procedure (Müller 1984). Subtracting
E from ETI the amount of water, transpired by oats, was obtained, including intercepted water (IT). Epot was calculated by a modified Penmanequation (van Bavel 1966). Every week or fortnight oats (cv. "Leanda")
were harvested and dry matter and leaf area index (LAI) were determined.
Table 1: Some details of the field experiments with oats
Year

Seed- Begin Har- Total Grain
ing
of vest
Yield
-date-

10 3 kg ha" 1

1976* 5.4. 7.5. 2.8. 9.1
1977* 6.4. 27.4. 15.8. 12.3
1982 19.3. 1.5. 9.8. 11.2
1983 10.3. 1.5. 1.8. 12.2

2.9
4.7
4.4
5.6

Temp, A e
—10

Epot

°C

nbar

asy- 1

16.9
14.3
15.2
15.7

6.7
4.1
6.8
4.7

6.6
4.0
5.0
4.7

Preci-.
pitat.

128
177
158
143

E

IT

5
45
53
56

243
264
346
288

* Average from tilled and untilled plots
Results
Cumulative dry matter yield of oats (DM) and cumulative ETI were derived
always from begin of the measurements (Table 1) until attainment of consecutive growth stages, i.e. begin of tillering, jointing, heading, milk-ripe
stage and dead-ripe stage. Plotting cumulative DM as a function of cumulative ETI for all the years, a linear relationship was found with an inter-

- 50 cept on the abcissa as an indicator of E. The coefficient of determination
of the regression (r 2 ) was 0.91. Plotting cumulative DM as a function of
cumulative IT, the intercept became zero (r2= 0.91). When cumulative IT
was normalized by the corresponding average potential evaporation rate Epot
of that period, r 2 increased to 0.94. But the highest r 2 (0.96) was obtained when normalizing cumulative IT by the average saturation defizit of
the air 4e.
In a second approach the crop growth rates (CGR) were calculated within the time
spans, the five growth stages continued. CGR is the yield increase per unit
of land area per unit of time. In the same way the mean IT-rates during the
course of the growth stages were derived. CGR was significantly related to
IT-rate, when normalized by Epot or Ae (r 2 =0.68).
Both CGR and normalized IT-rate were a function of LAI. When a LAI of 3.5
was arrived, both CGR and IT-rate/Epot-rate approximated maximum values because of high light interception, i.e. 25 g m~ 2 day"1 and 1.0, respectively.
With increasing LAI from 0 to 3.5, the normalized IT-rate increased more
pronounced than CGR. This probably was caused by the fact that sensible
heat, originating from the uncovered interrows, will enhance transpiration
of plant leaves within the rows but will not contribute to photosynthesis
(Ritchie 1983).
Not only final total yield was a function of normalized cumulative IT, but
also grain yield was significantly related to normalized IT, when IT was
accumulated from anthesis to the dead-ripe stage.
Water use efficiency (WUE), which is a measure of total yield per unit of
area produced per unit of transpired water (IT) from that area, is dependent on the climatic condition of the vegetation period: Increasing the
average A e from 4.1 to 6.8 mbar reduced WUE from 4.6 to 3.5 kg per m ! of
transpired water.
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DIE SCHERFESTIGKEIT VON SODCHILENISCHEN ANOEPTS
Achim Ellies
Institute de Ingenieria Agraria y Suelos, Universidad Austral de
Chile, Casilla 567, Valdivia, CHILE.
Einführung
Die Scherfestigkeit wurde bisher nicht als Kriterium für die Gliederung
der Andepts genutzt, wenngleich aus dieser Eigenschaft wichtige Angaben
für die Bodenbearbeitung abgeleitet werden können. Ziel dieser Arbeit ist
es, die Scherfestigkeit von Andepts auf ihre Eignung als Kriterium für die
Gliederung dieser Bodengruppe und ihre Beziehung zu anderen Bodeneigenschaften zu untersuchen.
Material und Methoden
In einem direkten Scherversuch wurde die Scherspannung an ungestörten
Proben aus der Oberschicht von sechs verschiedenen Andepts unter weide aus
dem Süden Chiles (39-M) s.Br.) bestimmt, bei diesen Serien wurden die
Proben von jeweils vier Standorten in ebener Lage gezogen, bei einem
siebten Boden wurden Proben von vier Standorten unterschiedlicher
Bewirtschaftung aus jeweils fünf verschiedenen topographischen Lagen
genommen: obere Ebene, Kuppe, Hang, Hangfuss und untere Ebene. Es sollte
damit
festgestellt werden
inwieweit
die
Scherspannungseigenschaften
innerhalb und zwischen den Bodenserien variieren. Die Proben wurden nach
einer Sackung durch eine Belastung von 10 min., bei einer Bodenfeuchte in
einem Anfangaoleichgewicht von 33 K Pa, mit einer Abschergeachwindlgkeit
von 3.5 cm*s" *10" und einem Scherweg von 6% abgeschert.
Unabhängig von diesen Mesungen wurden Porenanteil, Porengrössenverteilung,
C-Gehalt,
Körnung,
Konsiatenzgrenzen,
KationenaustauschkapazitBt,
Basengehalt und pH (H„0, CaCl„ und KCl) bestimmt.
Die statistische Auswertung umfasste Hauptkomponentenanalysen (HKA) und
diskriminierende Analysen zur Festlegung der Zentroiden in der Clusteranalyse. Zusätzlich wurden noch multiple Regressionsbeziehungen von
Bodeneigenschaften geprüft, die auf die Kohäsion und den Dinkel der inneren
Reibung wirken.
Ergebnisse und Diskussion
Die mittlere Kohäsion aller Bodenproben beträgt l»0.1 K Pa mit einer
Abweichung von 9.5 K Pa, der Reibungswinkel hat im Mittel 22.1»° mit einer
ist ala gering zu
Abweichung von 1.7°. Die Streuung dieser Werte
betrachten, wenn man die Variabilität der unterauchten Bodengruppen
berücksichtig, die von Typic Dystrandepts zu Umbric Vltrandepts übergehen.
Die Kohäsion der untersuchten Proben verhält sich gegenläufig zum Winkel
der inneren Reibung. Die Variation der Kohäsion erklärt aich in einer
multiplen Regression mit r =0.765 mit den wie folgt angeordneten
Eigenschaften: Winkel der inneren Reibung, Volumendichte, Ausrollgrenze,
C-Gehalt und Porenraum < 10 ;um ß. Diese Eigenschaften können mit der
spezifischen Oberfläche oder der Aggregation des Bodens in _ Beziehung
gebracht werden. Die Variation des Reibungswinkels kann mit r =0.802 in
einer multiplen Regression erklärt werden mit Eigenschaften, die in
folgender Anordnung wirken: Volumendichte, Porenraum
4. 10 AI" 0,
Flieaagrenze, sämtlich Eigenschaften, die ebenfalls mit der spezifischen
Oberfläche Bowle mit der Aktivität der Kolloide in Verbindung gebracht
werden können.
Die HKA aller untersuchten Eigenschaften (26) von den
aus ebener Lage
stammenden Bodenproben (28) erklärt für die Eigenwerte der ersten Hauptkomponente eine Variabiliät von 31.2%, die zweite von 18.3* und die dritte
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Euklidischen Distanz sind in Tab. 1 aufgeführt.
Tab. 1 Koordinaten der aktiven Eigenschaften der ersten drei Komponenten
Komponente
1
Komponente
2
Komponente
3
Fliessgrenze
0.861* pH (H O-CaCl ) -0.766
Mg-Gehalt
-0.583
Sand
-0.81*8 volumendichte
0.628
Ca-Gehalt
-0.57B
Schluff
0.76<* Kohäsion
G.607
Basensättigung -0.576
Bodendichte
-0.756 Na-Gehalt
-0.519
Bodendichte
0.1*72
Poren <.10 tum fl
0.71*3 Reibungswinkel
-0.1*87
G-Gehalt
-0.1*59
Die untersuchten Aschenböden unterscheiden sich an erster Stelle in
Eigenschaften, die mit der Körnung in Beziehung stehen. Die zueite
Komponente umfasst Scherfestigkeit und chemische Eigenschaften, die auf
die Aktivität der Kolloide hinweisen, und die dritte Kationenbelag und
C-Gehalt.
Nach der HKA der Serie mit den Proben aus verschiednen Lagen sind die
wichtigsten Variablen für die erste Komponente: Fliessgrenze, KAK,
Porenraum < 10 piv JÜ und C-Gehalt, für die zweite: pH, Basensättigung,
Mg-Gehalt, Sand und Ca-Gehalt und für die dritte: Plastizitätszahl,
Scherfestigkeit und Na-Gehalt. Es kann gefolgert werden, dass zwischen
den hier untersuchen Serien die physischen und mechanischen, innerhalb
einer Serie aber die chemischen Eigenschaften stärker variieren. Dies
bedeutet, dass die Scherfestigkeit nicht so sehr von der Bewirtschaftung
des Bodens abhängig, sondern mehr eine spezifische Eigenschaft der
einzelnen Böden ist.
In der HKA aller Bodenproben (28) aus ebener Lage, bei der nur die
physischen variablen (13) untersucht wurden, erklären die ersten drei
Komponenten 71*.l»% der Variabilität. In der Tab. 2 sind die wichtigsten
Eigenschaften aufgeführt, zusammen mit den ersten Komponenten der Serie
mit den Proben aus verschiedenen Lagen.
Tab. 2 Euklidische Koordinaten der aktiven physischen Eigenschaften der
ersten zwei HauptkompDnenten
Böden aus ebener Lage
Boden in verschiedenen Lagen
Komponente 1 Fliessgrenze
-G.888
Bodendichte
-0.860
0.851
Poren O D jum $ -0.830
Poren < 1Q p/n 0
Bodendichte
0.816
Schluff
-0.771
Sand
0.750
0.801*
Fliessgrenze
Komponente 2 volumendichte
0.769
Scherfestigkeit
-0.879
Kohäsion
Kohäsion
-0.671*
0.651
Scherfestigkeit
-0.652
0.616
Poren ^ 10 /_qn 0
Plastizitätszahl 0.521
Ausrollgrenze
-0.556
Die aktiven Eigenschaften der ersten Komponenten sind fast identisch mit
der Gesamt-HKA, die zweite bezieht sich auf die Scherfestigkeit. Man kann
daher auch hier die Scherfestigkeit als Kriterium für die Gliederung
innerhalb einer Serie nutzen.
Die Clusteranalyse mit den ersten drei Komponenten mit allen untersuchten
Eigenschaften trennt die Serie aus verschiedenen Lagen von den anderen
Serien ab, diese lassen nach ihrer Körnung einteilen.
Summary
Shear Strenght of South Chilean Andepts.
The shear strength of the topsoil of south Chilean Andepts under grassland
was determined. The cohesion is explained by friction coefficient, bulk
density, plasticity, fine pore volume and liquid limit. A Principal
Camponent Analysis showed that the physical soil properties come first,
and secondly the shear strength parameter may be considered to be good criteria for classification these Andepts.
Forschungssuftrag RS-8l*-7, Universidad Austral de Chile.

- 53 LEACHING OF MINERALIZED N IS LESS UNDER NO-TILL CULTIVATION
E. T. Elliott, P. Tracy, G. A. Peterson and C. V. Cole
Natural Resou rce Ecology Laboratory, Col orado State Uni vers i ty,
Fort Collins, Colorado, USA, 80523
There is accumulating evidence demonstrating the importance of preferential flow of water down macropores in structured soils (Bevin and
Germann, 1982; Trudgill et al., 1983; White, 1985). When water flows
through macropores in the soil, rate of movement of solutes out of the
soil matrix can control solute concentrations in the draining soil water
resulting in different concentrations than would be predicted by
complete mixing of different domains of soil water. The objective of
this study was to compare the detailed temporal and spatial dynamics of
microbially mineralized N under unfertilized bare fallow (BF), stubble
mulch (SM) and no-till (NT) management, which have different soil
structural properties, in the fallow rotation of winter wheat at Sidney,
Nebraska in 1984. The experimental site had been broken out of native
sod for only 14 years at the time of sampling.
.
Mineralization rates were high, with nearly 100 kg • ha
being minearlized between 22 May and 14 August in all treatments. There was no
evidence that the lower temperatures under NT slowed the rate of mineralization compared with BF or SM. However, since the soil water content
was almost always in the order NT > SM > BF, the higher water contents
under NT may have offset any temperature effects. The mineralized N was
quickly nitrified and therefore subject to leaching.
There was less leaching of nitrate in soil under NT cultivation than
either SM or BF (Fig. 1) despite the higher moisture content in the NT
treatment. This is probably a result of the maintenance of soil structure, which is otherwise destroyed by mechanical cultivation. Differences
in the pore geometry of the soil apparently enhanced the infiltration rate
under NT. Higher infiltration rates, resulting from preferential flow of
water down macropores, resulted in slower mixing of macropore water with
nitrate rich matrix water in the surface of the NT treatment. Leaching of
nitrate was reduced, leaving more near the surface.
Nitrate resident close to the soil surface, as found in the NT treatment, has a greater probability of being used by the plant and not lost
below the rooting zone. Consequently, the probability of N being lost
from the agroecosystem via leaching is reduced. This could have profound
effects on the long-term nitrogen balance in agroecosystems by producing
closer synchrony between nutrient availability and plant uptake, resulting
in greater internal recycling of N.
Nitrate appearing in the soil profile in this study was derived from
microbial activity. Nitrogen mineralization was high because of high
organic N levels and brief (14-y) period of cultivation. Therefore,
fertilizer additions were unnecessary. The consequences of preferential
flow through macropores for fertilizer N movement may be different than
that demonstrated here (Germann et al., 1984). Thus, N fertilizer use
efficiency may be increased in NT systems if N enters the soil matrix
before a significant amount of leaching can occur.

- 54 Uniform flow models describe the movement of water in cultivated soils
well. However, as no-till management becomes more widely adopted, the
development and maintenance of structured soils will result in preferential
flow becoming a more dominant process in agricultural soils. Consideration
of soil structure and its influence on soil water and solute movement
suggests new opportunities for management of agroecosysterns
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Fig. 1--Cumulative nitrate in the soil profile under bare fallow, stubble
mulch, and no-till management practices in the fallow portion of the
wheat-fallow rotation at Sidney, Nebraska in 1984. Error bars are the
95% HSD for comparison of the treatments across and within dates within
each depth.
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- 55 Complex Nature of the Mechanical Elements in Andosols
from Mexico.
D. Etchevers, K. Oleschko, M. Cruz, C. Hidalgo
Colegio de Postgraduados, Chapingo, Mexico
The objective of the present work was to study the mineralogy
and micromorphology of soil mechanical separate of various
sizes isolated from Andosols from Mexico. The X-ray analysis
of the clay fraction indicated no other than amorphous
materials. Fine, medium and coarse silt fractions observed
under a polarized light microscope showed complex structures
formed by smaller particles. It was evident that the
dispersion of the soil, attempted by treating the samples
with HCl, NaOH and ultrasonic, was incomplete and inefficient.
Fine silt particles were more complex than coarse silt ones.
The latter were composed by both amorphous and mainly highly
weathered cristaline (feldespat, mica) minerals. In contrast
the fine silt particles present a very low proportion of the
cristaline phases.
The fine silt, in addition, formed
aggregates probable due to its adhesion properties, that were
cleared depicted in thin layer preparations.
Size of these
aggregates was, however, smaller than the coarse silts. The
formation of this type of aggregates may be an artifact
related to sample preparation.
The microscopic observation of non disturbed samples showed
round microaggregates, however the silt particles of various
size were of irregular shape. Most of these structures were
covered by thin cutans that were identified as iron oxides
films. It is suspected that they may be responsible of the
low availability of certain elements in these soils. The
almost perfect spherical shape of the microaggregates must be
responsible for a low specific external surface and high
specific internal surface. Using micromorphological
geometrical methods it was possible to calculate the specific
surface of these soils.

- 56 Trie study of ion transport in undistrubed soils with different
moirture content and texture
G. Filep, M. Rédly and T. Varró
University of Agrarian Sciences, Debrecen, Research Institute for
Soil Science and Agricultural Chemistry of the Hungarian Academy of
Sciences, Budapest and L. Kossuth University, Debrecen /Hungary/
Introduction
!he ion transport is a result of convection, sorption and diffusion,
and it is influenced by a number of physical and physico-chemical properties of the soil as well as by temperature.
Materials and methods
Tne transport of Na , Cs , Ca , and SO. ions was studied in undisturbed samples of calcareous sandy, chernozem, meadow-solonetz and meadow soils
at different moisture content and bulk density levels. Under the given
experimental conditions convection was negligible, therefore ion transport
/the value of the "effective" diffusion coefficient Deff/ is basically
determined by the rate of sorption and diffusion:
D

1+q

^eff

111

where: D = diffusion coefficient; q = the coefficient of distribution of
the ion between the solid and liquid phases.
. , 7 .<2o
the effective diffusion coefficients of ions labelled with
rto, Cs, Ca
and 35g were determined by radioabsorption method /Fig. 1./.
Results and discussion
Foi- the determination of the "effective" diffusion coefficients, the
following equation was used:

12
A exp

ii + i 2

[.*e*L±-]
L
i
J

ill

where: 1^ and I 2 = the intensity of radiation on the two sides of the
measured soil layer, A = constant /determined by the ß radioabsorption coefficient of the soil /; 1 = the thickness of the soil layer,
the graphical evaluation of the data shows that after a certain time
period, a faster /I/ and a slower /II/ process can be distinguised in the
ion transport /Fig.2./. The approximative evaluation of the two processes
was carried out by taking Fig. 2. and equation /l/ into consideration. The
values of effective diffusion coefficients for the four ions were higher
at the faster process than at the slower one by an order of magnitude, and
decreased in the following sequence /Table 1./ Na + ^Cs + > SO4 > C a 2 + .
However the values of coefficients characteristic of the slower ion transport do not follow the same order in same cases, depending on the composition, compaction and moisture content of the soil. The movement of Ca ,
Cs+ and SC^~ ions is affected also by specific interactions.
It has been found that, at lower bulk density and higher moisture content,
the rate of diffusion movement of ions is higher in both part processes.
The decrease of the coefficient values characteristic of the faster process
/D]7 was more pronounced with decreasing moisture content, than that of the
slower process /D,/.
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Table 1.
The effective diffusion coefficient of some ions in different s o i l s a t 25°C
Soil

Bulk
density^

calcareous
sandy
soil
chernozem

1,14

-"1,23
_ M _

1,09
_H_

1,39

-"meadow
solonetz

1,49

-"1,54

-"-

Effective diffusion coefficient /D/
110 -14 • m2 • s -l/

Na

1,10

-"-

»Ä

20,8X
10,3^
24,3
12,2

16000 530
9800 190
12000 560
7600 -

6200 1400 0,6
3500 1,3
1200 0,6

30,3
15,1
34,5
17,2

61000 8000 660
29000 8500 570

4000 4,9
1300 1,8
1600 1,5
480 -

1000
160
750
120

1,2
1,0
1,0
0,9

2600
530
25O0
370

41,2
20,5
40,0
20,0

39000
19000
20000
13000

8900 170
1100
11
6300 100
1100 11

560
350
760
310

1,8
1,8
1,4
1,3

3000
2100 7,6
2600 15
850
-

2900
1200
170C
1100

870
390
700
300

0,9' 1400
290
0,8
0,6 13O0
0,4
85

60
60
70

28,9
19000 90
14,5
13000 120
41,2
1,49
14000 90
20,5
10000 90
-"at field capacity
at half of the field capacity

meadow
soil
x
xx

Moisture
content
vol. %

10,0
7,6
2,9
7,0

220 1,3
- 1,5
180 1,2
- 1,2

900 4,5
600 0,2
660 1,7

-

2,6

-

7,5
2,7

-

Zusammenfassung
-L
-L
O-tDer Trarisport der Na , Cs , Ca und so3~icnen in unge storten Proben von
kalkigen Sandboden Schwarzerde, Wiesen-solonetz und Wiesenboden bei
verschiedenen Feuchtigkeitsgehalt und Lagerdichte V W ^ 8 untersucht. Die
"effektiven" Diffusionskoeffizienten der mit 22 Na,
Cs, ^Ca, und
S
markierten Ionen wurden mit der Hilfe einer Radioabsorptionsmethode
bestimmt. Aufgrund der graphischen Schätzung der Angaben, kann man im
Ionentransport nach einer gewissen Zeitdauer einen schnelleren und einen
langsameren Prozess unterscheiden.

- 58 SOIL AGGREGATION AND CEMENTATION AS AFFECTED BY HEATING.
G. Giovannini, S. Lucchesi and M. Giachetti
C.M.R. - Institute of soil Chemistry
Via Corridoni, 78 - 56100 Pisa (Italy)
Burning is a widely practised method of land management
both in Mediterranean areas and in the tropics. The reasons
for this practice are numerous and correlated with local and
traditional agricultural systems all aimed at increasing yield
with a minimum cost. Repeated burnings, however, may degrade
the soil and produce dangerous erosions and serious problems
for future agricultural investments.
In this paper we focalize our attention on the problem of
the soil structure, aggregation and cementation, a secondary
purpose being a speculation on the erodibility of the burned
soils.
In a field fire two components may be recognized: a
supply of ashes and a heat input, and it is the last which
seems to cause the most striking effects on the soil
aggregation. In the field, the effects of these factors are
confused, thus making the identification of the individual
causes of changes in soil properties difficult. In order to
separate these factors we investigated the effects of an
artificial heating, performed in controlled conditions, on the
soil parameters related to soil aggregation and cementation.
For this study two soils were chosen according to their
original different texture: a Silty Clay soil and a Sandy Loam
soil.
The arrangement of the heating program was done on the
basis of a previous Differential Ther-mal Analysis so that each
temperature correspond to genuinly occuring thermal reaction
in the soil.
The soil samples were heated in this way for one hour, in
an oven or a muffle furnace, at the following temperatures:
25°C (Control), 170°C (Complete Dehydration of the samples)
220CC (Dehydration of the gel forms), 460°C (Combustion of the
organic matter), 700°C (Loss of OH groups from the clays) and
900°C (Decomposition of carbonates). On these samples were
determined: the soil colors, the particle size distribution
and the textural class, the soil porosity, the liquid and
plastic limits, the organic matter content, the water
stability index of the aggregates and the relevance of the
organometallic cements.
The heating changes the original grayish to reddish
colors, this reddening is attributed to oxidation of iron
compounds.
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while the silt and clay contents decrease simultaneously.
These changes are attributed to the fusion of finer particles
inio sand-sized particles, and again the iron compounds are
involved.
The soil porosity decreases sharply in correspondence to
the combustion of the organic matter.
The effect of heating on soil organic matter has
practically no effect until 170°C, a little decrease occurs at
220°C, while at 460PC the combustion is practically concluded.
The increasing heating reduces both liquid and plastic
limits until 220°C; after 460°C, and more conspiquosly after
700°C and 900°C, the soil samples absorb even more water but
they do not form any plastic paste.
The water stability index of the soil aggregates shows in
both soils a continuous increase after all the thermal
reactions.
The organometallie cements appear uninfluenced by the
heating until 220°C, at higher temperatures they are effectively destroyed, as well as one of their components: the
organic matter. The other components, i.e. polivalent metals,
so released, probably contribute to new forms of cementation
because the aggregates increase their water stability index.
The obtained results at this point may be summarized in a
uniform description.
As the heating of the soil progresses many of the
generally acknowledged cementing agents, like the gel form,
the organic matter and the organometallic cements, are
effectively destroyed. The stability of soil aggregates,
nevertheless, increases continuosly and this evidently occurs
because new forms of cementation develop which replace the
disrupted ones and harden even more the aggregates; but they,
at the same time, become even less porous, plastic and
elestic.
A field situation of this type, with single soil
aggregates very hardened but not plastic is certainly not
desirable because it may lead to massive landslides and
produce more erosion than in a less cemented but more plastic
and elastic soil.

- 60 SOIL STRUCTURE GENERATION BY WETTING AND DRYING CYCLES
C D . GRANT and A.R. DEXTER
Waite Agricultural Research Institute,
University of Adelaide, South Australia, 5064.
Cracking and structural development in compacted or puddled soils
which have been allowed to dry is often induced during rapid rewetting.
Reductions in the tensile strength of such soils are good indicators of
the effectiveness of the wetting process in structure regeneration1.
Greater reductions can be achieved with higher wetting rates. The rate at
which a soil wets when exposed to water at near-zero tension depends upon
its water content prior to rewetting2. Wetting rate is greater when soil
is initially drier. The objective of this study was to determine how dry
a soil must initially be in order to crack up or otherwise weaken during
subsequent rapid rewetting.
Soil from the tilled layer of a nominally non-swelling Urrbrae
Red-brown earth in South Australia, 17% clay content, was wetted and
moulded into small disk-shaped tablets (25 mm diam., 10 mm thick) at
gravimetric water contents in excess of the lower plastic limit.
The
tablets were then allowed to dry to water contents associated with a range
of matric potentials which were achieved with ceramic pressure plates,
with saturated salt solutions in desiccators at 20°C and atmospheric
pressure, and with oven drying at 105°C.
For each matric potential,
roughly one-half of the samples was kept as a control and the other half
was used for wetting. Each soil tablet was weighed and marked with a dot
on an edge face. This dot determined, arbitrarily, the axis across which
the tablet would subsequently be wetted (except controls) and then crushed
to measure the tensile strength.
The wetting took place on coarse
sintered-glass funnels using water at a matric potential of -1 kPa. The
rates of wetting were measured. All samples were then oven dried at 105°C
after which their tensile strengths were measured by an indirect tension
(Brazilian) test.
The ratio of the mean tensile strength of the wetted
tablets over that of the standard, non-wetted tablets (the mellowing
ratio) 3 was used as an indicator of the amount of structure generation.
One of the two tablet halves was kept after fracture and was impregnated
in an epoxy resin to examine the roughness of the tensile fracture
surface. The micro-relief was measured along the length of the fracture
surface. The standard deviation of the surface micro-relief was used as
an indicator of the extent of structure development within the tablet
which had been induced by the wetting process.
Soil weakening, as indicated by mellowing ratios less than unity (see
Fig. 1 ) , did not occur unless the soil water content prior to re-wetting
was below about 2% (matric potential = -38 MPa). For drier soil, wetting
occurred sufficiently rapidly to induce structural cracks. For wetter
soils, mellowing ratios equal to or greater than unity occurred. Ratios
of unity indicated wetting had not occurred rapidly enough to cause
sufficient crack-inducing stress within the soil.
Ratios larger than
unity (typically 1.25) resulted from slow wetting which probably allowed
sufficient time to dissolve chemical cementing agents which subsequently
reprecipitated upon drying to cause an increase in the soil ' tensile
strength.
Thixotropic hardening processes under these conditions could
also have been involved.
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Measurements of both mellowing ratios and micro-relief of the
fracture surfaces indicated that a critical minimum wetting rate for
structure development existed. The critical wetting rate, expressed as
increase in gravimetric water content with time, ^ oc i strength reduction
and structural development was about 6.1 x 10
gg h
(obtained from
slope of wetting curve) under the limited range of conditions investigated
for this soil.
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Resume

Les fissures et les pèdologiques dan les sols compactes ou bourbeux
qui ont ét. e sèchés sont souvent induites par une humectation rapide.
L'objet de cette étude est de determiner le seuil de dessiccation initiale
nécessaire pour que le sol se fragilise (brise) lors d'une rapide
humectation ultérieure.

- 62 Des disques de sol humide ont été confectionnés puis Seches a
différents potentiels capillaires avant d'etre réhumectés rapidement sur
un support en verre-fritte. Ensuite les disques ont été sèchés et leur
degré d'élasticrté du sol mesure. Les rapports des degrés de'élasticités
des disques humidifies sur ceux des•disques de reference, non humidifies
(proportion de maturité) 3 , ont été utilises comme indicateur du niveau de
structures formeés. La fragilisation des sols, indiqueé par un proportion
de maturité inférieur a 1'unité, ne se fait que si 1'eau du sol avant la
réhumectation est inférieure a 2% (voir Fig. 1 ) . Pour des sols plus secs,
1'Immertat ion induit des fissures structuraux.
Pour des sols plus
humides, des proportions de maturité égaux oll plus grand que 1'unite sont
mesurés.
La mesure du proportion de maturité indiqueé qu'une
d'huraectation est nécessaire pour Ie développement des
vitesse critique d'huraectation (g d'eau/g de sol/s) pour
des fissures et des structures de sol est d'énviron 1.7 x

vitesse minima Ir
structures. La
ledéveloppement
10
gg s .
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ERFASSUNG DES SAUGSPANNUNGSFELDES IM WALDBODEN MIT HILFE ELEKTRONISCHER DRUCKAUFNEHMERTENSIOMETER MIT AUTOMATISCHER DATENREGISTRIERUNG
AM BEISPIEL DES HÖGLWALDEXPERIMENTS
W. Grimmeisen und K. Kreutzer
Lehrstuhl für Bodenkunde, Amalienstr. 52, 8000 München 40
Ziel: Es sollte ein Erfassungssystem aufgebaut werden für die Registrierung der Matrixpotentiale im Boden und zwar:
- in hoher zeitlicher und räumlicher Auflösung,
- mit Fernablesung, so daß die Belastung der Meßplätze möglichst gering
gehalten werden kann,
- mit einfacher und schneller Registrierung und Weiterverarbeitung der
Daten.
Meßeinrichtung: In zwei Parzellen des Höglwald-Beregnungsexperimentes
wurden insgesamt 192 elektronische Druckaufnehmertensiometer eingebaut.
Es sind 4 Meßblöcke zu je 24 Meßpunkten auf einer beregneten und einer
nicht beregneten Parzelle, in 6 Einbautiefen (2 m; 1,5 m; 1 m; 0,5 m;
0,3 m; 0,1 m) und in 4 Stammabständen (0,5 m; 1 m; 1,5 ra; 2 m ) , orientiert
an Bäumen, die nach Höhe, BHD und Kronenausbildung ausgesucht wurden und
die Bestückung weitgehend repräsentieren. •'
Die Zusammenführung der elektrischen Spannungssignale aus den Tensiometern
über max. 100 m mittels abgeschirmter Meßleitungen macht den Einsatz von
Meßwertverstärkern (MV) notwendig (1 Verstärker pro Tensiometer).
Die automatische Meßdatenerfassung besteht aus einem Multiplexer (MUX;
23 x 16 Kanäle) mit Analog-Digital Wandler (ADC; -4000 bis +4000 digits)
und einem Bildschirmrechner mit Doppeldiskettenlaufwerk und Drucker für
die Steuerung des Meßprogramms, Datenspeicherung und Ausgabe der Kontrollausdrucke (Abb.).
Zusätzliche Meßgeräte sind 8 Temperatursonden (Pt 100) in 6 Einbautiefen
und 2 m über dem Boden, sowie 4 Spannungsteiler für die Registrierung der
12 V Gleichstomversorgung. Für den störungsfreien Betrieb sind bei Anschluß an das elektrische Energieversorgungsnetz Trafo für 220 V Konstantwechselspannung und Hochfrequenznetzfilter notwendig.
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Abb. Flußbild der Meßeinrichtung von Meßsignalerzeugung bis zur graphischen Darstellung; (T) .. . (§): Meßblöcke
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Der Meßbereich der verwendeten piezoresistiven Druckaufnehmer von
0-1000 hPa wird beim Tensiometer durch die Porung der Keramikkerze begrenzt. Mit der Keramik der Fa. Schumacher können Kapillarspannungen von
max. 6 0 0 - 8 5 0 hPa gemessen werden, bestimmt durch den Schwankungsbereich
des Ludteintrittspunktes. Im laufenden Höglwaldexperiment ist der Meßbereich für die Messungen auf der nicht beregneten Parzelle nicht ausreichend. Für die Erfassung der Austrocknungsspitzen muß eine zusätzliche
Methode verwendet werden.
Die Meßgenauigkeit des Drucksensors liegt bei ± 1 , 5 hPa. Die Meßwertstabilität ist nach unseren bisherigen Erfahrungen zufriedenstellend.
Größere Abweichungen können durch Temperatureffekte, vor allem an den
oberirdischen Bauteilen, entstehen, da sie den atmosphärischen Temperaturschwankungen stärker ausgesetzt sind. Die Fehler lassen sich aber
bei gleichzeitiger Erfassung der Temperatur korrigieren.
Weitere Fehler können durch Spannungsschwankungen der 12 V Gleichspannungsquelle, die sich auf die Meßbrücke auswirken, entstehen. Auch sie
sind korrigierbar bei gleichzeitiger Aufzeichnung der Speisespannung
des Meßgerätes.
Die Tensiometer werden am Meßwertverstärker regelmäßig einmal im Jahr
auf Meßgenauigkeit kontrolliert. Eine Eichung erfolgt auch vor dem Wiedereinbau von ausgefallenen Geräten. Es hat sich dabei gezeigt, daß das
Auswechseln der Keramikköpfe problemlos darchgeführt werden kann.
Datenverarbeitung: Die schnelle Weiterverarbeitung und Auswertung der
großen Datenmenge geschieht mit einem leistungsstarken Rechner der Firma
Hewlett Packard (Serie 200). Für die Kopplung des Datenspeichers im Geländeeinsatz mit dem HP-Rechner mußte folgende Software erstellt werden:
CBM-HP-Datentransferprogramm sowie Informations-Putz- und Plotprogramm
für Korrektur und Sichtung der Meßergebnisse.
Bisherige Erfahrungen: Mit der beschriebenen Meßeinrichtung steht ein
modernes Instrumentarium als Grundlage für die Ermittlung der Wasserund Stoffflüsse im Freiland, vor allem bei Ökosystemaren Experimenten,
zur Verfügung.
Trotz des hohen technischen Aufwandes ist eine fortlaufende Betreuung
im Gelände erforderlich, insbesondere wegen
- Ausfall von Tensiometern durch Meßbereichsüberschreitung und
- Wartung der Gesamtmeßanlage.
Summary: Tensiometers with electronic pressure transducer and automatic
data recording are well fit for the measurement of the changes of soil
matric potentials in short time resolution. The technical data are reported as well as the application of these tensiometers in an ecological
field experiment in the forest. Short time effects of irrigation and
natural precipitation in several depths and with respect to stand parameters are demonstrated.

- 65 A suction C U D completely made of plastic - first results of a
comparison between aluminium oxide and plastic candles.
Jörn Grossmann
DeDartment of HudrDgeology and Hydrochemistry, Technical University Munich. Marchionmistraße I"7, 8000 München 70, Germany
Summary
Suction cuos are used an a large increasing scale for the extraction cf seeoage water from the unsaturated zone. In the
lest years suction cups made of ceramics or aluminium oxide
sinter have been used successfully. Those types show a certain
exchange capacity with regard to the cations dissolved in seeoage water. Because of this the measurement of short-termed
concentration fluctuations of trace metals is problematically.
Therefore new materials have been tested
in respect to their
sorption properties and their usability for the construction of
suction C U P S .
12 filter materials have been tested and nylon
membrane filters have been found out to show the required
hydraulic and chemical attributes. The first results of a comparison test between candles made of nylon and aluminium Dxide
shou that olastic candles interact with the trace metals dissolved in the seepage water in a considerably lower extent .

Zusammenfassung,
Saugkerzen werden
in immer größerem Umfang zur Gewinnung von
Sickerwasser aus der ungesättigten Zone eingesetzt. Dabei haben
sich in den letzten Jahren Kerzen aus Keramik oder A l u m i m u m Dxidsinter
bewährt. Da diese Materialien eine gewisse Austauschkapazitat bezuglich der im Sickerwasser gelüsten Kationen
besitzen.
ist die
Erfassung kurzfristiger
Konzentrationsschwankungen bei Scurenmetallen problematisch. Deshalb wurden
neue Materialien hinsichtlich ihrer Sorptionseigenschaften
und
ihrer Eignung zum Bau von Saugkerzen getestet. Uon 15 getesteten Fi 1termatenallen wiesen Membranfilter aus Nylon die gefor—
derten hydraulischen und chemischen Eigenschaften auf. Die
ersten Ergebnisse eines Uergleichstests von Kerzen aus Nylon
und Aluminiumoxid zeigen, daß Kunststoffkerzen mit im Sickerwasser gelästen Sourenmetallen In wesentlich geringerem Ausmaß
in Wechselwirkung treten.

1 Test of new materials
As a result of an inquiry to 120 producers of filter materials
12 different materials were at disposal for testing: The ceramic materials ABS. T2 and Quarsint
C Haldenwanger) , a r e t m e d
steel sinter CKrebsoge? and membrane filters made of cellulose
nitrate '. Sartor lus),
modified cellulose mixed ester
CSBitz),
polyvinul idenf luor lde (Millioore), polycarbonate (Nuclepore),
polyester
(Muclepare?, Polyvinylchloride
CReichelt) and poly-
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(Wolf Filtertechnik?. They were tested in respect to
the mechanical
stability, fill three ceramic materials sorbed
trace metals on a high level and had a very low permeability.
The r e t m e d steel sinter had a low bubble point and released
iron and chromium
to a percolating solution. Most of the
membrane filters had their bubble point at a very low level.
Moreover some of them tended to swell and to alternate the
bubble paint and the permeability
in contact with diluted
acids. Other materials were not very hydrophilic or had a low
mechanical stability. Membrane Filters made of nylon satisfied
the requirements in all test.

2 Laboratory tests
To compare the sorDtion properties of suction cups of nylon or
aluminium oxide percolation experiments were carried out with 3
candles of each type. ft carbonate groundwater in carbonate
eauilibrium enriched with cadmium (25 jjg/1), copper (25 yg/1),
mercury (.SO
ug/1.'1, nickel (25 ^g/15. zinc C25 ijg/1) and lead
(SO ug/1} served as a test solution. Before starting the expen HCl
riment the suction cups were cleaned with 0.5 1 af 0.1
and 0.5 1 of bidistilled water. Each candle was percolated with
2.7 1 test solution. In table 1 the amount of percolated solution is listed, where the concentration of a certain substance
in the percolate was equal to the concentration in the original
test solution.

Table 1: Uolume (ml) of percolated test solution to
concentration of the original solution in the eluat
Material
Nylon
Aluminium oxide

reach the

Cd

Cu

Hg

Ni

Pb

Zn

20
B00

200
>2700

300
>2700

30
2500

100
>2700

60
>2700

3.Field tests
Far further comparisons suction cups of nylon were installed in
a 10 m deep accessable shaft in quaternary carbonate gravel.
They were installed in depths of 5 cm, 20 cm, 200 cm, 350 cm
and B00 cm in comparison to aluminium oxide candles, which were
in use for half a year or longer. The analyses of seepage water
samples collected
with both candle types brought up to the
fallowing results:
The
concentrations of the main ions were the same for both
types whereas the trace metal concentrations showed
remarkable
differences.
In the seepage water
(concentrations of trace
metals below 100 yg/1) higher values were measured
in samples
collected with the nylon candles. The values ranged partly more
than 100 'i above those of the aluminium oxide candles. The
obtained data are evaluated with statistics and diagrams.

- 67 UTILIZATION OF WEIBULL EQUATION TO OBTAIN SOIL-WATER DIFFUSIVITY
IN HORIZONTAL INFILTRATION.
IVAN AMARAL GUERRINI
IBBHA-UNIVERSIDADE ESTADUAL PAULISTA-BRASIL

Water movement was studied In horizontal Infiltration experiments
using laboratory columns of air-dry and homogeneous soil to obtain a
simple and suitable equation for soil-water diffuslvity. The columns
had 30 cm of length and 5.6 cm of internal diameter.
Ten repeated experiments were performed, using the same soil and
the same laboratory conditions. Each soil column was packed uniformly
in order to have the same bulk density, which came out to be 1.50 ± 0.01
g cm- 1 .
Various water-content transients, for each one of the ten soil
columns, were obtained with a gamma-ray attenuation apparatus using a
l>7
C s source. During the measurement of a particular water content
transient, the soil column wa3 held in the same position in order to
measure changes with time, and so to reduce the errors In water content
determination. This methodology was originally U3ed by FERGUSON and
GARDNER (1962 and 1963) and by WHISLER et al. (1968) In the
determination of the soil-water diffuslvity.
In the present work, the established condition was that when the
gamma radiation beam was placed at some particular position of the soil
column to start measuring the water content, that portion of soil should
be yet dry, so that it was possible to take many measurements of the
dry-soil counting before the wetting front arrived at that position.
This way the dry-soil count intensities to be used in the attenuation
equation to calculate soil-water content were more precisely determined.
When the wetting front reached the position being measured, the count
intensity began to decrease and that particular time was called t„.
Water-content transient experimental data were fitted very well by
the Weibull equation

w(t) - 1 - exp[(t - t.l/b,] 0 '

(1)

where b, and c, are fitted constants and ui is the dimensionless,
normalized water-content given by u - (6 - 9 0 )/(9 1 - 9 0 ) , where 9 is the
volumetric watei—content, 9, and 9 0 are the maximum and minimum values
for 9, respectively.
The Weibull equation was utilized also to fit u(X), where X - x/t ,
x is the position being measured and a is the parameter first used by
GUERRINI et al. (1982) to show the time dependency for the soil-water
diffuslvity. The equation for ui(X) is

u U ) - 1 - e x p [ U 0 - X)/b 2 ]° 2

(2)
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where X„ - x/t 0
By solving equation (2) for X U ) , it was possible to obtain a
simple equation for the soil-water dlffuslvlty (D), including the watercontent and time dependencies showed by GUERRINI et al. (1982), namely

D U , t) - [2at(2a~1)][A„bJ

a) 1]

(3)

Comparisons were made among the equations here obtained for D and
other solutions found in literature. It was shown the unsuitabillty of
a simple exponential variation of the soil-water dlffuslvlty with the
soil-water content over the full range of the latter.

- 69 CRITERIA FOR PHYSICAL RATING OF SOILS
IN RELATION TO CROP PRODUCTION
R . P . GUPTA
B l v l s i o n of A g r i c u l t u r a l Physics
I n d i a n A g r i c u l t u r a l Raaearch I n a t i t u t a

Neu B e l h i - 1 H 0 1 2 INDIA
A ayatem of e s t i m a t i o n of p r o d u c t i o n p o t e n t i a l of a s e l l
i n r e l a t i o n t o p h y s i c a l c o n d i t i o n s of i t s p r o f i l e has been
suggested i n t h i s p a p e r .
A product of e i g h t s o i l p h y s i c a l
p r o p e r t i e s AtH ,C ,P ,F_F ,n and M have seen used t o compute tha
' P h y s i c a l Index' ( P I ) :
PI .

A.i.C.O.E.F.G.H

Where A through G are soil depth(A), »ulk denalty(l), moisture
storaoe capaclty(C), cumulative infiltration/apparent hydraulic conductlvlty(D), aeqreqatlqn(E). non-capillary pore apace
(F), water tahle depth(G) and slopa(H). An appropriate
welqhtage has been assigned to each component of the above
'Physical Index' for upland crops and paddy which varies
from ane for the ODrlmum ranqe to a fraction for the others.
Upland crops
Soil depths greater than 15f cm for coarse textured sail
and between 50 cm end 100 cm for medium and fine textured aoila
have a value of 1.0.
In medium and fine textured soils, the
depths greater than 100 cm cause aeration problem in the root
zone. Bulk densities 1.S-1.7 o/cm 3 , 1.5-1.8 g/cm 3 and l.t1.3 g/cm 3 far coarse, medium and fine textured soils, reapectlvely, have the value of 1.0.-The low bulk density lesa than
1.S g/cm 3 for coarse, 1.5 g/cm for medium and 1.0 g/cm 3 for
fine textured soil are not conducive for plant qrowth. Similarly, the hiah bulk densities greater than 1.7 g/cm
1.S g/cm' and 1.3 g/cm 3 for coarse, medium and fine textdred
soils respectively a^e not conducive for root growth.
The final infiltration ratea(l.•-3.0)cm/hr have a value
of 1.0 irrespective of soil texture. The infiltration ratea
less than 0.2 cm/hr cause stapnatlon of water on the soil
surface and oreater than 6.0 cm/hr promotes deep percolation
of water and nutrients uhich raises the groundwater level
if a layer of hlqh bulk density exists in the soil profile
thereby causing water loqqlnq in the root-zone and making the
land unsuitable for cultivation. Slopes less than 1 percent
for coarse textured soil »nd greater then 2 percent for medium
and fine textured aoils have value of 1.0, because surface
drainage Is very essential for aeration of root zone In medium
and fine textured soils during rainy season.

- 70 Paddy:
Soll depths qreater than 50cm for coars*, medium and fine
textured soils have the value of 1.0 due to shallow root system
of paddy crop. iulk densities less than optimum range for
(0-10)cm layer and qreater than optimum range for soil below 30cm
depth have been asslqned the value of 1.0 because the loose soil
in surface lay^r and a compact soil at 30 depth are conducive
for puddlinq operation and qrouth of paddy.
The infiltration rates or apparent hydraulic conductivity
of soil proflle(Q.2-Q.5) cm/hr have the value of 1.0 due to
requirement of submerqed conditions for weed control and very
slow dralnaoe for the continuous movement of soil solution
In the root rone irrespective of soil texture.
Upland and Paddy cropa:
The moisture storaoe capacity greater than 15 cm/*
(•etueen 1/10 and 15 har for coarse textured soils and 1/3 and
15 bars for medium and fine textured soils) have the value of
1.0 for both upland and paddy soils.
Orqanic matter ontent of soil has been assumed to be the
index of snqrepate stability because the dispersion of the aggregates by the impact of rain drops depends upon the amount of
oroanic matter present in surface layer. The percentaoe of
orqanic matter oraater than 2% for upland crops and less than
0.5% for paddy crop have been assigned a value of 1.0 irrespective
of soil texture.
Non-capillary nora space of (l0-15)% for upland crops
and less than 5% for paddy crop in upper 60cm layer has a value
of 1.0, irrespective of soil texture, a good aeration
of root zone is essential for upland crops but not for paddy
crop. Uater tahle depths greater than 50 cm and 1°0 cm have
the value of 1.0 for paddy crop and upland crops, respectively,
irrespective of soil texture.
The 'Physical Index' of the soil could help in evaluating
the potential o' the aoil and the extent of benefits which
could be derived by the use of improved soil management practices
under normal levels of fertilizers and water inputs.
The soils could be classified into five categories based
on the 'Physicsl Index' to estimate its production potential.
Class I-vary suitable(PI70.f0), yields very high; Class IIsuitahle(0.75 to 0.90), expected vield 75 percent of the optimum
yield; Class III-Moderately suitahle(0.50 to 0.75). expected
yield 5t percent of the optimum yield; Class I«- slightly
suitable (0.25 to 0.50), low yields, could be improved by the
use of improved soil management practices and Class V-Unsuitahle
(PI«0.2S).

- 71 HOW CLOSELY COUPLED ARE ROOT LENGTH AND CROP WATER USE?
Ann Hamblin
CSIRO, Division of Plant Industry: Dryland Crops and Soils Program,
Perth, WA Australia
A root length density function (L ) is common to equations modelling water
transport in the soil-root system. Use of L
in these equations often
assumes all the roots are equally capable of absorbing and transmitting
water, at similar hydraulic
resistances.
Field
evidence
however,
frequently shows otherwise, either because roots of different species and
ages absorb water at different rates, or because a few deep roots may
supply water from perched groundwaters at low resistances. This paper
reports results from field experiments carried out across a range of soils
in Western Australia, which demonstrate marked differences in specific
root uptake capacity (U ) between monocot. and dicot. species.
Four crop species (Triticum aestivum cv. Gutha, Hordeum vulgare cv.
Stirling, Lupinus angustifollus cv. Yandee, and Pisum sativum cv. Dundale")
were grown under winter rainfall conditions at latitude 31 °S on four
different soil series. These soils were 1) a deep, uniform loamy sand of
neutral pH (Wongan series: typic xerospamment), ii) an acid subtype of
this soil (pH <4.5 throughout; Noorpa series), a duplex loamy sand over
truncated laterite (arenic fragiudult: Colgar series) and a brown, duplex
loam over a calcareous clay (calcic haploxeralf: Merredin series). The
Wongan soil received 453 mm annual rainfall, while the other three soils
received 310 mm. The Wongan, Noorpa and upperpart of the Colgar soils had
0.01 MPa hydraulic conductivities of "10 2 m d , whereas the subsoil of
the Colgar and the Merredin profile had K(8) values of less than 10
m d . Soil water contents were measured through the depth of wetted
profile of cropped and bare plots, fortnightly, root lengths obtained by
coring, while dry matter accumulation and leaf area were cut from quadrats
sequentially through the growing season. Leaf areas expanded to 3-4 m 2 m 2
except on the acid sand, and for the lupins on the Merredin soil, where
they only reached 1.0 m 2 m 2 .
Total water loss from the profile was Zw - ƒ (As +P)-(As_) where P precipitation and S. and S. are soil water storage at t. and t.. Flux of
water to roots was computed by comparing the gradients of the cropped (c)
and bare (b) plots: Q - d/dz | (d8/dt) - (dB/dt). |, ( m 3 m " s d - 1 ) .

Z

C

D

Differences in maximum depth (R ) between sites reflect differences in
depth of wetted profile, the influence of soil pH and sensitivity of peas,
in particular, to mechanical
impedance, pea
root
extension being
restricted by a traffic pan at 20-30 cm in the sandier soils. Differences
in root length per unit area (L ) were very pronounced between cereals and
grain legumes irrespective of soil type, with the latter having less than
one third the root length of the former. Nevertheless lupins extracted as
much or more water than cereals at nearly all sites, see Figure 1. Peas
were able to extract water to lower potentials but did not have such high
EW values because of their shallower rooting habit.
The apparently higher uptake efficiency (U ) of grain legume roots, which
extends over a wide range of soil types, challenges the assumption that
root water uptake can be treated irrespective of the species in question.
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Table 1: Maximum Rooting Depth (R ) and Root Length per Area (L ) , and
Total Water Loss fro« Profile (DO .' R_(m) : L.(13J • M : ZV (am) *
R

z

Wheat
L
ZV
a

R

s

Barlev
L
TW
a

R

z

Lupin
L
ZV
a

R

z

Pea
L
a

IV

Wongan
deep sand

3.0

12.2

267

2.7

13.8

231

2.6

2.1

260

1.2

2.6

202

Noorpa
acid sand

1.8

4.5

160

1.0

3.1

148

1.6

1.6

192

0.9

1.6

146

Colgar
1.4
sand/laterlte

6.3

236

1.3

5.2

227

1.4

1.5

237

1.4

1.5

206

Fig. I. Root length density (I_.:_ .ÏO1* m _ 2 ) , waterflux to roots (Q r : d" 1 )
and specific vater uptake (Ü : 10
m 2 d ').wheat(.),lupin("),Wongan(—),
Colgar(--), at 100-114 days ar!ter seeding.
Resumé
La longeur raclnalre par unite volumlque dc sol (m 2 ) et le flux hydrlque
(mm
J ) vers les raclnes ont etc compares pour deux céréales et deux
legumlneuses sur quatre séries de sol dlfffrentes dans un cllmat mediterranean. Blen que les céréales avalent une longeur raclnalre environ
trols fots plus grande que les legumlneuses, 1'utlllsatlon d'eau cumulée
sur une salson ne dlfféralt entre especes que par 25Z au maximum.
L'absorptlon d'eau spaclflque (m 2 J ) étalt toujours plus grande pour
les lupins que pour le blé lndcpendamment du type du sol on de la surface
follaire. Ces réaultata suggerent des differences lntrtnlsques entre
monocotyledon«« et dicotyledon»« qui ne devraient pas Itre Ignore«« dana
la modellsatlon de 1'abaorptlon d'eau raclnalre.

- 73 Changes in soil water contents in the vicinity of
soybean roots
Shuichi Hasegawa
National Research Institute of Agricultural
Engineering, Tsukuba, Ibaraki, Japan
Successive measurements of soil water content in the
vicinity of plant roots are indispensable for understanding
the water movement through the soil and the plant. Gamma beam
method is one of the most adequate one to monitor soil water
contents near the roots. Because of the difficulties to
measure soil water content near the individual roots developed
in soils, root growths were controlled so as to make a root
plane, which is often observed along crack walls by drying in
clayey soils. Therefore, only horizontal water movement toward
roots were taken into consideration.
Methods
Three soybeans were seeded on a inverse triangular soil box
with a slit at the bottom. Tap roots were exercised when they
came out from the slit. Primary roots formed a root plane of 3
cm high and 5 cm wide and penetrated into a lower soil box.
Until the development of the root plane, roots were sandwiched
by a pair of wetted ceramic blocks to prevent desiccation. On
the seventh day, 35 primary roots formed the root plane, and a
pair of soil blocks were contacted with it at 18:00 on Oct.3.
The size of the soil block was 15 cm2 in root contact area and
10 cm in length. Compacted volcanic ash soil («=0.84 mm ) and
consolidated clay soil (<0.42 mm ) were used as soil blocks.
Initial soil water condition of each block was -10 KPa which
was obtained with pressure plate method. Bulk density of the
block of the volcanic ash soil was 0.823 g-cm"3 , which was
unchanged during the experiment. Soil blocks were wrapped with
aluminium foil except for the contact end. Temperature and
light conditions were 25 ± 2* C and approximately 30000 lux at
the top leaves during day of 6:00 to 18:00. Soil water
contents were measured every two hours by gamma beam method at
2 or 5 mm intervals along the soil blocks. The experiment was
conducted for 8 days and root length of the plane was measured
at the end of the experiment.
Results
Fine roots were not developed in the plane at the beginning
of the experiment but a lot of fine roots were branched from
primary roots at the end of experiment. Root length density at
the end of the experiment was 33.1 cm-cm"2 . During the
experiment the first trifoliate leaves were expanded. Soil
water contents in the clay soil block were not able to be
calculated because of significant shrinkage. The total amount
of water extracted from the clay soil block was 90% of that
from the volcanic ash soil block. Fig.1 shows successive soil
water content profiles of the volcanic ash soil block at 18:00
except on Oct.11 ( 16:00 ). As the accuracy of the gamma beam
method was ±1 % in water content, measured values were
scattered. Soil water content in the block decreased
continueously with day, but soil water content gradients were
not remarkable even in the vicinity of the root plane. Maximum

- 74 rate of water extraction was 3.4 mm-cm^-d"' from the root plane
on Oct.9.
Fig.2 shows water content profiles at every six hours on
Oct.8 and Oct.9. Water extraction rates during days were
2.3 and 2.1ram-cm"2.During nights, 1.0 and 1.3 mm-cnr* water
were also removed in these days. Water uptake rate on Oct.9
using the root density was 0.02 cm3- cm- d_/.
Soil water diffusivities calculated from the amount of
water extracted during 12:00 to 18:00 and soil water content
gradients were of the order of 10"^ cm2- s v within the
experimental soil water regions.
Soil water content gradients in the vicinity of the plane
of roots are affected by the magnitude of water extraction
rate and the soil water diffusivity. Our experiments indicate
that soil water content gradients were not appreciable at
least -1.5 MPa soil water potential at the roots, and that
roots could extract soil water from beyond 10 cm.
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Fig.1. Successive
soil water content
profiles.
A: gravimetric
method.
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Institut de Mécanique de Grenoble, USMG
BP 68 - F 38402 SAINT MARTIN D'HERES Cédex
Cornell University, Riley-Robb Hall,
ITHACA, N.Y. 14853 - USA

Abstract
Most water transfer problems in partially saturated soil are subject
to hysteretic effects on the hydrodynamical soil properties and in
particular on the relationship between the capillary water pressure (h) and
the volumetric water content (e).
In general the capillary hysteresis models presented in literature
(e.g. : EVERETT, 1955 1 POULOVASSILIS and CHILDS, 1971 1 MUALEM, 1974 1
MUALEM and DAGAN, 1975 1 PARLANCE, 1976) are based to some extent on the
concept of the independent domain theory together with some supplementary
hypothesis concerning the pore water distribution function. With exception
of the model of PARLANCE, all of them use some interpolation formulae in
order to predict families of scanning curves from the two boundary curves
of the main hysteretic loop. The main withdrawal of the models is the
considerable amount of experimental data hardly accessible in field
studies. The advantage of the PARLANCE model is the fact that it uses a
rational extrapolation formula requiring knowledge of only one boundary
instead of two boundary curves. However the latter model needs a special
shape of the relationship h(e) and considers both "air entry" and "water
entry" values to be identical, which hypothesis does not meet physical
reality.
The objective of this study is to develop an efficient hysteretic
model permitting to predict main and/or scanning curves from knowledge of
only one boundary curve without its precision being compromised by the
simplications introduced. The analytical expression of BROOKS and COREY is
chosen for h(8), as it allows application to often employed scale handling
of the spatial variability.
The presented model is based on the extrapolation concept of the
PARLANGE model taking into consideration different observations given by
MUALEM and MOREL SEYTOUX (1978) for further improvement. The main wetting
curve is represented by the BROOKS and COREY equation slightly modified by
imposing the residual water content value equal to zero. The "water entry"
value is estimated straight forward from the "air entry" value by means of
a theoretical formula based on some conceptual hypothesis concerning
particle packing arrangements.
The latter relation is confirmed by
experimental findings of BOUWER (1966). The analytical expression of the
main drying curve is obtained by extrapolation from the main wetting
boundary together with knowledge of the derivative at that boundary. A
similar technique is used to define expressions of the scanning curves.
Apart from the two parameters X (soil index) and her (equivalent air
entry pressure value) introduced by the BROOKS and COREY equation, no
supplementary parameters are required to put the hysteresis model into
operation, increasing to a large extent the flexibility and applicability
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of the model. The values of X and \\-r
can be obtained by a simple curve
fitting procedure on the experimental data of whether the wetting boundary
whether the drying boundary.
Application of the model on three diferent types of soil, give very
good agreement between experimental (GIAKOUMAKIS et al.,
1986) and
predicted results.
By no means the simplicity of the extrapolation
procedure affects the precision of prediction when compared with other more
elabored interpolation models.
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DEALING WITH SOIL MOISTURE VARIABILITY
J.M.H. Hendrickx
Soil Survey Institute, P.O. Box 98, 6700 AB Wageningen,
The Netherlands
Soil moisture properties exhibit temporal and spatial variability (e.g.
Hendrickx et al., 1984; Peck, 1983; Warrick 6, Nielsen, 1980). Major
efforts are needed therefore to obtain representative soil moisture
properties for use in computer models. The Netherlands Soil Survey
Institute faces the challenge to provide basic soil physical data for
regional soil water simulation models at reasonable costs. Hence, the
purpose of this abstract is to review recent work on how to deal with
soil moisture variability.
Hendrickx et al. (1986) and Wierenga et al. (1986) found that boundaries
located in the field on the basis of texture and soil morphological
characteristics coincided with the boundaries located on the basis of
soil water content and soil water tension. Thus, these investigators
demonstrated that the mapping units on a soil map are a good starting
point for dealing with soil moisture variability.
Within a given mapping unit, one can control the observed soil moisture
variability to a certain extent by manipulating sample number and volume.
Sisson & Wierenga (1981) and Hendrickx et al. (1986) found that the
infiltration rate variability decreased when infiltration ring area
increased. Anderson & Bouma (1973) found that the variability of
measured saturated hydraulic conductivities decreased when core height
increased from 5 to 17 cm. Hendrickx & Nieber (1985) found that soil
water tension variability in the field depended strongly on the
tensiometer cup size.
Soil moisture variability often shows some structure, which may allow
prediction whether the variability will increase or decrease. For example,
Saddiq et al. (1985) present data which indicate variability depends on
the method of water application, time after water application, and the
magnitude of the soil water tension. Yeh et al. (1984) predicted on the
basis of a stochastic analysis of unsaturated flow through heterogeneous
soil that the variance of soil water tension will increase as the soil
becomes drier. Hendrickx et al. (1984) and Hendrickx & Wierenga (1986)
confirmed this with measurements in, respectively, a bare flooded field
and in a drip irrigated chile pepper field.
Unfortunately, characterization of the soil moisture regime on a regional
scale remains difficult and costly even with the manipulation of sample
number and volume or the recognition of variability structure. Therefore,
other methods are developed to deal with soil moisture variability. One
method is the study of temporal stability of the soil moisture. Vachaud
et al. (1985) found in three different fields that some locations conserve
the property to represent the mean and extreme values of the field water
content at any time in the year. This result indicates that routine
measurements at a few but representative sites could yield a reliable
estimate of the mean soil moisture status. Ottoni & Warrick (1984) and
Hendrickx, Blackburn, and Nieber (unpubl. data) found similar results in,
respectively, an irrigated field and in East-Texan forested watersheds.
Another method is the use of major soil horizons, rather than individual
observations, as 'carriers' of soil physical data allowing extrapolations
based on a limited number of measurements. Bouma et al. (1980) and Wösten
et al. (1985) developed this method successfully for regional soil water
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data into p h y s i c a l data relevant for simulation of the soil-water regime.
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- 79 THE EFFECT OF WET CULTIVATION AND WATERLOGGING ON PHYSICAL
PROPERTIES OF AN AUSTRALIAN VERTISOL AND ITS ABILITY TO GROW
COTTON
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A.S. Hodgson , D. McGarry , K.Y. Chan and I.G. Daniells
New South Wales Department of Agriculture, Narrabri, New South
Wales, Australia, 2390
CSIRO, Division of Soils, Cunningham Laboratory, 306 Carmody
Road, St. Lucia, Queensland, Australia, 4067.
Wet seasons in the mid to late 1970's prompted work on the detrimental
effects of wet cultivation and waterlogging on cotton in a cracking clay
in the Namoi Valley, near Narrabri, New South Wales, Australia. The soil
is a self-mulching cracking grey clay (vertisol) with uniform texture
averaging 60% clay, smectitic-dominant, to at least 1m depth. Under
irrigation the upper subsoil (0.2 - 0.6m) is commonly degraded, becoming
generally massive with loss of pedality. Field experiments were initiated
to quantify soil and plant responses to soil and irrigation treatments,
and laboratory measurements of soil shrinkage, oxygen flux density (OFD)
and micromorphology were used to quantify the associated physical
properties.
Some physical characteristics of the soil are as follows:maximum available water capacity to 1.5m depth is 195mm, but only 109mm is
replenished by furrow irrigation as cracks seal rapidly due to swelling
and slaking; sealing of cracks limits the wetting front to about 0.8m due
to very low saturated hydraulic conductivity; air-filled porosity (E Ï of
wetted subsoil remains below 0.05 m 3 m - 3 for several days due to very slow
redistribution of water; drying of the profile relies on transpiration;
wilting point is 0.187 (S.E. 0.009) gg-1 for sunflower and 0.192 (S.E.
0.008) gg _ 1 for cotton; the -1.5MPa water content is 0.2 gg~'; the soil is
poorly drained, so has no definable field capcity; the plastic limit is
0.27 gg" 1 .

In a single-field trial lasting three consecutive seasons, the soil was
disked to 0.1m, ripped to 0.5m and scarified to 0.2m when wet (just
trafficable after furrow irrigation), moist (just above the plastic limit)
and dry (permanent wilting point to 1m).
In the first season wet
cultivation visibly degraded soil structure, diminished the root zone,
reduced water uptake, plant size and green boll numbers (but not lint
yield) relative to dry cultivation.
Bulk density (p), e
and air
permeability (K ) of soil cores showed no treatment differences. However,
thin sections snowed strong striation of clay in the wet cultivated soil,
and intact clods exhibited a reduced structural shrinkage phase following
wet rather than dry cultivation. In the second season the treatments were
applied, but rain delayed cultivation of the dry treatment so the crop was
sown too late for assessment of treatment effects.
In the third season
wet cultivation reduced cotton height, dry weight, N uptake and yield by
20, 26 31 and 31%, respectively, relative to dry cultivation.
The
accumulation of three seasons of wet cultivation has reduced the
structural shrinkage phase in intact clods and adversely affected OFD more
than
e more than p in soil cores particularly at the 0.2 -0.3m depth.
Three years cultivation in the moist and wet states have been equally
damaging to cotton growth and yield.
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crop rotation, dryland wheat and safflower were grown in each of the
former trial plots which included: ( 1 ) continuous cotton, (2) cotton/soybeans, (3) cotton/wheat, and (4) cotton/fallow.
For both dryland crops,
dessication of the soil profile increased from (1) to (4) reflecting the
increasing improvement of subsoil structure in each cotton rotation.
In
each plot the dryland crops were equally effective at drying and cracking
to 0.8 - 0.9m, but safflower was more effective than wheat from below this
depth to 1.5m.
In a field trial examining the effects of waterlogging, extended furrow
irrigation (4 - 32h) reduced growth, fruiting, N uptake and lint yield in
four seasons. Lint yield decreased on average by 29 kgha~1 for each day
that e < 0.1 rn^m-3 in the 0 - 0.2m depth.
This rate of yield loss
decreased with increasing waterlogging, suggesting an adaptation by the
crop.
Sprays of urea before irrigation increased lint yields in two
seasons, despite adequate soil fertilizer, probably because waterlogging
reduced N uptake. OFD was inadequate for most crops at e < 0.15 m ^ m - ^
which exceeded the previously accepted limit of 0.1 m^m -3 and is
attributed to the fine soil texture.
A survey of some irrigated soils in the Namoi Valley showed that water
extraction, K , e after irrigation, and lint yield were greater in new (1
yrÏ compared
(8 - 17 yr) cotton fields. Trafficked-rows produced
shorter plants with fewer bolls but similar yields to non-trafficked rows,
but there was no measurable effect on the physical properties of the soil.
Results of the field and laboratory experiments have led to (1) greater
knowledge of the physical processes at work under management of a floodirrigated vertisol, and (2) widespread application of results to management practice, e.g. restricting cultivation to when the soil water content
is below the plastic limit, and introducing dryland crops between
irrigated cotton to improve cultivation conditions and ameliorate the soil
structure.

- 81 Vorhersage der mechanischen Belastbarkeit von Böden als Pflanzenstandort
Prediction of the mechanical compressibility of the arable land
Prof. Dr. Rainer Horn
Lehrstuhl für Bodenkunde und Bodengeographie Abt. Bodenphysik
Universität Bayreuth Postfach 3008 8580 Bayreuth
Die Frage nach der Bodenbearbeitung und -pflege im Ackerbau wird zunehmend
kritisch diskutiert, da mit dem vermehrten Einsatz schwererer und leistungsstärkerer Maschinen auch die Verdichtungsgefahr der Böden erhöht wird,
selbst wenn man berücksichtigt, daß durch höhere Schlepperleistungen eine
bessere Terminierung der Befahrung möglich ist. Welche Wechselwirkungen
zwischen den Konzentrationsfaktoren als Maß für die Druckfortpflanzung und
der Auflast bestehen und inwieweit die hierdurch induzierte Änderung ökologisch relevanter Kennwerte in situ auch anhand von entsprechenden Laboruntersuchungen prognostizierbar sind, wurde an verschieden texturierten und
strukturierten Böden (Tab.1) untersucht. Es wurden Drucksetzungsversuche
und daraus abgeleitet die Vorbelastung, Druckfortpflanzungsmessungen an Bodenmonolithen unter definierten Laborbedingungen sowie in situ und auflastabhängige Änderungen z.B. der Luftkapazität unter kontrollierten Laborbedingungen und im Freiland durch langsame Uberfahrungen mit landwirtschaftlichen Maschinen ermittelt. In Tab.2 ist exemplarisch für die Braunerde der
Vergleich der tiefen- und vorentwässerungsgradabhängigen Druckfortpflanzung
durch in situ Messung bzw. durch Berechnung unter Zuhilfenahme der in Laborversuchen ermittelten Konzentrationsfaktoren aufgelistet. Aufgrund des
dominierenden Sofortsetzungsanteils ist die Übertragbarkeit gegeben, während bei feiner texturierten und stärker strukturierten Böden mit einem
höheren zeitabhängigen Primärsetzungsanteil und daher auch größeren Werten
für die auflastabhängig während der Belastung auftretenden neutralen Spannungen die Druckfortpflanzung nur unter Berücksichtigung der auch zeitabhängigen Änderung der Konzentrationsfaktoren vergleichbare Resultate ergibt. Denn während der Belastung des Bodens führt die Setzung zu erhöhten
Scherwiderständen in diesem und daher auf engem Raum zu gesteigerter Festigkeit, was dazu führt, daß bei nachfolgender Belastung die Druckkompensation
in diesem verdichteten Boden stärker wirksam ist. In Tab.3 ist der Vergleich
der Werte für die Luftkapazität (%) nach der Freilandbefahrung mit den entsprechenden auflastabhängigen Werten am Ende der Sofortsetzung im Labor exemplarisch aufgelistet. Bei beiden Vorentwässerungsstufen weisen die Quotienten aus Freiland zu Labormessung zwischen 0,8-1,2 bei einer Ausnahme auf
eine gute Übereinstimmung hin, wenn man berücksichtigt, daß unter dem Reifen die horizontalen Scherbewegungen die oberste Bodentiefe auflockern, was
in den statischen Laborversuchen nicht der Fall ist. Dies gilt auch für die
in Abhängigkeit von der Vorbelastung durch zusätzliche Auflasten veränderten Tiefenfunktionen von kf (cm/d) und nFK (Vol.%), sodaß die Vorhersage der
mechanischen Belastbarkeit von Böden anhand von Laborversuchen auf in situ
Bedingungen möglich wird.
Summary: The comparison of values for the concentration factors which describe the pressure transmission in situ, measured under static conditions
in the lab and in situ under slowly driving machines gives a good conformity on condition that the dependence of the dessication rate, load, duration
of loading and settling behaviour of soils is noted too. The same is true
for soil physical properties (e.g. saturated hydraulic conductivity, air
capacity and plant available water capacity) resulting in the possibility
of forecasting the mechanical compressibility of soils in situ due to lab
measurements.
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Tab. 1

Charakterisierung der untersuchten Bodenprofile

Tab. 2

Vergleich der im Freilandexperiment gemessenen Druckfortpflanzung (bar) unter einem Schlepper-Hinterrad
mit den nach theoretischen Formeln ermittelten Werten
unter Berücksichtigung der am Bodenmonolithen ermittelten
Konzentrations faktoren

Tab. 3

Vergleich der Werte für die Luftkapazität nach der Freilandbefahrung mit den entsprechenden auf lastabhängigen Werten
nach der Sofortsetzung im Labor

- 83 INFILTRATION AND SURFACE RUN-OFF EFFECTS ON THE NITROGEN
MOVEMENT IN SOU.
I . D. H r i s t o v
Soil Physics Department
N. Poushkarov Institute of Soil Science and Yield Prediction
Sofia, Bulgaria
after precipitation or a sprinkling infiltration the accumulation of
productive water supply available for plants in the soil aeration zone runs
parallel with a nitrogen movement in the soil. Surface run-off, thus obtained, is capable of removing considerable quantities of nitrogen from the
upper soil layer. Infiltration flow may essentially change the distribution
of soluble nitrogen compounds in the soil profile and leach part of these
compounds in the deeper layers. Liquid soil phase movement strongly affects
convection and dispersion exchange of nitrates between adjacent layers in
the soil profile during the periods of intensive evapotranspiration. In
this report experimental data characterising these effects on calcareous
chernozem and maize sown areas in North-West Bulgaria are discussed.
In field experiments the influence of sprinkling rates on the ratio between cumulative infiltration and surface run-off was established for a
3 f slope of the soil surface. The depth of the watered sens after infiltration depended on the sprinkling rate at a constant total quantity of
water.
It was established that at a range of precipitation intensity of 0 - 2.2
mm/min for the observed area and soil moisture of 0.8 of the field capacity, the total quantity of water (60 mm of water layer) is infiltrated up to
a depth of more than 100 - 120 cm at a sprinkling rate I of less than
0.4 mm/min; part of the total quantity infiltrated up to s 60 cm at I of
about 0.8 mm/min; up to 40 cm - at I - 1.6 mo/min; and, up to 25 cl - at
I * 1 . 8 - 2 . 2 mm/min. In all these cases the upper soil layer was well
cultivated. Surface run-off started at 0.4 mm/min and marked a rapid increase with the rise of the sprinkling rate. The amount of the run-off depended on the initial soil moisture.
At a sprinkling rate of 1 mm/min which ia near to the mean precipitation intensity (for 20 years), initial soil moisture of 0.5 of the field
capacity, and a total water layer of 60 mm added, surface run-off constituted on an average of 34 % for the first half of vegetation period (May,
June), and of 55 % for the second (July, August). Such a sprinkling causes
the surface run-off to remove an amount of solid soil phase, equal to 4510
and 2890 kg/ha, respectively. The amount of total nitrogen, removed with
the solid soil phase only, averages to 11.35 *nd 6«86 kg/ha at the discussed intervals of vegetation. The water run-off took away 7.33 and 0.42
kg/ha of nitrates, respectively, and 1.44 and 0.84 kg/ha of ammonium. With
the increase of the initial soil moisture up to the field capacity, both
the surface run-off (liquid and solid) and the removed amount of nitrogen
increased.
The investigation of hydraulic conductivity (K) as a function of volumetric water content (8) of the same soil in situ showed that K could be
sufficiently well described by an equation of the type:
(1)

K.

(e) = a ± exp (b t g ) , cm/min
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where a and b. are constants for the five soil layerB, of a 30 cm thickness each. These constants are valid within the intervals of 7.36 1 10
to 3-43 x 10
and 0.309 to 0.244. respectively. The curves show that conductivity of the different soil layers may differ up to one order at the
same moisture within the interval of water content that is easily accessible to plants. Average pressure potential ( Y ' ) of water in the examined
soil profile (O - 150 cm) may be properly described by the equation:

(2) Yv

(«) = 5-02 x 10? e~4'26'

J

A«

The nitrate movement in a vertical direction was studied by a physical
model, the basic equation of which is:

where P is the soil bulk density, C - the nitrate content, D - the dispersion coefficient, V - the rate of the liquid soil phase, R - the sum of
the nitrate amounts extracted by plants from the soil and transformed by
the microorganisms in the soil. Except for D, all these magnitudes are
functions of the depth (z). Applying the equation (3) for each soil layer
of a thickness of 10 cm, both the rate of total nitrate exchange between
adjacent soil layers and the rates of dispersion and convection exchange
of nitrate between them were calculated. The fixed distributions of nitrates and water in the soil profile up to a depth of 160 cm were used aa
experimental information.
The rates of convectional and dispersional exchange of nitrates were
compared at different depths for given periods, both before and after the
sprinkling infiltration. It was established that convection and dispersion
of nitrates had proceeded most intensively in the soil layer of 10 - 30 cm.
Increases of these processes were observed at a bigger soil depth, depending on the depth of the watered zone after infiltration and the initial
distribution of nitrates in the soil profile. In some cases small quantities of nitrates were leached into the layers located under 100 cm of
depth. The ammonium behaviour was different, as compared to that of nitrates.
Using the elaborated methodology and the experimental site functioning
under field conditions and fully equipped, an attempt was made for a thorough study of the interactions between the water and nitrogen regimes
in the soil during an intensive growing of maize. The results delineated
the different mechanisms of nitrogen movement in the root soil layer
and were significant for the estimation of the nutrient regime of crops
and its optimization, as well as in solving the pollution problems.
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V.Ilieva, P.Andonova'1} T.Kudrev*
N.Poushkarov Institute of Soil Science and Tield Prediction,
* M.Popov Institute of Plant Physiology, Sofia, Bulgaria
The economic use of soil water and the higher resistance of crops to
excessive dryness are of crucial importance for Bulgaria's agriculture
because of the particular climate of the country which frequently results
in lbw moisture contents during the period of plant vegetative growth.
Several lines of research can be outlined promising to reduce plant production losses caused by excessive dryness: crop treatment with physiologically aotive substances and growth regulators, antitranspirants, mineral
nutrition contributing to higher crop resistance , selection of genetically
resistant speoies, etc. (Andonova, 1984). A noteworthy approach is the experimentation with physical means of raising yields obtained with limited
water supply (Ilieva, I984). The objective of the present study was to
establish the effect of laser irradiation on the yield of maize which had
suffered water deficiency.
Material and methods. Dormant seeds of three maize hybrids, before being
sown, were treated with a He/Ne laser ray with a power of 20 mW. Lvovo - 1
laser equipment was used and irradiation was repeated 5 times. After one
weeK the seeds were sown in pots containing soil and plants were cultivated
with normal supplies of nutrients and water (I) until they reached the 7-9
leaf stage of growth. The situation was compared with the cultivation of
plants from non-irradiated seeds under identical conditions (control, N ) .
In both cases water application was stopped for one week when plants reached the 7-9 leaf stage of growth, whereupon visual and lasting symptoms of
plant injuries cnused by water deficiency were observed. Then the normal
water supply was restored and the plants were harvested after another 10
days. The quantity of produced biomass was determined by weighing. The
experiments were carried out twice with four replications of eaoh treatment
and the mean data are given in the table.
Results. Laser irradiation contributed to a higher accumulation of biomass
of maize plants having suffered water deficiency. A considerable increase in
total biomass was found for all three tested hybrids. It was somewhat lower
in the early maturing hybrid PX 32 but reached up to 22$ and 25$,respectively , in the mid-late hybrid BC 66 25 and the late hybrid H 708. The total
biomass increase of the PX 32 hybrid came from the growth of the root system, while both leaves and roots, but prevailingly roots, of the other two
hybrids made a bigger volume of growth. It can be concluded that laser irradiation contributes to a better root development and hence creates greater
opportunities for a fuller use of soil nutrient reserves.
Table - Effect of laser irradiation on biomass production of maiae having
suffered water d e f i c i e n c y
Hybrid and
treatment
PX 32 (N)
PX 32 ( I )
BC 66 25 (N)
BC 66 25 ( I )
H 708 (N)
H 708 ( I )

Dry biomass
leaves roots
5.68
2.87
5-56
4.22
1.71
4.77
2.82
5.31
4.07
7.99
9.26
5-5 1

Lant
whiJle plant

8.55
9.79
6.48
8.12
12.06
14.78

leaves
100
98.01
100
111.27
100
115.95

# of the control
roots w bole plant
100
100
147.21
114.52
100
100
125,21
164.54
100
100
122.51
135.37
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increase the productivity of maize hybrids grown under the conditions of
water deficiency by up to 25$.
References : Andoncva P. .Interrelationships between the nutrient and the
water regimes, Sofia, 1984. Ilieva V. et al., Laser in Agriculture, Sofia.
1984.

- 87 SOLUTE TRANSPORT IN A HARD PAN WITH FINE CRACKS
IN PADDY FIELD
Munehide Ishiguro
National Institute of Agricultural Engineering, Tsukuba,
Ibaraki, Japan
A hard pan layer usually exists under a plowed layer in
paddy field. It has a big effect on water and solute movements
in the paddy field. After flooded water is drained in a paddy
field, the formation of very fine cracks are often found in
the hard pan. In this report, how water and solutes move in a
hard pan with very fine cracks is studied by determining
breakthrough curves for it.
METHODS
An undisturbed soil sample of a hard pan, 5 cm long and
10 cm in diameter, was used in this experiment. A series of
breakthrough experiments was established as follows: 1) The
sample soil was saturated with pure water. 2) 0.1 N-NaCl
solution had been added until the composition of the effluent
became same as that of the added solution. 3) The NaCl
solution was followed by 0.1 N-KNOs solution. In addition, the
difference of head between inlet and outlet was 10.7 cm during
these experiments, and hydraulic conductivity was 0.9 to 2.0 X
1 0~*cm/s.
To consider the effect of ion adsorption by the soil, the
CEC and AEC of the soil were measured. On the other hand, an
apparent CEC of the soil was estimated from the amouunts of Na'
and CI- displaced by 0.1 N-KNO3 solution in the breakthrough
curves.
To observe the water paths, white vinyl water paint was
percolated after the breakthrough experiments.
The sample soil was collected from the paddy field
(Andosol) at Tsukuba, Ibaraki, Japan after harvest. Soil
strength of this layer was about 5 kg/cm1 by Yamanaka's
penetrometer. The physical and chemical properties of the
sample soil was shown in Table 1.
RESULTS
The breakthrough curves of Na+ and CI- in Fig. 1 are
characterized by a rapid rising in the initial stage and a
significant tailing away in the later stage. On the other
hand, it became clear that most of the percolating water
flowed through particular very fine cracks and pores, which
had not been recognized by the naked eyes, from the experiment
using white vinyl water paint. So, the author tried to apply a
graphical method proposed by Hatano et al.(1) to the theoretical prediction on the breakthrough curve for CI- . The method
had been used to analyze anion transport in a soil with
large cracks. In the method, the pore water is divided into
two phases, a mobile phase and stagnant phase, and it is
assumed that anion transport through the mobile phase can be
represented by the fundamental diffusion equation, and the
diffusional mass transfer between the mobile phase and the
stagnant phase can be represented by the Fick's second law.
The calculated breakthrough curve is shown by the solid line
in Fig. 1. The calculated curve is well fitted with the
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that the breakthrough curve for Na+ or CI- in Fig. 1 is
typical one for a soil whose water paths consist mainly of
very fine cracks.
The breakthrough curve of Na + , which was added together
with Cl~ , are nearly equal to those of CI" . This shows the
effect of adsorption on Na+ transport through the hard pan
with very fine cracks was not remarkable. Actually, the
apparent CEC was about 1.96 meq/100g which is only 7.05 % of
the CEC.
REFERENCE
1) Hatano, R., Sakuraa, T., and Okajima, H., The source-sink
effect of clayey soil peds on solute transport, Soil Sei.
Plant Nutr., 31(2), 199-213 (1985)
Table 1.

The physical and chemical properties of the sample
soil.

dry bulk
density

dencity of
solids

percentage of
solid phase

CEC
meq/100g

AEC
meq/100g

0.637 g/cm3

2.308 g/cm3

27.5 %

27.8

0

sand

silt

clay

23.7 %

43.7 %

32.6 %

soil texture
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Fig. 1.

Breakthrough curves while 0.1 N-NaCl solution was
added.

- 89 Characteristics of cation transport in volcanic ash
soils and a mineral soil under unsaturated conditions
Shingo Iwata and Setsuo Ooi
National Research Institue of Agricultural Engineering,
Tsukuba, Ibaraki, 305 Japan
A great number of breakthrough curves for soils have been
reported by many researchers. However, it seems that
breakthrough curves for unsaturated soils were not so many.
Especially, any breakthrough curves for unsaturated volcanic
ash soils in Japan have been not yet determined. The volcanic
ash soils have very specific physical and chemical properties
different from common mineral soils. For instance, their
cation and anion exchange capacities are considerably high,
and they have highly developed structures — allophane
particles (a dominant cj.ay mineral in volcanic ash soils) with
a diameter of about 50 A gather and form super-microaggregates,
and nextly the super-microaggregates form 20~30/U.m microaggregates, and lastly macroaggregates are made up of the microaggregates — which bring about very small solid ratios
less than 20%. In this report, we studied characteristics of
solute transport in volcanic ash soils under unsaturated
water conditions comparing with that in a mineral soil and
investigated the difference between apparent cation exchange
capacity obtained from each breakthrough curve and cation
exchange capacity by the Schllenberger method. In addition,
transport characteristics of cations in unsaturated soils were
discussed.
Materials and methods : The subsoil of a typical volcanic
ash soil (soil A ) , aggregates of 2~5 mm in diameter separated
by sieving the surface soil of the volcanic ash soil whose
organic content is very high (soil B) and the surface soil of
a diluvial soil (soil C) were used in this study. The diluvial
soil is a mineral soil and has a very poor structure in comparison with that of soils A and B. All soils were previously
saturated with K"1" under the condition where excess cations
were not present. Soil columns, 3 0 cm long, were prepared by
carefully packing each soil into a plexiglass cylinder with a
section area of 18 cm1. Nextly, pure water under a given
negative pressure was flowed continuously into a soil column
standing vertically. The negative pressure was established by
fixing the water table in a Mariotte tube at a given height.
The water in the tube is continuous with the soil water
through a glass porous plate attached to the soil surface.
After a steady-flow condition was attained, the pure water was
followed by 0.1 N NH^Cl solution. Then, the breakthrough
curves of K + and NHj were determined. In addition, tensiometers with very small porous cups were set in the soil column
at intervals of 5 cm. Under the steady-flow condition, the
values of pressure potential obtained by the tensiometers
showed that the soil water in the column is almost under a
same pressure potential. This means that the hydraulic
gradient was roughly uniform in the profile of the column and
about 1.0. This fact could be found in all samples. The value
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changing the negative pressure of solution flowing into the
soil column. Breakthrough curves for each soil were dtermined
at different three or four pressure potentials. According to
the change of pressure potential, the Darcy's velocities of
the solutions in each soil were varied from an order of 10
to that of 10~ 3 cm/hr.
Results and Discussion : 1) In all soils, the slope of
breakthrough curve becomes more steeper as the pressure potential in the profile become more negative. The breakthrough
curves for soil A are shown in Fig.1 as an example. In the
figure, the solid lines show the breakthrough curves of (K +
N H + ) , W is the water content on volume basis, V is the Darcy's
velocity and P is the pressure potential. This fact is considered to be due to a mixing effect occuring between solutions
in pores having different diameters which are neighbouring
each other. The above inference is confirmed also by a theoretical analysis. 2) As a general tendency, the value of pore
volume at which K + appeared in the effluent (K appeared always
before NH 4 did) became larger as the pressure potential in the
profile (the Darcy's velocity of the solution) decreased, and
the values of the pore volumes exceeded 1.0 in most of the
samples. The such phenomenon can be explained by existence of
a great number of stagnant pores. The amount of NH^ retained
in stagnant pores could be estimated from each breakthrough
curve. The average amounts of NU,, retained in soils A, B and C
were 5, 2.8 and 1.2 meq/100g soil, respectively. These values
reflect the physical and chemical properties of each soil,
respectively. 3) The apparent cation exchange capacity of each
sample could be estimated using the breakthroug curve. The
values obtained in each soil did not depend on velocity and
showed roughly a constant value. The ratios of the average
apparent cation exchange capacity to the cation exchange
capacity by the Schllenberger method for soils A, B and C are
21, 15 and 34%, respectively. These values also reflect the
structural characteristics of each soil, respectively.
a:v = 2.8X10"'cm/hr,
P=-7 cmHp
W=71 1
b : v = 2.3X10"icm/hr
P - - 1 7 . 5 cmHp
W = 66 %
c : v = 2.5X10"3cm/hr
P = - 3 4 cmHp
W-58 %

Pore
Fig.1

volume

Breakthrough curves at different pressure
potentials for A soil

- 91 PHYSICAL PROPERTIES OF A RED YELLOW LATOSOL UNDER CITRUS
AND FOREST IN BRAZIL
José Antonio Jorge
Soil Scientist, Instituto Agronómico, Säo Paulo, Brazil
The different soil management systems are responsible for important changes in soil physics properties. Kohnke (19 68) enphasizes that the infiltration rate usually increases with
higher aeration porosity, being correlated with land use. The
highest infiltration capacity is found in woodland,pasture,
rotation land, and continuous-row crop. Burning and pasturing
decrease the infiltration ratio of woodland. The physical characteristics of the profile, especially texture and depth
also have a strong influence on infiltration velocity. Land
use influences not only the infiltration rate but several
other physical parameters, namely resistance to penetration,
water retention at different tensions, bulk density and the
upper horizon consistence. Soil management may also to a
smaller extent influence the soil chemical parameters. Carter
and Rennie(1982) compared zero tillage and conventional
farming systems during 2 to 16 years and they did not find
any significant difference in organic carbon and nitrogen
levels between the two systems. Available phosphorus and potassium content were a little higher in the 0-2cm layer after
16 years cultivation. The objective of this study is to
correlate management and the physical properties and the chemical characteristics of a red yellow latosol under citrus
and forest. This research was developed on a high aluminum,
clayey Red Yellow Latosol on gentle slopes {Typj.c
Haptolthox).
A plot is under a 5 years old citrus orchard (RYL-citrus) and
the other under a forest (RYL-forest). This soil subgroup
was described by Oliveira et al.(1982) in the State of Säo
Paulo, Brazil. Chemical and physical determinations were, made
in the soil samples, namely pH (water and KCl), Ca , Mg ,
K , Al
, H , organic C, clay, silt, sand (Grohmann and Raij,
1974), water dispersible clay, particle density, bulk density,
total porosity, moisture desorption curves, infiltration rate
in steady state (constant level hydraulic head), available
water, liquid limit (Forsythe, 1975 and Sowers, 1965),
resistance to penetration (ASAE Recommendation) . Re.iu.lti and
di.icu.ii4.on.
The water content in the liquid limit for the RYL-citrus (23.6 to 32.9%) is lower, increasing according to the
clay content; for the RYL-forest the liquid limit is higher
(28.5 to 39.8%) on account of higher content of clay and
organic carbon. The water retention was significantly higher
for the RYL-forest in all tensions used. Considering the soil
profile (0-120cm), the water retention was not different statistically (0.05 level) at 0.2, 0.4 and 0.6 bar tensions, the
same occuring at 1.0, 5.0 and 15.0 bar tensions. For the
RYL-citrus the water retention may be separated in three tension groups: 0.2 bar; 0.4-0.6-1.0 bar and 1.0-5.0-15.0 bars.
The available water for the RYL-citrus was
5.4% by volume
in the 0-120 layer and 2.4% in the Ap horizon while for the
RYL-forest the available water did not vary so much, 3.7% in

- 92 the 0-120 layer and 3.1% in the A,, horizon.
The resistance to penetration (Fig. 1) and the bulk density
are higher in the surface horizon (0-15cm) for the RYL-citrus
on account of heavy traffic. At this same depth the RRLforest shows a total pore volume (59%) much higher than the
RYL-citrus (38%). In the lower soil layers there in no significant difference between the two management systems. Following the porosity pattern, a much higher infiltration rate
was found for the RYL-forest (11.lmm/minute), against 1.4 and
1.2mm/minute for the RYL-citrus in the row and between the
rows respectively, three sites average. Few chemical characteristics variations were detected, except for much higher
levels in the RYL-forest throughout the profile of org. C,A1 andH
due to the higher cation exchange capacity and organic matter
content; the pH in water and in KCl was lower in this soil.

f"
•o

I

RYL-forest
RYL-citrus

blows
Fig. 1 - Penetration resistence
Re^eA ence*.
Carter, M.R. and Rennie, D.A. 1982. Changes in soil quality under zero tillage farming systems: distribution of microbial biomass and mineralizable
C and N potentials. Can. J. Soil Sei. Otawa, 62(4):587-597.
Forsythe, W. 1975. Fisica de suelos. Manual de laboratório. Turrialba,
IICA. 221p.
Grohmann,_F. and Raij, B. van. 1974. Influéncia do método de agitaeäo na
dispersäb da argila do solo. In: Congresso Brasileiro de Ciência do Solo,
14. Santa Maria, 1973. Anais. Santa Maria, 123-132.
Kohnke, H. 1968. Soil physics. McGraw-Hill Book Company. New York. 224p.
Oliveira, J.B., Menk, J.R.F., Barbieri, J.L., Rotta, C.L. and Trenocoldi,
W. 1982. LeVantamento pedológico semidetalhado do Estado de Sab Paulo:
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- 93 A COi'-PARISON OF THE MOISTURE RBGIKE IN A NATURAL AM) IRRIGATED
GRU.-.USOL (VERTISOL) SUIL, GAL1LEJ, ISRAEL.
D.Ialmar, institute of Soils and Water, Volcani Center, A.S.O. Israel.
D.E. Yaalon, Institute of Earth Sciences, Hebrew University, Jerusalem.

Xeric moisture regime of the nediteranian climate results in a large »oisture
deficit during the dry summer season and a certain excess of moisture during
the rainy winter season, for the evaluation of the moisture dynamics and its
prediction in such soils a number of parameters of the atmosphere/plant/soil
system are needed, and have been seasonally measured over a number of years
in a natural and irrigated Grumusol (Vertisol) soils reepectivly, in the
Western Galilee Israel (Fig. 1 and 2).

Under natural conditions the wetting

drying cycle affects a depth of about 180 cm. with a moisture storage capacity
of 350 - 28 mm.

A large interannual variation in the amount and timing of the

rainfall in the wet season affects greatly the extent and efficiency of the
wetting process, with some leaching when precipitation exceeds 600 mm.
Some moisture movement was observed down to a depth of 270 cm. (Fig. 3 ) .
The addition of moisture by irrigation of agricultural crops during the dry
summer season, tends to cancel the drying process completely (Fig. 2 ) .
The lack of deep drying in these Orumusols, results in poor physical conditions
of the soil, reducing infiltration capacity, hydraulic conductivity and
especially causing an irreversible destruction of the structure, when the
expended clay is kept in the swelling condition for a long time. It is
suggested, and has been shown in other experiments, that advanced technological
methods, such as partial wetting by drip irrigation systems, enable sufficient
drying also in the subsoil and thus keeps the soil profile in good physical
condition.

- 94 -

Moisture

%

Moisture
JO
JO

%
SO

Spring

Fig.

'Spring

1

Without

19 70

»71
Year

90

Crop

|972

Moisture
W

% (volume)
W
»

.

- 95 SOLUTE TituwSPuHU! ÏHjiOUütl OXICHAPLUSTAW A S IMi?ijUj!iüCüD BY BULK DENSITY, MOISTURE
CONTENT AND J?iOrf VELOCITY OF wAÏEH.
3.

lUH.

and

K. M. NIÜAM

SOIL PHYSICS.
The l e a c h i n g
c h a r a c t e r i s t i c s of s e s q u i o x i d e r i c h A l f i s o l s of which t h e
s o i l p a r t i c l e s i n t e r a c t wich t h e moving s a l t i s i n a d e q u a t e l y
imown i n c o n t r a s t t o t h e abundance of i n f o r m a t i o n on the
s o i l s of temperate r e g i o n . The m i s c i b l e d i s p l a c e m e n t of
a n i o n s i s n o t w e l l d e f i n e d f o r such s o i l s p a r t i c u l a r l y i n
r e l a t i o n t o p h y s i c a l parameters c o n t r o l l i n g pore water
v e l o c i t y . The p r e s e n t i n v e s t i g a t i o n was t h e r e f o r e c a r r i e d out
on a l a t e r i t i c sandy loam s o i l t o d e f i n e t h e e f f e c t s of f l u i d
f l o w v e l o c i t y ( V d ) , v o l u m e t r i c water c o n t e n t (tt) and bulk
d e n s i t y ( P^) on m i s c i b l e d i s p l a c e m e n t of c h l o r i d e .
A s e r i e s of displacement runs were made through 5 cm
diameter and 1 4 . 5 cm l o n g s o i l columns packed w i t h a i r dry
s i e v e d ( < 2 mm) s o i l t o a uniform Pj, of 1 . 5 5 g cm-3. Four
Va : 0 . 5 0 7 , 0 . 2 4 5 , 0 . 2 0 4 and 0 . 0 6 3 cm h ~ l were monitored by
a d m i n i s t e r i n g water p r e s s u r e s r e s p e c t i v e l y of - 7 . 5 , - 1 2 . 5 ,
- 1 0 . 0 and - 1 4 . 0 cm of water a t t h e i n f l o w end and - 1 2 . 5 ,
- 1 5 . 0 , - 1 2 . 5 and - 1 5 . 0 cm of water a t t h e o u t f l o w end of t h e
columns. Pour 0 : 0 . 3 8 3 , 0 . 3 6 8 , 0 . 3 5 3 and 0 . 3 1 9 cm' cm-3 were
maintained by r e g u l a t i n g a v e r a g e h y d r a u l i c heads of - 5 . 0 ,
- 1 0 . 0 , - 1 7 . 5 and - 3 7 . 5 cm of water r e s p e c t i v e l y . The c h l o r i d e
e l u t i o n d i s t r i b u t i o n was a l s o r e c o r d e d a t f i v e f j, : 1 . 5 5 ,
1 . 6 2 , 1 . 7 0 , 1 . 7 7 and 1 . 8 5 g cm - 3 a s obtained by a r t i f i c i a l l y
compacting t h e s o i l . The t r a c e r and n o n t r a c e r f l u i d s used i n
the experiments were r e s p e c t i v e l y 0.1N Ca GI2 and 0 . 0 1 N
Ca SO. s o l u t i o n s . The c h l o r i d e c o n c e n t r a t i o n i n t h e e f f l u e n t
c o l l e c t e d a t r e g u l a r i n t e r v a l s of time was determined by
a r g e n o m e t r i c t i t r a t i o n u s i n g 0 . 0 4 H Ag NO3 s o l u t i o n .
The e x p e r i m e n t a l breakthrough c u r v e s (BT C a ) f o r
c h l o r i d e i n l a t e r i t i c s o i l had a g e n e r a l s h i f t towards t h e
r i g h t of one pore volume i n d i c a t i n g t h a t t h e c h l o r i d e
displacement i s r e t a r d e d due t o r e t e n t i o n of CI - i o n s a t
the a d s o r p t i o n s i t e s l o c a t e d mainly on i r o n and aluminium
compounds. T h i s r i g h t hand s h i f t of t h e BTCa i n c r e a s e s with
the d e c r e a s e i n pore water v e l o c i t y brought about by the
d e c r e a s e s i n Va and d and i n c r e a s e s i n p D . The i n i t i a l
breakthrough (IBT) i s s l i g h t l y d e l a y e d when fb
i s increased
from 1.55 to 1.62 g cm - ', with subsequent Increase in fb
the pore volume for IBT remaining unchanged at 1.77 g cm~3,
decreased noticeably at 1.85 g cm-3. Desaturating the s o i l
beyond 0.368 cm5 cm-' at which IBT i s at par with that at
0.383 cm' cm-5 however, hastened the IBT. The rate of
increase in relative concentration beyond one pore volume
decreased with the decrease in Va and ö and increase in fb»
resulting in tailing of BTC8. The mobility of chloride as
related to pore water velocity i s well characterised by the
Feclet number in non-compacted moist s o i l . However, in case
of unsaturated or, compacted s o i l , the displacement of
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chloride as related to pore water v e l o c i t y i s better characterised by apparent diffusion c o e f f i c i e n t (D). D was s i g n i f i cantly (r • 0.93) related to pore water v e l o è i t y (v) by the
equation,
D =• D e + 0.78 v ° ' 8 ° 4 where, D e ( 2 . S S x l O - ^ 2 ^ 1 )
i s the e f f e c t i v e deffusion c o e f f i c i e n t of chloride.
The displacement of chloride was not well predicted by
the convective dispersion equation considering one pore
volume equal to either experimental porevolume or pore
volume at 0.5 r e l a t i v e concentration. These models,in general,
overestimated the leaching rate under a l l conditions except
when the s o i l i s nearly saturated and/or flow v e l o c i t y i s
high. The chloride elution d i s t r i b u t i o n was reasonably well
predicted by the Diffusion controlled rate flow model for
adsorbed solute considering both mobile and iamobile phases.

- 97 Comparisons between the twin heat probe, tensiometer and
gamma beam methods for measuring soil water content
Tatsuaki KASUBUCHI
National Institute of Agro-Environmental Sciences,
Kannondai, Yatabe-machi, Ibaraki-ken, 305, Japan
Thermal conductivity of soil correlates well with soil
water content and can be measured accurately and easily by the
twin heat probe method (twin transient-state cylindrical-probe
method). Therefore, this method may be applied to measure soil
water content. This method can be used both in the laboratory
and the fields. Tensiometer is widely used to monitor the field
soil water. But hysteresis effect is known between matric
potential and water content. And it can be used only for wet
soil. Gamma beam method can measure soil water content
accurately mainly in the laboratory experiments. These three
methods were compared by measuring simultaneously using a soil
column in the laboratory.
Volcanic ash soil was packed in a lucite column(6.0 x 10.0
x 110.0cm) uniformly. Averaged bulk density was 0.810g.cm
and texture was LiC. Eleven heat probes (0.1 cm outer diameter
and 10.0 cm long) and twelve porous ceramic cups (0.8cm outer
diameter and 3.0cm long) were set horizontally in the column.
The soil column was saturated by supplying water from the
bottom and then drained. After that, hot air was applied for
eight hours daily on the top of the column to promote
evaporation. Thermal conductivities were measured by the twin
heat probe method using a computer system which could measure
and calculate the thermal conductivities of all points within
six minutes. Accuracy of this system is within +0.01W.m~ • K~ .
Matric potential were also measured automaticaly using pressure
sensors. Accuracy of this system is within +0.2cm-HaO. Soil
water contents were measured by the single gamma beam (^'Am-lOO
mCi source). The beam was colimated through a narrow slit of
0.24 cm high and 2.5cm wide. The beam position can be
controlled within +0.1 mm by a computer system and the counts
from single channel analyzer can recorded also by the computer.
Soil water contents were measured at the 5.0cm intervals.
Before and after the experiments, water contents were measured
by the gravitational method at 10cm intervals.
The results were as follows.
1) At the beginning and the end of the experiments, soil water
contents by the gamma beam method and gravitational method
agreed well within +1% by volume bases.
2) To compare the thermal conductivities with water contents
by the gamma beam method, spline function were used to
interpolate the thermal conductivities at the positions
corresponding to the measurement points of gamma beam method.
The results were shown in Fig.1. The linear correlation
coefficient was 0.98.
3) Matric potentials were also interpolated by the spline
function. The results were shown in Fig.2. The linear
correlation coefficients was 0.94 but the data scattered as
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From these results, it is concluded that the twin heat
probe method is successful to determine the soil water content.
The accuracy of the water content by this method is
approximately within +2%. This method can be applied to the
field measurements and to relatively dry soil.
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A progressive shift from crop production systems involving foragebased rotations to continuous row crop production has occurred in central
and eastern Canada. The adjustment in crops grown and associated soil
management practices is resulting in changes in soil physical conditions.
Information on the rates of change of soil structure under different
cropping systems is important both in terms of projecting the impact of
existing practices and in assessing the effectiveness of ameliorative
programs. However there is very little experimental data or theoretical
models which can be used to define the rate of change of different soil
structural characteristics as different cropping and soil management
practices are introduced.
Crop production systems are known to influence organic carbon content and, across a broad range of soils, changes in organic carbon content has correlated with changes in some soil structural characteristics
(e.g. Chaney and Swift, 1984). Models to describe changes in organic
carbon content with time have been developed (e.g. Van Veen and Paul 1981).
However, there have been few attempts to link such models with changes in
soil structural characteristics. Furthermore, change in soil structural
characteristics have been noted soon after cropping systems have been
changed but before there have been measurable changes in organic carbon
content (eg. Angers, 1985, Baldock, 1985). This creates difficulty in
linking models on total carbon turnover to changes in soil structure.
Specific components of soil organic matter (eg. roots and fungal hyphae,
polysacharides) may have a much more significant impact on soil structure
than total carbon. More specific data on the nature of agents which are
most important in stabilizing soil structure, their rates of turnover,
and quantitative relations between aggregating agents and structural
stability is required. However, in the absence of such data Angers et al
(1986) proposed a Crop-Management Aggregation (CMA) factor which could be
correlated with the temporal change in the characteristics of soil
structure as cropping systems change. The factor was based on the
assumptions:
(1) that grasses contribute aggregating constituents to
soil which result in the stability of soil structure Improving
exponentially with time during the period that the grass was grown and
(2) that soil structure deteriorates exponentially with time when the
grass is replaced by a row crop which is grown using conventional tillage
practices.
The CMA factor is formulated as a function of time (t) by
CMA(t) - £ (1 - exp(-k T ) exp (-k t )
i
11
2 1
wher e:
1 indicates the summation of the separate contributions and loss of
the aggregating constituents) arising from periods (i) in which the
grass or forage is grown,
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T, indicates the length of time (yr) of period 1 in which the grass
is grown,
t, indicates the length of time (yr), between the breaking of the
sod after period (i) and the time under consideration (t).
The improvement in the characteristics of soil structure as a consequence of increasing levels of aggregating constituent(s) is correlated
to (l - exp (-k, T ) ) , and would be expected to be influenced by soil
characteristics, plant species and plant growth characteristics. The
rate may also be different for different characteristics of soil
structure. The deterioration of soil structural characteristics as a
consequence of the decay of aggregating constituent(s) after breaking of
the sod is correlated to (exp (-k,t)) and will be influenced by soil
characteristics, tillage and other soil management factors, as well as
plant species.
The objective of this paper is to illustrate the relation between
the CMA factor and the structural stability of a soil exposed to different cropping sequences.
The soil was a silt loam which was classified as a Gleyed Melanie
Brunisol (Aquic Eutrochrept). Cropping sequences were: continuous brome
grass (15 year), brome grass (12 year) - corn (2 year) - bromegrass/alfalfa (1 year), brome grass (9 year) - corn (6 year), corn (13 year) bromegrass (2 year), and continuous corn (15 year). Structural
measurements included wet aggregate stability, aggregate tensile strength
and compactibility.
Using values of k, - k 2 » 0.4 yr - 1 it was found that the CMA factor
was linearly correlated to wet aggregate stability (R2 • 0.815) and
aggregate tensile strength (R2 - 0.96). The CMA factor was also related
to the total porosity under standard compaction conditions.
Research is currently underway to obtain values of k. and k„ under
different crop and soil management conditions which provide the best
correlations between the CMA factor and different structural characteristics. Work is also underway to clarify the nature and dynamics of the
aggregating constituents.
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It has been recognized that nuclear methods have numerous
advantages
over
nonnuclear,
traditional
methods
like
gravimetric
sampling, resistance blocks, tensiometers and the like, in soil water
studies provided they are calibrated properly.
In calibration work,
however, core soil sampling is the most general method against which the
nuclear methods are calibrated.
In this work field calibration of a
surface neutron gauge based on (1) core sampling, and (2) parafin methods
were compared.
Results are discussed in the context of comparing error of water
content measurements made with the neutron method calibrated against
either core soil sampling or parafin method. Additionally field variance
structure of water content measurements made with nuclear, core soil
sampling and parafin methods are compared.
Method and Materials
A field transect was used to calibrate the surface neutron
probe. All the field measurements needed in the calibration were made at
1.5m equally spaced measuring sites along the experimental transect.
Therefore the resulting data had a sequenclal nature and it easily lead
itself for geostatistic analysis which was used to determine variance
structure of the measurements.
Measurements made with the surface neutron probe were followed
with gravimetric soil sampling, with core soil samples of 600cm3. At the
time of field measurements irregularly shaped soil clod samples were
collected to measure soil bulk density with parafin method (Kèsdi, 1980;
p 51) In addition to those obtained with the core soil sampling. Thus
the experimental procedure used resulted two different methods of
calibration of the surface neutron probe: (1) core soil sampling, (2)
parafin method.
Various error components contributing to the total variance of
the measurements, like instrument, calibration and local errors, under
two different means of calibration procedure (i.e., core sampling,
parafin method) were compared using the procedure described by Vauclin et
al (1984).
The two different means of calibration procedures were also
compared using relative sensitivity analysis described by Mandel (1964).
Relative sensitivity parameter defined as

k = V (8)p/V (8)c
A

A

A

(1)

*

where V (8)p and V (8*)c are^estimated total variances of field mean estimate of water contents (9) for the surface neutron probe calibrated
against parafin and core soil saapling methods, respectively.
The
relative sensitivity parameter k as defined here gives relative number of
replicate measurements, for the parafin method, needed to attain same
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Results and Discussion
Correlation coefficient of the linear calibration relations for
the surface neutron probe was higher for core sampling than that for the
parafin method. Spatial distribution of water content measurements along
the field transect, based on two different means of calibration and core
sampling method looked very similar, with no significant difference in
the field mean water contents (Pig. 1 ) . This shows that the parafin
method of calibration was quite adequate if one only concerned with field
mean water content alone. However total variance of the measurements was
higher when the parafin method of calibration was used owing to
relatively higher calibration error contributiong to the total variance
(Fig. 2 ) .

Pig. 1

Spatial distribution of
volumetric water
content measured with
three different aproaches.

Fig. 2

Contribution of calibration
error component to total va
riance of measurements based
on two different methods of
calibration.

This implies that one will need relatively higher number of measuring
sites (I.e., replicates), as a consequence of eqnt. 1, in a given field
If he is to get same variance of measurements as that for core sampling
calibration.
Autocorrelograms of water content measurements with both surface
neutron probe and core soil sampling showed same value of "zone of
influence" (ZI) which was about 4 lags. However the ZI of the parafin
method was somewhat less than the other two methods indicating that
measurement domain of the parafin method was smaller.
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FOUR SELECTED SOILS OF PARANA, S - BRAZIL
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Field observations in Parana State of southern Brazil have
shown,principally the most serious soil erosion damages
were caused by intensive rainfalls after a long dry period.
Therefore the influence of moisture content on the
aggregate stability of four selected soils, which are
occupying 45% of the total area of Parana, was determined.
The wet sieving method of Yoder was used on aggregates of
6-9,5 mm in diameter from 0-10 cm and 10-20 cm depth of
a) Terra Roxa Estruturada (Alfisol) b) Latossolo Vermelho
Escuro (Ustox or Orthox) c) Podzólico Vermelho Amarelo
(Ultisol) and d) Podzólico Vermelho Amarelo abruptico (Ultisol).These aggregates were treated in three different ways:
a) dried for 24 hours at 105 C, b) field capacity and
c) watersaturated.
The results demonstrated (fig. 1) the highest aggregate
stability of all soil types in condition of field capacity.
Watersaturated aggregates proved to be more resistant to
slaking effect than those dried by 105 C about 24 hours.
A qualitative relation to erodibility was achieved for
tested soils. While Terra Roxa Estruturada soil shows the
highest resistance, mostly in bigger aggregate sizes, followed by Latossolo Vermelho Escuro, lowest stability of
structure was measured by Podzólico Vermelho Amarelo and
Podzólico Vermelho Amarelo abruptico. The last both soil
types with highest amount in small aggregate sizes > 2mm in
diameter. This is important to erosion process, because it
could be observed in field studies, that aggregates smaller
than 2,00 mm in diameter are transported by overflow and
those smaller than 0,25 mm in diameter are susceptible to
be transported in suspension, even during normal rainfall
events.
The reason for higher desaggregation of Podzólico Vermelho Amarelo and Podzólico Vermelho Amarelo abruptico are
corresponding to lower contents of sesquioxides, Si02 and
clay. Especially the function of iron oxides as protecting
cover of aggregates could be determined in electromicroscopical examinations.
Higher erodibility of Podzólico Vermelho Amarelo and
P.V.A. abruptico were proved in soil loss measurements in
test plots with an inclination of 5%. Soil losses of Podzólico Vermelho Amarelo and P.V.A. abruptico amounted to
174,2 to/ha/year in comparison to soil losses about 92,8
to/ha/year of Latossolo Vermelho Escuro and 21,0 to/ha/year
of Terra Roxa Estruturada sites.

Fig. 1.Percentage distribution of aggregate classes
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TIME DEPENDENCY OF PARAMETERS
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In field infiltration tests the double ring method with
the permanent ponding of the surface is routinely used offering
the data on the cumulative infiltration I in time t. These data
are commonly fitted to a simple algebraic equation and the parameters thus obtained are frequently used for the prediction
of infiltration for time conditions different from that ones
existing during the infiltration test, or in some i n s t a n c e s ,
the parameters obtained from infiltration tests of different
duration are mutually compared and statistically evaluated as
if they were fully compatible. If the equation applied for the
fitting procedure was physically derived, the parameters are
often treated as a good estimate of a certain characteristic
of the soi1.
The time dependency of the parameters of the algebraic equations of (a) Kostiakov, (b) Mezencev, (c) H o r t o n , (d) Green
and Ampt, (e) Philip were therefore studied as follows:
For two s o i l s , Sand of Isère and Yolo light clay, the set of
I(t) values was generated using the Philip's series solution
with 9 terms. Thus obtained reference sets I(t) were further
evaluated by two methods with regard to the time stability:
(i) the method of moving a v e r a g e s , (ii) the method of constant
selections. The same procedure was applied to the results of
the laboratory infiltration test with the sand.
From the procedures we conclude: Empirical equations ( a ) ,
(b) and (c) contain empirical parameters which have to be considered as fitting parameters only without physical meaning
and their strong time dependency is not p r e d i c t a b l e . The increase of the number of parameters does not contribute to the
substantial elimination of their time dependency. The Green
and Ampt's physically based equation (d) offers parameters
which are strongly time dependent, too and their relation to
physical characteristics of the soil is poor, not well predictable. It is therefore appropriate to consider them as fitting
parameters only. The parameters S (sorptivity) and A in Philip's equation (e) are time dependent, too. However, the value
of S is less variant with time than the other paramaters of
the tested equations and its use for the estimation of sorptivity can be recommended. Parameter A is a typical fitting parameter without predictable relation to saturated hydraulic conductivity or to the other hydraulic characteristic of the soil
and its time dependency is relatively high.

- 106 SENSITIVITY OF SOIL TO COMPACTION AS A FACTOR OF RYE
ROOT DISTRIBUTION
0. Lipiec and S. Tarklewicz
Institute of Agrophysics P.A.N., Lublin, Poland
The sensitivity of two soils /heavy loam and loamy sand/
to compaction in relation to moisture content and number of
tractor passes was investigated. The soils were subjected to
0; 1; and 4 tractor passes at two different levels of moistur content for each soil: 15,9 and 19.5% /by weight/ for heavy loam and 9,5 and 12,1% /by weight/ for loamy sand. The
sensitivity of soils to compaction was characterized by bulk
density of soils and crushing strength of soil aggregates.
The crushing strength of aggregates of 9-10, 15-16, 19-20,
and 29-30 mm in diameter was determined, at different moisture content, by means of the INSTRON Testing Machine. The strength at the moment of aggregate breakdown was recorded.
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- 107 It ««as found that bulk density of both soils Mas higher
on plots trafficked at higher moisture content. The crushing
strength of soil aggregates, beeing one of the most important factors of the soil sensitivity to compaction, increases
as the moisture content of aggregates decreases.
Figure 1 presents the crushing strength as a function
of moisture content of aggregates 9-10 mm from different treatmentsof the heavy loam soil.
The crushing strength of loamy sand aggregates was considerably lower then that of heavy loam aggregates. Figure 2
presents the crushing strength aa a function of moisture content of different aggregates from the control field plot of
this soil.
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The tractor passes performed on the soil did not cauee
any distinct differentiation in the aggregate crushing strength.
The root length density and rooting depth was related
to the number of tractor passes and the soil moisture content. In general, root length density and rooting depth decreases as bulk density increases.
Zusammenfassung
Anfälligkeit des Bodens gegen Verdichtung als Wachstumsfaktor der Roggenwurzeln
Die Anfflllig der Lehm- und Sandböden gegen die Verdichtung in Abhängigkeit von der Feuchtigkeit und der Zahl der
Schlepperdurcngflnge wurde auf Grund der Bodendichte und der
WiderstÄndigkeit der Aggregate gegenüber der Oruckelnwlrkung
bestimmt. Die Veränderungen der Bodendichte fanden ihre Abspiegelung in der Wurzellinge Je Volumeneinheit des Bodene
im Oberteil des Profils.

- 108 MACR0P0RE AND SOIL VARIABILITY EFFECTS ON HYDROLOGIC TRANSPORT PROCESSES
R. J. Luxmoore, K. W. Watson, G. R. Southworth, R. R. Turner, and
R. C. Ward
Oak Ridge National Laboratory, Oak Ridge, Tennessee, USA
Field, laboratory, and computer modeling Investigations of the
effects of macropore and soil variability on water and solute transport
are reported for two contrasting watershed sites: one with a deep (30 m)
soil profile and the other with a shallow (3 m) profile, and both with
deciduous forest vegetation. The field facilities provide for transport
studies dominated by one-, two-, or three-dimensional flow processes and
include a system of subsurface flow monitoring and computer-based data
logging.
Soil macroporosity.
The differences in Infiltration rates under
ponded conditions (all pores conducting) and under tension up to 1.5 kPa
(large pores excluded from the flow process) were used to estimate the
macroporosity of the surface soils of the two experimental watersheds. A
tension inflltrometer with an adjustable tension control was designed to
fit into the inner ring of a double-ring inflltrometer for these
measurements.
The mean ponded infiltration rate of 16.7 m/d at the
shallow site was higher than the 11.1 m/d value for the deep site;
however. Infiltration rates under tension control were very similar at
both watersheds.
Soil macroporosity was very low (< 0.001 m 3 /m3) at
both watersheds but was sufficient for conducting large quantities (73%)
of ponded water through the surface soil. The variability 1n flow
through macropores and the soil matrix was lognormal 1n frequency
distribution for 38 sampling points.
Chemical
adsorption
on
macropore
wall
coatings.
Organic
(root-derived) and mineral materials coating the walls of large soil
pores and channels were collected, and the adsorption characteristics
(K,j) for cadmium and manganese were determined. Similar measurements
were also made on the bulk soil adjacent to the macropore coatings. The
K d was higher (200-600 for Cd, 80-110 for Mn) for the organic coatings
than for the bulk soil (12-20 for Cd, 15-30 for Mn), whereas the mineral
coatings on macropores had adsorption characteristics similar to those
for the bulk soil. Greater chemical retardation is expected 1n old root
channels than 1n cracks between soil aggregates.
Chemical
transport
through
soil
columns
with
macropores.
Experiments conducted on an intact soil column (2.6 cm diam, 10 cm
length) with an artificial macropore, formed with a 0.7-mm-diam wire,
were used to test the suitability of several chemical transport codes for
describing the movement of reactive chemicals in soils containing
macropores.
Tritlated water and l*C-labeled methanol were used as
conservative tracers, and trlchlorobenzene
(adsorption
coefficient,
K,j = 9) and tetrachlorobenzene (K,j = 25) were the reactive tracers 1n
the column experiments. With the selection of an appropriate dispersion
coefficient,
the
advect1on-d1spers1on
equation
was
suitable
for
describing the movement of nonreactlve tracers in macroporous soil, but
it predicted much more retention of retarded tracers than was observed.
A two-region model was able to describe the rapid movement of the
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was able to predict the breakthrough curve of tetrachlorobenzene. A
stochastic-advectlon model, which allowed the adsorption coefficient to
be expressed as a random variable related to the pore water velocity, was
also able to describe the high mobility of the tracers 1n the macroporous
soil. Models that explicitly utilize stochastic variation in sorptive
affinity associated with variation 1n pore water velocity appear to have
promise for describing chemical transport through soils with macropores.
Simulation of soil variability effects on subsurface flow.
A
three-dimensional
hydrologie model was set up to represent a 30°
hi 1lslope with a deep soil profile (30 m) and a shallow profile (3 m ) ,
and with two patterns of soil variability. The mean and variance of the
soil hydraulic characteristics, defined 1n terms of scaling factors, was
the same in all cases, with one case having a random spatial distribution
and the other having a spatially correlated distribution of soil
characteristics.
The subsurface outflow resulting from a rainfall
intensity of 10 mm/h for 4 h occurred at a greater rate from the
Mllslopes with spatially patterned soil distribution.
The random
distribution of soil characteristics provided greater Interaction of
dissimilar types (coarse and fine texture) with differing water
capacities than 1n the spatially correlated hillslope, and this favored a
lag in hillslope outflow in the former case. The subsurface outflow from
the hillslope with a deep soil profile was dominated by contributions
from the top 4 m of the profile, showing, for the cases examined, that
the depth of soil profile may only have a small influence on the
hydrologie response of Mllslopes to rainfall events.
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Physical and engineering properties of pumice soils are mainly dependent
on the degree of weathering, and consequently pumice soils can be classified
into the non-weathered and the weathered ones.
The non-weathered pumice
soils have many similar characteristics of sands; the differences are that
pumice grains are abundant in internal pores easily broken down by
compressive forces.
On the other hand, the weathered pumice soils have
many of the characteristics of allophane soils.
In Japan, the non-weathered pumice soils mainly consist of pumice grains
over 2mm and under 0.074mm in grain size, and contain heavy minerals such
as pyroxene, feldspar, scoria and rock fragments etc. in grain size from
In the case of the weathered pumice soils, grain size is
2mm to 0.11mm.
relatively smaller than that of the non-weathered ones and soil materials
are principally composed of pumice or crushed pumice under 2mm in grain
size.
As a result, the specific gravity of pumice soils changes with not
only the degree of weathering but grain size (Fig. 1 ) .
Though pumice grains have various types of pores in general, those pores
can be divided roughly into surface (active) and internal pores.
The
latter are formed when magma with gases are ejected into the atmosphere by
eruption of volcano.
The internal pores of the non-weathered pumice grains
are almost closed (dead pores), but those of the weathered ones are open to
the air and active as well as surface pores (Fig. 2 ) .
Therefore, the
weathered pumice grains closely resemble aggregates.
And also, the
internal pores of the non-weathered pumice can be classified as shown in
Fig. 2.
Dead pores have remained to be isolated and been inactive, and the
other two internal pores (semi-active and secondary active pores) have been
differentiated on the basis of the ease of water movement.
The latter
internal pores may change to active pores, if the non-weathered pumice soils
have been subjected to an external force such as a frost action.
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- Ill The presence of dead pores in pumice grains influences the specific
gravity.
Fig. 3 illustrates the specific gravity and dead pore X of the
non-weathered (Ta-b) and the weathered (Ta-d) pumice soils with various
grain sizes.
As is evident from Fig. 3, weathered pumice, Ta-d has little
dead pore.
The dead pore % (n, vol.%) is defined as follows:
n , = (1 - G /G ) x 100 (%)
d
p cp
where, Gp is the specific gravity of pumice grain and G c „ the specific
gravity of crushed pumice passed through a 0.074mm sieve.
As recognized from Fig. 2, the specific surface area of pumice soils
changes also with the degree of weathering, and the specific surface area
of the weathered pumice soils is very larger than that of the non-weathered
ones (Fig. 4 ) .
This result appears in adsorbed water content and water
retention, too.
Though the water retention of the non-weathered pumice soils is smaller,
it becomes larger by freeze-thaw procedure (Fig. 5 ) .
This is due to the
change of inactive internal pores, semi-active and secondary active pores,
to active pores for water retention through freeze-thaw cycles.
In
Fig. 5, the water retention has been measured by means of capillary rise.
The weathered pumice soils retain a large amounts of water in not only
surface pores but internal pores.
When the weathered pumice soils freeze,
the water retained in internal pores is attracted to grain surface and
changes to ice in the manner of binding adjacent pumice grains.
And so
the water content in internal pores of the weathered pumice grains
decreases with freezing time to an air-dried water content ultimately
(Fig. 7 ) .
The hardness measured by compression test depends also on the degree of
weathering.
The hardness represented in compressive load, of the nonweathered pumice grains with much of dead pores is larger than that of the
weathered ones (Fig. 6 ) . Moreover, the hardness increases with increasing
dead pore % of pumice grains.
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A DRYING FRONT APPROACH TO PREDICT
FROM
BARE SOILS
R.S.Malik *, R.Anlauf

EVAPORATION

** and J. Richter

**

* On leave as Alexander-von-Humboldt Fellow from
Dept. of SoiIs, Haryana Agric. Univ., Hisar 125004, India
** Inst. f. Bodenkde, Herrenhauser Str. 2
D-3000 Hannover-21 , Federal Republic of Germany
We
present
a model to predict cumulative evaporation
E and
evaporation rate ER as a function of time t for bare and freely
drained
soils with a deep
water table.
The model
delineates
three classical and one transitional drying stage as the drying
front
Z of a minimum water content (8p) advances into the soil
proflle/column. The entire soil column is divided starting from
the top into
weather, transitional and profile zone to contain
first , transitional and second stage of drying, respectively.
These zones extend up to the maximum depth of ZW,
ZT,
and ZL,
respectively,
into
the column/profi1 e where ZL represent
the
bottom of the column.
Third stage begins when the drying front
reaches the bottom of the column,
i. e Z=L.
In this stage soil
column
is made
to start loosing water afresh
from
the
top
downward to another minimum water content of air
dryness.
The
advancement
of
the drying front depends upon soil
properties
(6i, 9p) for a given amount of daily evaporation applied at the
surface. Daily actual evaporation was estimated from the potential
evaporation
rate
Eo and the depth of drying
front
Z.
Emperical
relations
used to estimate such evaporation
rates
during
different stages of drying were based on the
published
experimental data and are given as follows:
1) Pirat

- weather controlled ( Z $ ZH )

stage

ER " Eo
2) Transitional

< 1 ),

stage ( ZW < Z < ZT) ;

BR • Eo/2
3a) Second stage (main)

( 2 ),
- profile controlled (ZT < Z < 0.8*ZL):

ER ' 2Eo/Z
3b) Second stage (tail)

( 3 ),
- profile controlled (0.B*ZL < Z < Z L ) :

ER « Eo/Z
4) Third stage - residual stage (
ER - Eo/(ZL*9p*100)

( 4 ), and
Z > ZL )
( 5 ) .

Twenty laboratory and field evaporational experiments of which
the
data
on initial moisture content (Oi) and
wilting
point
(9p)
were available,
were selected from among
the
published
literature.
Moisture
content
at t=0
is taken as the initial

- 113 moisture content 81. Fifteen bar moisture content on volumetric
basis was taken as wilting point.
First day evaporation
was
taken as potential evaporation Eo when pan evaporation data was
not available
In field and deep lysimeter exper1 ments, 1 ength
of column/profile L was taken as 100 cm.
All the experiments
were divided into three categories,
i.e
1) finite column experiments ( L< 50 cm), 2) semi -infinite
column experiments ( L> 50 cm), 3) lysimet er/field
experiments
in order to find the thicknesses of weather zone and transitional zone. From the trend of the experimental data the thickness
of the weather zone was estimated to 15, 10, and 5 cm , respectively,
Tor these categories . Thickness or the
transitional
zone was arbitrarily taken as half of the weather zone
It is shown that the model describes the observed
evaporation
of the laboratory and field soils under different
evaporative
conditions reasonably well even when the evaporation lasted for
a rather long time (100 days).
It means that predictions of
the model are good enough to take care of all the stages
There exits a linear relationship
between t and measured E
during second stage (main) of drying as:
E2

= At + C

( 6) ,

where A and C are constants. From the plot between t and t, it
was obvious that some of the lines pass through the origin. It
means that evaporation follows square root time law where C
becomes zero . Relation (6) is also shown to be derivable from
Eq ( 3) .
As potential evaporation,
wilting point and initial
moisture
content are the only input parameters,
the model is simple and
practical
and may be used even for remote
areas
where the
detailed
information on soil water retention and
transmission
characteristics is not available.
The model may also provide a
reasonable procedure for separating soil water evaporation from
transpiration and for evaluating different evaporation reducing
treatments.
Z us a mm« nf as sung:
Ein Modell zur Berechnung der Evaporation eines
unbewachsenen
gut dränenden Bodens mit tiefem Grundwasserstand wird beschrieben.
Die Austrocknungsfront ist definiert als die Ebene,
über
der der Wassergehalt auf ein Minimum reduziert bleibt
(PWP).
Der tägliche
Wasserverlust wird Schicht für Schicht
aus den
Anfangswassergehalten
berechnet bis das festgesetzte
Minimum
erreicht
ist.
Das Fortschreiten der Austrocknungsfront
zeigt
die 3 klassischen Stadien und ein Übergangsstadium. Zur Berechnung der täglichen Evaporation in den verschiedenen
Austrocknungsstadien werden verschiedene Näherungen benutzt.
Die Vorhersagen dieses Modells wurden anhand von 20 veröffentlichten Versuchen überprüft. Es wurde eine gute Übereinstimmung
gefunden für die kumulative Evaporation in Abhängigkeit von t
für verschiedene Böden, Säulenlängen und potentielle Evaporation.
Da Epot, PWP und Anfangswassergehalt die einzigen zur
Berechnung
benötigten Daten sind,
kann das Modell auch für
Standorte benutzt werden,
wo genaue Informationen über Wasserspeicherverhalten und - leitfähigkeit nicht vorhanden sind.

- 114 OPTIMIZING PHYSICAL PROPERTIES OP THE SOILS OP AZERBAIJAN
OP THE ROOTING ZONE
R.G.Mamedov
The Institute of Soil Science and Agrochemietry of the
Azerbaijan Academy of Sciences, Baku-73, Krilova 5, USSR
To define the optimum value of the physical conditions of soil
fertility is a part of the general problem of optimizing the
cultivated plant growing medium. The interest for the problem
of defining the optimum parameters of soil properties has been
increased during the recent years. Since 1952 a large-scaled
experimental research work has been carried out in the field
of soil physical and regime in Azerbaijan and certain progresses have been reached in this direction. The analysis of the
obtained data indicates that there is a close correlative and
straightforward dependence between the fertility (c/ha)of cul tivated plants (X) and the contents of the waterproof macroaggregates with the size of more than 0,25mm (Y) and this dependence is well described by the fallowing mathematical equation: Y=aX+b;and the dependence between the contents of the waterproof macroaggregatee (Y) and the reserve (t/ha)of the biomass (X) and the humus (X) in one meter layer is characterized by the hyperbolic curve and is described by the mathematical equations:Y-7X0,'; Y=0,05X'»2. These dependences indicate
that the increase of the biomass reserve and humus naturally
promotes the increase of waterproofness of the aggregates with
the size of more than 0,25mm and up to 60-80% and further this
regularity vanishes i.e. the increase of the first value doesn't promote the increase of the second one. There fore the
optimum values of the waterproof macroaggregatee in the soil
are considered to be there contents at the distance of 60-80%
of the total mass of the soil. In Azerbaijan about 50% of the
total area (brown mountain forest.cinnamonic mountain forest ,
chernozem mountain, grey cinnamonic mountain,zheltozem
mountain and etc.) soils have more waterproof macroaggregatee than
their optimum values but the soils of the irrigated zone have
less waterproof macroaggregatee than their optimum values. In
different Boil types of Azerbaijan the correlation of the main
components of the waterproof macro(more than 1mra),mezo (0,251,0mm) and micro(lese than 0,25mm) aggregates has a wide range fluctuation depending upon the specific local conditions.
Their correlation in mountain-meadow, brown mountain forest,
cinnamonic mountain forest soils are expressed as 6:2:2; in
cinnamonic after forest mountain soils as 4:4:2; in grey cinnamonic mountain soils as 3:3:4;in meadow-swamp soils as5:2:3;
in meadow-cinnamonic,meadow-forest soils as 4:2:4; and these
are of optimum value. Soils with optimum correlations of the
main components of waterproof aggregates occupy about47%, soils with satisfactory correlation-about 33% and soils with unsatisfactory correlation about 20% of the total area of the
republic. The factors promoting the changes of waterproof aggregates of soils have been revealed. The next and the most
important problem of the soil physics,agriculture and even the
plant growing is the soil density and fertility of cultivated
plants.The elucidation of the matter of the reaction of various

- 115 biological groups of plants to the condensation of soil is
of special interest. For example the reaction on these factors in root crops is different from that in cereals, perennial grasses and other crops. It is experimentally defined
that the condensation of soil layers mechanically hinder the
spreading of the root system of plants in the soil and it is
also established by investigations that the Increase of soil
condensation in every 0,1 g/cm-> the number of roots decreases 25-30% and at the condensation of more than T,40g/cm3 the
plants have no roots at all. With the condensation the acceesability of water by the plant decreases noticeably.because
the whole water (more than 8Q%) remains in the zone of the
action of the upper forces of the soil particles and the forces of the water molecule relations with the soil particles
in this case exceed the forces of the root suckinge. When
the condensation is increased from 1,0 toI,7 g/cnK in loamy
and heavy loamy soils the rate of filtration decreases more
than hundreds and thousands of times. The analyses of the results of the field and vegetational investigations of the soil density in conjucation with the over soil and subsoil conditions of the plant cover, and studying the literary sources
in this direction allowed to establish that the optimum significance of the tillage horison density of the loamy and clay
soils for the most plants is 1,1-1,2 g/cm-', and for the subtillage and underlying horisons is I,25-l,35g/cm^. Hore or
less from this criterion negatively affects the normal growth
and development of the cultivated plants. Following these criteria the soils of Azerbaijan according to the density are
united in 6 groups and the area of distribution of these groups is shown in the form of a cartogram. It is established
that more than 27% of the total area of the republic the density of the tillage soil horison has an optimum value,more
than 51% of the territory is characterised with satisfactory
values,22% of the tillage horison and 90% of the subtillage
and underlying horisons of the soil from the agronomical point of view is estimated as unsatisfactory and needs an improvment with applying complex agromellorative measures. The
analysis of the results of the soil density studies indicated
that their significance is mainly correlated with the contents
of the waterproof macroaggregates,roots and the humus(X).Wlth
the increase of the latter the value of the density of the
genetical soil horisons in the form of hyperbolic curves which
are well described by the equation«Y=aAwhere "a"and"n" are
some permanent parameters. The straightforward dependence is
observed between the contents of the absorbed magnesium and
sodium(X)with the soil^density(Y)and is expressed by the empiric formula:Y= 7.IO~-'X+0,95. The optimum value of the soil
humidity is considered to be 70-100% of the field moisture
capacity.The value of humidity higher or lower of these quantities negatively affects on the growth and fertility of the
agricultural cross. The investigations of the natural humidity of the soil during several years showed that besides the
mountain-meadow,brown mountain forest and swamp soils in Azerbaijan during summer monthB of the year there is a deficit of
soil humidity for the normal growth and development of the
cultivated plants.
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A MATHEMATICAL MODEL OF AXIAL ROOT GROWTH AND SOIL PENETRATION

E. L. MCCOY, Department of Agronomy, Ohio State University,
Ohio Agrlc. Res. & Dev. Center, Wooster, OH 44691 USA
L. BOERSMA, Department of Soil Science, Oregon State University,
Corvallis, OR 97331 USA
INTRODUCTION
The impact of the soil physical environment on root growth influences
water and mineral nutrient availability to the crop. Soil penetration
resistance is a major physical component that impacts on root growth in
soil. Mathematical studies of root penetration of soil have examined, 1)
the forces required to penetrate soil and the subsequent soil displacement
patterns, and 2) the response of root growth to soil penetration resistance. Our concern is the latter.
The ability of the root to penetrate soil is often attributed to the
cell turgor pressure. Our recent mathematical analysis of axial plant
growth (McCoy and Boersma, 1985) concluded that growth rate was associated
with the change of turgor with respect to tissue strain, and not the turgor value itself. This analysis suggests that an alternate approach to
study root penetration of soil is warranted. Herein, the principles of
analytical mechanics are employed to derive a statement of axial root
growth in soil, and to examine the effect of penetration resistance on the
biophysical and morphological properties of the root. We employ a completely one dimensional analysis and assume that the increase in root
radius in response to mechanical impedence is secondary relative to the
decreased axial elongation rate.
THEORY
Axial root growth in soil obeys the energy conservation principles of
analytical mechanics. Consider an arbitrary material interval of root
tissue [A,B] located in the region of cell elongation. The work-energy
relation states that the rate of working by internal and external forces
equals the change in kinetic energy plus the change in potential energy of
the tissue segment, or
B
B
B
ƒ 3 [T V] /3 x dx = ƒ PV 3 V/3 t dx + ƒ dfi /dE 3 E/3 t dx
(1)
A
A
A
where T is the stress resulting from mechanical and chemical work (Joule
cm-3) J V is the tissue displacement velocity (cm s~l), P is a tissue density term (g c m _ 3 ) , n is the potential energy of the tissue (Joules c m _ 3 ) ,
and E is the tissue strain (cm cm"l). The integral on the LHS of (1) is
the rate of working by internal and external forces. The first integral
on the RHS of (1) is the change of kinetic energy of the tissue, and the
second integral Is the change of potential energy of the tissue.
We assume that a strain-energy function exists, thus, from the Clapeyron relationship
T = dfi/dE.
(2)
Then performing the indicated differentiation in ( O , rearranging terms
using (2), and employing the DuBois-Reymond lemma gives
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3 [dn/dE)/3x = P 3V/3t.

(3)

By d e f i n i t i o n we may a d d i t i o n a l l y w r i t e
3V/3x = 3 E / 3 t .

(4)

Equations (3) and (4) is the model for axial root growth given as a
system of coupled, first order, partial differential equations for tissue
displacement velocity and longitudinal strain. The term <&/dE is the
energy capacity for root growth in soil and Is written as,
dn/dE = -Ndf/dE + AdE/dE - dT/dE

(5)
-

where N is the relative symplastic water content (cnß cm -'), f is the
total water potential (Joule cm~3), A is the reaction affinity (Joule
m o l e - ! ) , £ is the reaction extent of biosynthesis (mole c m - 3 ) ( and T is
the soil penetration resistance to root growth (Joule cm~3). The term,
df!/dE, de scribes the conversion of potential energy to kinetic energy and
work dur lng growth. The components of the potential energy that performs
forms the work of deformation are the water potential, the biosynthetic
reaction extent, and the internal work to overcome the soil mechanical
lmpedence.
The axial growth equations are solved by the method of characteristics to yield a simulation of root growth expressed in terms of the displacement velocity and tissue strain. The solution for increasing soil
penetration resistance yields a simulation of the local tissue velocity
and strain, as well as the total elongation of the root along its axis.
RESULTS AND DISCUSSION
The mathematical simulation of root growth encompasses both biophysical and morphological processes in the cell elongation zone at the root
tip. The biophysical results include the distributions of turgor, osmotic, and total water potential as a function of distance along the root
axis and time. The minimum values of the total and osmotic potentials
occur at the root apex. These values increase slgmoidally through the
elongation zone with the total potential gradient for water uptake greatest at the point of maximum cell elongation. The turgor initially decreases behind the root apex reaching a minimum within the elongation
zone, and then increases to the base of the elongation zone. This distribution corresponds to an initial softening of the cell wall followed by
a strain hardening as the root cells mature.
Roots grown in soils with increasing penetration resistance exhibit,
in the elongation zone, several morphological responses including a decreased root elongation rate, a decreased mature cell length, and a decreased extent of the elongation zone itself. The simulation produces
the identical morphological results. Further, the curves relating the
decreased root elongation rate with increased penetration resistance
follows a trend that has been observed experimentally.
LITERATURE CITED
McCoy, E. L. and L. Boersma. 1985. The bioenergetics of axial plant
growth I. concept and model formulation. J. Theor. Biol. In press.
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THE ROLE OF ESTIMATES BASED ON MACROMORPHOLOGY IN CHARACTERIZING AND
INTERPRETING THE FIELD SOIL WATER REGIME
J.A. McKeague and G.C. Topp
Land Resource Research Institute, Agriculture Canada, Ottawa

The proposed approach for characterizing and interpreting the field
soil water regime relies heavily on the ability of pedologists and other
users to estimate directly from field observations of soil morphology the
key soil water properties used in interpretations. Reliable guidelines
relating soil morphology to such soil water properties may be developed by
following this sequence:
1)
Describe in detail the morphology of a wide range of soil horizons and
measure soil water properties of those horizons, 2) calibrate morpholgical
properties against measured data, 3) develop firm guidelines relating
morphological properties to measured soil properties, 4) check the
guidelines by repeatedly testing them against measured data for new soils,
5) update the guidelines on the basis of new information. Once reliable
guidelines have been developed, brief field workshops are required to train
potential users in applying the guidelines. It appears to be feasible to
extrapolate estimates of soil water properties through a growing season by
incorporating dynamic inputs such as meterological data; this dynamic
aspect has not been developed.
Limited testing of some aspects of the macromorphological approach
yielded promising results which are summarized.
1•
Ksat in both vertical and horizontal directions was estimated within
the range of 1/3 to 3 times the mean of measured values in more than
80% of cases (McKeague et al. 1986). Commonly, the extremes of 10
measured values within a few m at a site differ by a factor of 10
(Topp et al. 1980); thus the scatter of estimates is not vastly
greater than local variability of measured Ksat. Guidelines for
estimating Ksat require observations of structure, including porosity
and pedality, texture, consistence and compaction.
2.

Bulk density can be estimated to within 0.1 Mg.m" of the measured
values in approximately 2/3 of cases. Such estimates are useful in
estimating properties related to porosity.
3.
Air porosity, volume of air-filled pores at -5 kPa, can be estimated
within 5% of the measured values in approximately 2/3 of cases, e.g.
15 ± 5%. Measured values are highly method-dependent.
4.
Available water capacity, water retained between -5 and -1500 kPa, was
estimated within 5% of the measured value in almost 2/3 of cases.
This estimate depends in part on an estimate of water retained at
-1500 kPa; more than half of the latter estimates were within 3% of
the measured values. In addition to estimating water retained in the
pressure range presumed to be accessible to plants, the observer of
morphology can assess whether a horizon in penetrable by plant roots.
Other aspects of the field soil water regime that are potentially
amenable to estimation from soil morphology supported by measured data for
some soils in the area and meterological data are: water table
fluctuation, probabilities of flooding and of runoff, dynamic soil water
content profile, capillary rise, potential shrinkage, period of workability
of soil.
The approach outlined differs from some others used for charaterizing
aspects of the soil water regime and two of these are mentioned.
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1.

The Versatile Soil Moisture Budget (VSB) used in Canada for dynamic
estimates of soil water available to plants is based largely on
meteorological data. The model basically treats the soil as a "black
box" in which the properties are chosen arbitrarily and adjusted
empirically.
2.
Complex simulation models are based on measured soil physical data,
meteorological data and crop information all integrated, and
extrapolated on the bases of soil survey information (see Bouma, 1984
and papers cited therein). Though the range of factors considered and
the complexities of the models are impressive they still treat the
soils of fields as non-changing entities.
The dvnamic nature of soil both seasonally and according to land use
is a problem in both of the approaches mentioned above. Topp et al. (1980)
showed major differences in Ksat values of soils from different fields
mapped as the same series.
The problem is illustrated by data for the Ap2 horizons of Humic
Gleysols of the same soil series in adjacent fields under hay and corn
respectively.
Bulk density 1.2 and 1.6 Mg.m
-••

-6

1

Ksat (vertical) 1 x 10
and 1 X 10
m.s
Air porosity 11 and 3*
"Available water" 28 and 18* (Little water in the Ap2 horizon of
the cornfield was really available as roots penetrated only through a
few cracks).
Advantages of the macromorphological approach to characterizing the
field soil water regime are that it encourages field study of the physical
condition of soil and promotes sound measurement of soil water properties;
guidelines based on morphology depend on such measurements. In addition,
the morphological approach could be used by farmers and extension workers;
it does not require elaborate equipment once guidelines are established.
Complex simulation models are not amenable to use by most soil mappers or
by most users of land.
Simulation models have their place in assembling and facilitating the
testing of interactions of the many factors controlling the dynamics of the
field soil water regime. For practical purposes, however, on either a soil
mapping project or a farmer's field, the morphological approach as outlined
is a more promising route.
REFERENCES
Bouma, J. 1984. Estimating moisture-related land qualities for land
evaluation, pp. 61-76 in Land use planning techniques and policies.
SSSA Spec. Publ. No. 12, Soil Science Society of America, Madison,
Wiss.
McKeague, J.A., Wang, C. and Coen, G.M. 1986. Describing and interpreting
the macrostructure of mineral soils. LRRI Contrib. No. 84-50, Agr.
Can. Ottawa.
Topp, G.C. Zebchuk, W.D. and Dumanski, J. 1980. The variation of in situ
measured soil water properties within soil map units. Can. J. Soil
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USING SEM AND DISPERSION/SLAKING TECHNIQUES
D.J. McQueen*, C.W. Ross*, G. Walkert
*N.Z. Soil Bureau, DSIR, Lower Hutt, New Zealand
tFormerly Physics & Engineering Lab., DSIR, Lower Hutt, New Zealand
INTRODUCTION.
The causes of topsoil aggregate stability are not well
understood.
To investigate what happens to soil aggregates on the macroand micro-scale, two tests were utilised.
A dispersion/slaking test was
used to determine aggregate stability on a macro-level (3-6 mm aggregates)
and Scanning Electron Microscopy (SEM) at a micro-level (lOOx to 6000x
magnification).
Soils from sites around New Zealand were collected to
give a national view of topsoil aggregate stability.
METHODS.
Samples were taken from 64 'arable' soils under long-term
pasture so that they could be assessed under a relatively constant form of
land use.
Aggregates 3-6 mm diameter were collected under moist
conditions and tested for dispersion/slaking characteristics using the
method of McQueen (1981).
Subsamples (8-10) of aggregates were freezedried and coated with 10 nm carbon followed by 10 nm 60:40 goldrpalladium
for SEM analysis.
Half of the aggregates were left entire for surface
examination, whereas the remainder were fractured dry for viewing the
internal aggregate microstructures.
Aggregates were examined with
Cambridge Stereoscan IIA and Cambridge Stereoscan 250 Mk 2 microscopes
operated at an accelerating voltage of 20 kV.
Carbon content was
measured by an induction furnace technique.
RESULTS.
Aggregate water stability, as revealed by dispersion and slaking
scores, correlated with carbon content (Figure 1 ) . However, there was a
wide scatter of data points and the correlation coefficient of 0.40
indicated that factors other than carbon content (organic matter) are
involved in determining aggregate stability.
Correlations of aggregate stability with the soil groups of the New
Zealand Genetic Soil Classification or with the suborders of the U.S. Soil
Taxonomy were not obvious.
These classifications do not, at least at the
higher levels, distinguish soils of higher structural stability from soils
of lower structural stability.
Exceptions were soils derived from volcanic materials; soils of tropical origin were not assessed.
Scanning Electron Micrographs were assessed using criteria based on
observation of visual features which were regarded as indicators of
structural stability.
These included: presence of organic coatings
(organic matter acts as a bridging and coating medium between and on
mineral particles, especially on the external surfaces of aggregates),
packing density (in general aggregates with close packing and absence of
internal voids are less liable to disruption), particle orientation
(parallel orientation of particles was generally associated with stronger
aggregates than 'card-house' structures), and non-organic coatings
(agglomerates of clay-size particles were frequently observed linking
Magnification of between 500x and 3000x proved to be
primary particles).
the most useful for assessing micro-structural features.
Aggregates which scored highly on these qualitative measures also had high
aggregate stability scores, as measured by the dispersion/slaking test.
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soil aggregate stability on a micro-scale.
CONCLUSIONS. Soil aggregate stability measured on a macro-scale
(dispersion/slaking test) and measured on a micro-scale (SEM imagery)
showed good agreement. The results also indicate that soil classification
systems at present are not likely to be useful for topsoil aggregate water
stability assessment.
Reference
McQueen, D . J . , 1981: A new method of aggregate s t a b i l i t y measurement.
New Zealand Soil News 29: 127-132.
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- 122 HETEROGENEITE DU TRANSFERT DE L'EAU DANS UN SOL
A L'ECHELLE DECAMETRIQUE
Philippe MEROT et Chantal GASCUEL-ODOUX
Institut National de la Recherche Agronomique,Laboratoire de
recherche de science du sol,RENNES,France
Le transfert de 1'eau dans un sol homogene limoneux.brun
faiblement lessivé de Bretagne (France) a été étudié par trac^ge
isotopique naturel.Deux transects paralleles aux courbes de niveau, de 30 m
de long et distants de 1 m ont été analyses : pour chaque transect,on a mesure sur 21 p r o f u s irrégulièrement espacés, et ä A profondeurs (30,40,50,
60 cm) , 1'humidité pondérale et la teneur en oxygène 18 de 1'eau du sol.
Après un traitement géostatistique,les données ont pu être
representees sous la forme d'une carte de 1'humidité pondérale et d'une carte
de la teneur en oxygène 18 de 1'eau du sol,selon les deux plans verticaux
étudiés
Les teneurs en oxygène 18 de 1'eau du sol résultent des conditions naturelles de transfert de 1'eau du sol,étudiées ici en période
humide.Or on constate que ces teneurs sont variables,même ä cette échelle
relativement fine,dans une unite de sol réputée comme homogene. Chaque plan
présente une structure ä tendance périodique,se répétant tous les dix metres
environ.Les valeurs sur les 2 transects se correspondent bien.La confrontation
de ces résultats avec 1'analyse de la granulométrie et de la structure du sol
ne permet pas d'expliquer ces variations. Il faut sans doute rechercher dans
1'histoire hydrique récente du sol (alternance de zones plus ou moins
humides )1'explication ä cette varlabilité des vitesses de transfert de 1'eau
du sol.(voir figure page suivante)

HETEROGENEITY OF WATER TRANSFERT IN A SOIL
AT A DECAMETRIC SCALE;AN ENVIRONMENTAL
ISOTOPE STUDY.
Philippe MEROT and Chantal GASCUEL-ODOUX,
National Institute of Agronomic Research
Laboratory of Sol Science .RENNES, France.
The water transfert,in an homogeneous loamy brown leached
soil, in french Brltanny, was studied by environmental isotopes : Two 30 m
long and 1 m far away transects, parallel to the counter-lines are analysed;
For each transect,we measured, on 21 profiles irregularly spaced, and at 4
depths (30,40,50,60 c m ) , the water content and the 18 oxygen content of the
soil water.
After a geostatistical investigation,data are mapped,along
2 vertical plans.We notice that 18 oxygen values ,that are a consequence of
the water transfert conditions,are variable, even at this scale,even in this
homogeneous soil. The 2 transects have a good fit»especially in the middle.
The two plans present a structure with a periodical trend, each 10 m.
(figure next page).

Carte de la teneur en oxygëne 18 selon 1'un des plans vertical;en abscisse,longueur du transect (30 m)
en ordonnée.profondeur (de 25cm ä 65 c m ) .
Map of the 18 oxygen amount of soil water,on the first vertical plan;along the x axis,there is 30 m
long;along the y axis,there is from 25 cm to 65 cm depth.

- 124 Infiltration of water into horizontal and vertical
volcanic ash soil columns
Tsuyoshi Miyazaki
National Research Institute of Agricultural Engineering,
Tsukuba, Ibaraki, Japan
It is well known that Bruce and Klute (1956) analyzed
the water distribution during horizontal infiltration as a
function of distance and numerically calculated the soil
water diffusivity. On the other hand, Miyazaki, Nielsen and
Maclntyre(1984 ) analyzed the water distribution during
horizontal, vertical up and vertical down infiltration and
investigated numerically the hydraulic conductivity. This
report describes the horizontal, vertical up and vertical
down infiltration into volcanic ash soil, a typical soil in
Japan, using a gamma-beam apparatus.
METHOD:
Air dried volcanic ash soil was packed homogeneously
as far as possible by hand in a 6 by 4 cm section area and
50 cm long rectangular acrylic columns repeatedly. Initial
water content was 23.06 % by weight and the density of solids
was 2.841 g/cm3. Table 1 shows the physical properties of each
column. The homogeneities of both bulk densities and
volumetric water contents of the columns were checked with
dual gamma beam scanning at each 1 cm. Water entering the soil
through a plastic filter whose air entry value was 0.15Pa was
maintained at -0.05Pa by a constant head buret. Water contents
at each 30 minutes were measured with dual gamma beam from the
radiation sources " 7 C s (45-mCi) and a4'Am (100-mCi), which
were narrowed through a 0.24 X 2.5 cm wide and 10 cm long
slit, and the counting rates were measured and recorded at
each 1 cm distance within an accuracy of ±0.01 cm with a
magne-scale controller. The distance of the wetting front,
cumulative infiltration and room tempareture were also
measured.
RESULTS:
The wetting front advanced with speeds proportional to
the square root of time in case of horizontal infiltration.
No swelling and shrinking were recognized during the infiltration. As it took about 26 minutes in each gamma beam
scanning, the distances from the bottom of the columns were
corrected by the equation
k = i,2
; i=o,i.2,
,43
where i indicates the measurement spot along the column,
x kjO (0) is the corrected distance corresponding to the time
t|(?0, the starting time of the k th scanning, and xk , (6) is
the measured distance, which is measured at time tk(j in the k
th scanning. According to the Miyazaki et al.'s method, three
parameters of Philip's power function were estimated in each
scan as follows.

v(8) = x l r ,/a ,^<e) = (Xi-x J )/2t
*<e> = (Xx+Xä-2X, )/2t* / J

- 125 where the corrected distances are indicated as x, for
horizontal, x 2 for vertical down and x 3 for vertical up
infiltration.
Figure 1 shows the examples of measured water contnent
distributions and calculated ones. The measur ed water content
distributions were well predicted by using th e three parameters. A slight increases of water contents w ith time were
observed between the bottoms of the columns a nd the wetting
fronts, which could not predicted theoretical ly. Figure 2
shows the estimated soil water diffusivity D cm2/sec and
hydraulic conductivity K cm/sec which were ca lculated using
only 9(e) and X(0) values. In Fig.2 K values ca lculated from the
relation K=D/(dh/d'fl) are also shown to compa re with the
former case, where h is the matric suction of soil water,
having the relation of log h =8.16-9.18x0
K was overestimated than the values calculated from the tr aditional
method. More investigation is necessary to re late the
infiltration data to the hydraulic conductivi ty.
Table 1

Physical properties of volcanic ash soil columns.

Column No.

Length
cm
44.05
44.15
44.25

Initial
water content
cm3 /cm3
0.1955
0.1962
0.1930

10
20
distance

30

Bulk
density
g/cm3
0.8477
0.8507
0.8450

40

Fig.1 Measured (dots) and calculated
(lines) water content distributions
during horizontalt•)»vertical up(A)
and vertical down(o) infiltration.

Q2

Porosj t y
i
70 16
70 .06
70 . 2 6

0.3

0.4

0.5

OjB

07

water content 6 cm 3 /cm 3
Fif.2 Calculated s o i l
water d i f f u s i v i t y ( o )
and h y d r a u l i c c o n d u c t i v i t y with t h i s
m e t h o d ( • ) and t h e
t r a d i t i o n a l method(A).

- 126 Simple Determination for Deuterium Oxide as Tracer of
Soil Water
T. Morishita l S. Noda, M. Mochizuki.
Technical Development Project, Shoko Go, Ltd
Tokyo, Japan
In order to investigate behavior of soil water, various
materials are usea. Deuterium Oxide as tracer is one of them
In otner hand, deuterium gas is evidently different from
hydrogen in tnermal conductivity and deuterated hydrogen HD
is obtained by the isotopic exchange reaction between
deuterium oxiae and hydrogen by means of hydrophobic
platinum catalyst.
catalyst
HDO -+- H -^
"^"HD -f- HiO
Accordingly in tne reaction between deuterium oxide and
hydrogen, when generated water at tne same time is removed
by molecular sieves, it can get deuterium quantity of
deuterated hydrogen by injecting it into tne thermal
conductivity detector of gas Chromatograph, flowing carrier
hydrogen gas.
Then Deuterium oxide is supplied to the test soil as
tracer technique. After experimental passage, any soil water
which is percolated from test soil is sampled.
At the begining the impurities in soil water sample is
removed by pre-treatment way and tnen it is introduce to the
analyzer by combined use of gas Chromatograph and the
hydrophobic platinum catalyst.
Quantity of deuterium in soil water is determined as
chromatogram of it. And this analytical method is able to
determine 1-100 % deuterium oxide in the condition of
Coefficient of Variation less than 5 %. and also the
determination tolelance is 10 ppm arouna natural abundance.

- 127 Effects of soil and air temperature on growth and water
use of v/heat under seni-controlled conditions.
Y.Nagarnjarao and S.Rnnarao
Divirion of Agricultural Physics, Indian Agricultural
Research Institute, New Delhi (India)
Introduction: Both air and soil temperature play an important
role in crop production. Much research on wheat has been
c-rricd-oi.it on the influence of air temperature. However,
little information is available on the effect of soil temperature on wheat production. Hence, in the present investigations attention was riven to the effects of different combinations of air and root temneratures under limiting and nonlimiting morsture conditions on the plant water relations,
v.'ator use and growth of wheat.
i etbodology: The studies were carried-out with wheat cultivar
"!'D-2329"' at 3 constant air tem-eratures(16°C, 22°C and 27°C)
end 2 soil moisture levels (limiting -0.55 bar SWP; nonlimiting -0.2 bar SV.'F) in a specially designed thermogrodient
t"iik, which provided for a range of soil temperatures. Seven
soil temoeratures were studied and the range of values obtained varied, denending upon the aerial temperature. Each soil
temperature was replicated thrice.
Rectangular tin containers of 50 cm height and crosssectio"el dimensions of 11.5cm x 7.5cm were filled with soil
of prr-detornined moisture content, to give a bulk density of
1.38 r/cc, and sown with six seeds after giving the recommended des" of fertilizer. These containers were placed in
slightly bigger containers, which were already positioned in
the thermogr-dient tank with send all around. The gap
between the outer and inner containers was filled with water,
allowing proper conduction of Veit. Rvap' ritt m from each
soil column was prevented by a thick layer cf nor-absorbant
cotton placed on the tin containers. Two plants per each
container were allowed to grow. All the containers were
weighed periodically, evc-rytime making up the loss of water
from each container. This gave an estimate of the water use
under different soil tori eratures.
A photon flux of 145 to 165 E/m /sec wes provided at the
top of the plants. The photo-period given was 12 hours per
day. The temperature under the lights at the top of the plant
crnony was usually 1°C higher than the room temperature.
Plant height was recorded at two-day intervals. Leaf water
potential, root water potential and leaf area were recorded on
the 35th day after emergence. Drymatter yields were recorded
separately for each container.
Results! The results have indicated that for all the sets of
combinations of aerial and soil temperatures,the treatment
differences were significant in respect of the parameters
water use,•drymatter, plant height, root dry mass, leaf area,
leaf water potential and roo! water potential. Excepting leaf
and root water potentials, all other parameters showed
curvilinear relationship with soil temperature. However, LWP
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non-limiting soil moisture conditions.
The maximum values for any particular plant parameter
were not obtained at the sane soil temperature fcr limiting
and non-limiting moisture conditions and for any combination
of soil and aerial temperatures. As the aerial ternnernture
increased from 17 to 27°C,there was a substantial increase in
water use and also in drymattér production under non-limiting
no;sture.
The soil temperature variations obtained in the présent
investigations were both more than and less than optimal, at
all the aerial temperatures and moisture levels. However, the
ranges of soil tenn-errture under different aerial, temnerature
were not the same. Nevertheless, the data permitted calculation of curvilinear relationships, with soil temperature as
independent variable and the various plant parameters as the
dependent variables. All regression equations showed high
coefficient of determination. An obvious inference from these
curvilinear relationships is that for any set of conditions,
thp soil tem ernture at the maximum value of dependent variable
was not, the same, and the optimum soil temperature also
differed from plant parameter to parameter. From the maximum
values of dependent variables, it is also clear that at 17°C,
there was not much difference between limiting and nonlimiting mo;sture conditions for drymatter, plant height,
water use etc. However, these values were for lower for
limiting moisture conditions compared to non-limiting conditions at both 22°C and 27 C. For all the different sets of
conditions, the maximum values obtained from the curvilinear
relationship s were somewhat higher with soil than the aerial
temnerature. Water use values were linearly related to leaf
area for the pooled data.
As the soil temnerature decreased there was a significant
linear increase in LV/P and RWP under all sets of conditions.
The LWP was linearly related to RWP.
It may be concluded that the maximum values of the different parameters studied were obtained at somewhat higher soil
than aerial temnerature, as inferred from the curvilinear
relationships. Under non-limiting moisture conditions, an
aerial temnerature of about 27 C with about 29°C soil
tenv'oreture was the best for drymatter production. However,
under limiting moisture conditions 17°C aerial temperature
with about 20"C root temperature was the best.

- 129 COMPLEX ESTIMATION OF THE MECHANICAL INFLUENCE
CHARACTER OF MOBILE TECHNICAL MEANS ON SOIL
E. Nugis
Estonian Research Institute of Agriculture
and Land Improvement (Tallinn, ESSR)
Under the mechanical influence of the mobile technical

means

(HTM) on the soil, the physical condition of the latter changes.

It

seems quite evident that wheels and tracks (VfT) generally make the
soil more compact but digging booms (DS) loosen the soil.
At field works, as a rule, DB follows '.-fT which can be expressed
as a code - DB VfT. In practice alse a reverse code VfT DB is in use.The
latter is not quite rational because the soil loosened by DB immedia tely is made more compact by VfT. So from the point of view of soil the
combination of the sources of mechanical influence is more acceptable
(DB WT D B ) .
So under the circumstances that as a result of compaction the
soil condition is getting worse but as a result of the influence

of

DB the condition is getting better, the result of the mentioned influence can be expressed as codes IaS (imparing soil} sparing soil (SaS),
and IrS (improving soil). In such a way, any subsequency of mechanical
influence on the soil can be expressed as follows:
| DB I?S + WT IaS + DB I t S| + | VfT SaS + DB I 7 S | + |WT IoS + DB SaS| +
+ ... 6XC.
Naturally, the complex estimation of different combinations of the
character of mechanical influence on the soil is not a simple task,the
more so while in addition to the abovementioned changes of soil condition one is to take inte account also the changes of soil productivity.
The task was solved by introducing into the estimation model the undetermined index which is calculated by formula:

n(QVEQkgi4/E ^ O - ^ q n W
where

E.Q -•

—

; here k =1; k. and k

- correspondingly

the

current and worse indices of yielding capacity in relative units estimated at the common influence of factors changing soil air supply (general porousness) and its productivity (the degree of mixing the humus
layer with subsoil - L - . Soil air supply is estimated by relative units

- 130 for what index A is used - degree of compactness. It is determined
with the help of theoretical and experimental investigations in model
as well as natural conditions that between index

E^

and above-menti-

oned diagnostical parameters of soil condition there exists the

fol -

lowing dependence:

r
where

K

and K

- _ i _ ( <-KQ

+

<-Ki

\

are respectively relative productivities gained

as

a result of influence estimation of factors of air supply and relative
change in productivity.
As a result of theoretical and experimental investigations it was
assumed that in extreme situations of the change of character of me chanical influence of MTM on soil the entropia of the system "machine-soil-crop" can change (on the example of Estonia) while sowing cereal
crops on average and light sod podzolic soils within the limits of 0.08
to 0.71 bit which in code expression corresponds to the following scheme:
WT S S + DB I S
a
r

and

WT I S + DB I S.
a
a

S U M M A R Y

Taking into account the apriory notion of the result of
mechanical influence of the mobile technical means (MTM) on
soil depending on the character of this influence, code combinations are used. Code combinations describe the influence
of the wheelo and tracks (WT) as well as digging booms (DB)
depending on the supposed result, either impairing soil (IaS),
sparing soil (SaS) or improving soil (IrS).
By means of the criterion of uncertainty the result of
mechanical influence has been estimated by taking into account
the compactness (A) as well as the degree of mixing the humus
layer with subsoil (/ ) .

R E S U M E
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Tenant compte d'une idee a" priori du resultat de 1'influence
mécanique des moyens techniques mobiles (MTM) sur le sol, on
utilise, selon le caractére de cette influence, des combinaisons
de code qui d,écrivent 1'influence des systémes de traction (ST)
ninsi que des organes de travail (OT) selon 1'idéé du resultat
que 1'on a, soit deterioration du Sol (DS), management du sol
(MS) on amelioration du Sol (AS).
A 1'aide du criterium de 1 'indétérmination, on évalue d'une
maniere complexe le resultat de 1'influence mécanique tant pour
calckler le degré' de condensation (A) que le degre" de mixage de
1'horizon d'humus avec le sous-sol (£).
Z U S A M M E N F A S S U N G

Rechnung tragend einer & priori Vorstellung des Ergebnisses
einer mechanischen Wirkung von mobilen technischen Mitteln auf
den Boden, verwendet man abhängig vom Charakter dieser Wirkung
Kode-Kombinationen, die Wirkungen von Fahrwerksystemen (FWS) sowie Arbeitsorganen (AO) schildern, abhängig vom vermuteten Ergebnis, ob Bodenverschlechterung (BV), Bodeschonung (BS) oder
Bodenverbesserung (BV).
Durch das Kriterium der Unbestimmtheit wird das Ergebnis
der mechanischen Wirkung komplex eingeschätzt sowohl bei der
Erfassung des Verdichtungsgrades (A) wie auch des Grades der
Mischung des Humushorizonts mit dem Unterboden (i).
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A theory of dispersion in a porous medium
Setsuo Ooi
National Research Institute of Agricultural
Engineering, Tsukuba, Ibaraki, Japan
Introduction
Modeling of porous media, namely simplification of pore
boundaries, is indispensable for calculating mass transfer
coefficients. Dispersion coefficients have been calculated by
using a random network of capillaries.
This model, however,
predicts a smaller value of diffusivity and a larger value of
lateral
dispersivity
than those of
experiment.
This
discrepancy i s found to be due to the restricted boundaries of
the model, and a more reasonable model is proposed in this
paper. Based on the new model, lateral dispersivity was
calculated and approximate agreement between theory
and
experiment was obtained.
Degree of freedom in diffusive displacement
In the pore, the Brownian motion of a molecule is
restricted in some way by the presence of
boundaries,
reflecting barriers. Introducing the concept of "degree of
freedom in diffusive displacement (f)", we can classify pores
into 4 typical types(Fig.1):
the first is blocked-pore in
which a cloud of molecules cannot expand (f=0). The second is
capillary-pore in which the expansion of the cloud
is
restricted to one direction (f=1).
The third is intersurface-pore in which the cloud can expand in two directions
(f=2). And the fourth is free-pore (f=3).
For isotropic porous media, the average diffusivity (K)
defined by the mean square displacement over many pores is
related to the molecular diffusivity /(„ .

K =

f K. /

3

(1 )

Numerous experimental investigations on diffusion in packed
beds show that f can be put equal to 2. This implies that the
local diffusion in packed beds is not one-dimensional but
rather two-dimensional.
From this result, a new model is
proposed. This new model consists of locally pararell surfaces
whose separation distance is uniform (Fig.2).
Local flow direction
The estimation of the permeability through the parallel
surface conduit can be done easily by an analogy between
diffusive flux and fluid flux.
Averaging the velocity over
the direction normal to the particle surface, we can get the
following correspondence.
tt=
-K.
grad c Um = - TTT 9 r a d p
Where, (/< denotes the diffusive flux, C the concentration,
(/. average velocity over the direction normal to the surface,
2a the
surface separation distant, f
viscosity
and
P pressure.
Averaging these quantities over many pores
and using the relation (1), we can get the following CarmanKozeny equation.

Üm =

~ \ ~fï 9 rad P

(2)

- 133

Eq.(2) shows that Karman constant is equal to 4.5.
If it is assumed that the pressure fluctuation is
negligeble on the plane perpendicular to the mean flow, the
probability density function (P) of the angle (8) between the
mean and local flow directions can be determined as follows.
P ( • )
(3)
For
an
isotropic
random
network
of
capillaries,
P (6) = sin e
, and the flow perpendicular to the mean flow
direction is estimated very large.
Lateral dispersion
The lateral dispersion coefficient K, can be obtained by
calculating the Lagrangian correlation of the lateral velocity
of the marked molecule »,
at time
o and at a later
time
*
\

/.OO

*' =
J E I J t,(») t, it) j i I
Where E I I denotes an ensemble average.
If the lateral velocity is devided into convective velocity c(1
and diffusive velocity
I7H,
, we can get
7
\
-oo
K,
=
J <. +
; E I | H„(»)»„|t) , ( , I (4)
The convective term in eq(4)can be calculated by the model
that the medium consists of randomly oriented straight pores
with an uniform cross-section and a length of / , and that
the probability distribution of the angle a
between the
mean and local flow directions obeys eq ( 3 ) . The result is,
writing the mean velocity
(J
,
3
*«.
(5)
K
f
12 8 U /
This theoretical result was compared with experimental data
reported in the literature and approximate agreement is
obtained (Fig.3).

f= 0
Fig.1 Degree of freedom
in diffusive displacement

f=3

Fig.3
Comparison
between theory and
experiment for the
lateral dispersion
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nft *bJh^

«/•

Fig.2

Sketch of new model
of a packed bed

0.1
0.1

«535S-

(5)

capillary model
o data of Gunn and Pryee
* data of Hiby
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"T000
1
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— Reynold» number

- 134 EFFECTS OF LAYERING,SEALING AND WETTING METHOD ON THE WATER
DYNAMICS IN TWO AGRICULTURAL SOILS OF VENEZUELA
I. Pia and S. Nacci
Facultad de Agronomfa-Universidad Central de Venezuela
Maracay, Venezuela
Many soils used for rainfed agriculture in Venezuela and
other tropical areas in the World have at shallow depths in
the profile layers with restricted permeability. In such soils
it is also common surface sealing by the raindrop impact on
the exposed dry soil aggregates at the beginning of the rainy
season. The most commonly used models for predicting the mois
ture regimes in the soil assume uniform profiles and no limitations on water intake and flow in them. Observations and
measurements under field conditions suggest that sealing and
layering may have a very important effect on intake, redistri
bution and retention of water in the soil profile. This will"
affect the moisture regime of the soil during the growing sea
son, which is the main factor responsible for the success or"
failure of rainfed crops in the tropics.
The purpose of this study was to evaluate under controlled
conditions the relative effects of wetting methods, layering,
and sealing on the dynamics of water in two important agricul
tural soils of the Venezuelan Plains with layered profiles at
shallow depths. One of them (Fanfurria silty-loam) from the
flat Western Plains, is an Inceptisol structurally layered,
with a more compacted layer at 15-30 cm depth, of silty-loam
texture as the surface soil. The other (Chaguaramas clay-loam)
is an Alfisol of the rolling Central Plains, texturally layered, with an argillic (clay) B horizon at 20-30 cm depth. Sam
pies of those soils, air dried and sieved through a 4 mm sere
en, were packed in cylindrical columns 15 cm diameter and 75
cm depth, trying to reproduce field conditions of compaction
and layering at 15 and 25 cm depth, as well as no layering using only surface soil in the whole column, each one with
three reolications. Three tensiometers were laterally placed
in each column at three convenient depths, above, in and below the interlayer.
The two wetting methods included flooding (preventing surface
sealing), and simulated rainfall at 100 mm/hour (producing
surface sealing), applying each time the amount of water required to rewet the first 50 cm of soil to saturation. Three
and five consecutive wetting and drying cycles were carried
on under flooding or simulated rainfall respectively. Drying
until the reading in the upper teneiometer reached 700 mb was
allowed in each column and cycle before wetting again. The
last cycle drying was followed until the deeper teneiometer
reached 700 mb. Under flooding all applied water was allowed
to infiltrate in each cycle, while under simulated rainfall
after 3 cm of water accumulated in the sealed surface the sur
plus was collected as runoff. Drying between wettings was ione under greenhouse conditions providing an evaporation rate
of 5-6 mm/day on a free water surface. Previous to this experimental setup field and laboratory measurements were carried
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to guide the treatments and to help in the interpretation of
the results.
The obtained results clearly show that in both soils the layering and sealing have a strong influence on the intake, redistribution and retention of water in the soil profile. Without sealing, both layerings structural and textural, markedly reduced the water intake rates when the wetting front
reached the layer with restricted permeability. With sealing
the intake rates suffer an additional reduction in the Fanfurria silt-loam soil, because the hydraulic conductivity of the
formed surface seal is lower than the conductivity of the sub
surface compacted layer. In both soils sealing strongly reduces infiltration rates before the wetting front reaches the
impeding layer, which takes several wettings with simulated
rainfall.
Movement of liquid water stored at different depths in the
soil profile to the depth where it evaporates resulted more
continuous and longer in non layered than in layered soils.
Such restriction to capillary rise was much less under structural layering (Panfurria silt-loam) than under textural layering (Chaguaramas clay-loam). During the first part of the
drying cycles, sealing on the non layered soils appreciably
reduced soil moisture losses by evaporation in the surface,
while in layered profiles the opposite occured with more water moving from the lower to the upper soil layer. This last
effect was only observed when the wetting front had reached
the subsurface layer, which in these soils with the intake
restrictions of rainfall because of sealing, and disposal of
most of the non infiltrated surface water by runoff or drainr
age may take under field conditions several weeks after the
beginning of the rainy season.
In general it is concluded that in the evaluation and modelling of the water regime in stratified soils used for rainfed agriculture it is required to take into consideration the
separate and combined effect of sealing and layering on the
soil water dynamics. This becomes more important in the tropics, because of the very intense and irregularly distributed rainfall together with the very scarce root development
of the rainfed seasonal crops in those restricting surface
layers.

- 136 LONG-TERM EFFECTS OF MILITARY TRAINING EXERCISES ON SOILS AND
VEGETATION IN THE ARID SOUTHWESTERN UNITED STATES
Doug V. Prose and Howard G. Wilshire
U.S. Geological Survey, Menlo Park, California, USA
Armored military training activities can have lasting effects on soils and
vegetation in arid regions. These activities typically involve large numbers of tanks
and other tracked vehicles, trucks, jeeps, and motorcycles, and can directly impact at
least 25,000 km of land during a two-week period of training.
Alterations to soils and vegetation caused by military training operations in the
early 1940's were examined at five abandoned base-camps and maneuver areas that
were part of the 47,000 km Desert Training Center in the southwestern United
States. At each base-camp, four variably-disturbed use areas— tent areas, tent access
roads, parking lots, and main roads— and a minimally-disturbed control area, were
analyzed for significant differences in soil penetrometer resistance, bulk density, total
calcium carbonate and water content, surface drainage characteristics, and vegetative
cover and density of perennial shrubs, annuals, and cryptogamic crust. Results were
also cross-compared among camps to detect differences owing to variable soil and
vegetation conditions.
Recording penetrometer and soil bulk density measurements indicate that soil
compaction persists at statistically significant levels (probability, p=0.05) to 20 cm
depth in all use areas, and to at least 30 cm in parking lots and main roads. Degree of
persisting compaction correlates positively with intensity of use. Soil particle-size
distribution and particle-roughness also influenced degrees of compaction such that
soils having the widest range of particle sizes and the highest degree of particle
angularity exhibit the greatest amount of compaction. Soil compaction and vegetation
removal in use areas have caused the number of re-established drainage channels to
increase or decrease per unit area, depending on soil texture, and water content and
calcium carbonate content are increased in some use areas. These soil-water
properties are important determinants of the availability of water for plant uptake
and growth, and changes in them have influenced re-establishment of vegetation in use
areas. Eighty-four percent of disturbed areas show significant (p=0.05) differences
from controls in at least one of the following vegetation parameters: total cover,
density, and dominant species. Re-establishment of perennial shrubs in disturbed
areas is generally inversely correlated with degree of soil compaction. Creosotebush,
Larrea tridentata, which is the dominant species in all controls, is the most sensitive
species to disturbance; cover decreases from 9% in the controls to less than 3% in the
use areas.
In some highly compacted areas, density and/or cover of long-lived
opportunistic and short-lived species are not significantly different than in respective
controls, evidently because of: favorable changes in surface drainage characteristics,
efficient reproductive strategies, and/or adaptation to chemically-altered soils.
The most widespread result of military maneuvers is the production of vehicle
tracks on the ground surface. We analyzed the persisting effects of tank travel on a
variety of geomorphic surfaces, soils, and plant species by comparing measurements of
surface clast size, surface reflectance (albedo), soil penetrability, soil bulk density,
infiltration rates, and plant cover and density in 40- and 20-year old single-pass tank
tracks, and in undisturbed areas, at seven sites within the boundaries of the former
Desert Training Center.
Mean surface clast size on three 'desert pavements' of late Pleistocene age is
50% smaller within tank tracks (mean= 12 mm) than on undisturbed surfaces (mean= 24
mm) owing to displacement and crushing of large clasts by tank treads. Burial of
dark-colored, 'varnished' stones and exposure of lighter-colored gravel in tracks causes
a significant increase (p=0.01) in surface reflectance compared to undisturbed
pavement surfaces, which may affect vegetation growth in highly disturbed areas.
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Soil compaction was measured by soil penetrability and bulk density on four surfaces
of Holocene age having soil textures of loamy to gravelly sand. Penetrability is
significantly less (p=0.01) in the 0-30 cm depth in tank tracks (avg. Metzger Value= 52)
than in undisturbed soils (avg. Metzger Value= 96). Bulk density is significantly
greater (p=0.01) to the same depth in tracks (avg.= 1.71 g/cm ) than in undisturbed
soils (avg.= 1.63 g/cm ). Steady-state infiltration rates, measured with double ring
infiltrometers on two surfaces, were significantly less (p=0.05) in tank tracks (avg.=
16.5 cm/hr) than in two undisturbed soils (avg.= 28.'» cm/hr), due to soil compaction.
That soil modification by tank travel has affected vegetation is shown by cover
and density values for 12 species of annual plants and herbaceous perennials at two
sites. Total cover is 23% less in tank tracks (avg. cover= 20%) than in undisturbed
areas (avg.= 25%), and total plant density is 21% greater in tank tracks than in
undisturbed areas.
Other related land-uses prevalent in the southwestern U.S. deserts produce
effects on soils and vegetation similar to those documented for military training
exercises. These include recreational off-road vehicle use, the establishment of
temporary dirt roads for access to mining claims, and power- or pipeline corridor
construction. It is difficult to predict how long effects to the land resulting from
these activities will remain. The presence of Indian 'intaglios' within former Desert
Training Center boundaries, which may be substantially older than 200 years, suggests
that minimal levels of disturbance can cause alteration of some physical
characteristics of arid lands that will be identifiable for time periods measured in
centuries.
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Soil Structure and Gaseous Diffusion
Jörg Richter and Kurt-Christian Kersebaum
Institut für Bodenkunde der Universität Hannover

Introduction
The assertation "that root penetration through compacted soils is controlled by soil strength,
not by soil bulk density or any other physical feature of the soli" (Taylor et al, 1963,
1968, cited in Eck and Unger, 1985) has its counterpart in the same volume. Letey
(1985),
reviewing the relationship between soil physical properties and crop production,
cited the work of Rickman et al. (1965,1966)
which showed clear evidence that in
dense soils restricted oxygen supply may reduce plant growth irrespective of mechanical
resistance. So soil structure, i.e. continuous large pores open ending at the soil surface, may
be significant for root penetration in spite of the well known fact that plants may transport
O2 through their stems to places of consumption in the root system. Therefore, aeration of
top soils will be described appropriately by the relative gas dlffusivity D s /D 0 in its dependence on moisture 9 or air content s varying with depth.
Recently Troeh et al. (1982)
criticized empirical relations used to describe measured
D s /D 0 ( s) and suggested a physically more appropriate formula, which fulfills the necessary
conditions: D s /D o (s=0)«0 and D s /D 0 (s-1 )»1. A continuous D s /D 0 (s) between these points,
however, is a characteristic of those soils with a continuous and homogeneous pore structure
which is found very rarely In nature. Fig. 1 shows an example of such a theoretical D s /D 0 (s)
together with a measured one containing at least one large pore connecting both surfaces of
the sample. Describing aeration of agrisoils correctly seems to be a problem of measuring
conditions in the lab and using the adequate bulk density-9-s relationship rather then of
theoretical nature.
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F i l l : PossibU D 9 /D 0 (s) relationships
Measuring and i n t e r p r e t i n g D s / D 0 ( s ) - an example
Fig.2 shows a comparison of D s /D 0 (s) for differently treated adjoining loess plots. Sampling W8S in april after extensive rainfall. Extreme caution was applied in handling the
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samples. Only air drying was allowed. Measuring gas was N 2 0, the procedure as described in
Richter and Großgebauer (1978). - As to be seen, structural differences are most pronoun.02
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ced in the lower part of the top soil. Ds for s < 0.2 were around .025 ± . 0 1 5 cm 2 s~' for the
conventionally tilled plot, distinctly higher than other published data. These values are
believed to be correct not only because of the precautions involved in the measuring
procedure but also because distributions of CO2-production vs. depth calculated with these
D s (s) seems to be more probable than the steeper profiles based on lower D s (s)(fig.3).
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- 140 MICROSTRUCTURE CHARACTERISTICS OF TWO CLAYS SOILS IN
RELATION TO CLAY MINERALOGY, WATER CONTENT, AND TILLAGE.
G.G.Ristori, E.Sparvoli, L.Landi, C.Martel loni .
Centro di Studio per i Colloidi del Suolo. Firsnze -Italy
Many important soil physical and chemico-physica 1 properties
such as drainage, water holding and air capacity, aggregate
stability, nutrients mouvement and, to same extent, biochemical
activity are closely related to soil texture and particularly
to pore size distribution and clay particles organization.
The mineralogica1 characteristics of clay fraction, the changes
in water content, as consequence of the natural wetting and drying cycles, and the agronomical practices seem to play a very
important role in determining soil mi crostructure.
The aim of this work «as to. investigate the relative influence
of these factors on t>»oclay soils i.e.: a smectitic craking clay
soil (Vertisol) from Pietranera (Sicily), and an Entisol
from
lacustrine sediments (Fagna - Tuscany) whose dominant clay component is Illite. These soils have similar particle size distribution and chemical characteristics.
Undisturbed samples were colected at surface (0-5cm.) from plots
submitted to conventional tillage (30 cm. ploughing) or unploughed for a 5 years period. Mercury intrusion and N_ desorption
at -196°C. were used for measuring pore size distribution in
the range 10 -»urn.-2 nm., on undisturbed aggregates of about 1 g.
dry weight after: (i) oven drying and (ii) equilibration at 33
kPa. (pF 2.5) on a suction table followed by critical point drying.
In the following table total porosity and pore size distribution
( as % of the total) of oven dried and critical point dffiißti
Samples are reported.
SAMPLES

POROSITY
TOTAL

mmVq.

>10 M

10-1

A

0'

0'
'0

PIETRANERA - ploughed
oven
dried
PIETRANERA - ploughed
c.p. dried
PIETRANERA-no t i l l a g e
oven
dried
PIETRANERA-no t i l l a g e
c.p. dried

194

55

1

308

50

184

FAGNA
FAGNA
FAGNA
FAGNA

- ploughed
oven d r i e d
- ploughed
c.p.
dried
pno t i l l a g e
oven d r i e d
-no
tillage
c.p.
dried

* oven dried soil.
0

N-desorpti on.

1-0.1/u

%

0.1-0.03 A

%

< 003 Mm"
0'
'O

7

4

n

12

6

10

22

40

13

13

4

30

308

45

11

7

11

26

231

43

4

16

16

22

241

16

8

24

27

25

212

36

5

3

30

26

212

6

10

19

43

22

as classes of equivalent cilindrical pore radius.
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The results arising from our experiments may be summarized as
fo 1 lows:
a) - As expected, clay mineralogy affects the dynamic of soil
porqsity in relation to the water content. At maximum suction
(lO^Pa., oven dried samples) the illitic soil exhibits higher
total porosity in comparison with smectitic one, probably because of a stable framework of coarser non clay particles which
contains in large pores ( > 10 ,/jm) the illitic "microdomains".
Such framework determines the main structural features. This is
confirmed by the lack of any increase of porosity when the soil
is equilibrated at 53 kPa.. By contrast large increase of porosity (over 60%) is obtained with the smectic soil,according to
the swelling properties of these phy 1 losi1icates.
b) - A more detailed examination of the behaviour of pore size
distribution further supports the previous hypothesis: at 33 kPa.
a strong reduction of the amount of large pores ( > 10 ,*jm) is observed in
the illitic soil as result of a rearrangement of clay "microdomains" inside these pores due to the hydratation. By contrast,
in the smectitic samples the framework of large "quasi crystals"
typical of these minerals contributes to the uniform arrangement
of soil particles leading, upon hydratation, to a fairly isotropic swelling behaviour. This results in a large increase of
total porosity, without significant difference in pore size distribution.
) -- Tillage doesn't seem to affect the micros t maturerappreciatio one a parti
partial
bly in the smectitic soil, while in the illitic
uent more homogeneus
nomoc
rearrangement of soil fabric with the consequent
pore size distribution is observed.

-
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COMPORTEMENT HYDRIQUE ET MORPHOLOGIE DE DIFFERENTES TOURBES

L.M. RIVIERE 1 , B. VALAT 1 , J . GUEDAS1 e t M. ROBERT2
1 Science du S o l , E . N . I . T . A . H . , 49049 - Angers Cédex

(France)

2 Département de Science du S o l , I.N.R.A., 78000 - Versailles (France)

Divers types de tourbes ont été échantillonnés dans la tourbière de Baupte
(Normandie), principal gisement f r a n g a i s . Cette t o u r b i è r e , d'une superficie de
1630 ha, f a i t 1'objet d'une e x p l o i t a t i o n i n d u s t r i e l l e qui maintient Ie niveau
de l'eau ä environ 1 metre au-dessous de la surface d ' e x p l o i t a t i o n a c t u e l l e .
La tourbière de Baupte,de nature topogène ä croissance c e n t r i p è t e est
en majoritê hypno - c a r i c i ê r e . L'étude a porté sur des échantillons conserves
dans leur état d'humidité au moment du prélèvement.
L'ëchantillonnage a permis d'y constituer une c o l l e c t i o n de tourbes,
d ' o r i g i n e botanique variëe oü sont associées en différentes proportions les
composantes muscinées (sphaignes et autres bryophytes), herbacêe ou ligneuse.
Cette origine botanique, apprëciëe ä p a r t i r de 1'étude des macrofossiles, a pu
être mise en r e l a t i o n avec Ie degrë d'évolution des échantillons (indice pyrophosphate compris entre 8 et 27 ; C/N entre 66 et 19).
Le comportment hydrique de ces tourbes a été suivi au cours d'un cycle
de dessiccation-réhumectation a l l a n t de pF 1 ä pF 6. Les analyses physiques
(granulomëtrie) et chimiques (C/N, analyses ëlémentaires, teneur en cendres)
complétées par une analyse morphologique (microscopie photonique et microscopie
électronique ä balayage) ä d i f f é r e n t s Stades du cycle dessiccation-réhumectation
mettent en evidence le r61e preponderant joué par la nature des composantes
botaniques sur 1'ëtat d'évolution et sur le comportement hydrique.
A i n s i , on constate pour la tourbe de sphaignes faiblement décomposëe, une
perte en eau entre pF 1 et pF 3 plus f a i b l e et un r e t r a i t volumique ëgalement
plus f a i b l e par rapport aux tourbes ligneuses et herbacées.
Pour les tourbes herbacées ou ligneuses, au c o n t r a i r e , le r e t r a i t volumique s u i t la perte en eau.
Lors de la réhumectation, la tourbe de sphaignes reprend une bonne partie
de l'eau perdue (environ 50 %) alors que les tourbes tres décomposées ne reprennent que 20 % de leur eau. On note ëgalement que les tourbes ëvoluées,amenëes ä
pF 6 ne foisonnent pas lors de la réhumectation ; de ce f a i t 1 ' a i r en est chassê
par 1'eau réabsorbëe.

143 Une mention p a r t i c u l i e r e d o i t être f a i t e pour un échantillon de tourbe
ligneuse et muscinée tres évoluée dont Ie comportement se rapproche de celui
de la tourbe de sphaignes : r e t r a i t volumique l i m i t é l o r s de la dessiccation
et réhumectation importante (80 % d'eau r e p r i s e ) , mais avec une teneur en eau
pondérale plus f a i b l e en raison d'une densitë apparente plus êlevée. Ce comportement peut vraisemblablement être a t t r i b u é ä une h i s t o i r e hydrique d i f f é r e n t e ,
cette tourbe ëtant située en bordure d'un fossë de drainage.
Ces d i f f é r e n t s comportements hydriques sont mis en r e l a t i o n avec les
caractéristiques morphologiques étudiëes ä différentes echelles (granulométrie,
proportion d'éléments figurée hérités et d'éléments colloTdaux, microstructures).
Les tourbes de sphaignes comportent un rëseau de fibres peu dëcomposées s u f f i samment rigides pour conférer au Systeme une resistance lors de 1'augmentation
des contraintes hydriques appliquées, et f a c i l i t e r par la suite la réhumectation.
Par contre, la dessiccation des tourbes evoluées s'accompagne d'une deformation
importante et i r r e v e r s i b l e due au matëriau tres humifië.
Ces rësultats soulignent 1'influence de 1'origine botanique (done du milieu
de formation de la tourbe) sur 1'ëtat d'évolution du matëriau ainsi que sur la
morphologie et les propriétés hydriques des tourbes.

- 144 ACTION DES POLYMERES DE FER ET D'ALUMINIUM SUR LA MICROORGANISATION
ET LES PROPRIETES PHYSIQUES DES ARGILES - COMPARAISON AVEC DES
CONDITIONNEURS ORGANIQUES
M. ROBERT, G. VENEAU et Y. LE BISSONNAIS
Département de Science du Sol, I.N.R.A., 78000 - Versailles (France)
Des polymères de fer et d'aluminium de différents rapports OH sont
R3 +
fixes sur des argiles (montmorillonite, kaolinite de différente taille,
il lite...).
La caractérisation porte sur 1'organisation des argiles en microscopie électronique è balayage (après congelation) ou ä balayage (sur coupe
ultramince), et sur la modification d'un certain nombre de propriétës
physiques : taille des agrégats en rayonnement laser, retention en eau,
conductivité hydraulique en saturë ä une contrainte hydrique donnée.
Les resultats montrent que les polymères de rapport OH
entre 2 et
Rj+
2,8 sont particulièrement actifs. lis provoquent la formation de microagrégats de plusieurs dizaines de pm avec la montmorillonite ou de quelques
um (soit une dizaine de particules') avec la kaolinite de Provins ou 1'illite
du Puy.
Des études au M.E.T. permettent la mise en evidence des polymères qui
se présentent sous la forme de spheres de quelques nanometres entre les
particules d'argile.
Les principales modifications des propriëtés des associations argilespolymères concernent la retention en eau avant et après dessiccation et
surtout la conductivité hydraulique dont la valeur est multipliée par des
facteurs supérieurs è 100 pour la montmorillonite Na et supérieurs ä 10
pour 1'illite ou la kaolinite de Provins.
Une application de ces techniques a étë effectuée sur les mêmes argiles en vue de comparer un polymêre d'aluminium commercial et des conditionneurs de sol, polymères organiques hydrophile (polyvinyl al cool) ou
hydrophobe (ammonium quaternaire).
faction du polymêre mineral, tout en étant beaucoup plus efficace,
se rapproche de celle du PVA aussi bien en ce qui concerne la micro-agrëgation des argiles, la retention en eau et surtout la conductivité hydrau1ique.
Une bonne correlation peut être ëtablie entre les observations ou
mesures montrant la formation de micro-agrégats et 1'amëlioration des propriétës hydriques en particulier 1'augmentation de conductivité hydraulique
en relation avec 1'apparition d'une porositë interagrégats.
Des essais sont en cours sur ëchantillons de sols au laboratoire et
au champ ; en vue de 1'introduction de ces polymères minêraux comme une nouvelle forme de conditionneurs. Ces derniers semblent capable de créer des
agrégats comparables ä ceux rencontres dans les sols les mieux structures
par la presence de composes du fer, de 1'aluminium ou de la matière organique.
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ROLE OF Fe AND AI POLYMERS IN MICROORGANISATION AND PHYSICAL
PROPERTIES OF CLAYS. COMPARISON WITH ORGANIC CONDITIONNER.
Recent studies
have shown that some charged polymers of Al and Fe
having particular
ratio OH (between 2 and 2.8) are especially
active
in
clay microorganisation
or illite)
and physical

(formation
properties

of microaggregates
with smectite
kaolinite
(by increasing
hydraulic
conductivity).

A comparison is done with classical
organic conditionner,
(PVA) or hydrophobic.
The mineral polymers are more effective
as soil conditionner
can be
developped.

hydrophylic
and their
use
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INFILTRATION, REDISTRIBUTION, AND EVAPORATION OF SOIL WATER
FOLLOWING SMALL SURFACE APPLICATIONS
D. A. Rose
University of Newcastle upon Tyne, NE1 7RU, U.K.

Precipitation in semi-arid areas is small and highly variable ,
and small rainfall events have an important ecological role.
In
tropical regions, where crops rely on the monsoon rains, a false start
to the monsoon can cause seeds to germinate and then die for lack of
sufficient
water
for
further
growth.
The
infiltration,
redistribution and evaporation of a small quantity of water applied to
a dry soil are important in these contexts, and were studied in
detail.
Three soils (a sand, a loam and a clay) were packed
at uniform
initial water contents (-100 MPa, air-dry; and -1.5 MPa, equivalent
to being dried by plant roots) into replicate columns, 30 cm deep, and
1.25, 2.5 and 5.0 cm water was then applied as a single irrigation.
The columns were maintained in an environmental chamber (with a
photoperiod of 12 h, day/night temperatures of 35/30 C and an
atmosphere of relative humidity of 35 to 45 per cent) for up to 30
days during which water profiles were measured at intervals by
destructive sampling.
Infiltration was rapid and the subsequent redistribution of water
was almost complete in 2 h.
The wetting fronts penetrated to depths
ranging between 3.5 cm (1.25 cm of water applied to the air-dry clay)
and 25 cm (5.0 cm of water applied to the sand at wilting point) and
thereafter water did not move downwards except as vapour in the
air-dry soils.
Evaporation caused the water profile to approximate
to three zones; a dry zone between the soil surface and the drying
front, a dry zone (at close to the initial water content) below the
wetting front, and an intermediate wetter zone between the drying and
wetting fronts.
As evaporation continued, the drying front moved
deeper into the soil and the water content in the intermediate zone
decreased.
For the same application of water, the water content at a
given depth and time was always greater in the columns initially at
-1.5 MPa than in those initially air-dry, the difference increasing
with depth below the soil surface.
During the first 24 h, evaporation was rapid, at the potential
rate;
the water content at the surface fell to a value approximately
in equilibrium with the humidity of the atmosphere, and then remained
constant.
Subsequently, evaporation was greater from the soils
For each soil, a logarithmic plot of total
initially at -1.5 MPa.
evaporation (E)
against time (_t) gave straight lines for times
exceeding one day, i.e E j t where n is 0.24 for the sand, 0.33 for
the loam and variable, but depending on the initial conditions, for
the clay.
Water loss was thus much less than from uniformly wetted,
semi-infinite columns, for which ri = 0.5.
If seeds are not to germinate prematurely they must be placed
either close to the soil surface, so that the drying front passes them

- 147 before imbibition is complete, or below the wetting front.
If placed
in the intermediate zone, the probability of germination and of
ultimate survival depends on the length of time for which soil water
potentials remain favourable, and this in turn depends on the soil
type and amount of rainfall.
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Macroscopic
simulation models based on equation of continuity with root
sink; term, are employed for predicting root water uptake and
3oil water movement. ïhe predictability of these models being
low due to nonuniform distribution of roots and their
erroneous field estimations, modified numerical model
ignoring root distribution and implementing root sink term as
a function oi' soil matric potential, are becoming increasingly
useful, no.vever, this l a t t e r approach has rarely been tested
for tropical and subtropical conditions where limited
irrigation usually recharges only part of che dry soil profile
and the soils witn deep water table dries up at a faster rate
under progressively increasing evaporative demand during the
dry crop growing season.
Trie present investigation therefore, examines one
such model wliich considers the climate dependent time
function of soil moisture and computes the maximum water flux
from soil and plant leaves from the meteorological and crop
canopy parameters, for the simulation of root extraction rate
(i<_iiiO, soil moisture distribution {Jtiü), soil evaporation(üs)
and evapotranspiration (JJTs) of groundnut (Arachis Hypogoea
L.J under dry and wet soil water regimes of a l a t e r i t i c sandy
loam soil witn deep water taule in humid subtropics. 'Xhe wet
and dry soil water regimes are maintained by timing 4 (D^)
or 8 (D2) cm irrigation respectively at -0.3 (Ti) and -5.0
(T2) bar soil matric potentials monitored at 20 cm depth.
Tne model u t i l i z e s hydraulic conductivity function and water
retention characteristics of the soil layers, as well as time
changes of rooting death, soil cover, water pressure at the
maximum rooting depth and meteorological elements as imput
parameters. I t derives the root sink term from the
functional relationship'between transpiration baaed root
water uptake and soil matric potential and computes the total
water flux in soil root system by numerically solving the
water flow equation with root sink term, expressed in water
potential form as ^
. —
,
_ —,
s(r)
n
mM

* • * > li If""« -UJ • M
where, f is the soil matric potential, 0 ( t ) is the
differential water capacity, K( <p) is the unsaturated
hydraulic conductivity and 3( f ) is the root sink term as
function of soil mutric potential.
The magnitude and deptu distribution of HUH
corresponding reasonably with the changes in potential
transpiration, soil matric potential and rooting depth,
increase, in general, with the advancement of growth.
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depth increments under wet regime, while it decreases
gradually upto 63 cm soil depth under dry soil water regime.
iieyond 63 cm soil depth ilciH however, increases in deeper
layers under dry soil water regime. The predicted soil
moisture nrofile is closer to its measured counterparts
under wet chan dry soil water regime. Simulated soil moisture
closely mutches with its measured counterpart at later
growth stage under D2T1. In general, the model overestimates
roil moisture at uhe upper Ü to 5U cm depths and undjresti
underestimates it at the lower 5*-* to 12U cm depths. ETs
cloaely compares with the field measured ET under wet soil
water regime. Under dry soil water regime, the model
underestimates Jaï in ehe early stage but overestimates it
generally during the later stages. At later growth stage ETs
being in close range of the potential evapotranspirationt
exceeds ET under i>2Ti a n u ^9^2 re ö iin es.

- 150 ORDENATION DE PROPIETES HYDRIQUES DES SOLS DU BASSIN
VERSANT DU DUERO (ESPAGNE)
Ingelmo Sanchez F. et Cuadrado Sanchez S. Col. Thecn.
Hernandez J.
Centro de Edafologia y Biologla Aplicada de Salamanca
(CS.I.C. )
Avec 1'objetif de modeliser la courbe caracteristique d'hu
midité des sols selon sa texture, dans ce travail on a fait une
ordenation des valeurs de la humidite volumique en équilibre ä
chaque valeur de pF (0,0; 1,0; 2,0; 2,7 et 4,2) pour 4 classes
texturales de sol: sableuse; sabloargileuse; argilosableuse et
argileuse, correspondant ä des horizons echantr1lonés dans 160
p r o f u s de sol de differente tipologie, dans 3 zones du bassin
versant du Duero (Espagne): zone A: nord du Duero (Valladolid
et Zamora); zone B (Salamanca: Armuna et Penaranda de Bracamonte) et zone C: sud du Duero (Valladolid).
La methodologie employee est la suivante:
Dans chaque classe texturale on a calculé les valeurs du
paramètre:
/y

&m

=

oü t7m est la valeur de la humidite volumique moyenne harmonique
des 3 zones et Qi, 1'humidite volumique pour chaque sol dans une
zone quelconque. Dans chaque zone et chaque classe texturale,
pour les differentes valeurs de pF, on a étudié la valeur moyenne de 06i et son coeficient de variation.
La valeur d'humidite volumique moyenne de chaque zone pour
chaque valeur de pF et chaque classe texturale est obtenue ä
partir de la relation:
n
Vmi

_

gm
-y .
Ot mi
oü OCmi est la valeur moyenne de toutes les i pour 1'ensemble
des valeurs de pF.
Dans Ie poster on a representé sur la carte les zones
d'etude, les courbes caracteristiques d'humidité de chaque classe texturale et, dans une table annexe, les valeurs de la réserve hydrique du sol (exprimé en mm/cm), les valeurs de O^mi
et leurs coficients de variation.
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ASPECTS Or THE CRLIBRRTION AND IH SITU USE (ir THERMOCOUPLE
HYGROMETERS FOR SOIL URTER POTENTIRL MEASUREMENT
M J Sauage & J T Ritchie
Departnent of Soil Science and Rgroneteorology. University of
Matal, Pieternarltzburg 3201. Republic of South Africa
The neaaurenent of water potential in soils is indispenslble when
investigating the energetics of water novenent In soil-plant
systens. Together with observations on plant roots, such neasure—
nents can supply useful Infornatlon on the ability of roots to
extract water fron soil. Measurenent of soil water potentials less
than about -0.1 MPa arc possible using soil hygroneters.
Calibration procedures, including voltage endpolnt deterninatlon
<Savage & Uiebe. subnitted for publication). need careful attention
irrespective of whether the dewpolnt <hygronetrlc> or
psychronetric <wet bulb> technique is used. The advantages and
disadvantages of using either technique, for the neasurenent of
soil water potential <Savage, Ritchie & Dugas, In preparation) are
reviewed. The use of the dewpolnt technique <Canpbell. Canpbell &
Barlow, 1973) has the naln problen that any zero offset <a neasure
of the tenperature differences that nay arise between the hygroneter reference Junction and the bulk soil) errors are anpllfled
(Tanner, 19BS, pers. conn.>. So the signal has to be set to zero
prior to cooling. The advantages of the dewpolnt technique, conpared to the psychronetric technique. Include: greater voltage
sensitivity per unit change in water potential and, reduced tenperature sensitivity. The naln advantage of the psychronetric technique is that fewer neasurenents are required, conpared to the
dewpolnt technique. However, whichever technique Is used for soil
water potential neasurenent. It Is desirable. for the sake of
accuracy, to use a chart recorder or nlcro-processor equivalent to
nonltor the change In voltage following cooling. These traces can
be used to accurately deternine the voltage (dewpolnt or psychronetric) corresponding to the water potential. Sone nlcro-processor units only store the voltage sone short tine (often 2 s> after
the cessation of cooling. Such a procedure cannot be used if
accurate neasurenents are required over a wide water potential
range. The calibration procedure involved suspending soil hygroneters above filter paper saturated with salt solution of known
water potential and allowing for vapour and thernal equilibration.
It Is Inadvisable to calibrate such units by total lnnerslon in
salt solution as this is not how they are used in the field.
Use of various types of cormerclally available soil thermocouple
psychrometers (nrtal screen or netal "end window* types as opposed
to porous cup units) are also reviewed. During calibration. It is
possible for water vapour to condense on to the vinyl boot at the
rear
of the hygroneter. This condensation can considerably delay
the tine approach to vapour equilibration. R possible solution to
this problen is to cover the vinyl material with adhesive alunlnlun foil tape (i.e., a netal surface).
In the case of in situ
soil water potential neasurnents, use of the "end window" type
soil hygroneter is not advisable; the units tend, under naturally
occurring and Induced tenperature gradients, the latter being due
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to the netal sides, to accumulate water in their uindou area. The
psychroneters therefore indicate uater potential ualues different
fron that of the bulk soil, and because of the condensation of
uater in and around the uindou area, shou larger zero offsets than
their screen-cage counterparts. It is also inportant to note that
they inpede the natural flou of uater vapour through their all
netal sides. The advantage of porous cup soil hygroneters is that
the thernal conductivity of the ceranic naterlal is slnilar to
that of soil. Houever, such a unit can also becone contaninated
if in contact uith soil and under an existing tenperature gradient. Even if the tenperature gradient betueen soil and hygroneter subsequently decreases to zero, the neasured soil uater potential can still be different fron that of the bulk soil. The
screen-cage units, being netal (screen) can result in differences
in tenperature betueen soil and netal cage and consequently induce
uater condensation in and around the hygroneter if the netal cage
is In contact uith soil.
Methods used for neasurlng soil uater potential, in situ, for
large (undisturbed) and snail (disturbed) soil volunes, arc sini —
lar (Savage, Ritchie & Ougas, in preparation). In both cases, it
is necessary to ensure that the psychroneters are not contaninated.
Contanination, associated uith uater condensation in and
around a soil hygroneter, can be relatively easily recognized
(using neasurenent techniques) and reduced (by following certain
precautions uhen inserting the units in soil). Recognition of
psychroneter contamination by uater is facilitated by noting the
rate of voltage change, for a given psychroneter. following the
condensation of uater onto the sensing thernojunction and voltage
endpolnt deternlnatlon; condensation in and around the Junction
results in an unusually long tine period until dryness. Reduction
of the chances of hygroneter contaninatlon Is possible by ensuring
that the cover (netal or porous cup) is buried in air space in
soil, as opposed to touching soil (Savage & Ritchie, in preparation: Savage, Ritchie, Bland & Dugas, In preparation). The effect
of local condensation would be to create a localized soil water
potential different to that of the bulk soil. In the case of soil
water potential neasurenent of disturbed soil contained in netal
or plastic containers, it uas necessary to ensure that as nuch
lead uire as possible was in contact with the bulk soil. This procedure decreased the previously noted large zero offsets when nuch
of the lead wire was in air outside the plastic container, furthernore, in the case of the plastic containers, it was necessary
to apply aluniniun foil to the sides of the container to reduce
water condensation on such sides In the presence of tenperature
gradients.
H seni-autonated systen, involving use of the psychronetrlc technique and screen-caged thernocouple psychroneters for neasurenent
of soil water potential water potential for a drying crop (Savage,
Ritchie, Bland & Ougas, in preparation), is discussed. Sone of
the nethods of installation and results fron such glasshouse and
lyslneter experinents arc
presented.
In the glasshouse experinent, we showed that cotton roots were able to extract water fron
deeper and deeper depths as the soil water store dininlshed.

- 153 Influence of matric and osmotic potentials on germination and
seedling growth
U. Schmidhalter and J.J. Oertli
Department of Crop Science, ETH, Zürich, Switzerland

The single and combined effects of osmotic and matric potentials, as well
as specific ion effects on germination and seedling growth were investigated.
In general, the rate at which plants absorb water from a drying soil decreases as the soil water potential decreases. Matric and osmotic potentials may
affect plant growth to varying degrees and by differing mechanisms.
Materials and methods. Germination and seedling growth of carrots
(Daucus carota L.) were investigated in solution and soil systems. The experiments were conducted in germinators at constant temperatures (8,12,16,
21 ° C ) , Fluorescent lighting was provided for 12 hours daily at an intensity
of 95 UEm""2s-l# xhe experiments ran for 25 days. Seeds were considered germinated when the length of the coleoptiles exceeded 2 mm. Petri dishes (6 cm
in diameter, 1 cm high), containing cotton fibre wetted with 20 ml V2 strength
Hoagland nutrient solution with equal parts by weight of CaCl2 and NaCl, sown
with 50 seeds, were used for the solution experiments. Various matric and
osmotic potentials in soil were created on the one hand by equilibrating
soil which had previously been saturated with different salt solutions on
the pressure membrane apparatus and on the other hand by adding different
amounts of salt solutions to the same mass of air dried soil. After mixing,
the moist soil was placed in tightly closed plastic boxes and left for 1
week for further equilibration. Thereafter the prepared soil was sieved to
2 mm, placed in cylindrical soil containers (8.5 cm in diameter, 2.5 cm
high), sown with 50 seeds at a depth of 0.8 cm and incubated in tightly
sealed transparent boxes (9 cm in diameter, 5 cm high). The sand, silt, and
clay contents were 15, 78, and 7 %, respectively. In another experiment, the
silty soil was mixed with 18 % or 36 % by weight of sand with grain diameters of 0.8-1.2 mm, and 1.5-2.2 mm, respectively. All experiments were replicated four times and subjected to analyses of variance.
Results.Increasing salt concentrations slowed and reduced germination.
Seedling growth was inhibited to a greater extent than was germination.
Seedling root growth was less affected by salt stress than was shoot growth.
No significant specific toxic effects were observed in mixed salt solutions
up to salt concentrations of 12 mS/cra. Increased Mg concentrations showed
significant toxic effects at 16 mS/cm salt concentration. A significant
interaction of salt stress and temperature effects on germination and seedling growth was observed. Germinating seeds were more sensitive to low osmotic potentials at low temperatures than at a higher optimal temperature.
The combined effects of temperature and salt stress caused a much greater
reduction in shoot growth than in root growth.
At high soil moisture potentials, germination decreased significantly in
the silty soil. Such a decrease was not found at equivalent osmotic potentials. Germination was influenced neither by matric nor by osmotic potentials ranging from -0.015 MPa to -0.5 MPa. Seedling growth showed a much
higher sensitivity to changes in soil water potential. Optimum shoot growth
was at matric potentials between -0.025 MPa and -0.1 MPa. At higher matric
potentials a marked decrease occurred, whereas at lower potentials a gradual decrease was observed. Seedling growth was not affected by osmotic
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whereas lower matric potentials caused a marked increase in root growth. Restricted oxygen supply did not interfere with salinity.
Germination in silty soils to which varying amounts of different sands had
been added was not affected by osmotic potentials ranging from 0 to -0.5
MPa, whereas decreasing matric potentials in the same range strongly inhibited germination. Soil water potentials, composed of equivalent matric and
osmotic potentials, showed intermediate effects as compared to soil water
potentials consisting mainly of either matric or osmotic components. The negative effects were due primarily to the matric component. Seedling growth
was not affected by osmotic potentials as low as -0.5 MPa. Shoot growth was
optimum at matric potentials of -0.05 to -0.1 MPa, whereas lower matric potentials caused marked reductions. The results showed an optimum matric potential for root growth, shifting according to the particle size of the medium, at -0.1, -0.2, and -0.3 MPa, respectively. At lower potentials, root
growth decreased.
Osmotic and matric potentials did not have equivalent effects on plant
growth. This is in contrast to the suggestions of Wadleigh and AyerS (1)
who postulated that yield is related to total soil water potential, regardless of which component or combination of components contributes to the total potential. Additive effects of matric and osmotic potentials on plant
growth were assumed by Richards and Wadleigh (2), Childs and Hanks (3),
Sharma (4) and are also described in the textbooks of Hillel (5) and
Bresier et al. (6). The non equivalence of matric and osmotic potential
effects on plant growth may be explained by the following factors: Plants
differ greatly in their ability to adjust to matric and osmotic stress. Osmotic adjustement to water stress is less efficient and of limited duration.
The theoretically expected osmotic potentials will only be realized, if
plants behave as ideal osmometers.
A generalized relationship of relative plant yield to decreasing potentials
is illustrated in Figure 1. Interactive effects of matric and osmotic potentials are indicated for two possible cases.
Prognosis of potential yields as well as optimal management strategies
require a knowledge of the functional relationship of soil water potential
to plant yield. The model in Figure 1 could contribute to a better understanding of this relationship.
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Figure 1. Influence of matric, osmotic

and total soil water potential on relative plant yield. For TT< which Is assumed to consist of equivalent matric
and osmotic components, three cases are
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VARIABILITY OF SOLUTE TRANSPORT IN A STONY SOIL UNDER VHETATICN
R. Schulin*, M. Th. van Genuchten**, and H. FlUhler*
* ETH, Zurich, Switzerland

** USSL, Riverside, USA

The transport of chloride and bromide in a stony field soil was
investigated under natural vegetative and climatic conditions.
The
tracers were applied by means of two pulses, bromide in April 1982 and
chloride in October 1982. Both tracers were evenly distributed over a 94
grass covered plot area. After travel times of 202 days for the
chloride and 399 days for the bromide, a soil profile along a 15
m-transect through the plot area was excavated and sampled on a vertical
20-by-20 cm grid system. The two-dimensional tracer distributions
along
the profile wall
were
analyzed
in
terms of
the
classical
convection-dispersion transport equation. Assuming a homogeneous soil,
constant water flow with depth and time, and one-dimensional vertical
movement only, least-squares optimized values for the transport parameters
v (pore water velocity) and D (dispersion coefficient) were computed
for
each vertical sampling line along the transect as well as for the averaged
concentration distribution of the entire transect.
The pore water velocity showed comparatively little spatial variation
along the transect, whereas the dispersion coefficient exhibited strong
and erratic fluctuations. The dispersion coefficient varied more
for
bromide than for chloride. The average pore water velocity of bromide was
25 % less than that of chloride. No significant difference between the
two tracers was found for the dispersion coefficient. The frequency
distribution of v-values was normal for bromide and intermediate between
normal and log-normal for chloride.
Both tracers showed log-normal
distributions of the D-values. Almost no correlation was observed between
the two parameters in either case. Mass balance estimates showed good
agreement between applied and recovered tracer amounts. However, compared
to the even application at the surface, considerable horizontal
redistribution occured for both tracers, especially for bromide.
The
observed differences in the transport behavior of the two tracers is
attributed to different exposure to root activity. The observed average
distributions could be described well with a deterministic transient water
flow and solute transport model that included provisions for root water
uptake.

- 156 PORE-SIZE DISTRIBUTIONS AND VOLUME CAPACITIES OF AIR AND
WATER IN A PSEUDOGLEY-PELOSOL (VERTIC CLAY S O I L ) .
S c h w e i k l e , V.* and E. Schlichting **
* Landesanstalt für Umweltschutz, K a r l s r u h e ;
** Universität Hohenheim, Stuttgart.
In shrunk Pelosols it has been found in field experiments that
both volume wetness and air-filled porosity increased after
rain. The question w a s , how this could be explained.
From aggregates or fractions of aggregates with a diameter of
5 to 10 mm from all horizons of a Pseudogley-Pelosol under
Fagus silvatica cover, the pore size distribution has been
measured with a mercury porosimeter after freeze-drying at
tensions of 0, 0.1, 5, 15 and 50 B a r . As reference basis for
all data, the volume of soil at the tension of zero and a load
at field capacity has been chosen.
Each tension corresponds with a discrete pore size distribution. All pore size summation curves»determined with m e r c u r y ,
are circumscribed by the pore size summation curve determined
with water. In shrinking (swelling) soil the volume of coarse
and fine pores increased (decreased) and the volume of medium
sized pores decreased ( i n c r e a s e d ) . To avoid losses and/or
gains of energy of the pore system from the n i l , the reference
basis for all volumes has to be the soil volume of the swollen
soil (at best "the soil volume of the mean maximum soil
v o l u m e " ) . In shrinking (swelling) soil fractions of the matrix
potentials will be transferred in soil from the coarser
(finer) to the finer (coarser) pore system of the soil v o l u m e .
A swelling potential has been derived.
The results suggest that volume wetness and air-filled porosity increase if the actual soil volume has been chosen as reference b a s i s , that the tension decreases much more after
rain than one would expect, and that the tension increases
afterwards due to swelling (combined with a change in the
pore size d i s t r i b u t i o n ) .

The paper will be presented in German language at the ISSS
meeting.
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MODELLING FIELD-SCALE
DEEP SANDY PROFILES

TRANSPORT

OF A CONSERVATIVE

SOLUTE

THROUGH

M L Sharma, I D Cresswell, R J W Barron and J D Watson
CSIRO Division of Groundwater Research, Wembley, Western Australia
6014, Australia
This paper reports results from an investigation in which downward movement
of surface applied chemical was measured and modelled. The experiment was
conducted in an area of 0.40 ha on a sandy soil supporting a native woodland.
Solution of potassium bromide was applied uniformly on the soil
surface as a pulse and allowed to be leached by natural precipitation. The
depth distributions of Br were monitored at two samplings, 21 and 76 days
after application, following precipitation of 100 mm and 337 mm respectively. The first sampling involved six profiles down to a depth of 4 m,
while the second sampling involved 25 profiles down to the water table
(^ 8 m ) .
We examined the use of both deterministic as well as stochastic models for
describing the areal-average depth distribution of Br . An approximate
analytical solution by Rose et al. (1982) to the convective-dispersive
solution transport equation, was used in the inverse form, to compute the
transfer functions (dispersivity D, and the flow velocity V or its equivalent) . Such analysis could be performed reasonably well for the profiles
from 1st sampling, but could not be applied to a large number of profiles
for the second sampling (where a number of peaks, without a uniquely
located major peak occurred). A probablistic model involving a travel time
function, proposed by Jury (1982) was also applied to our data set. In
this approach a log-normal probability density function of solute travel
time from the soil surface to a given depth was fitted for the observed
data set at one sampling, and this was applied to predict the subsequent
data set. However, only limited success could be claimed.
We present an alternative stochastic-deterministic approach.
The method
requires estimation of average depth of the centre of the mass of Br In
the profile for the area, and its variance. These observed moments are
used to fit the chosen theoretical probability density function for the
solute distributions in the profile. For our data set, it was found that a
truncated normal distribution was the most appropriate. The proposed model
was calibrated (Fig 1) at the first sampling (t1 - 21 days) when net
cumulative water input to the system was 62 mm, and it was used to predict
the "average" Br
concentration in the profile at the second time
(t„ • 76 days), when the cumulative water input to the system was 235 mm.
Considering the variability of the field data, the agreement between the
predicted function and the observed data was reasonably good.
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Relative Bromide Concentration
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Figure 1 Depth distribution of experimentally measured relative bromide
concentration and its associated variability (shown by 95Z confidence
limits), and the theoretically fitted function. This solute profile was
measured 21 days after application of bromide pulse.
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APPLICATION O? /Ai'3RPLGW 1 - C J ^ Ü I K G A/R iKi'cKKIii'ATIOrt Of' üRAIi<AGi
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N . J n o p s k y , .'J.Doneva, I.I*ICÜ.O1OV
Department of Joil Physics, H.pousnkarov Institute of üoil ócience and
Tield Preuietiou, Jofi;, Bulgaria
Tue application of tne general flow equation for determination of
; meliorative a; stem r>< rameters is illustrated for four types of surface waterlogged soils; leached chernozem ( Gramada ),cinn?monic podzolized soil ( 3ernevo ),grey forest soil (Nickolaevo ) .light grey forest soil ( Csen ).The main
elements determined were the spaces between the drainage tubes and the depth
of the drainage,and ril otiier drainage system parameters depend on them.The
main parameters influence tne construction cost,therefore tne tecnnical and
economic indices.They also determine the efficiency of the system,hence tne
water regime of the cultivated soil layer and its productivity.
i'he main parameters have been determined for two types of regulating networks: tne first one consisting of tube drainings and deep loosing,and the
second one consisting of mole drainings.Both of them may be applied to
different types of surface waterlogged soils.The 3olution of the problem
needed gathering representative information.Special research work lias been
carried out to determine the main pn\sical and hydrophysical characteristics
and relations of the soil in tne filtration area { Figure I ).
fhe statistical processing of data,including mean yearly and monthly
precipitation sums for varying degree of assurance,number of days with
precipitation sums of C,I - 25 mm. and mean values of potential evaporation,
snow tnat all tne regions examined are under conditions of waterlogging during
tne first and fourtn quarter of tne year for mean end less than mean degree of
assurance of yearly and montnly precipitation sums.The calculation of drainag»
parameters was made for years having 15;« and 2l#ó of precipitation assurance.
Por tne conditions of our country April and October have been chosen as typical
periods of time.Under these conditions the rate of infiltration is 2,3 to
3,4 mm/d.Basing on results from previous researcnes and standardization
documents ( 2 ; ,the parameters of the ameliorative system have been
calculated for infiltration rate of 'jmm.'d .
Besides tne case of natural texture of the soil profile the present work
examines a variant in which part of norizon B at a depth of 80 cm has to be
loosed,wnich results in an increase of its water conductivity.The value of the
filtration coefficient of tne loosed soil decreases almost exponentially with
time ( 4 ).Tne mean value is assumed to be two or three times higner than tne
corresponding value for the ploughed layer in case the loosing is repeated
with a period of 4 - 5 or 2 - 3 years.
The main elements of tne regulation network of the ameliorative s\stem in
ase
of surface waterlogging are determined by solving tiie general flow
equation (l,3,b) for each of tne four types of soil at varying values of
drainage spaces L, drainage deptu u ,rate of infiltration q ,soil filtration
characteristic K ,rnd drainage filling conductivity K .This made it possible
to cnoose tne optimum values of urainage spaces and drainage depth for each
type of soil anu regulation network ( Table I ).The location of the depression
curve in norizon A is a criterion wnen assessing tne main elements of tne
drainage system..jorae of the parameters calculated in case of cinnamonic
podzolized soil are illustrated in pigure 2,3.If tube drainage is combined
with deep loosing space of L=I6m between tne drainage tube3 provides
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s a t i s f a c t o r y r e s u l t s . T h i s e n s u r e s d r a i n a g e of tlie whole a r e a w i t h a d e p r e s s i o n
c u r v e below tlie s o i l s u r f a c e . T l i e w a t e r c o n d u c t i v i t y o f t h e d r a i n a g e f i l l i n g
and i t s d i m e n s i o n s have v a l u e s h i g h enough to e n s u r e d r a i n i n g of t h e whole
w a t e r f l u x a t i n f i l t r a t i o n r a t e a s h i g h a s 0 , 0 0 3 imo/d and 0 , 0 0 5 mra/d .The
r e s u l t s show t h e n e c e s s i t y of l o o s i n g t h e s o i l e a c h 2 - 3 . ' e a r s ( K = 0 , 3 9 3 m/d)
s i n c e l o o s i n g t h e 3 o i l each 4 - 5 .years ( K = 0 , 2 6 2 m/d ) r e s u l t s i n
u n s u f f i c i e n t d r a i n a g e . I n c a s e of mole d r a i n a g e s p a c e s between t h e mole v e i n s
1 = 3 « aJid L = 4 m a r e a c c e p t a b l e .
A w e l l - g r o u n d e d and c o r r e c t d e t e r m i n a t i o n of t h e d r a i n a g e s p a c e s and t h e
u r r i n a g e d e p t h i n each s p e c i f i c c a s e i s very i m p o r t a n t f o r t h e d e s i g n i n g and
c o n s t r u c t i n g of a m e l i o r a t i o n d r a i n a g e s y a t e m a . T h i s may e n s u r e p r o p e r d r a i n a g e ,
which g u a r a n t e e s optimum p h y s i c a l c o n d i t i o n s f o r s o i l c u l t i v a t i o n .

Iti'FKRENO'ffi
I . Doneva l i . , N i c k o l o v I . , J o i l S c i e n c e and A g r o c h e r a i s t r y , I and 3 , 1986
2 . D e s i g n i n g of d r a i n a g e s y s t e m s , Vol. 2 , H y d r o m e l i o r a t i o n 1 9 , I P P " V o d p r o e k t " ,
Jofia
3 . D r a i n a g e f o r A g r i c u l t u r e , Joe.Agronomy No 1 7 , Am. 3 o c . A g r . , Madison,
i / i a c u i i a i n , 1974
4 . D r a i n a g e of Heavy J o i l s , FAO, Ho ü , 1971
5 . o h o p s k y H . , H i o k o l o v I . , Doneve Ë . , Ï3SS Symposium 2 7 - 3 1 A u g u s t , I9Ö4,
Wageningen, N e t h e r l a n d s

T a b l e I . O p t i m i z a t i o n r u n s of d r a i n a g e s y s t e m p a r a m e t e r s

'-...

. soil
Regulation
network p a r a m e t e r s

Tube d r a i n a g e
with deep
loosing

Pole drainage
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* L

, h ,A,

1 (óee Figure I )

Cinnamonic
podzolized

Leached
chernozem

16
0,00
0,005
0,414
4,0
0,2
0,5

16
0,00
0,005
0,393
4,0
0,2
0,5
4,0
0,4
0,005
0,131
0,393
0,2
0,04

•

4,0
0,4
0,005
0,207
0,414
0,2
0,04

Grej
forest

Light grey
forest

20
0,80
0,005
0,520
4,0
0,2
0,5

16
0,00
0,005
0,360
4,0
0,2
0,5

5,0
0,3

3,0
0,3

0,005
0,260
0,520

0,005
0.120
0,360
0,3
0,0«

0,3
0,04

K - hydraulic conductivity at saturation ,
K - h y d r a u l i c c o n d u c t i v i t y of t h e f i l l i n g of t h e d r a i n
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A SIMULATION MODEL FOR FIELD WATER USE AND CROP YIELD AS
APPLIED TO SOIL RIPENING AND COMPACTION STUDIES
C. Simota, A.Canarache, I. Coliba§i, Maria Colibasji
Research Institute (for Soil Science and Agrochemistry, Bd. Märä§tl 6 1 ,
71331 Bucharest, Romania
THEORY. A computer model simulating field water use and crop yield is p r e s e n ted. The model, adapted for a corn crop and for soil and climate conditions in
Romania, is s i m i l a r with other models developed elsewhere (SWATRE, ARIDCROP).
In the model total dry matter production (Q), and the amount of dry matter
translocated to crop storage organs (Q a ec) a r e estimated using the following
equations:
(1)
Qacc = V t A t

(2) Vt -- V„[ f £ ^fif) d \ / i n <*rl\* \ ]**
(3)

At« i M t p Q t t a c W Q(*ac*-At)-attae)]

(4) Q(t) = P. K(})w T (^d|
(5) A = A.LH-rï^xfr-^tflltjT (<-%tT-T.)t*.(T-Tofl
(6)
(7)
(8)

<9>

dffCdt r ( i - C ) ( % ( u ) p - u J r X o O ? 7 . C ( ^ f - ^ M f - ^ o 3 + G / ^ ] ; i - V | ( ^ r u 0 r y > J p - ^ o ) ]
WY(t) = min t j 5 ( t ( t ) ] 5 * , u J p ( t ) ]
S ( « K 2 j ) = w i n t O J ? / ( U y - L o ) . S o D ' + CV)

LrCt)r

VeU-to)

Where%(x) is Heavlside's function (£(x)=0 for x ^ O and "X(x)=l for x>0);A(o"",T),
, v0
: actual and poA 0 a r e actual and potential water use efficiencies; Vj
tential dry matter translocation rates to storage organs; T : a i r temperature;
A t : dry matter translocation time to storage organs; OJr,t^> : actual and potential transpirations rates; G" : cumulative transpiration deficit; L Q , L ^ Initial
and actual root front depths; tQ, tf, t a c : emergence, flowering and tasseling
dates; S ( y ) : root sink term; S 0 : maximum value of root sink term depending
on soil physical properties and geometry of roots; : soil water matrlc potent
Mal; v e : root elongation rate. In equations l-SoCl.oCg."*- 3>°^4> ß . t > T 0 > "-"o
a r e constant p a r a m e t e r s specific to each crop. In eq. 8 f ( ^ ) is a function s i milar to that used in SWATRE by Feddes and others (1978).
In the present model water s t r e s s affects directly water use efficiency and not
photosynthesis rate p a r a m e t e r s as in the ARIDCROP model of van Keulen and
others (1982). Eq. 1-3 developed from experimental data od Splertz and others
(1978) a r e used to calculate the part of the total dry m a t t e r which Is accumulated Into kernels.
Soil water matric potential Is obtained by Richards equation (Including a root
sink t e r m ) . Plant growth stages a r e delimited using standard corn Industry d e g r e e day accumulation formula.
EXPERIMENTAL. To validate the computer model, it was applied to experimental data obtained in two field experiments concerning the effect of soil deep r i pening and soil compaction on corn yield, performed In 1979-1983 In the C r l §
piedmont plane (pseudogley luvlsol with 25 percent clay In A horizon and 45
percent clay In the B horizon; annual average cllmate-temperature:10. 5 C,
rainfall: 635 mm, potential evapotranspirations: 689 mm; all having a high v a riability from y e a r to year and a very uneven distribution within each year.
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values of the constant parameters w«r» found to b»:<,=0. 2, o<^ =0, 5,e*3 =o, o5,
«Cl, - d . 2 5 , u J o - 0 . 4 , (b » 0 . 2 , T 0 «20, C, % =10 days, A o =1000 kg/ha/cm, .
v o =250 kg/ha/day.
The maximum root depth was obtained by Integration of eq. 9 between t„ and tf.
The root elongation rat» in th» first experiment (ripening at 75 cm depth) was
estimated by repeated computer trials, starting with a valu» estimated from g e neral field observations. The best agreement b»tw»en »xpertmental and simulated
values of soil water content and crop yield was obtained for v e = 2 cm/day for
the non-ripened treatment, 2. 6 cm/day for a plot ripened In 1979 and 3.1 cm/day
for a treatment with ripening every y»afr. These values were used for the next
years data (1981, 1983).
In the second experiment the sod waa artificially compacted by wheel tractors
passes ( 1 , 3 , 1 0 , 3 0 times). In these cas»s root elongation rat» was considered to
be:

-r
(10)

v

= v0
. EP
for HP > 1.5 MPs
v0
for BP 1 1. 5 MPa
where v 0 Is elongation rate for th» non-compacted soli (2 cm/day), RP Is soil
penetration r»ststance (measured with a static penetrometer with cone angl» 30
and cone diameter 1 cm) and T a constant which will be estimated by computer
trials.
The results of computer simulation in the first experiment show that 80-85 percent of the oorn yield increase following deep ripening was determined by Increase In rooting depfct ( l - r m a x = 6 5 cm and only 15-20 percent by changes in soil
properties related to water transport (k a a t in soil horizon 20-50 cm changes
from 4 . 4 10" 7 m/a In the control plot to 1 10" 6 m / s and 2 10
m/a in the r i pened plots).
In the second experiment, penetration resistance changed from 1. 4 MPa in the
control plot to 2. 8 MPa in the maximum compacted soil. The best estimation
of experimental yields and of soil water content data was obtained with T ^ - 8 The comparison between experimental and simulated yield In both experiments,
shows overall differences within a 10 percent range.
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The soil water characteristic curve is one of the important physical
properties of soil. This relationship besides indicating the amount of water
held by soil at any suction, also gives an idea about its porosity and pore
size distribution. It is also widely utilized for the computation of the
unsaturated hydraulic conductivity, the field estimate of which is a tedious
process. Many efforts have, therefore, been made to describe this curve.One
function, found very useful, relates the soil water suction to dimensionless
soil water content (8) instead of the usual soil water content (Mualem,1976)
and is defined as

e = ( e - er)/(es- e r )

(l)

in which 8 is the soil water content, 8 r is the residual water content and
8 S is the saturated soil water content. The soil water characteristic curve
is described by
8

•

1/[1 + («uyjnjm

(2)

in which l|f is the s o i l water s u c t i o n . « , m, n and 9 r are parameters which
vary from s o i l to s o i l . The main advantage of t h i s r e l a t i o n s h i p is that the
unsaturated hydraulic conductivity can be expressed as a closed-form analyt i c a l function of s o i l water content or suction through the c o e f f i c i e n t s
derived from eq.2. These c o e f f i c i e n t s , however, are not easily estimated
being non-linear in nature. The experimental determination of the residual
s o i l water content i s not r o u t i n e l y done and i t i s rather a r b i t r a r i l y defined.
Three s o i l s representing coarse, medium and f i n e textures, namely,
loamy sand, loam and c l a y , respectively, were taken f o r i n v e s t i g a t i o n . Nonl i n e a r regression techniques were used to evaluate the residual s o i l water
content and other parameters (van Genuchten, 1978). The values of the r e s i dual water content so obtained were 0.3402, 0.0403 and 0.0266 cm3. cm"3 f o r
c l a y , loam and loamy sand, respectively. The i n t e r c e p t , slope and R2 values
obtained between the observed and predicted values of the s o i l water charact e r i s t i c curve were
Soil texture
Intercept
Clay
Ö".01101
Loam
-2.84xl0"4
Loamy sand
3.69x10-5
" s i g n i f i c a n t a t 0.01 per cent l e v e l .

Slope
Ö79764
1.0029
1.0028

R2
0.9872**
0.9986**
0.9992**

The s o i l water content a t 15 bar suction (8 w p ) was 0.3294 cm3.cm-3
f o r c l a y , 0.0606 cm3.cm-3 f o r loam and 0.0280 cm3.cnr3 f o r loamy sand.
These values are close to the values of the estimated residual s o i l water
content. The s o i l water c h a r a c t e r i s t i c curve was simulated again but t h i s
time the s o i l water content a t 15 bar suction was used instead of the r e s i dual s o i l water content. The results indicated very s a t i s f a c t o r y agreement
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of 0.9969**. The slope values were 0.9812, 0.9874 and 0.9987 f o r c l a y , loam
and loamy sand, respectively, a l l i n d i c a t i n g the closeness of f i t between
the observed and predicted values. These findings show t h a t , f o r the three
s o i l s studied, the s o i l water content a t 15 bar tension can be taken to represent the residual s o i l water content.
The unsaturated hydraulic conduct i v i t y values obtained a f t e r t h i s s u b s t i t u t i o n were also very well matched
(R2= 0.9962**). This s u b s t i t u t i o n , thus, eliminated the need f o r estimation
of the residual s o i l water content. The unsaturated hydraulic conductivity
can be calculated without the use of non-linear regression techniques by
using 9yp instead o f 8 r in Mualem's formula and without any s a c r i f i c e i n
the accuracy.
Mualem, Y. (1976). A new model f o r predicting the hydraulic c o n d u c t i v i t y o f
unsaturated porous media. Water Resour. Res.Jj? : 513-522.
van Genuchten, R. (1978). Calculating the unsaturated hydraulic conductivfty
with a new closed-form a n a l y t i c a l model. Report No.78-WR-08, Deptt.
C i v i l Eng., Princeton University, Princeton, New Jersey, pp.63.
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ASPECTS MECANIQUES DE LA CROISSANCE DES RACINES
Nicole SOUTY
Institut National de la Recherche Agronomique, Station de Science du
Sol, B.P. 9 1 , 841*0 MONTFAVET (France)
Si nous supposons que le milieu d'accueil offre des conditions hydriques
et nutritives favorables, la croissance racinaire reste soumise principalement
aux propriétés mécaniques du sol. La complexité de Taction mécanique du sol
sur les racines et des racines sur le sol nous amène ä nous limiter dans un
premier temps ä l'étude des modalités de croissance des racines et ä leur
comportement vis-ä-vis du milieu d'accueil.
Dans un milieu structure, une racine peut rencontrer un agrégat qu'elle
est en mesure soit de pénétrer, soit de contourner : c'est alors un obstacle
ä sa croissance. Cependant, il est impossible de determiner in situ les effets
développés par 1'apex de la racine, de même qu'au champ il est difficile de
mesurer les pressions excercées par la racine é t a n t donné les nombreux
paramètres incontrölables. C'est pourquoi nous présentons ici les résultats
obtenus en laboratoire, relatifs aux forces développées par la racine seminale
de mals en croissance.
EXPERIMENTATION
Dans un sol, milieu heterogene, une racine peut rencontrer des zones
de resistance ä la penetration différentes qui font obstacle ä son cheminement
et ä son développement.
En laboratoire, nous avons modélisé un obstacle que la racine ne peut
pas pénétrer : c'est une lamelle d'acier, montée en poutre sur deux appuis
simples. Une jauge extensométrique est collée en son milieu et permet de suivre
les deformations de la lamelle (1'épaisseur de la jauge étant négligeable, les
deformations qu'elle subit sont celles de la lamelle) produites par la racine
en croissance qui appuie. Ces deformations (variations relatives de longueur
—i— = E ) sont exprimées en p/m et stockées dans un Systeme d'acquisition
de données au cours du temps.
Le calcul théorique de la resistance des matériaux appliqué ä ce cas
particulier conduit ä :
- la relation entre 1'effort F appliqué au milieu de la lamelle
et en ce point
F =a . e
- la relation entre 1'effort F et la flèche y prise par la lamelle
qui représente Tallongement axial de la racine

F = k

y

d'oü y = —r- . e

k, appelé coefficient de raideur, exprimé en N/m, ne dépend que des caractéristiques géométriques de Tobstacle pour un matériau donné.
a et k sont determines par étalonnage de la lamelle.
Les graines de mals, préalablement germées, sont placées dans une boite
remplie de sable humide, percée a sa partie inférieure pour permettre le passage
de la racine guidée dans un tube de verre (pour éviter le flambage en cours
de croissance). Initialement, la racine est placée sur la lamelle de facon ä
ce que 1'apex 1'effleure sans appuyer ; mais pendant sa croissance, la racine
appuie et la fait fléchir.
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RESULTATS
Les deformations de la lamelle, c'est-ä-dire 1'allongement axial de la
racine, sont enregistrées : elles permettent Ie tracé de la courbe : Y = f(t)
et la determination de la force et de la vitesse de croissance.
Après une période de mise en place de 1'apex sur la jauge, 1'allongement
est lineaire en fonction du temps. Au-delä, la croissance est ralentie et nous
observons une deformation de 1'apex permettant ä la racine de contourner
1'obstacle. Nous admettons que la variation de Y dans la partie lineaire est
due è la force de croissance que nous pouvons done calculer ; au-delä, la racine
change de morphologie.
Nous avons étudié 1'influence de la raideur de 1'obstacle sur la force
et la vitesse de croissance et avons rassemblé les résultats concernant une
centaine de racines (dont la longueur est de 5 a 25 mm) face ä des obstacles
dont la raideur varie de 3 N/m a 28 KN/m.
Malgré la dispersion des valeurs, la tendance générale du comportement
de la racine fait apparaltre, dans les conditions bien particulières de ces essais,
1'existence d'une limite dynamique au développement axial de la racine de
l'ordre de 0,25 N, soit environ 2,5 bar (250 KPa). Les vitesses de croissance,
quant ä elles, diminuent rapidement avec 1'augmentation de la raideur : environ
0,4 mm/h pour les K les plus faibles contre 1 mm/h pour des racines ne
rencontrant pas d'obstacle.
DISCUSSION
Ces essais, malgré leur dispersion et les artefacts induits par les
conditions expérimentales, conduisent ä des résultats en accord avec ceux
d'autres auteurs (ABDALLA, HETTIARATCHI and REECE ; TAYLOR and
RATL1FF ; GOSS ; NGUYEN ; DEXTER). Du point de vue biologique, les
observations réalisées sur des coupes cytologiques longitudinales et transversales
de racines en cours de développement sur un obstacle et de racines ayant fourni
leur maximum d'effort sur eet obstacle, font apparaltre un ralentissement et
même un arrêt des mitoses dans la zone méristématique dès que la racine
commence ä toucher Pobstacle. Dans ces conditions, 1'effort développé par Ia
racine serait essentiellement dO ä 1'allongement des cellules de la zone
d'élongation.
A 1'avenir, nous pensons completer les determinations de force et de
vitesse de croissance par des observations cytologiques permettant de dénombrer
les cellules et de mesurer leurs dimensions. Cet ensemble pourrait apporter
des données numériques ä la simulation mathématique de la croissance racinaire.
ABSTRACT - "ROOTS BEHAVIOUR AND SOILS MECHANICAL

PROPERTIES".

The influence of soils physical properties on the growth and the
morphology of the seminal root maize are studied in laboratory. An experimental method is adjusted to the determination of the growth strength : the root
extends against an obstacle (a small plate of steel on which a strain gauge
is sticked) increasingly hard to shift. Observations of cytology sections
(longitudinal and cross section) are also correlated with the de elopped
strengths.
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SOLUTION.
Dale Swartzendruber
Department of Agronomy, University of Nebraska-Lincoln,
Lincoln, NE 68583-0915, U. S. A.
Consider one-dimensional downward infiltration of water into a
uniform soil initially at a constant volumetric water content 8 , and to
which a higher water content 6 (usually near saturation) is applied and
maintained at the soil surface Z - 0 from time t * 0 onward. Z is the
positive-downward depth to which a water content 9 has penetrated after
cumulative time t. The classical solution to this problem was given by
J. R. Philip In 1957, for any rigid soil for which both the water diffusivlty function D(9) and the hydraulic conductivity function K(8) are
available as inputs. Two forms of solution, however, were required.
For finite and moderate times, the solution was a power series in t " 2 ,
namely
Z(6, t) - .ft1'2 + xt

+

* t 3 ' 2 + uit2 + ...

(1)

where $ - 4>(6), x - x(8), \(i - itKe). w - (8), ... are functions of only
the water content 8. For infinitely large times, the solution was
Z(8, t) - f + kt
with f = f(8), and the constant k = (K - K )/(8
J.,
>, / „ \
o
n
o
and K - K(e ) .
n
n

(2)
- 8 ) where K - K(8 )
n
o
o

The present author has recently developed a single form of quasi
solution that includes Eq. (1) and (2); specifically
Z(8, t) - (FU - f) exp(-T) + f + kt

(3)

U - a t " 2 + bt + et 3 ' 2 + et 2 + ...

(t)

T - A t " 2 + Bt + C t s ' 2 + Et 2 + ...

(5)

where

with a - a(8), b • b(8), c = c(8), e = e(8)
and in which F, A, B,
C, E, ... over the range from 8 to 8 are integrals, respectively, of
f(8), a(9), b(8), e(8), ...; hence, F - F(8), A - A(8), B •= B(6), C C(8), E « E(8), ... As time t becomes infinitely large in Eq. (3), (t),
and (5), then Eq. (3) reduces to Eq. (2). For finite time t, the series
expansion of exp(-T) yields a series form of Eq. (3) that can be identified with Eq. (1) by equating coefficients of like powers of t. The
resulting ordinary differential equations can be solved by integration.
Over the range from 8 to 8, the integrals of $, x» t, u, ... are
designated as *, X, *V ß
respectively. From these two sequences
of functions, it is ultimately possible to determine the functions A, a,
B, b, C, c. E, e, F, f, ... In particular, calculations have been
carried out by retaining only A, a, B, b, C, c, F, and f in Eq. (3),
(t), and (5), as evaluated from J. R. Philip's determinations of $, x,
i|>, and dj for his example of Yolo light clay. Water-content profiles (8
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CO, and (5), and agreed very well with Philip's original profiles.
A next logical question is whether the number of characterizing
functions in Eq. (3), ( D , and (5) can be reduced still further without
serious error. Retaining only A, a, B, b, F, and f in Eq. (3) to (5),
Eq. (3) becomes
Z(8, t) - (Fat" 2 + Fbt - f) exp(-At"2 - Bt) + f + kt

(6)

To calculate water-content profiles from Eq. (6), numerical values of
the functions <(>(9), xO)> and I|J(8) for Yolo light clay were scaled from
Figure 1 of J. R. Philip's paper (The theory of infiltration: 1. The
infiltration equation and its solution, Soil Sei. 83:315-357, 1957),
with 8 = 0.2376 m'/m', 8 = 0.1950 mVm 3 , and k •= 177.39 pm/s. The
corresponding integral functions *(8), X(6), and ¥(9), respectively,
over the range 9 to 9, were determined by parabolic numerical integration. Then, at given 8 for 9 < 9 < 6 , the values of +, *, x> xi t.
and ¥ were employed to obtain Fa, Fb, f, A, and B for use in Eq. (6) to
calculate Z at any desired t for the given 8.
Results from these calculations are presented in the following
table. A brief comparison with Philip's results is given at four water
(8 - e )
(8 - 6n )
o
n
0.?
0.1
0.6
0.8

2--Term Exponent ial
Max. Error,
Z
(Z - Z )/Z
P
P
P
m
%
1.90
1.31
2.11
1.26
2.06
0.95
0.88
2.68

3--Term Exponeritial
Max. Error,
(Z - Z )/Z
Z
P
P
P
m
i
0.67
1.31
1.02
1.16
0.95
1.31
0.88
2.19

contents expressed as water fraction (8 - 8 )/(9 - 9 ). At each water
fraction, the maximum error that was found Is shown for the Z of Eq. (6)
as compared with Philip's depth Z , along with the Z at which the
maximum error occurred. Also given in the table are the results for the
3-term exponential equation already mentioned [Eq. (3), (1), and (5),
retaining only A, a, B, b, C, c, F, and f]. With maximum errors ranging
from about 0.7 to 2.2J, the 3-term exponential equation is sensibly
better than the 2-term exponential equation with its range of maximum
errors from 1.9 to 2.7Ï. Even so, however, with errors of less than 3%,
the 2-term exponential equation should still be adequate for many
purposes, and hence is worthy of further consideration.
For the cumulative quantity of infiltration I as a function of time
t, Eq. (H) and (5) are substituted into Eq. (3) which is then integrated
by parts. Without giving details, the final result is
I - (S/A )[1 - exp(-A t " 2 - B t - C t 3 ' 2 - E t
o
o
o
o
o

2

- ...] + K t
o

(7)

where sorptivity S, neai—saturated hydraulic conductivity K , and A ,
B , C , E , ... are fixed as constants by the constant applied water
o o o
content 9 . This new, general, and versatile infiltration equation
[Eq. (7)]°is valid for all times (t i 0).

- 169 -

The Investigation for the Glue Bingding Stress in Tree
Dimensional Photoelastic GeologicalStructrure
Model of Changeable Elastic Modulus

Tan Xueshu, Xian Xuefu , Department of Mining Engineering,
Chongqing University, City Chongqing, China

Abstract

In this paper, the producing cause and developing of glue
binding stress in three dimensional photoelastic ge.'l.ogical
structure model of changeable elastic modulus, is analysed in
theory.So it is got that the glue binding stress: is caused
by the hot dilatational strain, and so on. It is of reference
value for studying and applying deeply three dimensional photoelastic test of changeable elastic modulus.

- 170 The stress and Stability Analysis on the Interface
of the Incline Composite Rock Masses
Tan Xueshu, Xian Xuefu, Xiao Qinxue, Department of
Mining Engineering, Chongqing University,
City Chongqing, China.

Abstract

The incline composite rock mass is one of universal underground
rock masses. In this paper, the repeated principle, the state
force equilibrlun condition, the continous deformation condition,
and so on, are used to calculate and analyse stresses and strains
at the interface of invline composite rock masses acted by three
dimensional compressive stresses. The results are of the reference
value for studying the strength and destroying mechanism of rock
masses, and so on.
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D. TESSIER and G. PEDRO
Station de Science du Sol, I.N.R.A., 78000 - Versailles (France)

L'approche utilisée oonsiste ä suivre la variation de l'espace poral
et de son content* en eau en fonction du potentiel de l'eau, eile äboutit
ainsi ä définir trois indices aavactêristiques
du comportement physicohydrique du sol ie, AB et e- 8
Characterization of the structure of soil samples and hence of the
poral space suitable for plant growth (mainly in relation to the circulation and availability of fluids i.e. gas and solutions) is essential in
Soil Science. Until now, soil samples could be characterized from a physical
point of view, by carrying out tests on standardized samples (air dry, sieving < 2 mm, e t c . ) . Although these tests make it possible to describe the
main types of soil behaviour, they do not represent conditions "in
situ",
especially for clayey soils.
These considerations have led us to develop an approach in the laboratory for assessing pore volume and water content as a function of water
potentiel. We use undisturbed samples (clods > 1000 cm3) kept from both
evaporation and biological activity (held at 4°C). We split these clods
into smaller fragments (about 10 cm3) and submit them to several suctions
from 0.010 to 10 bar in a filtration device (Tessier and Berrier, 1979). At
equilibrium we measure :
- the bulk volume through immersion pressure of the wet sample in
kerosen ;
- the water content by weighing the sample at 105°C.
It is then possible to calculate the voTd ratio (e) and the water
ratio ( 8 ) , if we know the solid density (ISSS, 1976).
Results The results reported here obtained on two heavy clayey s o i l s developed on a k a o l i n i t i c (a) and a smectitic (b) parental material respectively.
We can follow the simultaneous change of voTd r a t i o e and water r a t i o 8
as a function of suction. Between 0.010 and 10 bar of suction, the sample
(a) remains almost saturated with water and the voTd r a t i o e changes very
l i t t l e (A » 0.06). On the other hand, the sample (b) is s t i l l saturated
with water at 0.010 bar, but a i r enters the pores as soon as the suction
reaches 0.032 bar ; between 0.010 and 10 bar, the voTd r a t i o decreases
d r a s t i c a l l y (Ae = 0 . 2 ) .
Discussion Three aspects should be considered :
1. The physical changes of the systems are reported in volumic units;
this makes it possible to compare any soil sample, even those with organic
matter or iron oxides. More over e and 8 are additive.
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2. In many clayey s o i l s as the k a o l i n i t i c one, the a i r entry point
seems to appear at high suctions (10 bars) ; r e f e r r i n g to the Laplace-Jurin
law, we can say that mainly pores <0.3 um e x i s t in the bulk sample.
3. I t i s possible to characterize s o i l samples with three d i f f e r e n t
indexes, using e and 8 at various suctions :
A e, which i s the macroecopia e true titration index w i t h i n a given
suction range, represents the volume v a r i a t i o n o f the sample.
A 8 , which i s the index for extraatible
water w i t h i n a given suction
range, represents the loss o f water o f the sample.
e - 8 , which i s the air index represents, at a given suction, the
pore space f i l l e d with a i r .
I t can be concluded that the e and 8 values at 0.010 bar, 1 bar and
JO bars are adequate f o r the suitable characterization o f a s o i l . Such
indexes are useful tools f o r I d e n t i f y i n g the physical degradation (compact i o n ) , biological a c t i v i t y or tendency to water logging o f a s o i l .
References I.S.S.S. (1976) - Soil Physics Terminology I.S.S.S. B u l l . (48) 16-22
Tessier D. and Berrier J . (1979) - U t i l i s a t i o n de la microscople é l e c t r o nique ä balayage dans 1'ëtude des s o l s . Observation de sols humides ä
d i f f é r e n t s pF. Science du S o l , (1) 67-82.
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A.J. Thomasson
Soil Survey of England and Wales, Rothamsted Experimental Station,
U.K.
Introduction
In its fullest sense the soil water regime is defined as the annual
cycle of soil water content and hydraulic potential. As these parameters
vary with both depth and time, it is a formidable task to monitor even a
small site of, say one hectare, with adequate replication for just one
year. There is also year to year variation involving seasonal weather,
cropping systems, and perhaps changes in the drainage system, tillage,
moling or subsoiling.
This paper will concentrate on soil wetness. Many agricultural and
environmental scientists need a system to assess the deijth to waterlogged
horizons and the average duration of waterlogging for specific areas of
land, where the main available information is:a) classification of the soil profile; b) average climatic data;
c) vegetation or crop cover; d) presence or absence of land drainage
measures.
Methods
The methods evolved to satisfy this need in U.K. will now be described.
During the period 1963-79 the depth to waterlogged horizons and their
duration were recorded in many soils on drained and undrained land, in
all parts of the country. The site installation consisted mainly of three
'dipwells', either 10cm or 5cm diameter and 30, 60 and 120cm deep,
sometimes lined in the upper 30cm with a clay pipe, sometimes lined with
perforated plastic pipe throughout the whole depth. Depth to a water-level
in each hole was recorded regularly during the winter period October to
May. Some sites were recorded for one year only, other sites in grass or
woodland were recorded for three or four years. Hydraulic conductivity was
measured in some sites by the auger-hole method (Van Beers 1983). In all,
about 1,000 site/years of data were accumulated. Other techniques such as
tensiometers, piezometers, and the neutron probe were used at some sites.
It was concluded by Robson and Thomasson (1977), who analysed data for the
earlier period (1963-72) that for most soils, the results of dipwell
readings gave an adequate, cheap, realistic measure of the duration of
waterlogging.
Climate
Numerous climatic parameters were compared with the field data to
ascertain the predictability of waterlogging. The best, simple parameter
was the calculation of 'Field Capacity Days' as defined by Smith and
Trafford (1976). This is essentially the period of zero soil moisture
deficit derived by accumulation of evapo-transpiration and rainfall. In
spring, the departure from field capacity (FC) is identified when
evaporation exceeds rainfall for a period exceeding one week. During
summer, a general soil moisture abstraction model for 'short-rooted'
crops (grass and most arable crops) is used to restrict the size of the
moisture deficit. This is not soil-specific, and assumes that the crop
transpires the first 50mm of soil water deficit at full potential rate,
the next 50mm at half of the potential rate, and ultimately a further
25mm at a quarter of the potential rate. The maximum amount of water
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nature of the model, and that it ignores differences in real soil water
reserves and crop growth period, this approach usually gives a good
approximation of the return to field capacity in autumn, as shown by the
commencement of drain-flow and the end of field working conditions on
medium textured soils (Jones and Thomasson, 1985). For each site/year of
dipwell records, the duration of meteorological field capacity during the
year of measurements was calculated from local weather data.
Results
The sites were classified according to soil profile properties, land
use and the presence or absence of drainage measures. Parallel regression
analysis of the duration of waterlogging within 40cm (W40) and 70cm (W70)
depth against FC days gave correlation co-efficients in the range 0.60 to
0.93 for most classes of soil and land use in surface-water soils having
an impermeable horizon (K sat <0.10 m/day) within 80cm depth. Ground-water
gley soils, lacking impermeable horizons, showed the expected poor
correlation with FC days and were highly responsive to drainage measures.
All sites were allocated to a Wetness Class according to the estimated
duration of waterlogging in an average year at median FC days for the
location (Table 1 ) .
Estimation of Wetness Class
A general system to allocate Wetness Class from soil profile and site
properties was constructed. This assumes that appropriate field drainage
measures are used, adapted to the soil and climatic conditions of the
area. It requires the identification of gley morphology, depth to an
impermeable horizon where this occurs within 80cm, and climatic data to
predict the average FC days. Estimation of Wetness Class is uncertain in
gleyed soils (<70cm) lacking impermeable horizons but where arterial
outfalls limit (or preclude) the effect of field drainage measures.
Elsewhere the estimates are reasonably reliable. A comparable system is
being developed to estimate undrained Wetness Class.
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TABLE 1
Soil Moisture Regime Classes—Wetness Classes—Duration of Wet States
Class
I
II
III
IV
V
VI
1
1

The soil profile is not wet within 70 cm depth for more than
30 days1 in most years1.
The soil profile is wet within 70 cm depth for 30-90 days in most
years.
The soil profile is wet within 70 cm depth for 90-180 days in
most years.
The soil profile is wet within 70 cm depth for more than 180 davs,
but not wet within 40 cm depth for more than 180 days in most
years.
The soil profile is wet within 40 cm depth for more than 180 days,
and is usually wet within 70 cm depth for more than 335 days in
most years.
The soil profile is wet within 40 cm depth for more than 335 days
in most years.

The number of days specified is not necessarily a continuous period.
'In most years' is defined as more than 10 out of 20 years.
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APPLICATIONS AND LIMITS OF THE SCALING TECHNIQUE TO APPREHEND FIELD
VARIABILITY OF SOIL WATER REGIME
G. VACHAUD and M. VAUCLIN
Institut de Mécanique de Grenoble, USMG
BP 68 - F 38402 SAINT MARTIN D'HERES Cédex
Abstract
From approximately a decade scaling of soil water properties has been
described as a very promising technique to describe spatial variability
(WARRICK et al, 1977 s SIMMONS et al, 1979 1 RUSSO and BRESLER, I98D and
to model unsaturated flow processes (PECK et al, 1977, SHARMA-LUXMOORE,
1979 5 WARRICK-AMOOZEGAR, 1979 . . . ) . It is however clear that a very large
gap exists between the assumptions of the similar media concept developed
by MILLER-MILLER,
1956, and its conditions of application at the field
scale. It is for example evident that we cannot consider the soil porosity
to be a constant throughout field.
An important step has been set up by TILLOTSON and NIELSEN, 1984, with
the concept of functionnal normalization method.
Clearly it is always
possible to scale any variable, through a techniques of minization, and to
define a scale factor associated with a soil and a given property. It is
only if various properties such as water pressure,
or hydraulic
conductivity can be scaled at a given location by the same scaling factors
that we can, strictly speaking, used the concept of "similar media". It
should here be stated that the scale factor of a given property depends
upon the shape of the functionnal relationship choosen "a priori" to
describe this property.
With the use of various data obtained on different sites, we intend to
illustrate différents applications which can be done of this approach, and
some stringent limits
, •.
i)
measurements done in Senegal ' (VAUCLIN et al,
1983)
on 1 ha of bare sandy soils with 23 sites equiped with neutron access tubes
and tensiometers, 4 of which were used to characterize the K ( 8 ) , h(e )
relationship by internal drainage j
19 where use for double ring
infiltrometer tests. The h(0), K(e) curves were scaled with the regression
techniques proposed by SIMMONS et al (1979). The correlation between the
scaling factors for K(a ) and for h (a, ) was 0^=0.97 a, , (r =0.85). A
stochastic model of infiltration and drainage has been developed and tested
with the use of the probability distribution function of the scale factor
/„..
over the field.
ii) measurements done in Tunisia
(VACHAUD et al, 1985) on 2 ha
of various treatment (wheat, irrigated grass, bare soils) with 9 sites of
measurements equiped with tensiometers and neutron access tubes.
The
functionnal normalization technique was applied to analysis of h.(e) and
Ki(e) values, yielding to a fair correlation between a and a (a, =U.89 a ,
r2=0.89).
It was also shown that the scale factors a . were to the soil
texture, and to soil density. This relationship was usea to predict K(e) on
a site which was not used for the analysis. This prediction was very
powerful.
,-,
iii) measurements done in C h i n a U ' (LEI ZHI DONG et al, 1987) on
1 ha of bare soil, with the use of 12 double ring infiltrometer tests. An
analysis similar to the one developped by SHARMA... was applied to scale
the cumulative infiltration curve. Contrary to the previous experiment, the
scale factors relative to sorptivity ( a ) were very different from the
scale factor for the steady state infiltration rate ( o ) . In order to
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obtain a "fair scaling", mathematical artefact had to be used, i.e. the
harmonic mean between a and a .
This last example may be chosen as an illustration of the limits of
the method : in this case, as in the previous one, the theory of similarity
may apply, but the characterization of parameter S and A is very delicate:
- measurement at very short time are not available for S
- at long time, infiltration is no more one dimensionnal.
We cannot therefore make the part between unreliability of parameters
determination of uneffectiveness of the technics.
At the actual stage, we consider the technique of scaling as being
very promising.
Acknowledgment : Experiments in Senegal
were run within a Research
Coordination project between IAEA and Senegal j in Tunisian2) within a
research agreement between the National Research Council of France and
Tunisia j
in China (3) within a cooperation program of the Chinese
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- 177 ELECTRONIC MEASUREMENT OF CHANGES IN SOIL Ml CROTOPOGRAI'IIY CAUSKL'
BY TILLAGE AND FIELD TRAFFIC
C. VAN OUWERKERK AND M. POT
Institute for Soil Fertility, Department of Soil Physics and Soil
Tillage, P.O.Box 30003, 9750 RA Haren Gn, The Netherlands
To characterize the results of primary tillage (surface roughness and
upheaval), clod size in winter wheat seedbeds, the dimensions (inner and
outer) of potato ridges, and the cross section of wheel ruts, a lightweight, 1-m wide, electronic relief meter was developed. It contains 40
plexiglass measuring rods with a 1-cm graduation which, spaced 2.5 cm
apart, are freely suspended from a horizontal^bar. When the bar is
slowly lowered, the vertical distance covered by each rod from the zero
position to the soil surface is detected by electronic sensors
(opto-couplers) and recorded on magnetic tape.
In the field, the relief meter is placed on a frame, which permits
parallel movement over 2.5-, 5.0- or 10-cm distances, respectively.
When, correspondingly, 40, 20 or 10 measuring rods are read, which is
set by means of a selector, the relative height of a rectangular grid of
soil surface points Is determined to characterize the dimensions of
potato ridges (Fig. 1) and wheel ruts (Fig. 2 ) , the roughness of the
seedbed for winter wheat, and the surface roughness and upheaval caused
by primary tillage, respectively. In tilled fields, soil surface
roughness (R - 100 log s ; Kuipers, 1957), may be computed either
parallel to the direction of travel of the tillage Implement, and/or In
the transverse direction. In view of the spatial variability in microtopography, the measurements should be performed on at least 5 different
spots. The computer can be instructed to plot the data for each spot
separately, or to plot the average of all spots measured. For upheaval
measurements, stable reference marks (concrete blocks) should be
installed well below the depth of primary tillage.
Based on the same principles, a 0.3-m wide, electronic micro-relief
meter was developed, which is equipped with 10 plexiglass rods with a
1-mm graduation, spaced 2.5 cm apart (Fig. 3; Van Ouwerkerk et al.,
1982). This instrument is especially suitable for the characterization
of fine seedbeds (Fig. 4 ) . However, it is equally well suited for
monitoring the changes in microtopography due to soil slaking and for
the very accurate determination of the dimensions of wheel ruts.
REFERENCES
Kuipers, H., 1957. A reliefmeter for soil cultivation studies. Neth J.
Agric. Sei., 5: 255-262.
Van Ouwerkerk, C., Pot, M. and Boersma, K., 1982. Electronic microre
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ZUSAMMENFASSUNG
Es werden ein grosser ( l m breit; Messgenauigkeit 0.5 cm) und ein
kleiner (0.3 m breit; Messgenauigkeit 0.5 mm) elektronischer Reliefmesser beschrieben. Mit dem grossen Reliefmesser können die Abmessungen von
Kartoffeldämme und Radspuren und die Rauheit der Oberfläche nach der
Hauptbodenbearbeitung und der Einsaat von Winterweizen gemessen werden.
Mit dem Mikrorellefmesser kann die Tiefe des Saatbettes schnell und
genau gemessen und ausgewertet worden.
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Flg. 1. Cross section through potato ridge, directly after planting
(prior to row-rotavatlng and ridging).

Fig. 2. Cross section through wheel rut made at first spraying In onions
with high-pressure tyres (180 kPa Inflation pressure).

Fig. 4. Cross section through
the seedbed for sugar beet
(seed row in the centre).

i
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Fig. 3. Electronic micro-relief
meter (schematic).

- 179 LOW FREQUENCY DEFICIT IRRIGATION:
A TECHNIQUE TO SAVE VERTISOLS.
: Dr.S.B. Varade,Joint Director,
Water 8. Land Management Institute,Aurangabad-431005(India)
: Research and Training.

Vast lands belonging to vertisols are being brought under
irrigation in semi-arid tropics. These soils have high moisture retention capacity while low to very low internal drainage. Several locations in the world with vertisols are facing a problem of waterlogging and salinity with introduction
of irrigation. It is better to use preventive measures rather
than cure. The reclamation of these soils is difficult and
very costly. The adoption of low frequency deficit irrigation
schedule is one of the several measures which help save soils.
Excess application of water is prevented while crop
production per unit of water is maximised.A case study of
Jayakwadi command is presented to illustrate the benefits of
low frequency deficit irrigation scheduling in vertisols over
full irrigation. The data on crop,climate and soil have been
used. Actual evapotranspiration is estimated using the following relations : E T
.K
E T
where ET is maximum evapotranspiration and is obtained from
crop water requirement as a function of growth stage, K is
a moisture stress factor which takes in to account the feletion between evaporative demand and resistance of soil plant
system to actual evapotranspirative.The stress factor is
calculated from the following relationship as given by Kincaid and Heerman (1970).
log [ u W O ( I - O P / P T ) J
K

iag cid

where DP = amount of soil water depletion (mm), and DT =
total available water within the root zone at field capacity
(mm).
The stress factor, Ks, varies from 1-0 at no depletion
to about 0.9 to 0.8 at 40 and 60% soil moisture depletion
respectively.
In this study, for the known values of stress factor(Ks)
and soil water depletion levels (p), a 2nd degree equation
was fitted to the curve, which is: ^
_ _ .... 4
K 9 = 1_o-61 p, o £ p < 1 ,
The average stress factor Ks over the period up to which the
desired soil water depletion (p) occurred was given by:

1l-061 P dp

k
R

5

" -O

,
- 1 -0-204 P

p

The actual evapotranspiration for p = 0.5 is given as 0.95
ETm Crop Yield.
Jayakwadi Irrigation Project, Maharashtra (India) is
considered here. Gravity flow irrigation method is followed
to irrigate an area of 160,000 ha. The command of this
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project consists mostly of vertisols (Clay 35 to 65% of
montmorillonite type) with depth ranging from 0.9 m to 1.8 m.
At present, the water is supplied at 14 day interval with
a constant application depth of 100 mm at each field.
In this command area and similar areas consisting of
vertisols, serious problems of waterlogging and salinity have
developed after the introduction of irrigation. In this study
efforts were made to estimate the benefits from low-frequency
deficit irrigation schedules, which would prevent the problem
of waterlogging, and maximize the crop production per unit of
water applied to the field.
Rabi (winter) season, from the middle of October to the end
of February, was considered. The cropping pattern of the
project in Rabi season, and the evapotranspiration demand of
crops based on Modified Penman Method was calculated.
Other details required for scheduling are as follows: field
capacity 35% (on weight basis); bulk density 1.4 g/cc; and
soil depth considered is 0.9 m. Root zone depths of various
crops considered are af follows: Sugarcane 1.2 m; Wheat 0.9m;
sorghum 1.0 m; and gram 0.8 m.
If 12 per cent deficit irrigation is practiced 22 percent
saving of water occurs as the efficiency of application
increases by 10 per cent. Wheat yield without moisture stress
is 2000 Kg/ha. At 12 per cent moisture deficiency it would
be reduced by 9 per cent. It means that the yeild would be
1820 Kg/ha. It is interesting to note that actually 22 per
cent water is saved if on-farm and field channel efficiencies
are considered. The area that can be irrigated is increased
by 30 per cent. Therefore the total yield increases by 17 per
cent. This also helps to prevent waterlogging and salinity
problems in vertisols as the excess application of water is
avoided. As deep percolation lo66es are reduced the nutrient
losses particularly nitrogen are also minimised. It is observed that vast amount of loss in the form of No due to
dinitrification under waterlogging occurs in addition to
N0 3 through leaching.
This approach thus decreases total water use and
prevents waterlogging while the water and fertilizer use
efficiencies are increased considerably.
KEY WORDS : Waterlogging, salinity, soil moisture stress
factor.

- 181 Soil Physical Evaluation of Water Stress and Yield Response Factor for
Cowpea in the Humid Tropics.
H. Verplancke, G. Maesschalck, R. Hartmann and M. De Boodt
State University Ghent, Department of Soil Physics, Ghent, Belgium

Cowpeas (Vigna unguiculata(L.) Walp) are an important source of protein
for human consumption in arid and semi-arid regions of the world. Yields
vary from 100-300 kg/ha to 3-4 tons/ha, depending especially on climatological conditions. Previous studies of cowpea response to water stress at
different growth stages have produced conflicting results. It is generally
presumed that in the humid tropics water stress will not affect crop growth.
In Peninsular Malaysia cowpea represents a significant part of the total
cropped area. However, even with the relatively favourable environment of
the humid tropics, the high variability of the rainfall with consequential
excess or deficit of soil water determines the cropping patterns and is a
major factor limiting the level of productivity, particularly of rice and
other annual crops, where irrigation is not available. Periods of water
deficits occur frequently in Malaysia, but water balances, based on long
term averages fail to show the important effect of short-term variability
of the rainfall. For shallow Malaysian soils, moisture stress lasting 10
to 20 days can occur several times a year. The periods when grain legumes
can be grown without soil water restricting yields, are fairly limited in
most part of Peninsular Malaysia.
To our knowledge, no data are available in the literature, showing the
effects of water stress on the growth and production of annual crops in the
humid tropics. The main purpose of this study is to evaluate the actual
water use and quantification of the parameters in the water balance equation
of cowpea for Peninsular Malaysia. Field studies were conducted to evaluate
the response to drought effects on cowpea during the different growth stages
(vegetative, flowering and pod-filling). The water stress effects, traditionally evaluated by plant physiologists, are studied through a modern soil
physical approach, using accurate field measurements of K(6)-functions and
soil water fluxes.
The experiments are conducted at two Experimental Farms (Serdang and
Puchong) of the Universiti Pertanian Malaysia, Serdang, Selangor, Malaysia.
The farms are on a clay soil (kaolinitic, isohyperthermique, Typic Paleudult), surface soil is sandy clay loam, with a sandy clay subsoil. There
were sixteen 8 x 8 m plots. Each plot had a runoff collection system, a
2 m long neutron moisture meter tube at its center, and 2 sets of tensiometers at 10 cm intervals to 120 cm depth. Six plots were mulched with
cut lalang at a rate of 3 tons/ha, immediately after planting.
In order to study the consumptive use and water efficiency of cowpea,
the experiment was designed over 4 growing seasons, covering a period of
2 years. In between these growing periods, the water balance of bare plots
was also determined.
In each growing period the yield response factor was determined. This
factor relates the relative yield decreases to the relative evapotranspiration deficit.
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the yield of cowpea (Table). A uniform distribution of rainfall over the
whole growing period gives the highest yield. Occurence of dry spells
either at the flowering or podding stage reduces yields significantly. An
application of a layer of mulch can correct yields for these drier periods.
These results are very important in view of the exact planting date of
cowpea and other annual crops. If no irrigation is available, the planting
date must be chosen so that the flowering and podding stage occur in periods
with the highest rainfall probability. When irrigation has supplemented
rainfall, or under limited water supply (p.e. 90 % E T m ) , the water delivery
must be maximal during the flowering and podding stage, in stead of
spreading the limited amount of irrigation water proportional over the whole
growing session.

Table.

Experiment Treatment

Weathe r conditions
during
1

Serdang
Serdang
Serdang
Puchong
Serdang
Puchong

2

3

4

5

[>

w

w

DW
WD
D
WD
D

WD
D
W
D
W

W
W
D
W
D
W

I
II
III

c
c
c
c

W
WD

ti
w

D
W
WD

III

CM
CM

W

w

w

WD

KT

ET
m

466
387
266
251
251
296

Treatment: C = Crop
CM = Crop + mu Ich
Weather condit ion dur ing: 1
2
3
4
5
W
D

Emergence stage
V e g e t a t Lve s t a g e
Floweri
stage
Podding stage
Ripening £ ,ta^*.

"a

Wet
Dry

ET : maximum evapotranspiration (mm)
m
ET : actual evapotranspiration (mm)
maximum harvested yield (kg/ha)
actual harvested yield (kg/ha)
yield response factor

a

385
295
230
234
224
278

1 -

0
0
0
0
0
0

ETa
ETm

1 -

17
24
14
07
11
06

0
0
0
0
0
0

Ym

18
61
67
26
31
12

k
y

1,06
2,54
4,78
3,71
2,82
2,00

- 183 BODENVERSIEGELUNG IN HAMBURG:
METHODIK- UND ERGEBNISSE DER KARTIERUNG VON
GRÜN- UND LANDWIRTSCHAFTLICHEN NUTZFLÄCHEN
N. VINKE und K. BERGER
Ordinariat für Bodenkunde, Universität Hamburg
Allgemeines:
Im Rahmen des Landschaftsprogrammes der Umweltbehörde
Hamburg in Zusammenarbeit mit der Universität Hambura wurden
in dem Projekt "Bodenversiegelung und ihre planerische
Relevanz" unter anderem Kartierungen der vor allem gartenbaulich genutzten Region Curslack (Vier- und Marschlande)
und verschiedener Hamburger Parkanlagen, Kleingartengebiete, Friedhöfe und Sportanlagen vorgenommen.
Ziel dieses Projektes war es, die Bodenversiegelung sowohl
quantitativ als auch qualitativ zu erfassen und darüber
hinaus durch die Erstellung einer Versiegelungskarte
Belastungsgebiete hinsichtlich der Grundwasserneubildung
und anderer zahlreicher umweltrelevanter Aspekte auszugrenzen .
Ein wesentlicher Bestandteil der Arbeit war die Entwicklung
einer zielgerechten Methodik, da ein Vorhaben dieser Art
unseres Wissens bislang noch nicht flächendeckend durchgeführt wurde (vgl. das landschaftsplanerische Gutachten
von SCHULZE, POHL und GROSSMANN). Eine nähere Darstellung
der Entwicklung des methodischen Ansatzes der Studie
findet sich in dem Beitrag von BERGER und VINKE.

Kartiermethodik:
Zur quantitativen Ermittlung des Versiegelungsgrades
wurde die Fläche Hamburgs nach Nutzungstypen untergliedert.
Da jedoch auch Nutzungstypen in sich sehr inhomogen sein
können, wurden aus eigenem Kenntnisstand heraus oder
nach Sichtung von Kartengrundlagen zwischen drei und
sechs Gebiete derselben Nutzung herausgegriffen und im
Maßstab 1:1.000 (Curslack) und 1:5.OOO (Grünanlagen)
kleinräumig kartiert, in der Karte planimetrisch vermessen
und mit Bodenkennwerten (0,0 - 1,0) bewertet.
Die Summe aus Bodenkennwert (BKW) und der Summe der
Flächenanteile der einzelnen Nutzungsarten (z.B. Dach,
Plattenweg, Rasen etc.) innerhalb von Nutzungstypen
ergab für eine Fläche den Versiegelungsgrad = Bodenfunktionszahl (BFZ). Dabei wurden auch saisonale oder temporäre
Nutzungen miteinbezogen.
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werden konnten, wurde der Versuch unternommen, anhand
der vorgenommenen Kartierungen die Nutzungstypen in
sich durch Einsatz der BFZ so zu klassifizieren, daß
alleine durch die Deutsche Grundkarte (und natürlich
eigener Kenntnis) eine Zuordnung zu den Versiegelungsgraden erfolgen konnte.
Ein Situationsvergleich Curslack 1974/1984 wurde nur durch
Planimetrierungen der Katasterkarte und nicht durch
Geländeaufnahme vorgenommen.
Ergebnisse:
Die Kartierung in Curslack ergab, daß vor allem durch den
engen Besatz an Treibhäusern im näheren Bereich um den
Ort Curslack extrem niedrige BFZ'en von 0,25 erreicht
werden. Das bedeutet, anders ausgedrückt, daß 75% der
Fläche versiegelt ist. Ein Wert, der bei dem grünen
Habitus der Region wohl kaum vermutet worden wäre.
Zusätzlich ergab der Vergleich 1974/1984, daß die Versiegelungssituation sich in nur 10 Jahren um 50% verschlechtert hat. Vor allem durch die Zunahme der Dachflächen von 1974 (36,1%) auf 1984 (59,6%) und die
Abnahme der Freiflächen von 1974 (45,7%) auf 1984 (22,2%)
ergab sich die Verschlechterung der BFZ von 0,5 auf 0,25.
Die Kartierung der vier Hamburger Parkanlagen (Stadtpark, Hirschpark, Innocentiapark, Schanzenpark) ergab,
daß Bodenversiegelung stark mit der relativen Lage
(Zentralität) und der Intensität der Nutzung durch
Freizeiteinrichtungen korreliert.
Der mehr am Stadtrand liegende Hirschpark wies mit einem
Versiegelungsgrad von 11,3% einen erheblich günstigeren
Wert auf als der innerstädtische Innocentiapark (23,1%).
Die nicht kartierten Parks Planten un Blomen und
Wallanlagen dürften dabei noch wesentlich schlechter
abschneiden. Beim Stadtpark fiel auf, daß er zwar äußerlich einen "geschlossenen grünen Eindruck" macht, beim
näheren Betrachten jedoch durch Sportanlagen und andere
Freizeiteinrichtungen sehr intensiv genutzt wird. Häufig
sind diese verschiedenen Einrichtungen nur durch dünne
Baum- und Buschreihen voneinander getrennt. Der Bodenversiegelungsgrad beträgt hier 19,5%.
Summery:
Using a method developed by us, we cartographed some
agricultural areas (horticulture) in suburban location
and some urban parks, sportsgrounds, cemeteries and
allotments with regard to their "Bodenversiegelung"
(" Ground sealing"). As a result of our cartographical
work we learned that green areas are not totally unsealed.
Due to the number of greenhouses the ground in areas with
horticulture is characterized by a sealing grade up to
75%. The ground of urban parks has a sealing grade
of 11 to 23%.
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Measurement and Simulation of Spatially Variable Water and Solute Movement
R. J. Wagenet, Department of Agronomy, Cornell University, Ithaca, NY 14853
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Measurements of the relationship between hydraulic conductivity (K), water
content

(6) and soil water matrlc potential (h) are made by a variety of

experimental

techniques

expressions.

These

or

are

estimated

characterizing

through

relationships

derived

are

or

empirical

then often

used

in

simulation models for the purpose of estimating transient water and solute
regimes in field soils.

Yet these efforts often fail to produce reliable

or accurate Information for several reasons.
the

manner

in which

we

make

These reasons often relate to

measurements,

used

to

characterize the variability of these measurements over large areas.

In

other cases, the models used

to simulate

represent

It

reasons,

the
and

field

regime.

consider

their

is

or

field

important

influence

as

to

conditions may not well
that

we

the methods

we

design

understand
future

these

field

and

laboratory studies.
Little attention has been paid to the influence upon estimated hydraulic properties of the particular measurement technology utilized (Wagenet,
1985).

The physical size of the measurement has been shown to affect the

mean and variance of both measured soil water content (Hawley et al., 1982)
and K , the saturated hydraulic
8
More

recently,

different

ln-sltu

conductivity

measurement

sizes of in-situ, exposed

of

K

(Anderson and Bouma, 1983).

(Lauren

et

al.,

1985)

using

soil columns has shown that not only

are the mean and variance of a sample population of any one size influenced
by

column

cross-sectional

area,

depend upon the column size used.

estimated

spatial

relationships

of

K

These results are demonstrating that the

- 186 -

size of area sampled should be related to soil morphological features, such
as cracks and large pores, through the identification of minimum sampling
areas (or volumes) required to obtain "representative" samples in different
soils (Bouma, 1983).
It has also been shown (Libardi et al. 1980; Jones and Wagenet 1984)
that different

estimates of K(0) can be obtained

from a single set of

redistribution data depending upon assumptions made about the water flow
regime.

When such estimates are made at numerous locations over space,

populations

of K(B) obtained

However, since each method

by

the different

methods may

be

similar.

produces a different K(B) at each

location,

subsequent use of the data for geostatistical, spectral or other analysis
may give entirely different conclusions about spatial relationships of the
values depending upon the initial assumptions used

to derive K(8).

The

influence of such effects upon the K-O-h relationship used in simulation
modeling to represent hydraulic properties over a large area is presently
unresolved.
It has not been widely demonstrated, either through field measurements
or the application
relationship
similar

of simulation models, that variability

translates

magnitude

under

into variability
transient

of water

field

and

conditions.

in the

solute

K-6-h

fluxes

Several

of

studies

(e.g., Warrick, et al., 1977; Amoozegar-Fard et al., 1982) have demonstrated
the implications for steady state conditions, and the variability in fluxes
can be substantial.

However, other studies (Dudley et al., 1981; Wagenet

and Rao, 1982; Wagenet and Hutson, 1985) that use a simulation modeling
approach

to integrate field variability

of K-8-h

are demonstrating

that

root zone processes of plant uptake and biological degradation can greatly
influence water and solute fluxes.

Under

transient field conditions, in

which there are alternating cycles of upward and downward water and solute
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movement,

during which

times

plants

are

extracting

water

and

(perhaps)

solute, simulated fluxes are not as spatially variable as would be expected
by

considering

only

the

variability

in

the

K-8-h

relationship.

The

importance of such processes in producing a relatively homogeneous water
flux out of a root zone will be a function of many processes, including
soil properties, the rooting distribution water application schedule, and
leaching

fraction.

All

these

questions

are

relatively

unstudied.

Additionally, the leaching distribution of solutes such as pesticides that
are subject to microbiological transformation during transport may be more
sensitive

to

variability

in

microbial

processes

than

to

water

flow

variability (Wagenet and Hutson, 1985).
As

future

information

use

coupled

is made
with

for

management

simulation

attention will need to be paid

purposes

models

(Wosten

to development

of

soil

and

hydraulic

Bouma,

of accurate

and

1985)

reliable

sampling methods, as well as to the derivation of simulation models that
describe

water

and

solute

movement

under

field

conditions.

Even

upon

identification of a suitable experimental protocol it will probably never
be possible to collect as many samples as we would wish.
procedures, such as bootstrapping
utilize

a

few

samples

in

models

a
in

New statistical

(Dane et al., 1986), that

statistically
which

these

can help us

intelligent

manner

data

be

will

should

used

may

be

considered.

The

deterministic

(as most now are) or stochastic, but should be designed and

used recognizing the inherent variability of water flow in field soils.

be

It

appears that soil scientists now possess the research and field experience
necessary to appreciate the importance of such considerations, and the next
generation of soil water studies should see important results.
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EFFECTS OF BITUMEN EM'LSIGN ON SOIL IHY3ICAL ±R01'ERTIE3
Wang Jiuzhi and Wu Dongtang
Soil and Fertilizer Institute,Academy of
Agricultural ocience,Shanxi Province,China.
Situmen emulsion consists of bitumen,emulsifying agent and
water. _t contains fifty percent of bitumen.Bitumen emulsion can
be spryed on soil surface as a covering substance or mixed with
soil as a soil constitutional conditioner. Both methods produce
certain results on soil physical properties.
Restrain Soil Water Evaporation: Light loam cinnamon soils
were put into the enamel pots.The soil surface was covered with
bitumen emulsionfin contrast with the soil surface which was not
covered. Evaporation rate was measured by means of weight. Under
the stage 01 tne control ot the atmospher evaporation and the
conduction rate 01 soil water,evaporation rate of soil that
covered with bitumen emulsion decreased by 7.0-29.7$. Under the
stage of dillusion control of the soil water evaporation, the
evaporation rate of treatment is almost tne same as the
contrasted one.
The Improvement of Soil Constitution: The soils for trial
were sandy soil,Clay and middle saline soil.The ratio of soil
and bitumen emulsion was iOuO:1; 10u0:2 and 1UUO:1U. The soil
water stable aggregation was measured. More then u.5 mm water
staole aggregations of sandy soil,clay ana middle saline soil
increased uy 40.:?5-oOu%, ii.94-o.08% and 8.3% .saprately.
The Increase of Soil Temperature,i.oisture and Crop Yield:
The field experiments were conducted in semiarid area in 1982,
1983 and 1984. The crops for trials were winter wheat and spring
corn. The results of the experiments show that soil temperature
and moisturep.nceased and soil water moved from deep layer to up
layer when the soil surface was covered with bitumen emulsion.
The average increased temperatures per day at 5, 10, 15, and 20
cm were 2-2.5 *c, 1.5-1.7*c, 1*c and less than 1'c. Soil water
content could be raised by 11.3-23-0 mm in 1 meter deepth soil.
Soil water under 70 cm moved to 0-70 cm soil layer. Because the
soil surface was covered with bitumen emulsion the soil physical
status were improved.The yield of
winter wheat and spring
corn inceased by 10.7-27.2% and 15.3-39.3%.
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B. P. Warkentin, A. Ellies, and T. Maeda
Oregon State University, Universldad Austral de Chile and
Hokkaido University
The group of soils developed dominantly on volcanic tephra, and
characterized by high amounts of active aluminum, are classified
under various names, but the term Andisol is becoming commonly understood and will be used here.
Measurements of physical characteristics of Andisols, in the
field and on samples in the laboratory, show a range of values.
However, the values as a group can be distinguished from two other
end-member groups of soils - swelling clay soils and coarse-grained
soils which show no volume change on wetting and drying. Andisols
often have depositional stratification in the profile, have granular
structure that is mellow and friable, and have greasy or smeary
consistence especially under pressure of thumb and fingers. They
have low bulk density, high water retention and a large decrease in
water retention after drying. The clay content measured on dried
samples in the laboratory is usually much lower than that measured
on field moist samples or than that indicated by field texture.
Grain-size distribution is not a good guide to behavior of Andisols.
The differentiating criteria for Andisols, according to
suggestions of the International Committee on Andisols (ICOMAND),
are low bulk density (<0.9 g c m - ^ ) , high aluminum (>2% soluble in
acid ammonium oxalate), and high phosphate retention (>85% by a
standard method). These soils can have a range of grain size distribution. The fine-grained soils with the "andic" properties discussed
above, are the typical Andisols. But soils with high amounts of
volcanic glass or pumice particles, with "vitric" properties, also
have low bulk density and high active aluminum. The management
requirements of these "vitric" soils have much in common with the
"andic" soils, and it is generally agreed that they should both be
classified as Andisols. Some examples of physical characteristics of
Andisols from several parts of the world will be given, and the
management requirements discussed.
Andisols typically have high contents of organic carbon, which
in some soils may have a dominant effect on physical characteristics.
The irreversible changes in plasticity and in grain size on drying,
and some hydrophobic behavior are related to organic matter. Some
Andisols have alumino-silicates such as allophane or imogolite as
the active aluminum sources, while others have low silica and
dominantly aluminum - organic matter compounds. Measured physical
characteristics will be discussed in relation to organic matter
content and source of active aluminum.
The small granular units that make up the visible structure of
Andisols with andic properties, have densities typically between
0.5 and 0.8 g cm--'. These units can be broken down by pressure. The
rearrangement of soil particles within the granules to a higher
density configuration releases water. This results in the smeary
consistence typical of these soils. If some of the original
structure is regained after remolding, the soil is said to be thixotropic. This happens to different degrees for some Andisols. The
resistance to remolding can be measured as a preconsolidation

- 192 pressure. This is an important characteristic, for example, in
stability of the soils after rainfall. Because of their low bulk
density and relatively high resistance to remolding, Andisols are
often suitable for "no-till" or "direct drilling".
Halloysite minerals have some structural similarity to amorphous
alumino-silicates, and in soils can impart some of the same physical
characteristics of plasticity. However, the visible structure of
soils with halloysite is very different from the Andisols with amorphous clay grains. Halloysite in soil results in ped surfaces
typical of clay soils, with shear surfaces and angular structure
units. Active aluminum and phosphate retention is also much lower
for halloysite than for amorphous alumino-silicates.
Physical-chemical measurements show that water retention in
Andisols is largely by capillary forces. Characteristics such as
plasticity and water retention are largely independent of exchangeable cations. This is in contrast to swelling clay soils, where
surface area is the important characteristic. The fabric of
Andisols defines voids, which hold water according to the sizes of
connections between voids. The stability of the void size distribution then becomes important in water retention and transmission.
This also explains the large, irreversible decreases in water retention on drying a sample. It also means that measurement of surface
area will not be an adequate index property, i.e. a simple measurement that gives information about other characteristics that are
more difficult to measure. Measurements of index properties for
different Andisols will be evaluated.
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SOIL
HYDROLOGIC
RESPONSE
ROTATIONAL GRAZING

TO

LIVESTOCK

TRAMPLING

UNDER

INTENSIVE

Steven D. Warren and Wiinert H. Blackburn
USA-CERL, Environmental Division, P.O. Box 4005, Champaign, IL 61820
USA and Department of Range Science, Texas A&M University, College
Station, TX 77843, USA.
Recently, some advocates of Intensive rotational grazing systems
have hypothesized that soil disturbance from livestock trampling within
intensive rotational systems will enhance Infiltration of rainfall into
the soil and reduce erosion.
A study to test the hypothesis was
conducted at the Texas Agricultural Experiment Station near Sonora,
Texas.
Research was performed on bare silty clay soil (clayey,
montmorillonitlc, thermic Petrocalclc Calciustoll) characterized by a
high shrink-swell capacity, relatively high organic matter content (>4%),
and negligible slope (<3X).
The study site had been protected from all
cultural activity for seven years.
Digital pedometers were used to monitor hoof Impacts per unit area
per day in a moderately stocked, operational, intensive rotation grazing
system.
Based on the pedometer studies, hoof impacts representative of
four stocking rates were imposed on small paddocks ( H O m ) at the study
site in a split-plot design.
Stocking rates were moderate (IX) (8.1
ha/AU/yr), double (2X) (4.1 ha/AU/yr), triple (3X) (2.7 ha/AU/yr), and no
trampling (EX). Four heifers were forced to walk within the paddocks
until the sum of their hoof Impacts equaled the value that would be
caused by an entire herd on an equivalent area over a 4-day grazing
period at the respective stocking rates. Each treatment was replicated 3
times and repeated on 5 sample dates at 30-day intervals.
Prior to
trampling at each date, half of each paddock was sprinkled with 10 mm of
water to allow comparisons of trampling in both moist and dry conditions.
A drip-type rainfall simulator was used before and after trampling
at each sample date to determine the hydrologie impacts of intensive
livestock activity.
Simulated rainfall was applied at a rate of 203 mm
h_1
for 45 minutes on small plots (0.5 m ) within the treatment
paddocks. The rainfall simulator produced drops which averaged 2.5 mm in
diameter and reached 70% terminal velocity.
It was determined that
trampling caused a significant decline in infiltration rate and a
significant increase in sediment production. The detrimental effect was
significantly greater when the soil was moist at the time of trampling.
Across all trampling rates, infiltration rate declined from 136 mm h
on
dry plots to 122 mm h
on plots which were trampled under moist
-1
conditions.
Sediment production increased from 3078 kg ha
to 3811 kg
ha
under the respective soil moisture conditions. Overall, trampling
at a moderate (IX) stocking rate resulted in a significant decline in
infiltration rate (136 mm h ) when compared to untrarapled paddocks (163
mm h - 1 ) .
The 2X or 3X stocking rates caused an additional significant
decline, although the respective infiltration rates (110 and 107 mm h )
were not significantly different from each other.
Sediment production
responded in a similar but inverse fashion as stocking rate increased.
However,
unlike
infiltration
rate, sediment
production
increased
significantly with each increased increment of trampling.
Sediment

-

production for the KX, IX,
2852, 3862 and 5324 kg ha
occurred during the 30-day
did infiltration rate or
impacted paddocks recover
paddocks.
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2X, and 3X stocking rate treatments was 1485,
, respectively.
Some degree of soil recovery
rest periods; however, under no circumstances
sediment production from the more heavily
to a level comparable to the untrampled

An analysis of soil physical properties during the study aided an
Interpretation of the soil hydrologie response to trampling. On paddocks
which were trampled dry, there was a significant trend toward higher
surface bulk density and a reduction in soil aggregate size as stocking
rate increased. This decline in aggregate size and concurrent compaction
into a more dense arrangement reduced the infiltration capacity of the
soil
and
increased
susceptibility to erosion.
Under moist soil
conditions, there was, likewise, a significant trend toward higher
surface bulk density. However, mean aggregate size increased as stocking
rate increased.
The size of the newly formed aggregates was negatively
correlated
to
aggregate
stability
implying
the
formation
of
a
comparatively impermeable surface layer composed of dense, unstable
clods.
Based on the research results, the hypothesis proposing hydrologie
benefit fro» intense livestock trampling appears to be unfounded, at
least on silty clay soil.
Livestock trampling under an intensive
rotational grazing regime had a negative effect on infiltration rate and
sediment production.
The deleterious impact increased as stocking rate
increased and was augmented when trampling occurred on moist soil.

- 195 INDICATORS AND CRITERIA FOR INTERPRETING THE HYDRAULIC CHARACTER
OF SOILS
J.P.C. Watt, E. Griffiths, F.J. Cook*, E.N. Joe
New Zealand Soil Bureau, DSIR, Havelock North & Lower Hutt*,
New Zealand
Introduction
Quantitative determinations of the water content/matric potential/
hydraulic conductivity relationships of all horizons in a profile are
time consuming, costly and site specific. Simple measurements of some
physical properties (indicators) related to hydraulic conductivity offer
the potential for a more rapid and less costly method.
Whatever measurements are available their interpretation can still
be difficult. It is helpful to identify specific important questions and
to identify criteria for assessing this importance. The purpose of any
such characterisation is to define the 'hydraulic character' of a soil and
so identify its ability to accept, transmit and store water.
The Method
Procedures of the New Zealand Soil Water Assessment and Measurement
Programme (SWAMP) involve the initial simple measurement of selected
physical properties, and the associated assessment of permeability class,
of all horizons in the profile (Indicators a-d. Table 1 ) . This leads to
the identification of critical horizons which control water movement
through the profile. Hydraulic conductivity is then measured in these
critical horizons (Indicators e-g, Table 1 ) .
Innovations are associated with indicators 'd' and 'e'. For 'd'
these include refinements in the assessment of soil structure and the
inclusion of an index of in-situ horizon consistence ('degree of packing').
For 'e' a field method of measuring unsaturated hydraulic conductivity
has proved simple, reliable and capable of replication, and provides a
lower boundary for saturated rates.
Water content/matric tension determinations are made in all horizons
and these data are used, with the hydraulic conductivity data, to
establish hydraulic conductivity/water content/matric tension (K curve)
relationships (Indicators h-m. Table 1 ) .
For each indicator, tentative criteria are used for making a judgement of their significance (Table 1 ) . The criteria range in four steps
from an assumed "no" limitation, to a "very probable" limitation.
To assist interpretation that has practical reference to irrigation
and drainage, seven 'considerations' have been identified (Table 2 ) . The
'indicators' used in evaluating each 'consideration' are listed, but not
shown is any specific ranking; this is unique for each soil and is determined by the criteria of Table 1.
Conclusions
- In horizons studied in the last three field seasons 80% or more of the
assessed permeability classes have been within one class of the measured
hydraulic conductivity class.
- A suite of indicators provides a working base for the definition of a
soil's hydraulic character. These indicators range in their ease of
measurement and directness of interpretation.
- The more indicators that show concordant trends the greater the
confidence in the interpretation.

- 196 Table 1.

Indicators and their tentative criteria of importance.

Indicators

Criteria
[no (limitation)/possible /probable /very probable]
Field measurements/determinations:
a Degree of packing
[< 2.30 /2.30-2.99/3.00-4.00/> 4.00](MPa)
b Bulk density
[< 1.40 /l.40-1.49/1.50-1.60/> 1.60](t m~ 3 )
c Penetration resistance
[< 1.60 /l.60-2.29/2.30-3.00/> 3.00](MPa)
d Permeability class
[ 4 , 5 /
3
/ 2, 6
/ 1, 7 ](Pclass)
Hydraulic conductivity (K) measurements:
e :at -0.4 kPa (K~ 0- *)
[
/ 50-10 /
f :at saturation (Ksat)
[
/ 50-10 /
g :difference between e & f [
/ [2e]>f /
or/
'K
h
i
j
k
1

< 10
< 10
e = f
e«f

/ / / -

](mm d a y
] (mm d a y
]

)
)

1

Curve' evaluations (hydraulic conductivity vs. water content):
Controlling horizon(s):
(horizon(s) with lowest K at 0, 5, 10, 20 kPa)
Perching horizon:
(designated if K<1 mm day
at 5 kPa)
Vol. drained @ K=10 mm day" 1 [> 10
/ 10-5
/
5-1
/< 1
](* v/v)
1
Slope of curve @ K=l mm day
(qualitative judgement)
12
1
Absolute value of K
[
/< (lxio"" ^ /< (1x10 > /
] (m s 1)

Moisture release evaluation (matric tension vs. water content):
m Air capacity
[> 15.0 /15.0-10.1/10.0-5.0 /< 5.0 ](% v/v)
Dispersion/slaking
n Dispersion/slaking
Table 2.

[> 60

/

2
3
4
5
6
7

/

29-10

/< 10

](Index)

Considerations for interpretation, with associated indicators.

Considerations
1

60-30

Infiltration limitations at surface
(surface horizon only):
Permeability problems in subsurface
(all subsurface horizons):
Aeration problems (whole profile):
Presence or absence of a measurable
'field capacity':
Possibility of hydraulic conductivity
limiting water movement to roots:
Possibility of a slaking/dispersion
problem
Estimated potential rooting depth:

Indicators
a b c d e f g h i j k l m n
A * * * * - * - - - - - - * * * * * * * * * _ _ _ _ _
* * _ _ _ _ * _ _ * _ _ * _
_ _ _ _ _ _ _ _ _ _ * _ _ _
_ - _ _ , _ _ , _ _ , * _ _
_ _ _ _ _ _ _ _ _ _ _ _ _ *
_ _ * * _ _ _ _ _ _ _ _ _ _

Summary
A suite of indicators is used for identifying features of the
hydraulic character of field soils. These indicators range in their ease
of measurement and directness of interpretation. An effective minimum
data-set favours the "permeability class" as a principal indicator.

Die viele Zeiger des hydraulischen
Zustands der Feldboden zeichnen
sich
durch leichte
Messmethode und direkte Auswertung aus.
Zur
Wirksamskeit
mit minimalen Daten ist die Durchlässigkeits=Kalsse
zu
empfehlen.
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Some aspects of irrigation and local water budget
G. Wessolek and M. Renger
Institute for Ecology, TU Berlin
For a typical German irrigation area in the north of Hannover the influence
of agricultural irrigation on local water household is pointed out. Though
irrigation is carried out according to soil moisture content (from 4o %
PAW) it can be demonstrated (tab. 1) that
-

part of irrigation water drained below the root zone and

-

soil moisture content after the vegetation period is increased.

The corresponding increase of groundwater recharge (Ggross) under irrigated sites with different groundwater level is illustrated in fig. 1. Taking
the amounts of irrigation (I) and capillary rise (C ) into account, net
groundwater recharge (Gnet) can be calculated as Gnet=Ggross-(I+C ) . The
relation between amount of annual irrigation and net groundwater discharge
for sites with irrigation using groundwater is demonstrated in fig. 2.
Für einen typischen Beregnungsstandort im Norden Hannovers wird der Einfluß von Beregnung auf den regionalen Wasserhaushalt untersucht. Es zeigt
sich, daß trotz einer Beregnungssteuerung gemäß der Bodenfeuchte (ab 4o %
nFKw ) ein Teil des Beregnungswassers versickert und die Bodenfeuchte nach
der Vegetationsperiode erhöht ist (Tab. 1). Die daraus resultierende Erhöhung der Brutto-Grundwasserneubildung Ggross wird in Abb. 1 dargestellt.
Unter Berücksichtigung der Beregnungsmenge (I) und des kapillaren Aufstiegs
(C ) kann die Netto-Grundwasserneubildung durch Gnet = Ggross - (I + C )
berechnet werden. Ferner kann der Zusammenhang zwischen jährlicher Beregnungsmenge und Grundwasserentnahme für Standorte mit Beregnung aus dem
Grundwasserkörper dargestellt werden (Fig. 2 ) .
Tab. 1: Waterbalance on a sandsoil under s.beet (1983, Hannover) for irrigated and non irrigated conditions (E t = Evapotranspiration, E. Interception, G = Groundwaterrecharge, AR - Variation of soil
moisture; unit: mm; Precipitation (lo.5.-lo.lo.): 258 mm
(PAWrz) - 7o mm
Irrigation (7 times with 35-4o mm): 25o m
sugar beet

G

\

AR

sums

non irrigated
irrigated (mm)

244
36o

37
54

13
98

-36
- 4

258
5o8

difference (£i)

116

17

85

32

25o

groundwater
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recharge

( mm / a )
irrigated (gross )
250

non

200

irrigated

irrigated

( net I

150
PAW r z = 70 mm
Hannover area
Cropland

100

50
1.0

Fig.

2.0

3.0 m u.GOF

mean groundwater depth during the vegetation
period ( U - 30.9 )
1 : Groundwater r e c h a r g e under i r r i g a t e d and non i r r i g a t e d c o n d i t i o n s on a sand s o i l as a f u n c t i o n o f grondwater depth

net groundwater discharge
mm/a

discharge
irrigation

net

Gropland

100 -

PAW r z

=70mm

Hannover

area

r=0,95

n = 30

y =17.14 • 0.96«
50-

mean groundwater depth
0 127cm
. U3cm
« 252cm
0

50

(1.4-30.9.)

100
mm/a
amount of irrigation water
F i g . 2 : R e l a t i o n s h i p between amount o f annual i r r i g a t i o n and n e t g r o u n d w a t e r d i s c h a r g e f o r s i t e s w i t h i r r i g a t i o n u s i n g groundwater

- 199 THE MAGNETIC PROPERTIES OF SOILS IN CHINA
Yu Jinyan

Zhu Zhxiang

Zhejiang Agricultural University, China

The present article deals with characters and variances of magnetism of the principal soils in China in connection with their genesis
and geographical distribution.
The magnetic properties of automorphic SOIIE, especially allitic
soils in tropic and subtropic zones, vary greatly with parent materials.
Magnetic susceptibility (MS) of red soils and laterites derived
from basalt and andesite, ie often higher than 250 units (10
emu/
g ) . The red soil from basalt of Kunmin has a very high MS of 2000 to
618O units, and natural residual magnetization (NRM) of the soil ie
also high as ^5-252 units (10
Guass per gram). Such exceptionally
high values of MS and NRM of soil may be explained solely by the formation of a great deal of secondary maghemite. The MS of most allitic
soils derived from other igneous rocks and from Quaternary red clay
ranges from 60 to 120 units, and their NRM is very small and being
unable measured by our apparatus. A large part of allitic soils from
sedimentary rocks and fuff have their MS only as low as ^0-20 units
because of their weak ferrallitic process.
Almost all of young soils, such as the purple soils of Sichuan,
the red limestone soils of Guangxi, the black limestone soils of Guizhou, and other lithosols have MS of lO-'K) units, which is much lower
than that of allitic soils in the same location.
MS of coastal saline soils in the Eastern and Southern parts of
China is generally as low as 20-60 units, and the heavier the soil
texture, the higher value of their MS would be, because of the secondary ferrimagnetic minerals being relatively concentrated in clay fraction.
The phospho-calcic soil of the Xisha archipelagoes in the South
China Sea is characterized by rich in CaCOj (over 95%) and deficit in
iron oxides (less than 0.1%). The MS of these »oils is extremely low,
as only 2-k units.
The MS of clay pan i. e. the argillitic horizon of planosol, now
are called zhelto-burozem, is by far higher than that of above and
underneath layers in the same profile.
The chernozems and chestnut of semi-humid temperate zone are characterizedby having a higher MS of humified A horizon. For example, MS of
A horizon of Ha'erbin chernozem is about 80 units, it's decreased downward, and that reduced to ^0 units in C horizon. Such a MS profile
makes us to remind one of Ukrainian chernozems (Vadyunina et al., 197**)«
It's well known that soil O.M. favours the formation of ferrimagnetics
in soil (Mullins, 1977). Some functional correlation of soil MS to O.M.
content had been established by us in China.
The burial ancient cultivated surface layers in ancient loessal
soil profile on the loess plateau in Shanxi Province are characteri»ed by their extinctly higher MS as compared with other layer6 in the
profile.
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Soil texture of solonetz and solonchak is also responsible for MS,
the heavier the texture, the higher MS would be resulted. The MS of
most 6andy desert soils is as low as 3-6 units due to their light texture.
It's reported that MS value of hydromorphic soils is less than that
of automorphic ones in USSR (Vadyunina et al., ^97^).
The same thing
had been found in China and even being more obviously. The MS of paddy
soils is always lower than that of upland soils from same parent material. The more intensive gleization, the more complete loss of ferrimagnetics by reduction and hydration, then the lower MS value would be
appeared. We suggested. Therefore, that the character of MS profile
of soil, as well as the ratio of MS of paddy soil to that of upland
soil of same origin, may be used for 6oil diagnosis and classification
(Yu et al., 1981).
REFERENCES
(1) Mullins, C. E., 1977. J. Soil Sei., 28: 223-2^6
(2) Vadyunina, A. F., et al., 197*+. Tran. 10th Int. Cong. Soil Sei.,
Vol. 1, 357-362.
(3) Yu et al., 1981. Acta Pedologica Sinica, 18 (k) : 376-382. (in
Chinese, with En. summary).

- 201 VERWENDBARKEIT DER ARTEN DER REGRESIONEN IM DER
APPROXIMATION DER FEIDVERSUCHSINFILTRATIONSRESULTATEN
Stanislaw Zabek
Bearbeitung,Düngung u.Bodenkunde Institut Abteil.Wroclaw
P r o b l e m s t e l l u n g.Die mit dem Infiltrometerx'in
verschiedenen Bediengungen des Agraokosystem erreichte Permeabilität erwies während 5 Stunden dauernden Messungen unwesentliche oder auf verschiedenen Stufen wesentliche Verbindung mit
der Zeit.Die Feldversuchsresultate sollte man auf solche Weise
bearbeiten damit die erreichte Form den Vergleich und die Kritik der früheren,empirischen Formulierungen,die von anderen
Autoren vorgeschlagen wurden,ermöglichte.
M e t h o d e.Man hat losweise die Probe von den 16 Stücken
aus der Population der einzelnen 5-stündigen hochkorrelierten
mit der Zeit Messungen,und die Probe vom 6 Stücken aus der Population der Obiekten mit den drei/ohne Rücksicht auf den Wert
yf parallelen Messungen entnohmen.Die Eigenschaften für drei
solche Obiekten sind in der Tab.1 dargestellt worden.Die in
der Probe enthaltenen Messungen sind auf die Anordnung der Koordinate/x,y/aufgetragen worden und mit den Funktionen:
polynomial y=a„+a,t-' /5 Varianten/,geradelienige y=at+b und ejcponentlelle y=C«e"kt approxiemiert.
E r g e b n i s s e.Die Approximation der Feldversuchsinfiltrationsresultate mit der drei obegenannten Funktionen hatte
die Probe von den einzelnen 5-stündlgen Messungen in zwei
Tab.1
Abb.1 Typ 1 v Abb.2,Typ2
Bd Ob
•r' Fig.1
Fig. 2

ST

"59"
103

lil
84
RÖ
66
Bd-Boden,soil;Sd-Sand,sand
Fig .3
98
Le-Letim, loam;M-Menge, number
s\ ,
Le Lu
53
u Ro-Roggen,rye;t-Zeit,time
c Sd
25
\L
Br-Schwarzbrache,bare fallow
61
\
V.
Lu-Luzerne,alfalfa;0b-0biekt
^ Y-Permeabilität,infiltration rate
\ ?-gefundene Werte,the values found
A I
r
a,b,c-Wiederholungen,replicates
Abt O
•)S?J ISfl
19)$ -IS?« A-wesentlich,significant;
B-nicht wesentlich.not significant
Gruppe getaillt:prös sere,/13 Stücken/wo die Permeabilität sich
mit der Zeit /Abb.1,Typ 1/ verkleinert,und kleinere,/J Stücken/
wo die Fermeabilität unbegrenzlich mit der Zeit,/ Abb.2,Typ 2/
anstieg. Dagegenfin der Probe mit 6 Obiekten,/jede mit der drei
Wiederholungen/ gab es nur Typ 1 der Abhängigkeit,
Z u s a m m e n f a s s u n g.Permeabilität von Boden vermindert sich nicht so £ tark mit der Zeit,wie es Kostiakov /1932/
behauptet hatte.Das ist ein sich langsam -verkleinernter Process.Es gibt nicht solche Funktion y=f/t/wie es Kostiakov und
Horton/1940/engegebe rjhatten,die Process befriediegend interpretieren könnte,wéi 1 die Funktion y=a„ +a,x V' besser den
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- 203 THEORETICAL ANALYSIS OF SOIL EVAPORATION PROCESS
AT THE NEAR SURFACE GROUND WATERS
E.N. Zelichenko, E.A. Sokolenko
Institute of Soil Science, Kazakh SSR Academy of Sciences
Alma-Ata, USSR
The authors have developed a mathematical model describing
physical soil evaporation at the near-surface ground waters
for isothermic regime (Zelichenko, Sokolenko, 1979; 1981j
1984). Model calculations based on the experimental data for
unsaturated hydraulic conductivity (Gardner, 1956; Haridasan,
Jensen, 1972; »arallyay 1900/ give possibility to obtain the
dependence of evaporative intensity on ground water depth, A ,
meteorological conditions and soil hydrophysioal properties.
The derived solutions qualitatively properly represent the
regularities of physical soil evaporation characterized by two
stages: 1) for sufficiently near-surface ground waters the
evaporative intensity is determined only by meteorological
conditions and is maximum (evaporating capacity). This situation is retained up to the same ground water depth, A*» The
authors identify this value as "the zone of evaporation stability"^*; 2) with ground water lowered when A * < A
t tha
evaporative intensity decreases. At this stage the process of
evaporation is determined by the hydrophysical properties of
soil.
Though qualitative agreement between theory and nature is
satisfactory, quantitative agreement is incomplete. Particularly large discrepancies between calculated and experimental data
have been observed for " the zone of evaporation stability? A*«
Firstly,the values of A
for sandy soils and loamy sand have
been found to be grater than A * for heavy noils, the situation contradicting the nature. Secondly, the calculated value
of the zone of evaporation stability for sand and loamy sand
could reach 1.0-1.5 m, though the experiments show that at
such ground water depth evaporative intensity is decreased by
a factor of 4-5 (Helwig, 1973).
To clarify the reasons giving rise to high values for the
zone of evaporation stability the authors have decided to
study three factors that could remedy the situation: 1) to
take into account temperature gradient effect on evaporation
process; 2) to evaluate the effect of accuracy of finding unsaturated hydraulic conductivity on calculated data; 3) to improve boundary condition for moisture on the day surface of the
soil.
The concidered soil profile temperature gradient directed
to the day surface significantly effects on the process of
water transfer. Temperature difference results in a perceptible Boil water thermoflow directed against temperature gradient
(inward the soil), causes fast drying of soil upper layer,
reduces time period necessary for reaching steady state.Howevar
the effect of temperature gradient on the value of A * appeared
to be very slight.
Then the authors have concidered the effect of unsaturated
hydraulic conductivity on A * . The unsaturated hydraulic conductivity is a fundamental value in predicting evaporative inten-

- 204 sity. Many field and laboratory methods of definition of unsaturated hydraulic conductivity are available which fall into
two large groups: methods of unsteady and steady fluxes.
Analysis of experimental data, K(Y), obtained in different
laboratories of the world (Haridasan, Jensen, 1T72; Klute,1975»
Bouwer, Jackson, 1974, etc ) has Bhown 100 times discrepancies
between K(Y") for the same soil obtained by different methods.
Apart from quantitative discrepancies a significant qualitative
discrepancy is observed. These discrepancies can become very
significant when studying evaporation. Calculations have shown
that the use of unsaturated hydraulio conductivity values obta*
ined by the method of steady flux leads to more real values
of A * . However the use of more reliable values of K(Y")has
not basically improved theoretical results. Therefore the
authors directed their attention to the discussion of boundary
condition for the soil water of the surface. As a rule the
relationship between evaporative intensity and surface soil
water matric potential, Yo » is described by Thomas Formula.
AB a consequence of moisture tension according to Thomas
formula evaporation decreases when surface soil water potential Vj/"0 • - 10* cm corresponding to soil water pressure
„
P„= -10 atm. At this pressure the water film thickness is 16A
(Michurin, 1975). The soil water content corresponding to this
pressure for sandy soil Is 2-5 %,
for soddy podzolic soils
- 14£, for clay soils - uu to 20% (Miohurin,1975). Hence under
traditional condition associated with Thomas formula evaporative intensity is not dependent on surface soil water down to
the maximum hygrosoopioity, that is when the dried layer is
formed and a limiting factor for evaporation is water conductive properties of the soil.
The authors so generalized the boundary condition for airface soil water that it included surface soil water content,
6e, in addition to the potential,Yo* P o r heavy and medium
soils the effect of surface soil water. Go , is the same as
the influence of the potential,Yo• ?or light (sandy) soils
the effect of surface soil water on the evaporation appeared
to be more 3trong than that of Y o • particularly in oase of
intensive evaporating regime. The revealing of the effect of
surface soil water on the evaporating process made it possible
to define the effect of the surface roughness. The inclusion
of roughness enabled the boundary condition to be generalized,
relating evaporative intensity with soil water of the surface
and geometry of soil surface. These factors appeared to be
decisive in correcting theoretical and experimental data of the
process of soil evaporation depending on the ground water
depth. They minimlz» (down to zero) the zone of evaporation
stability for light soils and strongly decrease this value for
heavy noils.
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- 205 AUSTAUSCHKAPAZITÄT VON LOCKERBRAUNERDEN
Mustafa Abo-Rady
Fac. of Agriculture,P.O.Box 420,Hofuf 31982,Saudi Arabia
ABSTRACT: CATION EXCHANGE CAPACITY IN LOCKERBRAUNERDE
"ANDOSOL-LIKE BROWN EARTH".
In five soil profiles the effective (AKeff) and potential
(AKpot) exchange cation capacity, percent base saturation (V%)
and exchangeable cations were measured. All mentioned parameters were found to be influenced by the content of organic
matter and clay, and the kind of parent material. Generally,
Lockerbraunerden in Vogelsberg and Taunus (WG) posses a low
base saturation. In four profiles the exchangeable cations
were sorped in the following sequence: Al>H>Ca>Mg>K>Na. In the
fifth one: Al>Mg>Ca>H>K>Na. Exchangeable Al-ions were dominant
(up to 86.7%) and H-ions were less in percentage (0.5-28.0%).
In fünf bereits beschriebenen Lockerbraunerdeprofilen (1) wurden effektive (AKeff) und potentielle (AKpot) Austauschkapazität, austauschbare Kationen (AI,H,Na,K,Mg,Ca) und Basensättigung (V%) bestimmt. Ältere Untersuchungen an zwei dieser Profile, Heidel und Köhlerwald (3,4,6), zeigten sehr niedrige
Basensättigung im ganzen Profil. Die Bonität der Fichten an
beiden Standorten sprach aber für gute Nährstoffverhältnisse.
Daher wurden diese beiden Profile und zwei weitere im Vogelsberg (VB) tiefer aufgegraben und untersucht. Dazu kam ein Profil aus dem Taunus (TS).
METHODIK: Gepufferte (pH 8,2) und ungepufferte (pH 5,5)
BaCl2-Lösung wurden gemäß Abo-Rady (2) benutzt.
ERGEBNISSE UND DISKUSSION:--Alle Profile des VB ähneln sich im
Verlauf der AKeff, AKpot und V°i (Abb.1). Bedingt durch organische Substanz nehmen die AK-Werte mit zunehmender Tiefe ab,
steigen wieder im unteren Untergrund durch Substratwechsel und
Zunahme von Ton- und Oxidgehalten an (vgl.1). Der Substratwechsel und die Anreicherung der von oben ausgewaschenen
Alkali- und Erdalkaliionen sind auch verantwortlich für den
Anstieg der V-Werte im Untergrund. Ein Grund für die hohe Bonität der Fichten an den vier Standorten scheinen die hohen
V-Werte im Untergrund zu sein. Weitere Gründe sind auch der
Anstieg der Gehalte an HNO^-löslichen Alkali- und Erdalkaliionen und an verfügbaren P- und K-Gehalten im Untergrund
(vgl.2). Dazu kommt der hohe Gehalt an Sulfat und Nitrat in
diesen Böden (5). Im Taunusprofil sinken die drei Werte mit
zunehmender Tiefe (Abb.1) und steigen im Untergrund, substratund texturbedingt, nicht mehr an. Die Abnahme entspricht dem
abnehmenden Humus- und Tongehalt. Bedingt durch das Ausgangssubstrat besitzen die VB-Profile höhere AKeff-Werte als das
TS-Profil.
Generell sind die untersuchten LBE arm an Basen. AI-Ionen
besitzen den größten Prozentanteil an sorbierten Kationen

- 206 (bis 86,7%). Der Anteil der austauschbaren H-Ionen an AKeff
ist im allgemeinen klein (0,5-28,0%). Ähnliches wurde von
Ulrich (7) festgestellt. H(+Al)-Kationen sind also die dominierenden Kationen in allen Profilen, deren Gehalt mit der
Tiefe abnimmt bei gleichzeitiger Zunahme der pH-Werte.
Die sorbierten Kationen lassen sich wie folgt ordnen: A1>H>
Ca>Mg>K>Na. Im Profil Köhlerwald sieht die Reihenfolge so aus:
Al>Mg>Ca>H>K>Na.
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Abb.1: Austauschkapazität und Basensättigung der untersuchten
Profile.
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- 207 Computarized Study of Some
Soils.

Chemical Dynamics in Submerged

Adams, M., A. D. Rivillo and P. Azuaje
Professor and Graduate Students Facultad Agronomla, UCV.
Venezuela.
for
Wen sam pies comx ng f rom submerg ed soils are pretreated
analys is n th e lab orat ory in aere ated conditions, the chemical
of the reduced compounds.
env ir onmen t al ters due to o xidatio
do not represent the characTheref ore , pa rame ters dete rmined
terist ics of s ubmer ged soil s .
characte rist ics
In orde r to stud y some d ynamics of chemical
of f ive Ve nezu ela ' s sub merg ed soil s without alteration o f redox
condit ions i a sy s t e wa s devel oped for allowing such det erminat ions in 1 abor atory con diti ons. Al so, the system allows collect
inform atio n in a cont inuous form d uring long periods,
The sy stem consi st s of t wo elec tronie devices designed to collet in form atio n from so lis macromo noliths in reduced cond it ions .
First elec t ronic device all ows col lect information from pH and Eh
thermopa irs loelectr odes , elec tr 1cal cond uctivit y cells, and
cated in s oils macr omon olit hs , and plugged in an Orion i onizer.
The ot her one permi ts c olle ct P , NO3, NO2, and NH4 data fr on soil
solut ion t hrou gh an ext ract or syst em in the soil macromo noliths
using a co nt inuous flux Aut o-Tecni con apparatus. These e lements
were d eter mine d using t he m ethodol ogy proposed by Hansen , Krug,
Ghose, and Riz icka (197 7) Zagat to , Jacintho, Mortati, and Bergamin (198 0 ) ; and R izic ka nd Hans en (1S79). Both electro nic devices were con nee ted to a m icrocom puter to record and comp utar ize
the da ta f rom dif fe rent lev els in the soil macromonoliths in submerged con diti ons This sy stem is able to make several cy cles of
measur es , to r ecord dat an d calcu lations in diskettes, t o process re suit s, t o display in a monit or; and finally, to p rint an
output . Figure 1 shows
di agram o f the hole system.

Figure 1. Automatic System to collect Soil Information. 1. Macro
monoliths, 2. Orion Ionizer, 3. First electronic device, 4. Auto-Tecnicon apparatus, 5. Second electronic
device, 6. Microcomputer, 7. TV set, 8. Printer.
Soils used to grow rice in Venezuela were sampled to study
their chemical and physicochemical properties. Five soil macro-

- 208 monoliths were taken and their chemical
dynamics were
studied
during 120 days in an automatic and continuous manner. Three and
two macromonoliths could be studied at the same time. Figure 2
shows pH and Eh dynamics in a 120 days-cycle
in a Venezuela's
vert isol.

30

60
90
120
Days
Figure 2. Electrochemical Dynamics in a Submerged Vertisol.
Results from selected soils showed the shapes of the following
dynamics: pH, Eh, EC, P, NO3, NO2, NH4, and
temperature. Also,
Fe, Mn, Ca, Mg, K, Na, Si, AI dynamics were determined using soil
solution samples from macromonoliths preserved in an acid reduced
environment to analyse in atomic absorption spectrometry.
The system showed efficiency for studying chemical and physicochemlcal processes in submerged soils which in other way would
be very difficult to make. Relationships among chemical dynamics
and explanations are discussed in the paper.

- 209 SUBSTANCES
HUMIQUES
ET
MODELISATION
: Autoxydation
o r t h o - d i p h e n o l s c a t a l y s e e par les ions Fe 2+ et Mn 2 + .
P h . A D R I A N , F. A N D R E U X , M . M E T C H E

des

Centre de P é d o l o g i e B i o l o g i q u e C . N . R . S . B . P . 5
5 4 5 0 1 - V A N D O E U V R E LES N A N C Y CEDEX (FRANCE)
The
autoxidation
and
the
subsequent
polymerisation
o-f
catechol
at
moderately
alcaline
pH
are
stimulated
by
millimolar
concentrations
o-f
Fe 2+ and Mn 2+ i ons . When the
reactions
are
carried
out
in the p r e s e n c e o-f a m i n o a c i d s or
peptides
, the a v e r a g e m o l e c u l a r w e i g h t s and n i t r o g e n c o n t e n t s
o-f
the
pol y c o n d e n s a t e s
increase
in the -following order : no
cation
< Fe
2+
< Mn
2+.
Such
reactions
are
thought to
substitute
-for
enzymatic
s y n t h e s i s o-f soil humic c o m p o u n d s ,
e s p e c i a l l y in m e d i a o-f low m i c r o b i a l a c t i v i t y .

L"
Oxydation
des
orthoet
para-diphénols
et
la
polymerisation
d e s i n t e r m e d i a i r e s q u i n o n i q u e s qui en r é s u l t e n t
comptent
parmi
les
r e a c t i o n s -f o n d a m e n tal es de 1' e l a b o r a t i o n
des
pigments
meianiques
et des a c i d e s h u m i q u e s des s o l s . L e s
composes
amines
participent
a
ces
reactions
par
addition
nucléophile
sur
les q u i n o n e s i n t e r m e d i a t e s , pour c o n d u i r e a
des p o l y c o n d e n s a t s a z o t e s .
L'
a u t o x y d a t i o n d' un p r é c u r s e u r p o l y p h é n o l i q u e tel que le
catechol
<
1,2
dihydroxybenzène
) a ph 7,9
consomme e n v i r o n
une
m o l e d' 02 t a n d i s que la q u a n t i t é de C 0 2 dégagé c o r r e s p o n d
a
1'
ouverture
d'
environ
20 '/. d e s c y c l e s a r o m a t i q u e s . En
presence
de
glycine
la
quantité
de C 0 2 -forme équivaut ä la
decarboxylation
de
50
V. de
la
glycine
introduite . Cette
degradation
de
la
g l y c i n e est p l u s active q u ' avec d' « u t r e s
a m i n o - a c i d e s et la t r i g l y c i n e .
La
presence
des
cations
Fe
2+
et
Mn 2+ modi-fient les
cinétiques
des
échanges
gazeux:
en
p r e s e n c e de catechol la
vitesse
initiale
de
consummation
d'
02
est
multipliée
respectivement
par
1,2
et
par
6 ; le d é g a g e m e n t de C 0 2 est
doublé
dans
les
deux
cas.
Par
addition
de
glycine
les
consommations
initiales
sont encore a u g m e n t é e s et on estime a
70 X de la g l y c i n e p r é s e n t e d é c a r b o x y l é e .
Apres
Oxydation
,
les
pol y c o n d e n s a t s (dé-finis ici comme
les
composes
dialyses
et
d é c a t i o n i s e s de P o i d s M o l e c u l a i r e s
Equivalents
>
1000
)
issus du m é l a n g e du compose phénol ique
et/ou
un
compose
amine
<
glycine
et t r i g l y c i n e ) et/ou un
cation
( Fe 2+ , Mn 2+ ) r e p r é s e n t e n t de 1 ,5 a 5 '/. du c a r b o n e
en
reaction
. Ces
proportions
s'
élevent
j u s q u ' a 25 '/. en
presence
de
Fe
2+
et
45
'/. en p r e s e n c e de Mn 2+ . L e s p l u s
élevées
sont
obtenues
en
presence
de
c o m p o s e s a m i n e s , la
Triglycine
étant p l u s e-f-ficace que la g l y c i n e , notamment avec
Mn
2+
. Pourtant
,
tout
au
plus
6 '/. de 1 ' a z o t e m i s en
reaction
se
trouve
incorporé
dans
ces
polycondensats.
L'
analyse
élémentaire
rapproche
les
polycondensats
des
substances
humiques
des
milieux
terrestres
aérés,
ceux
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auec
des
de type -f u 1 u i q u e s .

cations

sont

de

type

humiques

. les

autres

Ainsi
, a
concentrations
egales
Mn
2+
-forme
avec le
catechol
des c o m p l e x e s p l u s reacti-fs u i s-a-w i s de 1' o x y g è n e ,
que
ceux
de
Fe 2+ activant ainsi 1' O x y d a t i o n du catechol en
intermediaires
q u i n o n i q u e s . La p a r t i c i p a t i o n de la g l y c i n e et
la
triglycine
comme
ligand
auxilliaire
est
exclue
:
ces
composes
ne
complexent
que
Fe 2+ au pH de la r e a c t i o n a l o r s
que
c'
est
avec Mn 2+ qu» se produit une r e a c t i o n m a x i m a l e .
La
complexation
de
Fe
2+ par les c o m p o s e s a m i n e s induit une
plus
-faible
incorporation
d' azote , par s o u s t r a c t i o n , d a n s
les p o l y c o n d e n s a t s p r e p a r e s en p r e s e n c e de Fe 2+ .
Dans
les
sols
, ces deux c a t i o n s peuuent etre a p p e l e s a
suppleer
aux r e a c t i o n s d' o x y d a t i o n e n z y m a t i q u e s des S u b s t r a t s
phénoliques
d'
o r i g i n e u ê g e t a l e ou m i c r o b i e n n e . Cette action
de
type c a t a l y t i q u e c o n t r i b u e r a i t a e x p l i q u e r 1' a b o n d a n c e d e s
polycondensats
humiques
h y d r o s o l u b l e s , a z o t e s et c o m p l e x a n t s
,
dans
les s o l s oü 1' a c t i v i t é peut se trouwer limitee par 1'
h y d r o m o r p h i e ou 1' ac i d i-f i ca t i on .
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MICROELEMENTS IN SOIL OP THE MINOR CAUCASUS OP
THE AZERBAIJAN SSR
Agaev N.A.
The Institute of soil science and agricultural
chemistry, Baku, USSR
Por regulation of mineral nutrition of agricultural animal it
opens broad perspective for study of biogeochemical zone and
the provinces.
With this aim,within five years (I98I-I985) the researches
were carried out in soils of the Minor Caucasus within the
Azerbaijan SSR (without the Nakhichevan ASSR)in biogeochemical
and agricultural chemical aspect.
On the bases of thus exposed the following:
Complication and variety of natural conditions of the Minor
Caucasus predetermined no essential homogeneity in content of
microelements in landscapes.
In majority of mountain and soil-formingïrock's concentration
of microelements considerable variates:most variable of them
here are: copper and cobalt,least-boron.
The Minor Caucasus developed in unequal chemical composition
rocks,considerably differ as consentrations of microelements.
The content of gross form of microelements (mg/kg)in arable
horizon (Aj) variates within: boron-5,9-86,8 manganeee-3861428,copper-6,4-30,8.molybdenum-I,9-3,4,zink-8,7-61,4,cobalt1,5-8,6, iodine 0,96-3,14 and selenium-0,22-1,16.
Heightened quantity of microelements of soil which are specific to forest zone and among them-mountain forest-chernozemlike. The biogenic accumulation of majority microelements exposed in humus horizon of the Minor Caucasus soils.
Boron as a profile of soil distributes evenly. The content of
copper in some high mountain soils are smoller than low ones.
The biogenic accumulation here is very weakly expressed. The
distribution of copper in soil mantle has considerable significance in enriching this element of soil-forming rocks. Insignificant influence distribution of copper in soils has also other factors. According to a profile of soil the distribution of copper goes evenly. The least quantity of copper in
comparison with different soils has strong podzolized soils.
In considerable variation of soil distinquishes also consentration of cobalt. According to an average content of cobalt
the essential distinctions in different types of soil are not
observes,that is probably connected with the fact that the
influence of soil-forming processes on redistribution of cobalt is absent.
Between the content of humus and the majority of microelements
understudy (especially manganese)were fixed straight line correlative connection. The correlative connection displayed also
between the content of gross joining of microelements and the
content of humus, silty fraction and the reaction of surroundings in soils.Here, manganese which exposed reversal correlative dependence between the quantity of its mobile fraction and
size pH makes up an exception. The gross content of separate
microelements in essential soil types of the Minor Caucasus
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zink > copper p- cobalt y- molybdenum > iodine > selenium.
The most spreading soils of the Einor Caucasus,in spite of
enough gross supply in the content enriches mobile form of microelements unequally. So, the content of mobile form microelements in this soil makes up within (mg/kg soil);boron 0,CI-2,5,
manganese 1,6-42,4, copper 0,18-3,I,molybdenum C,03-2,2,zink
C,5-5,4,cobalt O,04-5,3,iodine 0,08-2,9 and selenium 0,01-1,16.
There are seperate soils which according to the content of mobile form microelements are distinquished.
In different degree the mobile fraction of microelements provided with the Einor Caucasus soils. If the turf-podzol and
light-grey forestry soils provided weakly with the mobile fraction,these microelements as:boron,copper,molybdenum,iodine,as
for these soils were distinquished in high consentration of
mobile manganese and cobalt. Almost all mobile connection of
microelements has impoverished with chestnut soils. And the
salty soils on the contrary has enriched with the mobile boron, copper and molybdenum.
The distribution of the mobile form of microelements in profile soil does not always repeat the distribution of mobile
quantity. Por all total soil characterises the accumulation of
mobile form microelements in humus horizon. In the depth of
these soils the content of mobile form B.Kn.Cu.Ro,Zn.Co,I falls
on little by little. Only the content of mobile selenium in
some types and subtypes of soils in the depth rises.
The impoverishment of mobile form microelements of eluvial horizon and some enriched illuvial are revealed in strong podzolic soils. The grouping soil is carryed out and on this base,
the cartogram is on reflective level of the content of gross
quantity and mobile form of microelements in arable (Aj) horizon of soil containing cognitive and practical meaning is Bade
up. The content of microelements in natural water of the Minor Caucasus expresses with considerable fluctuation. The majority of concentration of microelements In water increases
together from high mountain till to low mountain with the total mineralization. In migration of microelements of the Einor
Caucasus shows the strong influence of vegetation which keeps
different quantity of boron,manganese,copper, molybdenum, zlnk,
cobalt,iodine and selenium depending on systematic belongings
(the biological pecularlty) of growth condition and the development phase of plants.
The results of the field and Industrial experiments showed
that in leaching mountain chernozem and light-chestnut soil
of the Einor Caucasus it gave positive influence of microfertllization In yield and the quantity of agricultural culture.
So,an application in background form of N^Pac-Kg« na<* S* v e n
rise to 78j9-8C,4c/h hay lucerne in three years.
The addition from microfertillzation 6,I-l9,4c/h,HQ0PgoKI20
103,3-104,7c/h tube potatoes. The addition from microfertillzation 3,0-30,0c/h,an application in background form of Nj 2fl
P
I50 K i5o h a d given rise to 133,0-133,2cA yield grapes within
five years . The addition from microfertillzation 6,6-38,5c/h
N
I20^I?0K«D 93,2-94,5c/h yield pome-granate.The addition from

iiWommilixion

7,2-25,0c/h.

- 213 PHASE EQUILIBRIA AND KINETICS OF ORTHOPHOSPHATE IN SOME IRAQI SOILS
I.K. AL-KHATEEB , M.J.RAIHAN , S.R. ASKËR
• Soil chemistry

Soil samples were collected from four different agricultural projects. Potassium orthophosphate was added to the samples in rates of 0,25
100, 200, 400, B00, 1600 ppm p. The samples were
incubated for J, 24, 166, 1000 and 3000 h at constant temperature and moisture. Ec, pH and conce^
ntrations of water-soluble orthophosphate, calcium and magnesium were determined in the soil water extracts after the incubation.
The results showed that a sharp decrease
occurred in the concentration of water-soluble P
whithin J h after P addition. Using a calcium phosphate equilibria phases indicated that J3-Tricalcium phosphate was the dominant form after 3000
h of addition. Precipitated forms were dicalcium
phosphate dihydrate, octacalcium phosphate and
^-tricalcium phosphate. Using Mg-phosphate equilibria phases gave that bobiernite was a dominant form after a short time and high level of P
addition. Ca-phosphate controlled the solubility
of phosphate more than Mg-phosphate.
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ETUDE DE LA MATTERE 0RGAN1QUE DES SOLS PAR FRACTIONNEMENT GRANULOMETRIQUE. 2 - AUGMENTATION PAR UNE PRAIRIE A DIGITARIA DECUMBENS DU
STOCK ORCANIQUE DE VERTISOLS CULTIVES EN MARTINIQUE.
A. ALBRECHT. M. BROSSARD et C. FELLER.
ORSTOM - BP 81 - 97200 FORT-DE-FRANCE, Martinique, France.
Summary. Soil organic matter (SOM) of vertisols under pastures (Digitaria
decumbens) and food crop rotations were compared. SOM was studied by a
particle-size and chemical fractionation. SOM increasing under pasture (X 3)
occured with the plant debris fractions (25-2000 pm) and the organo-mineral
complex (0-5 p m ) .
Texte. Des vertisols de la Martinique anciennement cultivés en rotation
canne ä sucre-jachère sont exploités depuis quelques années et de facon
intensive soit en cultures maraïchères (situation M) soit en prairie paturée
ä Digitaria decumbens (situation PI (Fig. 1 ) . L'effet de ces deux systèmes
de culture sur les teneurs en C et N des horizons de surface (0-10 cm) est
spectaculaire (NJOH-ELLONG, 1984) puisque sous päturage P les teneurs sont
environ 3 fois celles sous maraichage M (Tableau 1 ) . Dans ces conditions,il
était interessant d'étudier les différentes formes de matière organique du
sol concernées par ces variations (prélèvements janvier 1985).
La methode utilisée pour 1'analyse de la matière organique est inspirée de
BRUCKERT et al. (1978). Elle associe tamisages sous eau ä 200 et 50 pm
(FELLER, 1979) puis extraction ä NaOH pHIO de la fraction 0-50 pm suivie de
tamisage ä 25 pm et sedimentation ä 5 pm (BARRIUSO et al., 1984). On obtient
les fractions suivantes :
- F 200-2000 et F 50-200 : résidus végétaux a divers Stades de decomposition
+ sables. Rapports C/N de 13,9 a 19,3.
- HUs 25-50 : résidus végétaux + limons grossiers + quelques microagrégrats
organo-minéraux (fraction humine). Rapports C/N de 12,7 ä 13,7.
- HUs 5-25 : résidus végétaux et fongiques + microagrégats organo-minéraux
(fraction humine). Rapports C/N de 9,7 ä 13,4.
- HUs 0-5 : complexe organo-minéral (fraction humine). Rapports C/N de 8,1.
- MHT S : composes humiques extractibles par NaOH pH 10. Rapport C/N non
dosé.
L'accroissement du carbone total (difference P - M) affecte toutes les
fractions, mais ä des degrés divers.
La figure 2 met en evidence que les accumulations absolues (P - M) en
mgC.g~lsol varient dans Ie sens suivant :

F 200-2000 + F 50-200 + HUs 25-50

HU S 0-5

Fractions organiques figurées (1)

Complexe
Mélange
organo(1) + (2)
mineral (2)

mgC.g-'sol (P - M)

14,5

6,0

HU S 5-25

1,5

MHT 8
Composes
humiques
extractibles
0,8

- 215 et concernent done essentiellement :
- Ie compartiment organique figure (F > 25 um, C/N > 13) avec 64 7. du
carbone total accumulé,
Ie complexe organo-minéral (HUs 0-5, C/N
accumulé.

i,l) avec 26 7. du carbone total

Pour le premier compartiment (F > 25 yro) 1'accumulation est attribuée ä de
forts apports en debris racinaires alors que pour le second (HUs 0-5) eile
est probablement, ä la fois, d'origine végétale et microbienne (exsudats
racinaires, contenus cellulaires et produits de la decomposition de la
matière organique).
References.
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ANION ADSORPTION BY TROPICAL SOILS AS A BASIS FOR
VICARIANT FERTILIZATION
Robustiano Alvarez
Facultad de Agronomia, University of Panama, David,Panama

Adsorption of silicates, phosphates, and calcium onto gibbsite
and tropical acidic soils was studied at low adsorbate concentrations that approached P and Si concentrations in natural systems. Components of the adsorption systems were studied by identifying the ionic species present in solution as well as on the
surface of the adsorbent. Spectroscopic techniques used in this
study were Laser Raman Spectroscopy (LRS), for both solution and
surface studies, and X-ray Photoelectron Spectroscopy (XPS) for
identification and determination of distribution of the elements
adsorbed onto the gibbsite surface. Equilibrium studies with
conventional wet chemistry determinations were simultaneously
performed. Interpretation of results led to the formulation of
a tentative mechanism for adsorption of tetrahedra-forming anions. Adsorption of Si appears to be dependent on the presence
of Ca as an accompanying cation. Adsorption of Ca at low concentration appears to be affected by the nature of the conjugate
anions.
LRS analyses of dilute solutions of Si and P indicata that
monosilicic acid solution is only slightly ionized, but ionization increases markedly in the presence of Ca and Na ions.
Polymerization of Si and P also may occur even at low ion concentrations and was increased by the presence of Ca ions in
solution. Surface hydroxyls of gibbsite were identified for the
first time by LRS. Si(0H)4 and H3PO4 cause perturbations of
these surface QH groups of gibbsite, resulting in increased intensity of the OH lines, whereas Ca deprotonates the surface OH
groups, reducing the intensity of the OH lines. XPS determinations revealed the presence of Si, P, and Ca on the gibbsite
surface to a depth of 10 to 40 A. Angular distributions of
photoelectrons were determined on powdered materials and revealed the profile distribution of elements adsorbed onto the gibbsite surface. The results suggested that when CaSi03 is the
adsorbate, the Ca ions first extend from the surface followed by
Si, whereas, when CaClp and SitQH)^ are the adsorbates, Ca and
Si are uniformly distributed on the surface.
A tentative mechanism for adsorption of silicates and phosphates onto gibbsite is described. It is proposed that the base
of the tetrahedral ion is attached on the surface OH's of gibbsite forming a tridentate linkage of H bonds. When Ca is present, one of the H bonds is replaced by a bond formed between
Ca and the negative 0 of the anion. A mechanism also is proposed for the possible formation of polymers which form multilayers that "string out" from the adsorbent surface. These
mechanisms also may be used to explain the adsorption of other
tetrahedra-forming anions.
Vicariant fertilization, that is, substitution and displacement of P by Si in tropical acidic soils by application of
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ions, H2S1D4 or h^SiQ^, are formed in aqueous solution as shown
by LRS. These charged ions can replace P in the adsorption
system where P is present. 2) P is adsorbed on sesquioxides,
not only as an anion bound to the surface, but also as a polymer extending from the surface. When charged silicate ions are
added in the form of soluble silicates, the -P-O-P- linkages
are broken by silicate substitution until the last layer of
-P-O-P- bonds is reached. At that point, the tridentate bond
hinders anion substitution, and then the action of silicate ions
is much slower. A tetrahedral anion tightly held by a tridentate bond is difficult to replace by another anion. This explains the hysteresis effects frequently found in African, Panamanian, and Hawaiian soils, sesquioxides and kaolinite. 3)Polymerization of Si increases with time. Condensation of charged
silicates is accelerated in the soil where active catalysts,
such as F e + + + and A l + + + also are present, and the replacement
efficiency of silicates is lost due to neutralization. Thus,
the efficiency by which Ca silicate applications increase P
availability decreases with time. The formation of heteroanions
with phosphates and silicates is another plausible factor contributing to irregularities in the displacement of Si by P and
vice versa.
To understand widespread phenomena in natural environments,
such as adsorption and release of anions in sesquioxide-rich
tropical soils, it is advisable to depart from excessively idealized adsorption systems in which only monomers are thought to
participate.
Zusammenfassung
Ein Mechanismus für die Adsorption der Kalzium-silikate und
Phosphate an Gibbsite und Naturbodenstoffe wurde vorgeschlagen.
Der Mechanismus beruht auf der Wechselwirkung der modell-Qbar
fläche mit den Adsorbatanionen, ohne eine Störung der Adsorbatgeometrie zu bewirken, wie wenn die Adsorbate in Losing wären.
Die Widersprüche des vorhergehenden Mechanismus, d.h., Adsorption der Anionen an Sesquioxiden, werden mit der Anwesenheit
der anorganischen Polymeren, Ionenpaare, oder Anionenformen
erklärt. Die grösste Adsorption bei pH^pK der Adsorbatlbsung
erklärt sich durch die Anwesenheit von anorganischen, konden
sierten Formen oder Polymeren. Die zuvor erwähnten Postulate
werden mit Daten von Untersuchungen der Lösungen mit Laser Raman
und Röntgenstrahl Photoelektron-Spektroskopie unterstützt, und
sie lassen sich zur Ersatzmineral für die Bodenfruchtbarkeit
("vicariant fertilization") anwenden.
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Alzubaidi, A.
Soil Dept., College of Agriculture, University of Baghdad

Chemical characterization of saline soils requires accurate
knowledge of chemistry of soil solution and soil extracts. Of
particular interest is the behaviour of ionic and ion-pair interactions between different cations and anions. Broad applications
of the ion pair concept for calculating ionic activity and solubility of gypsum and calcite and for describing Na-Ca exchange in
soil have been suggested in several recent papers (Nakayama.1979,
Ranee and Davey,1968, Tanji, 1969, Adams, 1971, Darab, 1985). The
concept of the ion pairs has also been applied recently by
Alzubaidi and Webster (1983) for characterizing solonetzic soils
and their reclaimation.
To apply this concept for characterizing saline soils in
Iraq, seven cases representing different depths of saline soils
from middle part of Iraq, have been chosen for this study. The
analysis for kinds and magnitude of ion pairing in saturation
extracts were processed using special computer program, by which
the following ion pairs can be determined: NaSO^, KSO«, CaSO.o,
MgS04o, NaHCO^o, KHCO.o, CaHCOt, MgHCOt, NaCOT, KCOT, CaCO^o and
MgCO^o. The degree or ion pairing in saturation extracts of soil
samples are presented in Table 1.
Table 1:

Ions
Na
K
Ca
Mg

The degree of ion pairing in saturation
extracts of saline soils expressed as a
percentage of the total concentration
Percentage
Range
Mean

so 4

0.7
1.3
8.2
10.2
37.1

- 2.5
- 3.4
-53.9
-25.5
-45.2

HC0 3

48.3 -27.6

1.7
2.8
16.8
23.4
42.1
26.4

After taking into account the presence of ion pairs and
activity for each of the sodium, calcium and magnesium, the
relationship between SAR-ESR were evaluated (Table 2 ) .
Table 2: SAR values corrected for ion pairs
plus activity
»*
SAR1: SAR0
Case No.
SARo*
SAR1
63. Ö
1.72
109:7
1
49.8
1.29
64.3
2
102.1
1.48
150.7
3
72.1
92.0
1.28
4
35.6
1.34
26.5
5
20.8
28.6
1.37
6
23.0
16.5
1.39
7
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SAR

MJf=

concentration only.
= corrected for ion pairs and activity.

The main conclusions can be summerized as follows:
1 - Sulfate ion pairs - NaSOT, MgSO,0 and CaS0.°occured in a
relatively high concentration in these soils. Bicarbonate
showed a relatively low concentration of ion pairs, while
concentration of carbonate ion pairs was zero.
2 - Of the total concentration of sulfate, 42.1$ was in the form
of ion pair, calcium was 16.8$ and magnesium 23.4$. While sodium
had only 1.7$ of the total concentration in ion pairs.
3 - Taking into account the presence of ion pairs for calcium,
magnesium and sodium, activity coefficients showed that the
active form of calcium, magnesium were only 17$ and 20.6$ of the
total concentration respectively. While the comparable value
for sodium was 60$.
4 - Corrected SAR value for ion pairs plus activity were in an
average 1.28 - 1.72 times the uncorrected values.
The above data indicate that correcting the concentration
of the main ions in saline soils for ion pairs and activities is
important and should be taken into account in order to obtain
actual values necessarily for characterization, classification
and evaluation of salt-affected soils. Moreover, correcting
the concentration of sodium, calcium and magnesium for ion pairs
and activities is important for calculating improved SAR values
for these soils.
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COPPER AND MANGANESE CONTENT IN THE SOILS OP THE
ARMENIAN SSR
Amirdganian G.A.
The Armenian Research Institute of Soil Science and
Agrochemistry
During the last years the complex researches for the ascertainment of the contents of copper and manganese forms
and their distribution in the general soil types of the Armenian SSR and also their seasonal mobile dynamics and effectiveness for the field crops have been conducted.
It is defined that almost in all soil types of the Republic the copper and manganese total contents is above
Clark and it varies within the limits of: Cu-33,2-51,0 (v=8,1
-38,0*); Mn-991,0-1500,0 mg/kg (v-7,5-53,9%).
Copper and manganese total contents often increases together with the soil profile depth in connection with their
high quantity in soil-forming rocks.
In studied soil types (irrigated meadow-brown, mountainbrown, mountain chestnut, mountain chernosema, brown forest
stepped, mountain meadow-stepped, mountain meadow) the contents of mobile copper and manganese is different. Irrigated
meadow- brown noncalcareeus, mountain chernosema, mountain
meadow-stepped and mountain meadow soils generally are mean
or well provided with mobile copper (7,5-13,5 mg/kg, v»28,8
-48,5*) and manganese (120,0-220,Omg/kg, v-22,0-53,1*).Calcareous soils are poorly provided, their content hesitating
within the limits of: copper -4,0-5,4 (v=24,1-40,2*)} manganese -58,0-100,0 mg/kg (v-10,5-43,4*).
Copper and manganese mobility is considerably dependant
upon the humus content; physical clay and medium reaction of
the studied soils. In spring the contents of mobile forms
in the surface soil horisons is more than in summer when it
slightly reduces and again rises in autumn.
It's found that the reserves of mobile copper and manganese in the different soil types vary en a large scale -Cu15,3-29,8 and Mn -165,6-600,0 kg/ga. Studied soils are generally very poor with watersoluble compounds of copper and
manganese(less than 2,0 and 10,0 mg/kg accordingly).
In calcareous soils the great deal of mentioned microelements is occludated with carbonates. In humused soils
they are asaociated with the organic substance. In different soil types the number of their direct and nearest reserves makes- Cu-5,3-50,5; Mn-10,8-51,1* of the whole quantity. It's established that during 50 days more than 40*
of the applicated copper and 60 * of manganese have been
absorbed in the studied soils.
According to the obtained results there were compiled
maps of mobile copper and manganese contents of the Re-
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public's soil surface. On the basis of the results of field
experiments there have been established maximum normals of
the soil provision with copper and manganese: Cu-less 5,0 ;
5,0-10,0- mean, more than 10,0- welKall right); Mn- less
than 100,0 mg/kg 100,0-200,0-mean; more than- 200,0 mg/kg.
Against the background of the mineral fertilisers' normal doses during the presowing cultivation of potato tubers
and outroot spraying of the plants with the copper sulphate
solution the increase in the yield of the mountain chernozems and soddy-alluvial soils makes 10,6-15,0%. Manganese
effectiveness is high on the brown forest stepped and soddyalluvial soils. With the manganese application on irrigated
meadow-brown, brown forest stepped, mountain chernozems and
soddy-alluvial soils the increase in the yield of the green
corn mass makes -8,2-14,8 %.
Almost in all soil types of the Republic the highest
increase in the yield of the winter-crops grain (7,5-11,8 %)
was obtained with the use of manganese microfertilisers;the
effectiveness of copper is very low.
Concerning the perrenial grass the high effectiveness
of manganese is observed on the irrigated meadow-brown and
soddy-alluvial soils, and copper - on the mountain chestnuts
and brown forest stepped soils; the increase in the yield
makes accordingly 11,8-14,2 and 7,8-12,1 %.
The mentioned microelements have their positive influence on the chemical composition of plants, improved the quality rates of potato tubers and also the properties of winter crops grain, feeding value of the green corn mass and
hay of perrenial grass.
On the basis of our researches there have been worked
out some recommendations concerning the usage of the men tioned microelements conformably to the field crops.

- 222 SOIL POLLUTION BY METALS IN JAPAN
Teruo Asami
Faculty of Agriculture, Ibaraki University,
Ami, Ibaraki, Japan
The object of the paper is to present the state of soil
pollution by metals in Japan. Data from the literatures and my
own surveys on this problem are used.
Maximum allowable limits (MALs) of heavy metals in agricultural soil have been set for Cd, Cu, and As. The requirements
for the designation of agricultural land soil pollution policy
areas under the Agricultural Land Soil Pollution Prevention Law
are based on the MAL of Cd (1.0 ug/g in unpolished rice) in rice
and on the concentration of Cu (125 ug/g by 0.IN HCl extraction)
and of As (15 ug/g by IN HCl extraction) in paddy soil. MAL of
Cd in paddy soil (upland soil if upland rice has been planted)
is determined based on the concentration of Cd in rice, set so
as not to increase the Cd concentration to a level hazardous to
human health. MALs of Cu and As in paddy soil are set so as not
to decrease rice yield. Fig. 1 shows the distribution of the
agricultural land soil pollution policy areas, and Table 1 shows
the present state of the soils polluted by Cd, Cu, and As.
In the areas shown in Fig. 1, Itai-itai disease has been
reported in the Jinzu River Basin (118 cases), and patients
similar to Itai-itai disease have also been reported in the
Ichi River Basin (5 cases), in the Sasu and Shiine River Basins
(3 cases), and in the Kakehashi River Basin (2 cases). Renal
dysfunction patients have been reported in these 4 areas and
Kosaka Area. These health effects have been caused mainly by
the Cd intake in rice and drinking water. Pollution sources of
these areas were metal mines and/or smelters of long operating

Fig. 1 Distribution of agricultural land soil pollution policy areas
(December 31, 1984)
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In these designated areas, mean (min.-max.) concentrations
of Cd in the paddy soil and unpolished rice were 1.12(0.46-4.85)
ug/g and 0 . 99 (0 . 25-4 . 23) ug/g in the Jinzu River Basin (1,500.6
'ha); 8.20(3.90-12.2)ug/g / and 0.69(0.15-1.43)ug/g in the Ichi
and Maruyama river Basins(Ikuno Area, 54.9 h a ) ; 5.6(1.0-12.0)
ug/g and 0.90(0.20-3.64)ug/g in the Sasu and Shiine River Basins
7
i57.8 h a ) ; 3.11(1.01-17.7)ug/g and 0.81 (0.41-2.84)ug/g in the
Kakehashi River Basin (518.6 h a ) ; 4.01 (1.43-11.3)ilg/g and 0.78
(0.16-4.81)ug/g in Kosaka Area(47.9 h a ) . In these areas , the
soils were polluted by Cd, Zn, Pb, and Cu even in the deep layers.
Rehabilitation of the polluted paddy soils has been made
mainly by covering the polluted surface soil with a 25-30 cm
deep layer of unpolluted soil, thus reducing the Cd concentration
in unpolished rice below 0.lug/g, which is the Cd concentration
in the rice produced in unpolluted paddy field under usual agricultural practices.
To monitoring soil pollution by Cd and some other metals,
basic survey has been made at the same points in agricultural
land all over Japan. Sampling has been made on every 1,000 ha
of paddy fields and on every 2,000 ha of upland fields including
orchard fields. Results of the basic survey proved that 9.5%of
paddy soil, 3.2% of upland soil, and 7.5%of orchard soil are
polluted by Cd. These soil are also polluted by Zn and Cu.
Pollutions of urban soils by CrUE and C r M contained in chromium slag dumped on the lowland soils around the residential
areas in Tokyo, Chiba and some other places, and by Be discharged
from Be-factories in Aichi were another environmental problem
in Japan.
Table 1 Agricultural land soil pollution policy areas(December 31,1984)
Toxic Area«
metal« beyond
the
maximum
allowable
limits

Designated areas
Countermeasure
plans were
formulated

Undesig-

CounterDeq iqna t i o n
measure
have been
plans are not c a n c e l l e d
formulated
All
Partly

31
310
14
30

—
(-)
4
310

56
5,610

37
770

42
330

(—)
1
30

—
(-)
18
790

8
1,410

T o t ( a r e a s ) 126
(ha)
6,710

30
3,100

8
1,410

—

Countermeasures
have f i n i s h e d
under the
Independent
prefectual
projects

20
320
12
220
7
240

4
310
1
130

25
3,030
7
960
5
130

areaa

49
5,520
11
1,190
6
160

16
7 70
4
100

Cd(areas)
90
(ha)
6,150
Cu(areas)
37
(ha)
1,440
As(areas)
13
(ha)
400

Total

—

(—)

1. Areas beyond the maximum allowable limits are based on the detailed surveys from 1971 to
1983.
2. As the soils in the some areas are polluted by 2 elements, the sum of the figures in
each vertical line is not equal to the total.
3. As the some polluted areas were divided and designated as the agricultural land soil
pollution policy areas and 4 designated areas were cancelled partly after rehabilitation,
the number of the areas beyond the maximum allowable limits is not equal to the sum of
the figures of- each horizontal line.
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N. Asche und F. ßeese
1 - IAP, Sandgrubenstr. 25, CH-4124 Schönenbuch, Schweiz
2 - IBW, Büsgenweg 2, D-34oo Göttingen, BR-Deutschland
Kurzfassung
Schwermetalle werden gegenwärtig in grossen Mengen aus der Atmosphäre in
Waldökosysteme eingetragen und im Oberboden akkumuliert. Die Adsorptionsfähigkeit der Waldböden für Schwermetalle ist jedoch begrenzt. Sie wird
durch die organischen und mineralischen Komponenten der Bodenmatrix bestimmt und durch den chemischen Bodenzustand (u.a. pH, KAK ) modifiziert.
Grundlage für die Beschreibung metallspezifischer Adsorptionsisotherme
waren bisher im Batch-Experiment gefundene Beziehungen zwischen der Schwermetallkonzentration der Bodenlösung und der Schwermetallkonzentration in
der Festphase. Die so ermittelten Adsorptionsisotherme konnten in basenreichen Böden mit pH >5 zur Beschreibung des Transportverhaltens der Schwermetalle im Boden verwendet werden. In sauren Waldböden traten dagegen Abweichungen auf, wenn im Batch-Versuch ermittelte Parameter zur Quantifizierung des Transportes in Böden verwendet wurden (MAYER, 1982, ASCHE u.
BEESE, 1984). Daraus ist zu schliessen, dass zur Beschreibung des Transportes von Schwermetallen in Böden, die Verteilungsparameter unter Bedingungen ermittelt werden müssen, die denen des ungestörten Bodens recht
nahe kommen. Eine Möglichkeit dieses Ziel zu erreichen bietet der Perkolationsversuch an ungestörten Bodensäulen.
In der Untersuchung wurde im Säulenversuch das Verhalten von Pb, Cu, Zn
und Cd in einem sauren Waldboden untersucht. Die Studie geht der Frage nach,
wie hoch das Adsorptionsvermögen eines sauren Waldbodens für diese Schwermetalle ist, in welchen Tiefen die zugeführten Schwermetalle bevorzugt angereichert wurden und wie sich Änderungen des pH-Wertes der Perkolationslösung auf das Adsorptionsverhalten auswirken.
Für die Versuche wurden die oberen 5 cm eines Pseudogley-Pelosol aus Löss
über Lias Tonen ausgewählt. Der Boden lässt sich wie folgt charakterisieren:
mullartiger Moder, Ah 0 - 8 cm, uL; SwBv - 3o cm, utL; II SdP - 85 cm, IT;
PCv 85 cm, IT; pH(CaCl-) des Oberbodens 4, C-Gehalt 3 - 4,5%, KAKg 80 - 90
umol IÄ/g Feinboden.
Mit Polyäthlenzylindern (0 4 cm) wurden ungestörte Bodensäulen ( 0 - 5 cm)
ausgestochen. Sie wurden im Labor so aufgestellt, dass der Oberboden nach
unten zeigte. Die Perkolationslösung entsprach in etwa der im Feld mit
Kerzenlysimetern gewonnenen Bodenlösung. Sie wurde mit einer Schlauchpumpe
von unten durch die Säulen gedrückt, um eine möglichst vollständige Einbeziehung der gesamten Bodenmatrix in die Adsorptions-/Desorptionsprozesse zu
gewährleisten.
Das Adsorptionsverhalten des ausgewählten Bodens für Schwermetalle wurde in
5 Versuchsvarianten mit jeweils 4 Wiederholungen durchgeführt. Die Perkolationslösung enthielt in den Versuchsvarianten (ug Element/1): 1 » 1000
Zn; 2 = 5oo Pb; 3 = 200 Cu; 4 = 50 Cd; 5 = alle 4 Metalle gleichzeitig. Die
mittlere Fliessgeschwindigkeit betrug 3,3 cm pro Tag {= 20 ml Lösung/d).
Die Perkolation dauerte 276 Tage. Am Ende wurde in jeweils 2 Bodensäulen pro
Versuchsvariante die vertikale Schwermetallverteilung untersucht. Die verbliebenen 2 Säulen je Versuchsvariante wurden weitere 17 Tage mit der oben
beschriebenen Lösung perkoliert. Geändert wurde dabei der pH-Wert von 4 auf 3.

- 225 Tab. 1: Schwermetallbilanz der Bodensäulen nach 276 Tagen Perkolation in
ug/Säule
Heavy metal balance after 276 day long perkolation of the soil
colums in ug/column
Versuch
experiment

Element
element

Anfangsmenge
initial amount

Input Output Retention Endmenge
input output retention final amount

Zn

489,5

5 52o

6o

5 460

5 949

Zn

489,5

5 984

1 lo4

4 8 8o

5 369

Pb

4 116,6

2 7 6o

25

2 735

6 851

Pb

4 116,6

2 984

25

2 959

7 o75

Cu

282,6

1 lo4

3o

1 o74

1 356

Cu

282,6

1 193

8

1 185

1 467

Cd

13,2

776

2

274

287

CM

13,2

298

22

275

289

1 - EDTA-löslich,

EDTA-soluble

Die zugeführten Schwermetalle wurden bevorzugt im oberen, humusreichen Bereich des Bodens adsorbiert. Bei gleichzeitiger Belastung mit vier Schwermetallen wurden die Elemente Pb, Cu und Cd vollständig an der Bodenmatrix
adsorbiert, während 20% des zugeführten Zn aus den Säulen ausgewaschen
wurde (Tab. 1 ) . 'Änderungen des pH-Wertes der Perkolationslösung von 4 auf 3,
führten zu einer Mobilisierung vorher adsorbierter Metalle. Nur das Element
Pb verblieb auch unter diesen geänderten Bedingungen vollständig im Boden.
INVESTIGATION OF HEAVY METAL ADSORPTION IN ACID FOREST SOIL
To examine the adsorption of heavy metals in an acid forest soil (Pseudogley-Pelosol), undisturbed soil columns of 5 cm length were treated over a
period of 276 days with solutions containing Pb, Cu, Zn and Cd. It can be
shown that the heavy metals added were preferably adsorbed in the humusrich,
upper part of the soil. When treating the soil with four heavy metals
simultaneously, Pb, Cu and Cd were completely adsorbed in the soil matrix.
However 20% of given Zn were leached out of the soil columns. Lowering pH
in the perkolation solution from pH 4 to 3 led to the mobilisation of previously adsorbed Cu, Cd and Zn, whereas Pb completely remained in the soil.
Literatur
ASCHE, N. u. BEESE, F., 1984: Forschungsberichte Nationalpark Bayrischer
Wald, im Druck
ASCHE, N. u. BEESE, F., 1985: Z. Pflanzenernähr. Bodenk. 148
MAYER, R., 1982: UBA-Forschungsbericht Nr. 10707005
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NITROGEN TRANSFORMATIONS IN FLOODED AND UPLAND SOIL SYSTEMS AS
AFFECTED BY WHEAT STRAW INCORPORATION
M.S.Aulakh and D.A.Rennie
Punjab Agricultural University, Ludhiana, India &
University of Saskatchewan, Saskatoon, Canada, respectively
Nitrogen (N) occupies a key place among all the essential nutrient
elements as crop yields are largely determined by its availability in
soil. However, N availability to plants from native or applied sources
is, in addition to other factors, determined by various transformations
of N in soil such as mineralization of organic N (ammonification), nitrification of NH*-N, immobilization and denitrification. Under flooded
(anaerobic) soil systems, the most important biochemical process which
results into N loss is denitrification.Contrarily.in upland system,
immobilization of mineral N converts 'available N' to organic or unavailable N, and is more pronounced when organic manures or crop residues are
incorporated into the soil. Therefore, understanding of various N transformation processes would greatly help in manoeuvring agronomic practices
which in turn minimize N losses and consequently increase the availability
of N to growing plants and increase the efficiency of fertilizer N. The
present study was, therefore, conducted to investigate the various
biochemical transformations in both flooded and upland soil systems as
affected by graded levels of wheat straw incorporation.
A series of 100 g field moist soil
samples of Elstow cl (Typic Haploboroll)
'
soil (pH 7.1,0.C. 3.013;, total N 0.253)
were taken in 1100 cm3 containers. The
soil initially had 48 ug NO3-N and 1,0 ug
NHj-N/g soil. Additional 50 ug NO^-N/g as „
KNO3 (containing 31.94 atom % N-15 excess)7»
was added in solution form. The containers"»
were incubated at 26 ± 1°C. Periodically
*
containers were sealed, and using acety°
lene inhibition technique, gas samples
j.
were collected for N2O analysis (CO2-C w a s absorbed in NaOH vessels). Destructive
sampling was done at 0, 4, 8, 16, 32, 48,
64, 80 and 96 d period and the soil_
samples were analysed for (NO3 + N02)-N,
NHzi-N, total N contents of native soil N
and added N-15. Immobilized fertilizer N
in the soil was determined by substracting mineral N-15 from total N-15.

1 * ^ 6 0 % saturation

9 0 1 , Saturation

Rate of denitrification was negligi
ble in upland system but flooding of soil
increased it very rapidly for initial 4 to
8 d (Fig. 1 ) . Incorporation of successive
levels of wheat straw consistently
increased it further. The average mole
fraction of N2O in gaseous products of
» ! « • » » « • • « •
denitrification decreased from 94 to
, . ... . » 1 . . 1 1 . . „„
c .
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this fraction to h% indicating the
creation of more anaerobic conditions.
In a total period of 96 d the incorporation of 1.0S straw increased
denitrification losses from 2.5 to
10.1 and 61.6 to 83.9 ug N/g soil in
upland and flooded system,respectively
The pattern of CO2-C evolution (an
index of microbial activity) was
practically identical to that of
denitrification (Fig.2) and this
confirmed that in continuously flooded
soils, the loss of N through denitrification could be high but for a
short period when C is supplied by
native or applied organic source.
Immobilization of labelled N
was very rapid and upto 90S of the
total immobilized N completed within
first A d of incubation (Fig.3).Incorporation of wheat straw increased
immobilization of fertilizer N from
8.4 to 42.8 and 1 to 7.65S of N-15
added in upland and flooded system,
respectively. Remineralization of
recently immobilized fertilizer N
was evident under aerobic soil
system.

Fig.2.Microbial activity as
affected by soil moisture
and straw incorporation

Ammonification of native soil
organic N continued with time and
after 96 d, 54 to 84 ug NHt-N/g soil
was found accumulated in flooded
system. In upland system, nitrification followed ammonification and,
therefore, 97 to 99% of mineral N
pool was NO3-N. Priming effect
of added straw on the mineralization of native soil N was observed.
Kinetics of fertilizer and native
soil mineral N were also studied.

Timm

l*>

Kig.3. Immobilization of
fertilizer N as affected by
soil moisture and straw
incorporation

- 228 TUB CHEMICAL BBHAVIOR OF PHOSPHORUS & ITS TRANSFORMA TION IN SALINB CALCAREOUS SOILS .
Kadhem M.Awad

and

Nawal I. Ashoor

Phosphate - availability indices; inorganic phosphate
fraction and phosphate solubility and solubility products
in eight calcareous soils were determined. Available phosphorus was extracted by nine chemical methods'» Acid exfactants dissolved much more phosphorus in all the soils than
other methods !. The general pattern was acetic acid
NHjOAC \

HCL + H 2 S0 4 S

HCL + i<H P \

V

NaHCOj ^> EDTA ~~? NI^F + NaHCOj

H„0 y> CaCL '. The native soil phosphate was

governed by the solubility of octacalcium phosphate (OCP)
in all soils. However,the amount of OCP was probably var iable from soil to soil & all of it was dissolved during
cropping. This material seems to have a very high availability coefficient for plants.

Phosphorous fractionation data of selected soils indi cated that Ca-P fraction constituted the dominant phosphate
fraction(99JS) .There was a positive higher correlation betwoen i\aHCO, extractant ( r - 0.99S"

) and Ca-P fraction

,

indicating that NaHCO. is an excellent cxtractant for measuring available P in such soils.

Relationships between available P determin ed by nine
chemical methods as considering soil phosphorus availability
indices and with phosphorus percent in barley tissues;phos -

- 229 phorus uptake;relative yield of barley and A-values were
investigated using eight calcareous soils» It was found that
the NaHCO_ method can be regarded as the most suitable eactractant for measuring available P in such soils. It was also
found that the nalICO

- P availability indices were best co3

rrelated with phosphorus uptake followed by A-values and relative yields of barley.Phosphorus percent in barley tissues
was not significantly correlated with the P availability .
it is" concluded that for unfertilized and

fertilized soils,

phosphorus uptake provides a better criterion for evaluting
the performance of phosphorus availability indices for calcare
careou8 soils '•
To distinguish one soil phosphate system from another,
the solubility product methods have been used* Dicalcium phosphate could be produced initially in all soils treated with
the high rate of P(400 kg P 2 ° 5 / h «0,but its persistence was
greater in a soil low in salt and /or carbonate.

Gypsum application to

all soils after removal of solu-

ble salts somewhat reduced the solubility of phosphate compared with the same treatment without that application

(leached

soils only). The reduction did not approach that in the presence of soluble salts,suggesting that in the solubility of phosphorus was influenced by ionic strength and cation species .

- 230 DISTRIBUTION OF BIOMOLECULES IH HUMIC AND ORGANO-MINERAL FRACTIONS OF
A MOUNTAIN ACID SOIL.
Repartition des biomolécules dans les fractions humiques et organominérales d'un sol acide de montagne
E. BARRIUSO*, J.M. PORTAL and F. ANDREUX
Centre de Pédologie Biologique, C.N.R.S.
B.P. 5, 54501 Vandoeuvre-les-Nancy Cedex (France)
Summary : In the A ^ horizon of a Umbric Dystrochrept, the relative
proportions of biomolécules (i.e. phenols, amino acids and sugars), and of
actual humic components decreased with increasing polycondensation of organic matter, in the following order : fulvic acids - colloids bound to Al
and Fe hydroxypolymers - humin bound to clay-sized minerals - humic acids.
Introduction : Un fractionnement aussi complet que possible de la matière organique d'un horizon humifère est realise. La composition biomoléculaire des fractions organiques et organo-minérales ainsi séparées permet
de préciser leur part respective dans les processus d'humification (BARRIUSO et_al. , 1984 ; 1985a et b ) .
Materiel : On a prélevé, en octobre, 1'horizon Aj2 d'un sol brun acide
formé sur substratum métamorphique complexe, et sous pelouse subalpine a
Ericacées (teneur en matière organique : 6,2 Z ; C/N 11). Les acides fulviques (AF) et humiques (AH) sont extraits par NaOH 0,1 N. A partir des extraits alcalins, les "colloldes organo-minéraux" sont floculés par 4 Z de
KCl. A partir des AF, des "colloldes alumineux" sont reprécipités ä pH 7
(HOLTZCLAW et al., 1976). Le fractionnement granulométrique des résidus
inextractibles sépare les "colloldes ferriques" (30-50 um) et 1'humine associée aux "argiles".
Analyses : On procédé sur les fractions ä une hydrolyse acide (aminoacides, sucres neutres, acides uroniques, osamines) et ä une Oxydation cuprique alcaline (composes phénoliques). Les composes solubilisés sont doses
par photocolorimétries spécifiques, ou par Chromatographie en phase gazeuse
(SCHNITZER, 1978).
Resultats (Tableau I) : Les AF représentatifs de la matière organique
la plus mobile, contiennent jusqu'ä 60 % de biomolécules, soit 30 Z par
rapport ä 1'ensemble du sol. Ils concentrent la plupart des metabolites
traceurs d'activité microbienne (ornithine, ß-alanine, acides Y-3n'i''0-butyrique et diamino-pimélique, etc...). Les AH sont des edifices plus complexes, polycondensés et aromatiques, et libèrent peu de biomolécules par
clivage chimique. Les "colloïdes ferriques et alumineux", responsables de
la structure microagrégée du sol, sont libérés ä pH supérieur ä 10 de leurs
liaisons avec la fraction argileuse (BARRIUSO et al., 1984) . Leur composition traduit 1'origine résiduelle de leur matière organique, et la participation des organismes a la transformation de cette dernière. L'humine associée aux argiles est le lieu d'accumulat ion des constituents neutres, indicateurs biostructuraux ou pariétaux des végétaux et microorganismes (glucose, glycine, alanine, acides cinnamiques . . . ) . Les "colloldes organo-minéraux", fraction fine de cette humine, et la plus proche des AH, contiennent
en outre une proportion élevée d'osamines.

* Present address : I.N.R.A., Science du Sol - I.N.A. Paris-Grignon,
78850 THIVERVAL-GRIGNON (France)

- 231 Tableau I.- Repartition des constituants organiques dans les fractions du
sol. Les resul tats sont exprimés en % du carbone du sol. La repartition au sein de chaque fraction, exprimée en % du carbone
de la fraction, est donnée entre parentheses.
A d des
humiques

ColloTdes
alumlneux

Acldes
fulvlques

Total
horizon

0,4
(4,3)

1,8
(7,4)

0,5
(4.2)

0,8
(8,4)

4.7

0,3
(2,1)

0,4
(3.9)

0,1
(0,4)

0,2
(2.0)

0.2
(2.2)

1.3

1.1
(10.9)

2,3
(15.5)

1.2
(13,2)

0,7
(3.0)

0,5
(3.8)

2.4
(26.1)

8.2

Actdes uronlques

0.2
(2.5)

0,8
(5,5)

0,6
(7,0)

0.6
(2.6)

0,9
(7.4)

1.0
(11,7)

4.1

Phenols

0.2
(2,3)

0.6
(4,2)

0,2
(2.3)

0,9
(3.7)

1.2
(10,0)

1.0
(11.6)

4.1

(78,8)

10
(67,3)

6
(69.3)

21
(82.9)

9
(72.6)

4
(40.0)

10,0

14.8

8,8

25,1

12,3

9,4

Aral les

ColloTdes
ferrfques

Amino-addes

0,4
(«.3)

0,8
(5.4)

Osa«tnes

0.1
(1.2)

Sucres neutres

C "huailque"
M.0. non figure*

a

C. organomtnéraux

58
80.4

Table I.- Distribution of organic compounds in soil fractions. Results are
expressed in % of soil carbon. The distribution within each fraction, expressed in % of carbon of the fraction, is in parentheses
Conclusion : Dans chacune des fractions séparées, la proportion relative des biomolécules simples et des constituants humique sensu stricto varie en sens inverse du degré de polycondensation de la matière organique.
Elle est maximale pour les acides humiques, minimale pour les fulviques.
Ces derniers concentrent 1'essentiel des traceurs d'activité métabolique,
tandis que les fractions organo-minérales révèlent, outre une proportion
non négligeable de constituants humifies, 1'empreinte des biomolécules
structurales des plantes et des microorganismes.
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UNDERSTANDING THE REACTION OF ANIONS AND CATIONS WITH SOIL
N J Barrow
CSIRO Division of Animal Production, Private Bag, Wembley WA 6014

We have studied the reactions of the following ions with soil: phosphate;
molybdate;
fluoride;
selenite;
sulfate;
and zinc.
The reactions
differ in detail but have certain properties in common. These follow.
1)
There is a characteristic relation between the amount retained by
the soil and the concentration in solution. It is often approximated by
the Fruendlich equation.
2)
The amount retained at a given solution concentration increases with
time at a rate that is proportional to a fractional power of time. If we
assume that some of the retained nutrient becomes more firmly held, then
the amount so held is proportional to the amount retained.
3)
The rate of reaction
effect is large.

increases with

increasing

temperature.

The

A)
Desorption of the retained ions is also slow and follows a path that
Is sometimes described as hysteresis.
5)
The rate of desorption Increases with increasing temperature and the
magnitude of the effect is similar to that on the rate of the sorption
reaction.
6)
An initial desorption can sometimes be supplanted by a resumption of
sorption. This is especially likely after a short period of sorption.
7)
There is a further and different effect of temperature.
If the
reaction between the soil and the nutrient has continued for a long time
and has therefore become slow, high temperatures then Increase the concentration in solution. This appears to be an effect on the position of
an equilibrium rather than on the rate of a reaction.
8)
For each nutrient there are characteristic effects of pH and these
interact with the ionic strength of the medium. For example, in dilute
sodium chloride, increasing the pH causes a large decrease in phosphate
retention. In concentrated sodium chloride the effect is much smaller.
To be comprehensive
vations; and to be
investigated several
able to satisfy this

any explanation must encompass all of these obserconvincing an explanation must be comprehensive. I
sets of assumptions but found only one set that was
criterion. It requires three assumptions.

The first assumption is that there is an initial, rapid, surface reaction
between individual species of ions in solution and the surface of
variable-charge materials. The reaction involves ligand exchange between
the ions and either water or hydroxy 1 ions on the surface. For a given
nutrient the reaction is dominated by one species of ion: for phosphate,
it is HP0*~; for selenite, it is SeOlj-; and for zinc, it is ZnOH . The
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electric potential, of the variable-charge surfaces, and partly from
effects on dissociation to give differing proportions of the various ions.
For phosphate and selenite, the increasing proportion of HPO^
and SeOi?
ions with increasing pH, tends to offset the increasingly unfavourable
electric potential. The interaction between pH and ionic strength arises
because changes in the ionic strength affect the way potential changes
with pH.
The greater the ionic strength the smaller the change in
potential with pH. The reaction is exothermic. Hence high temperatures
increase the concentration in solution (item 7 above).
The second assumption is that the electric potential of the surface of
individual soil particles is not constant. The range of values can be
described by a mathematical distribution. I have used the normal distribution. The values of the parameters that describe this distribution can
be changed to produce the characteristic relations between the amount of
nutrient retained and its concentration in solution.
The third assumption is that the adsorbed nutrient on the surface of the
soil particles acts as the source concentration for a solid-state
diffusion into the adsorbing particle. This does not produce the squareroot relation expected for diffusion because of an electric feed-back
effect. As a result of this, the reaction is not proportional to the
square-root but rather to a smaller, fractional power of time. The amount
penetrating is proportional to the source concentration (item 2 ) . The
effects of temperature are large because movement in a crystal involves a
climb over an energy barrier and there is therefore a large activation
energy (item 3 ) . Desorptlon is slow because it involves diffusion in the
reverse direction (item 4) and the effect of temperature on the rate is
the same as for sorption (item 5 ) . A reversal of the direction of
desorptlon (item 6) can be produced if penetration is not yet very deep.
If the surface concentration is lowered, both "inward" and "outward"
movement may occur.
These three assumptions have been incorporated into mathematical models
and have reproduced the observation precisely. This work is described in
detail in J. Soil Sei. 34, 733, 751, 35, 273, 283 and in Adv. Agron. 38,
183. Further papers have been accepted by J. Soil Scl. I think these
assumptions are feasible because oxides in soil have been shown to contain
appreciable amounts of both Si and P. These would be expected to lower
the zero point of charge and thus affect the electric potential at a given
pH. This "contaminant" Si and P may form an organised structure in the
crystals and so provide a pathway for diffusion of other anions. The
lower electric potential induced by the Si and P could also be important
in permitting the survival of individual particles because it would make
them better able to attract and retain Fe and Al ions.
If this model is accepted there are important implications for understanding availability of nutrients to plants. It implies there are no
distinct categories such as "available-unavailable" or "labile-fixed".
Rather there is a range of rates of supply. Thus, old phosphate is not
fixed - merely very slowly available.
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Description of organic matter dynamics in a flooded rice soil
using carbon isotope methods
P.M. Becker-Heidmann, U. Martin, H.W. Scharpenseel
University Hamburg

ABSTRACT. The fast initial decomposition of organic matter was investigated in a field experiment conducted at the International Rice Research
Institute (Philippines). Uniformly

C-labelled rice straw was incorpo-

rated in a continuously flooded rice soil. The decay was monitored in relation to time and depth during the course of one year. This was done by
measuring the

C-activity of the soil, the soil solution, CO- and

methane.
A profile of the same soil type was sampled in successive thin layers. The
depth distributions of the natural

C and

13

C contents reflect the

steady state of decomposition and transport processes.
A model with nine boxes is presented comprising soil, soil solution and
gases in relation to depth within the puddled layer.
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- 236 Der Einfluß des chemischen Bodenzustandes auf den
N-Kreislauf in Buchenwald-Ökosystemen
The influence of the soil chemical status on
N-cvcling in beech forest ecosystems
Friedrich O. B e e s e
Institut für Bodenkunde und Waldernährung,
Büsgenweg 2, D-3400 Goettingen
Landwirtschaftlich genutzte Ökosysteme sind dadurch gekennzeichnet, daß sie einen großen N-Export aufweisen, der
durch Düngung kompensiert wird. Der N-Export aus Wäldern
dagegen ist sehr gering, so daß N-Düngungen in Forsten bisher keine große Rolle gespielt haben. Dies hat zur Folge,
daß der jährliche N-Bedarf der Bäume neben dem Input aus
der Atmosphäre aus dem Umsatz organischer Substanzen in und
auf dem Boden bereitgestellt werden muß. Sowohl der umlaufende als auch der im BestandesZuwachs gespeicherte Anteil
muß auf diese Weise bereitgestellt werden. Daraus ergibt
sich, daß der N-Umsetzung im Boden eine besondere Rolle im
N-Kreislauf von Wäldern zukommt.
Ziel der hier vorgestellten Untersuchungen war es, zu überprüfen, in welchem Maß der chemische Zustand des Bodens die
bodeninterne N-Umsetzung beeinflußt, und welche Konsequenz
diese auf den N-Kreislauf im System hat. Im Vordergrund
stand dabei die Bodenazidität. Dieser Parameter unterliegt
in jüngster Zeit durch anthropogene Einwirkungen erheblichen Änderungen. Die Kompensation der Azidität durch Kalkung wird ebenfalls mit in die Betrachtung einbezogen.
In vier Buchenwaldökosystemen mit ca. 130-jährigen Beständen wurden für die Dauer von drei .Jahren die N-Umsätze kontinuierlich gemessen. Bei den untersuchten Böden handelte
es sich um eine Terra Fusca Rendzina auf Muschelkalk
(Carbonatpufferbereich), um eine podsolige Braunerde auf
Löß über Buntsandstein (Al-Pufferbereich) , und um zwei
durch Kalkung und N-Düngung modifizierte Böden des letztgenannten Typs.
Die N-Vorräte der Terra Fusca Rendzina lagen um 25% über
denen der podsoligen Braunerde. Entsprechend lagen auch die
jährlichen N-Umsätze deutlich über denen des sauren Bodens.
Doch nicht nur bei den umgesetzten Mengen gab es Unterschiede, sondern auch in den Anteilen von NH 4 + - und N0 3 ~N, die im Boden auftraten und für die Bäume zur Verfügung
standen. Während die Terra Fusca Rendzina einen reinen Nitrattyp darstellt, treten bei der podsoligen Braunerde erhebliche Mengen an NH 4 aufgrund reduzierter Nitrifikation
im Boden auf. Durch Kalkung wird diese Erscheinung fast
vollständig aufgehoben. Die N-Form hat erhebliche Folgen
für die Ionenaufnahme und Umsatz der Bestände. Eine Verschiebung zur Nitraternährung erhöhte die Mengen aufge-

- 237 nommener basischer Kationen und organischer Anionen in den
Bäumen.
Eine zusätzliche N-Zufuhr erhöhte unter den herrschenden
Umweltbedingungen die N-Aufnähme nicht. Durch partielle Nitrifikation des zugeführten Ammoniums kommt es zu einer bodeninternen Versauerung, mit erheblicher Freisetzung an
Kationensäuren. Die gefundenen Ergebnisse werden vorgestellt und im Zusammenhang mit den Ursachen des Waldsterbens diskutiert.

- 238 TRANSPORT OP HYDROPHOBIC TRACE ORGANICS FACILITATED BY
HYDROPHILIC MACROMOLECULES
Goran Bengtsson and Carl G. Enfield
Department of Ecology, University of Lund, Sweden

The transport of organic pollutants in a saturated porous medium is determined byy many physical, chemical and biological processes. Hitherto
the impact of dissolved organic macromolecules on the movement of hydrophobic chemicals has been largely overlooked. This study demonstrates
how the transport of trace organics through a saturated soil is facilitated by the presence of hydrophilic macromolecules.
Ground water, collected at an infiltration area for drinking water purposes, was spiked with less than 10 ug/1 of four hydrophobic compounds,
anthracene, pyrene, benzoperylene and hexachlorobenzene, and applied to
replicate laboratory soil columns packed with a sandy soil from the infiltration area. Half of the replicate soil columns also received either
a model macromolecule, deztran, or a mixture of organic compounds concentrated from the infiltration source water by a hollow fiber dialyzer
to specified molecular sizes. The hydraulics of the system was described
using tritiated water and Ca-45. Tritiated water, Ca-45, macromolecules
and the trace organics were monitored as a function of time in the column
effluents. The labelled compounds were determined by liquid scintillation
spectrophotometry, and the trace organics were trapped on a XAD-resin
and subsequently analyzed by capillary gas chromatography.
The resulting breakthrough curves were compared with previously developed
mathematical models for chemical transport in multi-phase transport systems.
The movement pf hydrophilic macromolecules was demonstrated to be equal
to or greater than the mobility of water through soil. The presence of
environmentally relevant concentrations of macromolecules could significantly increase the mobility of the hydrophobic compounds compared to
the mobility of the same compounds without the presence of the macromolecules.

- 239 THE USE OF 2-KETOGLUCONIC ACID IN SOIL PROFILE TRACE ELEMENT STUDIES
M.L. Berrow and M.S. Davidson
Departments of Spectrochemistry and Microbiology, The Macaulay
Institute for Soil Research, Aberdeen, Scotland.
Summary.
The use of 2-ketogluconic acid (2-KG), a naturally occurring acid
produced by soil bacteria in the rhizosphere, as a soil extractant in soil
profile trace element studies was investigated.
2-KG extracted much less
Co, Cu, Fe, Mn, Ni, V and Zn than EDTA or DTPA at pH 7.0 from organic
horizons.
Considerably more Cu, Fe, Pb, Ti and V was extracted by 2-KG
than by ammonium acetate from E, B and C horizons indicating that 2-KG
chelates a portion of the non-exchangeable forms of these elements in soils.
Introduction.
The distribution and forms of trace elements in soil
profiles can be studied using chemical extractants which remove elements
held in different forms of combination.
Exchangeable, dilute acid-soluble
and chelated forms can be removed by ammonium acetate (NH^OAc), acetic
acid (HOAc) and EDTA or DTPA respectively.
The use of 2-KG, a naturally
occurring organic acid produced by the soil bacterium, Erwina sp., provides
unique information on the forms of several trace metals in different
horizons of the soil profile.
The effects of lowering the pH of 2-KG
and EDTA has also been investigated because 2-KG appears to have the
A very poorly
capacity to complex metal ions at pH values as low as 3.0.
drained humic gley profile was selected for study because the two uppermost horizons are highly organic and it shows strong mobilization of trace
elements in the gleyed B and C horizons.
Methods.
Cobalt, Cu, Fe, Mn, Mo, Ni, Pb, Ti, V and Zn removed by the
range of extractants detailed above have been determined using spectrochemical methods of analysis.
The 2-KG was prepared from batch cultures
of the soil bacterium, Erwinia sp., as described by Berrow, Davidson and
Burridge, 1982.
For purposes of comparison the 2-KG extractant was
prepared at 0.1 M rather than the 0.05 M molarity used for EDTA and DTPA
because two molecules of 2-KG are involved in complex formation with
divalent ions whereas only one molecule of EDTA or DTPA is involved in
the same complexation.
Results.
The total concentrations and the amounts of Co, Cu, Mo and Mn
extracted by the different extractants are reported in Table 1 because
these elements are of particular importance to plant and/or animal nutrition
in Scotland.
The EDTA and DTPA remove large amounts of organically
complexed Co, Cu and Mn from the peaty S-H horizons of the profile.
The
natural soil chelate 2-KG, on the other hand, removes very much less Co,
Cu and Mn but similar amounts of Mo from the same horizons.
The mobilization of Co, Cu, Mn and also Ni, Pb and V due to hydrologie weathering
of ferromagnesian minerals in the gleyed B and C horizons is shown by
all extractants (cf Berrow and Mitchell, 1980).
The amounts of Cu extracted by EDTA were greatly reduced by lowering the
pH of the extractant from 7.0 to 4.5 whereas with 2-KG the amounts were
only slightly reduced.
The effectiveness of 2-KG as an extractant for
all the elements studied is little affected by changes in pH over the
range of pH normally found in most soils.
The amounts of Cu, Mn, Mo, Ni,
and Zn extracted by 2-KG from soils have earlier been shown to reflect the
contents of these elements in grasses and clover, Berrow et. al., 1982.
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Table

1.

Horizon
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T r a c e e l e m e n t s removed by v a r i o u s e x t r a c t a n t s from d i f f e r e n t
h o r i z o n s of a h u m i c g l e y p r o f i l e a s Ug/g i n a i r d r y s o i l .

LOI
Z

Total

O.IM
2-KG

0.1M
2-KG

0.05M
EDTA

0.05M
EDTA

0.05M
DTPA

0.4M
HOAc

IM
NH^OAc

pH7.0

pH4.5

pH7.0

pH4.5

pH7.0

pH2.5

pH7.0

3.8
5.0
0.69
0.42
1.0
1 .4

4.7
5.1
0.92
0.72
1.7
2.3

0.24
0.47
0.35
0.43
1.0
1.2

3.6
4.3
0.30
0.54
0.41
0.25

8.9
9.3
3.4
3.9
5.1
3.4

0.87
1.0
1.5
2.8
4.5
5.5

0.61
0.38
0.61
0.96
1. 1

1.2
1.3
0.33
0.27
0.10
0.13

1 .2
1.3
0.35
0.15
0.08
0.10

0.10
0.13
0.12
0.12
0.04
0.27

0.80
0.31
0.21
0.07
0.14

COBALT

S-H
S-H
Eg
Eg2
Bg

29
35
4
3

eg

4

3

25
24
14
15
29
25

0.12
0.13

0. 19
0.22
0.58
0.70

0.13
0.15
0.25
0.23
0.67
1. 1

4.1
7.0
5.2
8.1
0.81 0.62
0.57 0.48
1.2
1.0
1 .8 1 .4
COPPER

S-H
S-H
Eg
Eg 2

Bg
Cg

29
35
4
3
3
4

30
31
14
22
35
27

0.57
0.49
0.53

1.4
2.6
2.2

0.25
0.35
0.30
0.75
1.4
1.5

8.8
10
3.7
4.6
5.3
3.5

0.38

MOLYBDENUMI
S-H
S-H
Eg
Eg2
Bg
Cg

29
35
4
3
3
4

40
40
6
6
4
3

0.90
1.2
0.33
0.23
0.10
0. 10

1.2
1 .1
1.5
1.6
0.31
0.73
0.18
0.46
0.10
0.13
0.15
0.13

1.0

MANGANESE
S-H
S-H
Eg
Eg2
Bg
Cg

29
35
4
3
3

560
490
310
250
300

4.5
5.4
1.0
<1.0
2.8

4

250

10

6.3
6.9
1.7
1.3
3.3
10

58
58
3.6
2.0
4.3

90
85
2.3
1.6
4.3

52
49
1.9
1 .2
3.8

88
73
5.2
3.3
6.2

19
20
1.6

13

14

13

15

11

1 . 1

2.6
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Depth distributions of natural carbon isotopes to study
organic matter dynamics in Alfisols and Spodosols
H.-G. Bertram and P.M. Becker-Heidmann
University Köln and University Hamburg

ABSTRACT. From the global view it should be of interest to know carbon
dynamics of the soils of the world, because soil organic carbon is the
most important part of the global carbon cycle. Small changes within
this compartment are able to influence the other parts of the system in
an extended way, as for instance the athmospheric carbon dioxide content,
and to interfere the global equilibrium. Our investigations concentrate
on Alfisols and Spodosols, which are characterized by accumulation and
transport effects of organic matter, and therefore are also important in
the light of managing of problem soils.
Several Scandinavian Spodosols and German Alfisols have been sampled in
2cm thin layers for
depth distributions.o

C- and

C-analysis resulting in high resolution

C increases with depth in the upper horizons in

both soil types, indicating isotope fractionation by organic matter decomposition. The depth distribution of carbon isotopes in the lower horizons
is influenced by clay organic matter complexation and/or fixation, drainage and groundwater table.

C-dates supply the derived hypothesis.

A model computes the amount of C, which is lost from carbon input by
respiration. An attempt is described to characterize the state of pedogenesis in these profiles.
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- 243 HYDROTHERMIC SENSITIVITY OP MITRATE ACCUMULATION IN SOIL
Dr. Pavol Bielek
Research Institute of Soil Science and Plant Nutrition,
Bratislava, CSSR
During three years in month intervals the nitrate accumulation
intensity was determined by incubation tests (14 days) in soil
cores sampled from non fertilized topsoil of the carbonatlc
meadow soil. The incubations were made at momental moisture
and natural temperatures. Prom the collection of results the
functional relation temperature and moisture simultaneos influence to the nitrate accumulation intensity was deduced:
,

A AA

y 4 u
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»36

" ' -T[

wh«r»
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»55

—

y= accumulation intensity of N-N0~
(mg.kg
J
x-,= moisture in %
xi* temperature in °C

for 14days)

Graphical expression of the relation enables us to define the
hydrothermic conditions of generation, accumulation and immobilization of nitrates in soil. Every combination of temperature and moisture is predetermining some accumulation degree,
or nitrate immobilization. In correspodence with temperature,
and moisture increase the conditions for nitrate accumulation
improved. The combinations of lower temperatures and moistures were more suitable for nitrate immobilization.
By use of the seasonal soil temperature and moisture
changes automatic registration data by means of computer and
graphical evaluating apparature an ideal year course of nitrate accumulation intensities in observed soil was constructed
(in depth 10 and 20 cm). Spring and autumn maximums and summer, winter depressions in dynamics were recorded.
The automatic temperature and moisture registration in
one hour intervals in connection with the model of nitrate
accumulation hydrothermic sensitivity derived enabled the informations about nitrate accumulation intensities during of
24 hours to be obtained. Generalizations showed, that average
differences between the maximal and minimal intensities of
these processes are greater in the spring and autumn months,
when compared to those in summer. More significant differences were recorded in depth 10 cm, than in depth 20 cm.
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BACKGROUND LEVELS OF MICROELEMENTS IN SOILS OF ITALY
C.BINI (°), M.DALL'AGLIO, O.FERRETTI

and

R.GRAGNANI (*)

(°) Istituto di Geopedologia e Geologia Appl.-Univ.Firenze(Italy)
(*) E.N.E.A. - Laboratório di Geochimica Ambientale-Roma (Italy)
A systematic survey on the distribution of geochemically and toxicologically relevant trace elements in soils of Italy was carried out on 32 soil
profiles, developed in different environmental and pedological conditions.
The aim of this study was to collect basic infonnation on the background
levels of trace elements, their geochemical behaviour and the relationships
between weathering and pedqgenetic processes.
Over 130 soil samples, widely representative of the Italian pedological
landscape, were collected in different areas. The sites were chosen with re
spect to the pedological landscapes themselves. Soils were developed on parent materials of volcanic, sedijnentary or metamorphic origin, under different climatic conditions and topography.
Following the USDA Soil Taxonomy criteria, the pedological, mineralogical and chemical characteristics allowed attribution of these soil profiles
to six soil Orders, which cover a large part of the soil distribution in Italy.
The statistically processed analytical results led to the following conclusions:
- clay minerals seem to be differently associated in the various areas of
Italy, in relation to both the pedogenetic processes and the parent material lithology;
- the trace elements distribution in the studied profiles is consistent with
the geochemical behaviour and the rock lithology. A comparison with the
world soil means shows that there are no significant differences, except
for those elements largely utilized in agriculture (Cu, Zn) or because of
pollution (Fb, Cd) or natural" accumulation (Ni, Cr);
- data processing by cluster analysis shows marked correlations between variables (f.i. Al-V, Ni-Cr, Mn-Co). Groups of geochemically homogeneous
samples, which correspond to the great soil families characteristic of each pedological landscape, are also stressed;
- evidence of soil contamination is given by the high levels of some elemen
ts, expecially in the A horizon. Cu and Zn seem to be concentrated in the
Ap horizon of cultivated soils, as stated also by the FAO report on micro
nutrients (1982), while Fb and Cd may be derived from the atmosphere.
The present syntesis gives a first approximation of the "art state" of
the knowledge on the trace element distribution in the soils of Italy. The
geochemical study, associated with the pedological and the mineralogical in
vestigations, enables to get reliable and fairly complete information on the
geochemical cycles of elements in the pedosphere. Besides the absolute valu
es of trace element levels in different soils, these informations may lead
to important applications concerning the nutritional and toxicological aspects of natural and cultivated soils.

- 245 Adsorption/desorption kinetics of herbicides in an aqueous suspension
of soil
J.J.T.I. Boesten & L.J.T. van der Pas
Institute for Pesticide Research, Marijkeweg 22, 6709 PG Wageningen,
the Netherlands
In a review, Calvet (1980) stated that desorption of herbicides by soil
is generally slower than adsorption and that herbicide-soil sorption isotherms frequently exhibit hysteresis. Both statements were tested in the
present study as follows. Results of measurements on adsorption kinetics
and equilibria were used to determine the parameters in a mathematical model
for sorption kinetics. Thereafter predictions of the model were tested against results of measurements of desorption kinetics and equilibria.
As soil aggregates are porous, the sorption sites can be divided into two
types, as a first approximation, with different kinetic properties: sites
of one type on an external surface; of the second type inside the porous
aggregates on an internal surface. In the resulting two-site model, it is
assumed that the overall sorption isotherm satisfies the Freundlich equation. The two-site model is described as
d V d t = *i C/i K- c*/n

~ Jfj)
1/n

d*2/dt = k2 ((1-/,)X o

- X2)

(1)
(2)

in which
X1, X

are contents sorbed at type-1 and type-2 sites,
(kg kg- 1 )
respectively
t
is time
(d)
fej, kt are sorption rate constants for type-1 and type-2
(d- )
sites, respectively
ƒ*!
is fraction of type-1 sites
K
is the Freundlich coefficient
! > kg- ./»)
1/n
is the Freundlich factor
a
is mass concentration of herbicide in the liquid
(kg m - 3 )
phase

(o

Equations 1 and 2 were solved numerically with a computer program written in the simulation language CSMP.
Sorption experiments were carried out with the herbicide metribuzin and
a loamy sand soil (clay content 0.03 kg kg - 1 ; organic matter content 0.02
kg kg - ). All experiments were done in triplicate at 19 °C in a suspension
of 5 g of soil in 5 cm of water containing the herbicide and CaCl2 at a
concentration of 10 mol m _ . Initial herbicide concentrations ranged between 0.01 and 10 g m - . The suspension was continuously mixed on a rotating disk. The sorption isotherm had equilibrated in 2k h. Desorption was
induced by shaking the suspension for 1 h and replacing 3.5 cm of supernatant by an equal volume of herbicide-free CaCl 2 solution. The herbicide
was radioactively labelled ( l*C) and herbicide concentrations in the liquid
phase were measured by liquid scintillation counting. It was assumed that
no transformation of herbicides occurred (all experiments lasted not longer
than 25 h ) .
It was found that the measured sorption isotherm could be described rather well with the Freundlich equation. Values of the factor 1/n (0.89) and
the coefficient K (0.15 m '" kg '") were derived from the measured isotherm
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by linear regression analysis. Values of the quantities kt (1100 d - 1 ) , fc2
C* d ) and f\ (0*7**) were derived from measured adsorption kinetics by curve fitting techniques described by Birta (1977). Description of measured adsorption kinetics by the model was quite satisfactory (Fig. 1 ) .
The model based on adsorption measurements predicted measured desorption
kinetics quite well (Fig. 2 ) . Also the equilibrium concentration 2U h after
the desorption step was predicted quite well. Thus both statements from the
literature were refuted in this study.
A similar study with the same soil and another herbicide (cyanazine) led
to the same conclusion.
Curl & Keoleian (1981») suggested that 'implicit adsorbates' were responsible for the hysteresis effects found in the literature. In the present
study, we checked whether such sorbates occurred in the sorption system and
they were not found.
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Erratum: The value given for the Freundlich coefficient in the last line
of the first page (0.15 m 3 / " k g _ 1 / " ) is wrong; th< correct value
is 0.15-10 -3 m 3 7 " kg" 1 '?
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APPROXIMATE SOLID ACTIVITY COEFFICIENTS OF TRACE ELEMENTS IN SOILS
Hinrich L. Bohn and Robert K. Bohn
Dept. of Soil and Water Science, Univ. of Arizona, Tucson, AZ 85721
USA., Dept. of Chemistry, Univ. of Connecticut, Storrs, CT 06268
USA.
The concentration of ions in the aqueous phase of soil suspensions
depends on the solubility of the solid phase. Current models of solubility assume that it depends only on the solubility of a pure mineral containing that ion, without considering the chemical activity of the ion on
the surface of the soil solid phase.
The activity of a major component of soil solids and surfaces deviates only slightly from unity. The activity of a minor solid component is
much less than unity if the component is part of a solid solution, is an
isomorphous substitute in other soil minerals, or is part of a mixture on
soil surfaces. Assuming that trace elements exist as solid solutions in
soils may be reasonable simply because their low concentration allows a
high proportion of them to be isomorphous substitutes in alurainosilicates
and sesquioxides.
On soil surfaces and in soil solids, a cation's ligands are oxide and
hydroxyl ligands. This chemical similarity lends credence to the assumption that some degree of homogeneity exists for trace elements throughout
the solid phase.
The difference in chemical structure between interior
and surface would be a second^order effect. This partial homogeneity contrasts with the almost-total inhomogeneity between the surface and interior in the case of the major exchangeable cations.
The assumptions of solid solution and homogeneity of the solid phase
permit the application of the conventional extrathermodynamics of ion activities to the solid phase. Literature data were used to calculate ion
activities from the equation
u = u° + RT In g X
where u represents the ion activity product of the component in the aqueous solution, u° represents the solubility product of the component when
pure, X is the mole fraction of the component in the solid phase, and g is
the solid activity coefficient. The solid activity coefficients for transition metal ions varied between 1 and 10. Considering the analytical errors, an average value of 3 might better describe the activity of these
ions in the solid phase. Carbonate and sulfate ions had much higher activity coefficients, due to their tendency to form separate solid phases
rather than to coprecipitate with aluminosilicates and sesquioxides.
Such approximate solid activity coefficients should yield better predictions of trace metal solubility in natural waters. The treatment accounts for the common observations that the ion's solubility in the aqueous phase depends upon its concentration in the solid phase and that the
ion activity products of minor soil components at equilibrium are usually
much less than the solubility products of those components as pure minerals.
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ACIDE DE BRETAGNE.
S. BOURGEOIS, M-A. ABDEL AZIZ
Laboratoire de Science du Sol, I.N.A. Paris-Grignon, 78850 ThivervalGrignon. FRANCE
Dans de nombreux élevages intensifs de Bretagne, le lisier est devenu
une source importante d'éléments fertilisants. Toutefois, les apports massifs de lisier de pore ont conduit, dans ces quinze dernières années, a des
enrichissements excessifs des horizons superficiels des sols en Cu et Zn ;
des phénomènes de phytoxicité pourraient apparaitre assez rapidement si les
pratiques actuelles étaient poursuivies.
Pour prévoir ces risques, la connaissance des facteurs influencant les
phénomènes d'immobilisation ou de mise en solution de ces elements dans les
sols est done indispensable, et plus particulièreraent celle du role du pH,
susceptible de variations importantes avec les pratiques culturales dans les
sols acides.
C'est pourquoi 1'objectif de notre étude est d'estimer 1'influence de
ces variations de pH sur 1'immobilisation du Cu et du Zn dans des sols acides.
Le travail présenté porte sur les horizons supérieurs de sols bruns
acides sur granite. Ces horizons tres limoneux, ä structure microgrumeleuse,
présentant une porosité importante (horizon éluvial) sont pauvres en matière organique (< 1 %) et tres acides (pH U,5 ä 5) ; la fraction argileuse
(< 2u) est constituée essentiellement d'argile du type vermiculite hydroxyalumineuse.
.
, ..
...
. ., . . .
Cette étude repose sur l'obtention des isothermes d'immobilisation du
cuivre et du zinc pour différentes valeurs de pH (figure 1 ) .
- La gamme de pH retenue (^,5 ä 6,5) correspond a des valeurs susceptibles
d'etre couramment rencontrées dans les sols granitiques du Massif armorinotamment en cas de mise en valeur agricole de ces sols.
Figure 1 :
ISOTHERME D'IMMOBILISATION
DU Cu ET DU Zn PAR LE SOL EN
FONCTION DU pH.
X M et X M représentent la
fraction ionique équivalente
de M en solution et en phase
adsorbée
M : Zn++

M : Cu++
milieu : C a ( N 0 3 ) 2 - 10 3„

L'immobilisation du Cu et du Zn augmente avec le pH ; eile semble due
principalement a 1'adsorption sur la fraction argileuse (< 2u) :
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- La precipitation de minéraux intervient peu : les solutions ä 1'équilibre
avec la terre pour la gamme de pH étudiée sont sous saturées par rapport
aux principaux composes minéraux (phosphates, carbonates, hydroxydes) susceptibles de se former avec Ie Cu et Ie Zn.
- La terre et la fraction argileux (< 2\x) ont un comportement similaire.
L'augmentation de 1'adsorption avec Ie pH a principalement pour origine la
presence dans Ie sol de minéraux argileux ä charges de surface variables ;
1'étude de la variation de charge nette par la methode des courbes de titration potentiométrique montre un accroissement important de la charge negative avec Ie pH (+ 150 % entre pH 5 et 6 ) .
La sélectivité croit avec Ie pH pour Ie Cu et Ie Zn. Elle est différente entre les deux elements :
- Le sol présente une forte sélectivité vis-a-vis du Cu quel que soit Ie
pH.
- Pour le zinc au contraire, nous observons une inversion de sélectivité ä
partir de pH = 5,5. En-dessous de pH 5,5, 1'adsorption du Zn par le sol est
faible ; eile est pratiquement nulle ä pH ^t,5.
Ainsi, 1'intensification de 1'agriculture peut certes jouer un role
direct sur 1'enrichissement de ces sols en Cu et Zn (apports sous forme
d'engrais, de lisiers...), mais son role indirect, par le biais des modifications de pH paraït tout aussi important pour prévoir 1'accumulation et la
mobilité de ces cations métalliques.
SUMMARY
The immobilisation of Cu and Zn by the surface horizons of an acid
soil of Bretagne (France) developed on granite parent material was studied
under different pH conditions.
The results showed that there was an important increase in immobilisation of these elements with the pH (more important for zinc than for copper).
On the contrary the selectivity was more pronounced for copper than for
zinc in this soil.
This immobilisation is essentially due to adsorption of these elements
by the clay fraction (< 2\i). This fraction present a variable surface charge : such a negative charge inereuse with pH (+ 150 % between pH 5 and 6 ) .
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DERIVATION OF LAND QUALITIES TO ASSESS ENVIRONMENTAL PROBLEMS FROM
SOIL SURVEYS
A. Breeuwsma, J.H.M. Wösten, J.J. Vleeshouwer, A.M. van Slobbe &
J. Bouma
Soil Survey Institute, P.O. Box 98, 6700 AB Wageningen,
The Netherlands
A digitized soil map, scale 1 : 50 000, of a sandy area of 2000 ha in the
Netherlands was used to derive interpretive maps showing gradations of
three land qualities of importance in assessing environmental problems.
An Interactive Graphic Computer System (IGS) was used. The land qualities
calculated from soil properties of the unsaturated zone, were: (i) travel
times of water, (ii) cation exchange capacity, and (iii) phosphate sorption capacity. Transfer functions were defined, relating soil characteristics (texture, organic matter content, and oxalate-extractable Al and Fe,
integrated across horizons designation) to the land qualities. Water-table
levels were defined in terms of the mean highest (MHW) and the mean lowest
(MLW) levels. Land qualities were expressed in terms of classes that spanned the range of observed spatial variability. The IGS system can produce
interpretive maps from the soil map almost instantly, given selected inputs such as specified water-table levels.
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J. M. Bremner and G. W. McCarty
Iowa State University, Ames, Iowa USA
World consumption of fertilizer nitrogen (N) has increased at a phenomenal rate
during the past 30 years, and there is international concern that continuation of
this trend will have adverse effects on environmental quality and public health.
Briefly, the concern is that intensive use of fertilizer nitrogen will lead to
increased nitrate levels in ground and surface waters, and that this in turn will
lead to increased eutrophication of lakes and streams and to health hazards to
livestock and humans (particularly infants) through nitrate enrichment of drinking
water. Also, there is concern that excessive N fertilization will produce nitrate
levels in vegetables and feed that are toxic to infants and livestock and may
promote formation of cancer-producing nitrosamines in food.
One of the most promising approaches to reducing the potential environmental
problems associated with the use of N fertilizers and to increasing the recovery of
fertilizer N by crops is to find compounds that will effectively inhibit oxidation
of ammonium to nitrate by the nitrifying microorganisms in soils. This approach has
received considerable attention during the past 20 years, and numerous compounds
have been patented or proposed for inhibition of nitrification in soil, but only
nitrapyrin (N-Serve), etridiazole (Dwell), and dicyandiamide (Didin, DCD) have
gained significant acceptance.
Work published in 19791'1 showed that acetylene (HCiCH), a gaseous acetylenic
compound, is a very potent inhibitor of nitrification in soil. This suggested that
nongaseous substituted acetylenes might be effective as soil nitrification
inhibitors. To test this possibility, we recently determined the effects of 15
monosubstituted (HC:CR) and 6 disubstituted (RCiCR') acetylenes on nitrification in
soils treated with ammonium sulfate. We found that most of the compounds tested
inhibited nitrification in soil and that some were potent inhibitors of nitrification. 2-Ethynylpyridine and phenylacetylene were the most effective of the 21
acetylenic compounds evaluated as soil nitrification inhibitors, and acetylene
monocarboxylic acid, acetylene dicarboxlic acid, and 2-butynoic acid were the least
effective.
Table 1 shows results obtained in a comparison of the effectiveness of 2ethynylpyridine, phenylacetylene, and other compounds for inhibition of nitrification in soil. To perform this comparison, we determined the effects of different
amounts of the test compounds on production of (nitrite + nitrate)-N in soils
incubated at 25°C after treatment with 200 eg N g"1 soil as ammonium sulfate. The
soils used were selected to obtain a range in pH (5.9-8.1), texture (11-57% sand,
20-40% clay), and organic C content (1.2-4.2%). The data in Table 1 show that 2ethynylpyridine, and phenylacetylene compared favorably with N-Serve and Dwell for
inhibition of nitrification in soil and that these acetylenic compounds were
considerably more effective than other compounds patented or proposed as soil
nitrification inhibitors.
We could not confirm work suggesting that phenolic acids and tannins are potent
inhibitors of nitrification in soils 3 " 5 (Table 1). Also, in work prompted by a
recent suggestion that ammonium thiosulfate merits evaluation as a soil
nitrification inhibitor 6 , we found that this compound significantly inhibits
oxidation of ammonium in soil only when it is applied at very high rates (Table 1)
and that, when applied at such rates, it causes accumulation of substantial amounts
of nitrite.
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Table 1. Effectiveness of various compounds for inhibition of nitrification in soils*
Amount added
Compound

% Inhibition of nitrification
Ranged
Average

( l ' ( J"1 ••>")

2-Ethynylpyridine
Phenylacetylene
Etridiasole (Dwell)
Nitrapyrin (N-Serve)
4-Amino-l,2,4-triaxole (ATC)
2,4-Diamino-6-trichloro-methyl
triasine
2-Amino-4-chloro-6-methyl
pyridine (AM)
Guanylthiourea (ASU)
Sulfathiasole (ST)
4-Mesylbensotrichloride
4-Nitrobensotrichloride
Potassium aside
N-2,6-Dichlorophenylsuccinamid« (DCS)
Sodium thiocarbonate
Thioursa (TU)
2-Mercaptobensothiasol« (MBT)
Dicyandi&mid« (DCD)

87

5

79-100
62-98
61-97
45-94
41-90
24-55

6

14-63

37

5

25

5

9-35
8-24
2-11
2-12

5

0-5

3

1

0-5

3

5

0

0

5

0

0

5

0

0

5
5
5
5
5

5
5

77
76
65
62
41

17
7
6

5
10
50

6 28
19-35
78-90

19
26
83

Phenolic acidsC

10
100
250

0-1
0-7
0-28

1
2
5

Tanninsd

10
100
250

0-1
0-1
0-8

0
1
2

Ammonium thiosulfat«

10
100
500

0-2
0-6
14-44

1
3
29

»Soil samples (20 g) were incubated at 25°C for 25 days after treatment with 6 ml
water containing 4 mg of N as ammonium sulfate and 0-500 fig g-1 soil of the
compound specified.
b Results obtained with three soils (Harps, Webster, and Storden)
Cp-Hydroxybensoic,
chlorogenic acid.

p-coumaric,

vanillic,

ferulic,

caffeic,

ellagic, gallic,

^Mangrove, quebracho, mimosa, chestnut, or sumac.

Summary
Work reported indicates that 2-ethynylpyridine, phenylacetylene, etridiazole
(Dwell), n i t r a p y r i n (N-Serve), and 4-amino-l,2,4-triazole (ATC) are the most
effective compounds thus far proposed for inhibition of nitrification in soil.
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- 253 Die Wirkung von Auftausalz (NaCl) auf Bodeneigenschaften und
Möglichkeiten zur Melioration beeinflußter Standorte.
H.-G. Brod und E. Zehler
Landwirtschaftliche Forschungsanstalt Büntehof, Bünteweg 8,
D-3000 Hannover-Kirchrode
Verkehrsbereiche gehören zu den am stärksten vom Menschen beeinflußten Lebensräumen. Beim Straßenbau kommt es zu Veränderungen der physikalischen,
chemischen und biologischen Bodeneigenschaften, die durch Stoffeinträge als
Folge von Verkehrsemissionen noch verstärkt werden. Hierzu zählen auch die
Auftausalze, die zur Beseitigung von Schnee- und Eisglätte auf Fahrbahnen
und Gehwegen aufgebracht werden.
Die Anwendung von Auftausalzen ist in Abhängigkeit von den Witterungsbedingungen erheblichen Schwankungen unterworfen. Der durchschnittliche jährliche Verbrauch in der Bundesrepublik Deutschland liegt bei 1,4 Mio t. Von
den auf die Fahrbahnen ausgebrachten Tausalzen gelangt der kleinere Teil
auf den Randzonenbereich der Verkehrswege; der überwiegende Teil der Salze
wird mit den Straßenabflüssen in die Vorfluter transportiert.
Mit dem Eintrag leichtlöslicher Salze (z.B. NaCl) in das Bodensubstrat ist
eine Erhöhung der Ionenkonzentration in der Bodenlösung und damit ein Anstieg ihres osmotischen Potentials verbunden. Da zwischen den gelösten und
sorbierten Ionen ein Gleichgewicht besteht, führt eine NaCl-Zufuhr zu einer
Erhöhung der Natrium-Sättigung der Bodenkolloide. Das stark hydratisierte
Natriumion (Na+) bewirkt bei unzureichender Calcium-Sättigung eine Dispergierung der Bodenaggregate in Einzelkornstrukturen, wobei das Ausmaß der
strukturellen Beeinflussung des Bodens von der Korngrößenzusammensetzung
und der Gefügeform abhängt. So steigt u.a. die Dispergierung sowohl mit dem
Tongehalt als auch mit der Natrium-Sättigung.
Diese mit Modellböden erzielten Ergebnisse lassen sich jedoch nur begrenzt
auf Böden im Straßenrandbereich übertragen. So führt das Auskoffern der
Trassen beim Straßenbau und Auffüllen mit verschiedenen Bodenmaterialien
(u.a. Geröll, Kies, Sand) zu einer starken Umgestaltung des Straßenbereiches. Es handelt sich also um gestörte, sehr heterogene Bodenverhältnisse,
wobei Skelett-, kalk- und humusreiche Substrate in unregelmäßiger Lagerung
überwiegen. Unter diesen Voraussetzungen sind die vom Na+ theoretisch zu
erwartenden Bodenverdichtungen als gering einzuschätzen, zumal Untersuchungen, in denen hohe NaCl-Mengen auf natürlich gelagerte Waldböden ausgebracht wurden, zeigen, daß vom Na+ keine tiefgreifenden Veränderungen des
Bodenwasser- und Bodenlufthaushaltes zu erwarten sind.
Die Straßenrandböden weisen in der Regel eine Unterversorgung mit den
Pflanzennährstoffen K, Mg, P und Mn auf, während Ca, Na und Cl häufig im
Oberschuß vorliegen. Eine dem Standort und der Gehölzart angepaßte Zufuhr
der fehlenden Nährstoffe kann unharmonische Nährstoffverhältnisse korrigieren. Zusätzlich zu dieser Meliorationsdüngung der Straßenbäume ist eine
ausreichende Wasser- und Luftversorgung der Wurzeln sicherzustellen.
Bei der Melioration von Straßenrandböden sollte das osmotische Potential
der Bodenlösung durch eine Düngung nicht wesentlich angehoben werden, um
mit dem Vorteil der NährstoffWirkung nicht den Nachteil einer Erhöhung der
Bodensalinität eintreten zu lassen. Um dies zu vermeiden, empfiehlt sich
die Verwendung spezieller Mineraldünger, in denen die Nährstoffe in einer
kontinuierlich löslichen Form vorliegen, die gleichzeitig dem speziellen
Nährstoffbedarf der Pflanzen gerecht werden, und die einen geringen Gehalt
an nicht gewünschten Begleitionen, wie z.B. Chlorid, aufweisen.
Durch eine gezielte,den Witterungsbedingungen angepaßte und dosierte Aus-
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sind Maßnahmen zur Verbesserung des Wasser- und Lufthaushaltes der Böden
sowie der Nährstoffversorgung der Pflanzen durchzuführen, um die im allgemeinen ungünstigen Wachstumsbedingungen des Straßenbegleitgrüns optimaler
zu gestalten. Bei Berücksichtigung dieser Gesichtspunkte werden grundlegende Voraussetzungen zur Erhaltung unseres Baumbestandes in den Verkehrszonen
im inner- und außerörtlichen Bereich geschaffen, ohne auf die für Leben und
Gesundheit der Menschen als vorrangig einzustufende Sicherheit im Straßenverkehr zu verzichten.
Summary: The effect of deicing salt (NaCl) on soil properties and possibilities for ameliorating influenced soils.
The natural function of the soil as a rooting place for plants is strongly
limited in road verges. The soils of the built-up embankments are subjected
to mechanical impacts from the beginning of construction up to the running
phase. Moreover, the influence of traffic emissions including deicing salt
- indispensable for road safety in winter maintenance - has acquired increasing importance. High sodium concentrations in the soil solution are associated with a high exchangeable Na + percentage which may alter the physical
properties of the soil esp. aggregation, permeability and aeration. Technically improved salt spreading on the roads optimizes the rates, distribution and effectiveness of the salt and minimizes the influences on soils
and vegetation. The salt-influenced soils often show higher contents of Ca,
Na and Cl but are mainly undersupplied with K, Mg, P and Mn. The ameliorative fertilization with Cl-free mineral fertilizers, adequated to the
nutrient status may correct the plant nutrient relationship in soil and
trees. Together with other soil improvement measures e.g. soil conditioning
and irrigation, fertilization will grant better growing conditions for the
vegetation under stress on verges and central reserves.
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Introduction: Iron oxides are important buffer systems in soils and exert
a significant control on the concentration of trace metals in soil
solution. Therefore, natural iron oxides are often associated with relatively high amounts of trace metals which are not only bound to surface
sites but are also occluded inside the oxide particles. However, there is
little
information on the detailed mechanisms of
incorporation.
Crystalline iron oxides - especially goethite - exhibit defect structures
in which metals can be incorporated to compensate charge imbalances. It is
a generally accepted view that trace metals are first coprecipitated with
iron or adsorbed at surface sites of the oxide and then occluded by
subsequent precipitation of fresh iron oxide.
The present investigations were carried out to get more informations about
the adsorption and fixation processes of heavy metals by goethite. A
particular aim was to study the possibility of diffusion of metals into
goethite particles. For this purpose the influence of reaction time and
temperature on the adsorption of Ni, Zn and Cd were measured as a function
of pH. The metals Ni, Zn and Cd were chosen for this study because of
their relatively high mobility in soils and their importance as trace
metals and/or potentially toxic metals in the environment.
Material and Methods: A synthetic goethite was prepared and the crystallinity checked by X-ray diffraction analysis. Electron micrographs show that
the goethite exists mainly as needles or laths with a length of 500 to
1000 Ä and a thickness of about 100 8. The adsorption and diffusion
reactions of Ni, Zn and Cd were studied over a range of metal concentrations (0.5 to 50 /imol/g goethite), pH values (4 to 8 ) , reaction times (2 h
to 42 d) and temperatures (5 to 35 C ) . The metals in solution or adsorbed
on goethite were measured radroisotopically using the radioisotopes Ni-53,
Zn-65, and Cd-109.
Results: The adsorption of Ni, Zn and Cd is strongly pH dependent and
increases within a narrow range of pH 5 to 7 from about 0 to 100 %. Metal
adsorption also increases with reaction time and temperature. At reaction
conditions close to equilibrium (20 C, 42 d) the pH values of 50 %
adsorption of the metals added (pH-50, Tab. 1) indicate a decreasing metal
affinity for goethite in the order Zn > Ni > Cd. The pH-50 values of the
three metals are closely related to the respective pK-values of their
first hydrolysis constants and are about 4.5 pH units lower than the
latter values (Tab. 1).
An initially rapid adsorption within a few hours is followed by a rauch
slower reaction which is linearly related to the square root of time and,
thus, can be described by Fick's second law of diffusion. Studies about
the desorption of adsorbed metals and about differential dissolution of
goethite show that a considerable part (till to 85 %) of the adsorbed
metals had penetrated into the goethite particles. The relative diffusion
rates (RDR) of the penetration process of the three metals are strongly
influenced by pH. Maximum RDR values (RDR max) occur at pH values (pH-
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Zn, Ni, and Cd, and pH-50, pH-RDR max, RDR max, and ED values of
these elements for an initial metal concentration of 10f-6 M
(0.5/jmole/g goethite)
pK^

ionic
radii
(pm)

Zn

9.0

74

Ni

9.9

Cd

10.1

pH-50
(20°,42 d)

pH
(RDRmax)

RDRmax
(jumol-g"1
-h' 1 7 2 )

ED
(kJ-mol" 1 )

4.5Ü

5.1

0.016

90

69

5.44

6.1

0.021

35

97

5.67

6.0

0.008

55

* pK. of the reaction M 2 + + H,0 = M0H + + H +
RDR max), which are about 4 units lower than the respective pK-values
(Tab. 1). The RDRmax values decrease in the order Ni> Zn > Cd and are
both influenced by the ionic radii (Ni < Zn < Cd) and the binding strength
of the metals adsorbed on external sites of the goethite particles. The
latter can be described in part by the activation energy of diffusion
(ED), which is necessary to overcome the energy barriers for the diffusion
of metals into the goethite particles. The ED values increase in the order
Ni < Cd < Zn (Tab. 1) and, thus, reflect the order of increasing metal
affinity for goethite surfaces. The diffusion coefficients (D) for the
diffusion of the three metals into the goethite particles range from about
10t-19 to 1M-20 citrt2 -secl-1.
Our view about the reactions of heavy metals with goethite involves (1)
adsorption of metals on external surfaces, (II) metal diffusion into the
goethite particles, and (III) metal binding at positions inside the
goethite particles. The generall parameters of these processes (pH-50,
RDR, pH (RDR max), ED, D) are related to the hydrolytic properties (pKvalues) and the ionic radii of the three metals.
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by T. L. Bulman, P. J. A. Fowlie, S. Lesage and M. D. Webber,
Environment Canada

Application of industrial wastes to land has been practiced in Canada,
traditionally as a method of waste disposal. Typically, wastes have been
applied in a repeated fashion to dedicated land areas, as practiced by the
oil refining industry. Application to land is used to dispose of 17.9% of
oil industry solid waste and is the least costly method ($9.1 per ton).
Incineration accounts for disposal of 6.9% of refinery solid waste ($71.8
per ton), deep well injection 1.4% ($35.6 per ton) and other (unspecified)
methods 8.5%. Landfilling (35.7%, $16.3 per ton) is used predominantly for
general garbage which cannot be disposed by other methods (Petroleum
Association for Conservation of the Environment, 1980).
In applying waste to land, the objective is to use soil microorganisms to
degrade the organic constituents of the waste, reducing both waste mass and
toxicity. Disadvantages arise if the waste contains material which is
highly toxic and mobile, either through volatilization or leaching through
soil to the groundwater table. In addition, repeated application of waste
to soil may prove costly if toxic constituents accumulate with time and
necessitate expensive cleanup operations upon site decommissioning.
Environment Canada is currently exploring ways in which land treatment can
be optimized for certain industrial wastes, while assessing the fate of
specific organic constituents and their impact on the environment.
The primary region of oil production in Canada is in the western provinces
and research conducted there has involved primarily degradation of oil
field production wastes, such as drilling muds, slop (nonrefinable) oils,
and crude oil spills. These studies have involved identification of
degradation rates for oil and specific organic constituents of the waste
material, monitoring of contaminants with depth in the soil profile and in
groundwater, assessment of the sensitivity of various cover crop species
and assessment of remedial measures such as intensive cultivation and
addition of carbon (charcoal).
Studies at the Wastewater Technology Centre (WTC) have involved waste from
the oil refining industry in eastern Canada, with particular attention to
the fate and degradation of polynuclear aromatic hydrocarbons (PAH's) when
applied to soil.
The fate of PAH's was studied initially by adding a suite of eight PAH's,
ranging in size from two aromatic rings (naphthalene) to five aromatic
rings benzola)pyrene , to unacclimated soil as pure chemicals. The
purpose was to identify loss kinetics and the distribution of parent
chemical and products between volatilized, extractable and solid phase
residual fractions. It was observed that native soil microorganisms
adapted to and degraded all eight PAH's. Other mechanisms of loss from soil
included volatilization and binding to soil solids. The low molecular
weight PAH's were quickly lost from soil (90% loss within 200 days),
however an extended period was required before loss of chrysene,
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days). Loss kinetics generally did not approximate a single first order
reaction over the entire incubation period, but suggested either a two
stage reaction or a reaction order >1. First or zero order kinetics were
sufficient, however, to estimate the time required for loss of up to 90% of
each compound and the corresponding half lives are summarized in Table 1
for two levels of PAH addition.
Table 1. Half Lives Calculated on the Basis of First or
Zero Order Models, for a Suite of Eight PAH's added to
Unacclimated Soil as Pure Chemicals
PAH

Naphthalene

Half Life
5 mg kg"1
added
(days)
12a

Half Life
50 mg kg-1
added
(days)
12a

First Order
Phenanthrene
Anthracene
Fluoranthene
Pyrene
Benzo(a)anthracene

9.7
17
39
58
240

14
45
34
48
130

Zero Order
Chrysene
Benzo(a)pyrene

328
347

224
218

a

Time in which 100% loss was observed.

A subsequent study compared the fate of 14 C labelled benzot a)pyrene in
soil taken from an oil refinery landfarm with that in agricultural soil.
The study indicated that biodegradation of PAH's in landfarm soil was
substantially enhanced over that in agricultural soil. This effect may be
due to prior exposure of organisms to aromatic hydrocarbons, the
availability of other organic substrate (the landfarm soil contained 10%
organic carbon, 6% oil), and high overall microbial activity. Addition of
nitrogen and phosphorous also enhanced degradation. Approximately 80% of
total '*C was recovered as benzot a)pyrene after 145 days. The apparent
loss of 20% was accounted for as evolved 1*C02 (7% landfarm, 0.06%
agricultural), low molecular weight volatile organic compounds (0.1%
landfarm, 0.2% agricultural), hexane/acetone extractable products in soil
(3% landfarm, 0.2% agricultural) and binding of unidentified compounds
bound to the soil matrix (4% landfarm, 9.6% agricultural). The remaining
14
C (5.9% landfarm, 9.9% agricultural) which was not recovered was
presumed lost during analysis.
The results indicate that there is potential for degrading recalcitrant PAH
compounds through appropriately controlled land application. Many
questions regarding optimization of soil management practices and the
toxicity and fate of possible metabolites, however, remain to be answered.
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P. CAMBIER, C. PICOT
I . N . R . A . S t a t i o n de Science du Sol - 78000 VERSAILLES

Ts Fe active with nespect to physical pfwpeAties oh feAAoHitic matehiaJ, 1
This question -Li tiaised back with the. help of well known selective
dissolution methods. HoweveA it is possible to isolate the vaAiouA meoxntsms of the
treatments, to lowen. considerably the amounts of, dissolved eX.me.nts, and finally it is found that the change in physical pnopeAties is not nelated to
any dissolved element but it is njxtheh. nelated to the type of chemical action.
OtheA data lelative. to the chemisotption of, some caA.box.ylicacid on the (,eAKallitic association and some of its constituents
(kaolinite., -Own oxide and
hydroxide.) put in evidence the various natuAzs of, surfaces and their, areas.
The question of relation between clay and oxide is conclusively leviewed in
terms of, chemical bonds between solid phases lather than in terms of coating
soluble by any treatment.
Introduction :
L'influence des hydroxydes ou Oxydes de fer et d'alumini um sur les propriétés physiques et physico-chimiques des matériaux de sols est bien démontrée l o r s q u ' i l s ' a g i t en f a i t d'associations préparées au l a b o r a t o i r e . Encore
la r é a c t i v i t é de ces oxydes et 1'ampleur des modifications q u ' i l s apportent
aux propriétés des argiles ou autres minéraux sont elles fonction du mode de
preparation de ces associations. Considérant 1'autre approche, è savoir la
modification des propriétés de matériaux naturels lorsqu'on a g i t sur 1'un
des constituants ( l a phase "amorphe" minerale), les travaux publiés ne sont
finalement pas unanimes ni d é f i n i t i f s . l i s i n s i s t e n t tantSt sur Ie " f e r
a c t i f " , tantSt sur " 1 'Al a c t i f " , ou encore sur la matière organique en teneur
assez f a i b l e .
I l est possible de considérer des matériaux de sols pour lesquels la
matière organique ne joue pas Ie r61e determinant : des horizons B de sols
f e r r a l l i t i q u e s , simples et cependant largement répandus, permettent certainement d ' i s o l e r Ie phénomène de 1'association de 1 ' a r g i l e ( k a o l i n i t e ) avec des
oxydes métalliques (oxydes et hydroxydes ferriques) tout en présentant un
i n t é r ê t pratique ( I e fonctionnement de ces horizons est important d'un point
de vue hydrodynamique notamment).
Methodes :
On u t i l i s e è nouveau les techniques de dissolutions chimiques "sélect i v e s " en mesurant les modifications des propriétés physiques après t r a i t e ment. Cependant i l est possible d ' i s o l e r chaque mécanisme d'action des
solutions d'attaques (pH, reduction, complexation) et de diminuer considérablement les niveaux d ' e x t r a c t i o n de t e l ou t e l element. En ce qui concerne
les propriétés physiques, on se contente de produire 1'analyse granulométrique entre 200 et 0,1 urn obtenue en maintenant constante et f a i b l e 1'énergie
mécanique apportée au Systeme. Cette analyse n'intéresse 1'organisation
du matériau et sa s t a b i l i t é qu'ä une certaine é c h e l l e , cependant e i l e conditionne d'autres propriétés physiques plus macroscopiques : gonflement,
perméabilité.
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surface. Des mesures électrophorétiques complètent 1'analyse granulométrique
ainsi que 1'établissement d'isothermes de f i x a t i o n d'acide c i t r i q u e , la
spectroscopie IR sur des matériaux naturels kaolinite-oxydes de f e r , ou des
oxydes et hydroxydes ferriques purs. L'application de ces methodes vise a
aider dans 1 ' i n t e r p r e t a t i o n des mécanismes de dispersion du matériau par les
r é a c t i f s les plus efficaces (acides carboxyliques, phosphates).
Resultats et i n t e r p r e t a t i o n :
Jnal^sË.9ranyl9!!^tri9u§.ÈBr?5.^ÏÊr5.ïralt§meni!.£!}2ml9yË5 : 1 'uniformisatïörTdü compTixe 3 T ëcningë ävic~Rä~et~TTelevätiön~dü~pH qui porte toutes
les charges de surface au même signe (négatif) ne s u f f i s e n t pas pour disperser les micro-agrégats. Les interactions entre les constituants fins
( k a o l i n i t e , oxyde et hydroxyde ferrique) ne se l i m i t e n t done pas a des forces
électrostatiques.
L'extraction de quantités relativement importantes K °/oo) de Fe (par reduct i o n ) ou Al (par a c i d i f i c a t i o n ) n'entraTne pas la dispersion du matériau. Par
contre, avec des niveaux d'extractions tres faibles ( 6 10 ppm), les contacts
du matériau avec des complexants de Fe et Al ( r é a c t i f Tamm d i l u é , phosphate
en condition oü Fe et Al sont tres peu solubles), suivis de lavages prolongés
avec des e l e c t r o l y t e s i n d i f f é r e n t s puis avec de 1'eau, provoquent la dispersion et on tend è retrouver toute 1 ' a r g i l e minéralogique dans la f r a c t i o n
i n f é r i e u r e au micron. En consequence, Ie phénomène de dispersion des microagrégats est interprété comme Ie r é s u l t a t de la rupture de l i a i s o n s de type
chimique entre les constituants s o l i d e s , par 1'introduction des molecules ou
d'anions dont Ie caractère r é a c t i f v i s - ä - v i s des surfaces d'oxydes est connu
(chimisorption d'acides carboxyliques ou de phosphate sur les oxydes de f e r ,
ou sur certains sites des a r g i l e s ) .
6y£r?§--2DD?§5 : ^ e r é s u l t a t de 1'analyse granulométrique n'est pas
corréïé è la d i s s o l u t i o n d'aucune phase ou element (Fe, A l , S i , M n . . . ) .
I l n'est pas non plus corrélé è la densité de charge du matériau après t r a i tement. Les résultats de spectroscopie IR sur des oxydes et hydroxydes f e r riques ayant été mis en contact avec des r é a c t i f s efficaces du point de vue
de la dispersion soutiennent 1'idée de reaction chimique d i f f i c i l e m e n t revers i b l e entre surfaces et molecules t e l l e s que 1'oxalate. Les résultats de la
f i x a t i o n de c i t r a t e également mais i l s montrent en même temps 1'existence
de surfaces de natures différentes dans Ie matériau naturel kaolinite-oxyde.
Dans ce sens, i l n'existe pas de "coating" qui s e r a i t Ie principal interface
s o l i d e - s o l u t i o n . Les résultats d'analyse chimique des elements e x t r a i t s ,
comme ceux de mobilité électrophorétique, sont globaux et concernent toutes
les surfaces du matériau ; les l i a i s o n s entre constituants solides peuvent
être tres localisées et alors les modifications de charges ou d'éléments
presents aux endroits de ces l i a i s o n s ou de leur rupture peuvent être complètement masquées par ce qui se passe sur 1'étendue des surfaces de d i f f é rentes natures. Un bilan s e m i - q u a n t i t a t i f ne contredit pas cette v i s i o n .
Si aucun element ou phase " a c t i v e " n'est pas nécessairement dissoute
pour démontrer son r61e, ceci ne s i g n i f i e nullement que 1'un ou 1'autre
constituant ne joue aucun r61e dans 1'agrégation et la s t a b i l i t é des sols
f e r r a l l i t i q u e s . Cette étude met seulement en evidence certains mécanismes
d'ordre chimique qui peuvent modifier profondément les p r o p r i é t é s , au
contraire de certains autres mécanismes ( a c i d i t é , reduction ménagée). Bien
sur, les contraintes physiques peuvent également f a i r e évoluer ces s o l s .
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Batch experiments were carried out to ascertain the
effect of fly ash on nitrogen mineralization and nitrification in soil.
Two soils of different origin, and two fly ashes
derived from Poland and South Africa coals were investigated. The soils are classified as Fluvisol and Histosol,
according to the F.A.O. soil legend. The effect of the fly
ash on nitrogen mineralization and nitrification was
investigated by comparing the amount of NH -N and NO -N in
soil samples treated and untreated with the fly asn. Ten
grams of soil were mixed with 0,2,5 and 10% (w/w) fly ash,
moistened to about 70% of their water holding capacities,
and incubated at 25 + 2°C for different time intervals (0,
5, 10, 15, 20, and 30 days). The experimental data were
analyzed by the nonlinear least square method.
The addition of the fly ash to the Fluvisol increased
the amount of the nitrogen potentially mineralizable (NPM),
but decreased the value of the first-order mineralization
rate constant. This was particularly noticeable after the
addition of the fly ash from the South Africa coal. In fact,
in this case the NPH increased from 19.3 to 23.7, 40.5, and
55.4 ug/gr soil, and the rate constant decreased from 0.049
to 0.033, 0.030, and 0.019 day" , following the addition of
0, 2, 5, and 10% fly ash, respectively.
Nitrogen potentially meneralizable in the Histosol was
not affected by increasing amounts of fly ash, both from the
South Africa and Poland coals. Only after the addition of
10% fly ash from the South Africa coal , the NPM increased
about 1.3 times. The mineralization rate constant was always
unaffected.
The effect of the fly ash on nitrification was quite
different. Following the addition to the Fluvisol of both
fly ashes up to the amount of 5%, the nitrification rate
constant was unaffected. This constant decreased suddenly
only after the addition of 10% fly ash from the South Africa
coal.
As far as the nitrification in the Histosol is
concerned, the two fly ashes did not change the value of the
kinetic constant. In this soil the value of the constant was
always about one order of magnitude less than in the
Fluvisol.
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nitrogen mineralization and nitrification were affected by
both fly ash and the type of soil. The Histosol has a higher
concentration of organic matter, even through not completely
humified, and a lower pH than the Fluvisol. Moreover the
buffering capacity was higher in the Histosol than in the
Fluvisol, and this property counteracted the effect of the
fly ash to increase the pH of the soil. This different
ability to change the soil pH could explain, at least in
part, the effects of the fly ashes on nitrification. In
fact, while in the case of the Histosol the addition of the
fly ash did not change very much the pH of the soil, and
nitrification was not statistically affected, in the case of
the Fluvisol the addition of 10% fly ash from the South
Africa coal (the fly ash with higher pH) decreased the rate
constant.
From an agronomic point of view, it could be concluded
that the addition of fly ash up to the rate of 2%, corresponding to about 60 metric tons/ha, does not affect
nitrogen mineralization and nitrification. However, as these
experiments showed, the greatest attention has to be paid to
the danger of any extrapolation. A serious experimentation
must always be undertaken to ascertain possible deleterious
effects of fly ash on soil nitrogen metabolism before its
use in cultivated soils.

This work was supported by Progetto Finalizzato
Energetica 2 (SP Carbone e Idrogeno CB/B4), CNR in cooperation with ENEA, CNR grant.

- 263 ROLES OF PHENOLICS IN SOIL PROCESSES
H. H. Cheng, S. S. Harper, and R. G. Lehmann
Washington State University, Pullman, Washington, U.S.A.
The phenolics are intermediary transformation products of many naturallyoccurring substances and synthetic chemicals including crop residues,
organic wastes, pesticides, and industrial products. The fate and impact
of these compounds in the environment and their roles in various soil
processes are of central importance in understanding interactions taking
place in the soil and in devising means for proper management of soil as a
resource. The phenolics are intimately involved in such diverse processes
as humus formation, podzolization, micronutrient transformation, pesticide
dissipation, allelopathy, and pollution control and abatement. Literature
on the behavior and fate of the phenolics in the soil environment is often
incongruent. There is indication that the reactivity of the phenolics in
soil is not always appreciated.
Many studies have demonstrated the importance of microbial processes
in the transformation of phenolics in soil over an extended period of time.
The central role of microorganisms and biochemical transformations in soil
cannot be ignored. However, we have shown in studies with catechol and its
chlorinated derivatives that two types of processes were involved in
catechol reactions in the soil. Initially, a rapid chemical reaction occurred immediately upon contact of the catechols with soil, followed by biochemical processes that led partly to degradation and partly to a gradual
stabilization of the reaction products. Heats of sorption calculations
based on microcalorimetric measurements taken at initial contact showed
that the catechols were first sorbed to the most energetic sites followed
by less energetic sites. The chlorinated catechols were sorbed predominantly by hydrogen bonds or van der Waals attraction, while catechol itself
was probably sorbed by stronger bonds.
Further studies with a number of phenolic acids have shown that these
compounds reacted readily with soil Fe and Mn to form oxidized products.
Increasing the methoxy substitution on the aromatic ring or increasing the
length of carboxyl side chain increased the reactivity of the molecules.
Whereas p-hydroxybenzoic and p-coumaric acids were relatively unreactive,
ferulic, syringic, and sinapic acids were extremely reactive. The oxidized
products could be readily dimerized, as shown by mass spectrometric data.
Simultaneous with the oxidation of the phenolic acids was the reduction of
soil Fe and Mn oxides to reduced forms of soluble Fe and Mn. Removal of
the Fe and Mn oxides from soil by pretreatment with a sodium dithionitecitrate solution reduced the oxidation of phenolic acids.
Since many metabolic pathway studies were conducted in pure cultures
and the metabolites were isolated and identified in the absence of soil,
the rapid chemical oxidation of phenolics in the soil environment means
that procedures employed in many studies using model phenolics may not
be simulating the actual occurrences in the soil environment. For instance,
we have demonstrated that the pesticide 2,4-D (2,4-dichlorophenoxyacetic
acid) degrades rapidly in soil to CO2, whereas 2,4-dichlorophenol, a metabolite of 2,4-D found in pure cultures, would degrade to a lesser degree
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aerobic conditions, many phenolic metabolic products could undergo rapid
chemical changes upon contact with soil. Procedures developed for extraction of the phenolics from soil must therefore consider their reactivity
in soil. The effectiveness of a citric acid-ascorbic acid-acetone solution
as extractant for the catechols and phenols is considered to be mainly
associated with its ability to maintain the soil at a reduced state, to
complex reactive cations, and to reduce hydrogen bonding between the
compounds and soil surface. When the reactivity of the phenolics is taken
into account, many of the apparent incongruities in the literature on the
fate and behavior of phenolics in the soil can now be explained.
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.Being part of the soil for thousands of years,humic acids
(HA) make it more stable»produce a buffer effect and create a
certain biochemical background.And although the non-specific components of humus being most active may determine a definite biochemical situation in any period of time.it is with HA that the most
important typical soil properties are associated,it is HA that record and preserve in their memory the evolutional chnges that have
taken place in the soil during its lifetime.
On the basis of data on the structure and properties of
HA,D.S.Orlov(;974) suggested their structural fomula.According to
this formula,Che molecule of HA consists of two very differntly
structured fragments:the nuclear and the peripherica! parts.The
nuclear or non-hydrolized part of the molecule consists of condensated aromatic rings linked by short hydrocarbon chains,or oxygen
and nitrogen bridges.Such a structure of the "nucleus" presupposes a considerable stability of it to the impact of microorganisms
and an older,as compared to the HA themselves,14C age.
We isolated HA,determined their elemental composition,made hydrolysis 6 N HCL and defined l4C-age of both HA themselves and
their non-hydrolized part (NHP HA).The results are giv»n in Table
1 an* 2.14C-age of the hydrolyzate was calculated by tne formula
suggested by Martel,and Lasalle(1977),but instead of the value of
NHP HA outcome,we used the share of non-hydrolized carbon,as HA and
NHP HA have different ash and carbon content.
Table 1.
The outcome of the non-hydrolized part of the HA of
Chernozem and Eutric Podzoluvisol and the share of non-hydrolized nitrogen and fcarbon.
Soil :Depth:NHP HA :Content of C : Contènt of S : Share of
horizon
HA : NHP HA : HA : NHP HA: non-hydrol.
cm
%
C :
%
%
N
%
f
Cherno1.88
zem Al^
0-10 66.33 51.66 56.26 3.44
0.39
0.73
10-20 66.67 49.71 53.80 3.42
2.04
0.39
0.75
30-40 78-98 50.63 54.03 3.58
2.01
0.38
0.89
Al
50-60 71.25 50.77 55.57 3.73
2.32
0.80
0.35
ABAB * 70-80 64.66 52.42 54.66 3.11
2.60
0.68
0.67
Eutric
51.17 43.08 57.24 3.94
2.44
Podzolu- 0-3
0.75
0.35
visol
2-? 59.98 44.25 55.50 4.28 2.28 0.77 0.32
As seenfrom Table 1,the share of non-hydrolized carbon in
horizon Al,, of chernozem increases down the profile following the
increase in their radiocarbon age,then in horizons Alp and Ab it
somewhat decreases,which is probably due to difference in genesis
or to fractionation in the soil stratum as a result of migration.
The content of N in chernozem tends to decrease in the lower part
ofLthe humic profile»while the part of non-hydrolized nitrogen in
horizon Al has a constant value and only in horizon AB it sharply
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age of HA in this horizon and by the presence of nitrogen mainly in heterocyclic compounds of the non-hydrolized part of
molecules.
Table 2
The radiocarbon age of HA and of their fragments
in Chernozem and Butric Podzoluvisols
Soil
Horizon: Depth:
Hadiocarbon age.years
cm
: NHP HA
: Hydrolyzate
ü
r
Chernozem Al,
Ö-1Ö 1Ö0C-Ï40
720
1100^30
110-20 1440±50
recent
1980*30
30-40 2400±50
300
2660±40
3170
50-60 4O50±6Q
4230±40
Al.
70-80 4580 + o
3670
5070^50

n

Butric
Al
recent
recent
recent
Podzolu- A1A,
recent
visol
14
^C age of the non-hydrolized part of HA is by 10 to 15%
older than in HA themselves (Table 2 ) in the whole humic-accummulative horizon of Chernozem.'^C age of the hydrolized part
of HA along the Al horizon is close to the recent one and comprises no more than hundreds of years.These facts prove the
presence in the given horizon of biochemical processes which
concern HA,but manifest themselves differently in hydrolized
and non-hydrolized parts of HA.
HA of A„ and AB horizons,which are most ancient,seem to
leave the spnere of the biological cycle.Here '^C age of HA
and their fragments sharply increases.The age of the hydrolized part of molecules is much greater than in the above horizon being correspondingly 3i 1 70 land 3#670 years,
HA of the humic-accumulative horizons of the Butric Podzoluvisols have a much lower,as compared to Chernozem,content of
the hydrolized part.The 1 *C age of HA in Butric Podzoluvisols
and in their fragments is to be recent.Thus,the rate of renewal of carbon of HA in horizons Al and A1A„ is very high for
the nuclear and periphery parts of molecules and comprises
tens or possibly first hundred, of years,while molecules of HA
seem to exchange completely.
We found out that in the upper part of the humic Chernozem
profile,up to 30 or 40 cm,renewal of humic acids follows a fragmentary mechanism,as the hydrolized part of HA renews itself
constantly and has a recent radiocarbon age.The lower part of
the humic profile (Al ? and AB horizons) of this soil also in
considerable measure renews itself according to a fragmentary
mechanism,and the hydrolysate is much younger than the non-hydrolized part and HA themselves,which is possible due to both
partial renewal by periphery fragments,whose "*C age differs
from the present one,and the lowering of the role of this process(fragmentary renewal) with an increase of the role of the
processes of sorption-molecular renewal.In the Eutric Podzoltfvisol with the recent "*C age of HA and the non-hydrolized
part,the process of fragmentary renewal is not decisive and HA
renew themselves mainly by a sorption-molecular mechanism.
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SUMMARY
Although the influence of the soil acidity is known since long
time, there still persists the discussion about the criterion to predict
the lime requirement of an acid soil and about the lime requirement method
to use in a soil testing laboratory.
Vetch (f-tc-ól viJLLoiOL cv. Amoreiras) plants were grown in the green
house on eight widely differing topsoils from Northeast
Portugal.
The
soils were limed at various rates up to near neutrality and the results are
presented elsewhere (2). A positive yield response only occurs in some
of
the soils, being the yield variability across all soils much better explained by aluminum or acid saturation (r=0.93 *** and r = 0.92*** , respecte velly), than by exchangeable aluminum (r=0.71 ) and exchangeable acidity
(r=-0.70*) or by pHH20 (r = 0.58 n.s.) or pH K C i (r=0.57 n.s.).
Thus the aluminum or acid saturation in the effective C.E.C.seems
to be a good criterion to determine whether a soil should be limed or not
and a critical level of about 20% was obtained for this crop when the Cate-Nelson graphical method (6) is used for all soils (Fig. ! ) •
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Fig. 1 - The relationship between Al saturation and
percent yield in the eight soils used.
About the chemical method to determine the quantity required
of
lime, it is refered by others authors (1,4) that IM KCl extractant is significantly less effective than 0,33 M LaCl3 in removing aluminum organically
bound, like the results also show for one of the soils. Thus when the lime
requirement is based on KCl-exchangeable aluminum, soils containing organic
matter had a large amount of residual KCl-exchangeable aluminum. The lime
rate predicted by the aluminum removed with LaCl3 reduced the residual KC1-aluminum to less than 20/5 of saturation in C.E.C. for all soils. Although
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it seems do not be justified, since in soils with high organic matter c o n tent the toxicity effect of aluminum is not so dramatic (3,5) and the maximum yield
is obtained with a higher residual KCl-exchangeable aluminum
saturation and a lower pH than in soils containing very few organic matter.
RESUME
Avec huit soils différents du Nord-Ouest du Portugal a été realisie une experience em vaseaux avec Vi.cJjl V-M.O&CL cv. Amoreiras avec des
différents niveaux de calcaire. II est evident que la variété de la production relatif obtenue pour tous les soils s'explique mieux a cause de la saturation de 1'aluminium ou de 1'acciditée qui se trouve en C.T.C. sans aucun autre paramitre. Le niveau critique de saturation de 1'aluminium observe est a peut-pret de 20%. De cette facon le degré de saturation des cations
accides dans le C.T.C. nous donne 1'impression d'etre un bon critire dans la
definition si a un soil ondoit appliquer ou pas du calcaire. Au sujet de le
métode laboratorial, le LaCl. soit le meilleur extrait de 1'aluminium dans
les soils avec des niveaux ileves em matiere organique,le besoin en chaux
se qui origine est plus élévée que celle obtenue avec 1'extractant KCl, en
particulier dans les soils avec matiëre organique, dans lesquels 1'effet toxique de 1'aluminium parait ne pas être si haut et la production maximum
est obtenue par des niveaux de saturation de 1'aluminium residuel
plus
elevee que dans les soils avec peu de matière organique.
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- 269 Effects of electrostatic interactions of ions on the
physico-chemical properties of soil saturation extracts
J. Csillag
Research Institute for Soil Science and Agricultural
Chemistry, Hung. Ac. Sei., Budapest (Hungary)
INTRODUCTION
At low moisture contents the concentration of the soil solution may be
0,1-5 mol/1 or even more in salt-affected soils. Consequently, when evaluating soil chemical processes, the short-range electrostatic interactions
of ions (resulting in ion-pair formation) and the long-range ones (characterized by ion activity coefficients) should be taken into consideration.
MATERIALS AND METHODS
The total concentrations of Ca2* , Mg 2+ , Na* , K*, (X>r, HCO3, SO2", CI" and
the pH of the saturation extracts of alkali soils were determined by standard methods. They are the input data of a cemputerized model based on the
Bjerrum (ion association) and the Debye-Hückel (ion activity coefficient)
theories using successive approximation method. Free ion concentrations, activities and the concentrations of CaCO°, CaHCO*, CaSOJ, CaOH*, MgCOä,
MgHCOa, MgSoS, MgOH*, NaCOl, NaHCO", NaSO^ ion-pairs were computed. The validity of the computation method has been tested by comparing the computed
activities of Ca2* , Ca2* + Mg2* and Na* with the measured activities of the
same ions determined by ion-selective electrodes in the soil extracts
(Fig.1). The difference between computed and measured mean pX values (negative logarithms of ion activities) is within the confidence limit of the pH
determination.
RESULTS AND DISCUSSION
The data demonstrate that the electrostatic interactions of ions influence
the physico-chemical behaviour of the liquid phase in the soil.
1. The quantity of charged species decreases in the solution due to ionpairing, therefore the ionic strength and the electrolytic conductivity of
the saturation extracts of alkali soils are less than expected on the basis
of the measured ion concentrations.
2. As for ion-pairing, due to the high concentration of Na* in the solutions, Na* containing ion-pairs dominate though only about 1-7% of the univalent Na* ions are involved in ion-pair formation. The Ca2* and Mg2* containing ion-pairs are present in low concentrations though they represent a
large part (17-69% and 18-79%) of the total quantity of dissolved Ca 2 and Mg2*.
3. Free ion activities characterizing soil chemical processes and equilibria
(e.g. dissolution, precipitation, ion-exchange) are significantly less than
the measured ion concentrations (Fig.2). The difference may be attributed
both to the short- and long-range electrostatic interactions.
4. SAR values of soil extracts calculated from free ion activities (that is,
taking into account electrostatic interactions), are higher than SAR values
obtained from measured ion concentrations. The Na adsorption isotherm based
on the measured cation concentrations differs from the one based on the computed free ion activities (Fig.3). They prove that a higher Na*:total cation
ratio ((Xfja) p) in the solution belongs to a given Na* saturation of the solid phase of the soil, than expected on the basis of measured cation concentrations ([XNalT).
5. The decrease of SAR values of soil saturation extracts owing to the addition of CaSO., is modified by the electrostatic interactions (Fig.4) : the
effectivity of soil chemical amendments is lewer if free ion activities
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CONCLUSIONS
1. A better understanding of soil chemical processes (like salt solubility
or cation-exchange) can be achieved by taking into consideration the
electrostatic interactions existing among ions in soil solutions.
2. The use of free ion activities instead of measured ion concentrations is
suggested when evaluating these processes.
3. The results prove that the successive approximation method developed for
these purposes is suitable for computing free ion activities. In addition,
its advantage is that SOf , COl" , HCOl activities, which cannot be measured
directly, are obtained.
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Fig.1. Comparison of the measured and computed Na ion activities in soil
saturation extracts.
Fig.2. Measured ion concentrations (c^) and free ion activities (af) in the
saturation extracts of a sulfate containing solonetz soil.
Fig.3. Cation-exchange isotherm representing the cation-exchange in alkali
soils. (Y(ja and X ^ : sodium equivalent fractions on the solid and in
the liquid phases, respectively).
Fig.4. The decrease of SAR values (SARq) as affected by the original Ca2*
concentration of the soil extracts with and without taking into account the electrostatic interactions of ions.
Zusammenfassung: Die Wechselwirkungen der sich in Lösung befindlichen
Ionen beeinflussen die physikalisch-chemischen Eigenschaften der Bodenlösung (die elektrische Leitfähigkeit, die Ionenstärke). Die Mengenverteilung der in den Sättigungsauszügen der Alkaliböden in gelöster Form anwesenden Teilchen (Ionen und Ionenpaare) wurde mit einem auf der Theorie
von Bjerrum (Ionenassoziation) und von Debye-Hückel (Aktivitätskoeffizienten
der Ionen) beruhenden Modell, mit Hilfe einer sukzessiven Approximationsmethode bestimmt. Die Stichhaltigkeit des Rechenverfahrens ist mit der
guten Übereinstimmung der berechneten und der mit ionen-selektiven Elektroden gemessenen Ca2*-, Ca2++Mg2*- und Na -Ionenaktivitäten bewiesen. Bei der
richtigen Bewertung der Löslichkeits- und Ionenaustausch-Gleichgewichte der
Böden sollten statt der gemessenen Ionenkonzentrationen die Aktivitäten der
freien Ionen angewandt werden.

- 271 A model to predict the dissolution of
CaSO. in soil saturation extracts
K. Darab and J. Csillag
University of Horticulture and Research Institute for Soil Science
and Agricultural Chemistry, Hung. Ac. Sei., Budapest /Hungary/
The dissolution of gypsum in soils is influenced by the degree and
chemistry of soil salinization. The increasing ionic strength increases
the saturation concentration of CaSO^ in the soil solution. This tendency
is counteracted if the salinization is sulphatic and the salt reserve of
the soil is formed mainly by the accumulation of sulphates. The quantity of
dissolved CaSOvj may change as much as one order of magnitude with varying
concentration of SO 2- in soil solutions even if they have the same SAR
values. Gypsum as a chemical amendment decreases the sodium saturation of
soils in different degrees in cases of non-sulphatic and sulphatic salinization /Tab.1./
Furthermore, the electrostatic interactions of ions also influence
the solubility of salts and their concentration ratio in the soil solution
/Tab.2./ A model,treating the soil solution as a mixed electrolyte solution has been developed to compute the quantity of dissolved CaSO-4 and the
chemical composition of the gypsum saturated soil solution. The effect of
common ions /Ca2+ and So|"/ as well as non-common ions /Na+, Mg2"1", Cl~/ on
the solubility of the amendment is taken into account.
The_input data of the model are the measured Ca , Mg , Na , K , HCO3,
SOJ~, Cl concentrations in the original soil saturation extracts and the
thermodynamic solubility product of the amendment. The quantity of the dissolved CaSC>4 is computed with a quadratic equation and by successive approximation method. Every step involves a subroutine computing the electrostatic interactions of the dissolved ions: the short-range interactions
/causing ion-pair formation/ and the long-range ones /characterized by the
ion activity coefficients/.
During the iteration procedure the quantity of dissolved CaSOj increases /but the degree of the increase decreases with every step/. The
computation is stopped when the values of Ca2+and SO?~ concentrations fixed
by the thermodynamic solubility product are reached, that is, when the
solution becomes saturated with respect to the amendment. The iteration
procedure stops when the increases of Ca 2+ and SO2" concentrations are
negligible /Fig.1./
The validity of the model has been checked by comparing the quantity
of the dissolved gypsum computed by the program and measured in aqueous salt
solutions /MgCl2, KCl, NaCl, M3SO4, K,S04 , Ka^sq,, CaCl2/ published in the
literature /Fig.2./. There is no significant difference bet*«en the mean
values of the computed and measured concentrations of the dissolved gypsum.
The measured and computed values of the ionic strength, as well as the Ca 2 +
and SO 2 - ion concentrations of soil saturation extracts saturated with gypsum are also in good agreement /Tab.3./.
The model can be applied to compute the saturation concentration of
soil solution in gypsiferous soils or gypsum containing soil layers. It
can be a tool to predict the solubility of Ca-containing chemical amendments and to estimate their effectivity.
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|
concentrations and from
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63,88 68,14
39,62 41,56
38,91 41,35
29,51 29,32
25,82 27,12
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Tab.1. The decrease of SAR values in soil saturation extracts and of ESP
values as a consequence of the dissolution of CaS04.
Tab.2. The decrease of the mean value of SAR in soil saturation extracts as
a consequence of CaS04 application with and without taking into account the electrostatic interactions of ions.
Tab.3. The agreement between the measured and computed values /nmol/1/.
Fig.1. Calculation of the increase of dissolved Ca2 + during the steps of
successive approximation in the case of three soil saturation extracts.
Fig.2. Comparison of the concentration of the dissolved gypsum computed by
the model and measured in aqueous salt solutions containing common
and non-common ions.
Zusammenfassung: Die Löslichkeit der in der Bodenlösung befindlichen Salze
wird durch die Ionenstarke und die chemische Zusammensetzung der Lösung beeinflusst. Die Bodenlösung als eine sieben Ionen beinhaltende Elektrolytlösung betrachtet, wurde ein Computer-Modell für die Berechnung der Ionenkonzentrationen und der Menge des in Lösung gegangenen Gipses in den mit
Kalziumsulfat gesättigten Bodenextrakten entwickelt. Die gemessenen und
berechneten Konzentrationen der Kalzium- und Sulfat-Ionen waren in guter
Übereinstimmung miteinander.

- 273 NITROGEN LEACHING PROBLEM IN THE SUBTROPICAL
AREA OP GEORGIA
11. Daraselia, V.Tsanava
USSA, The institute of tea and subtropical crops
The subtropical area of west Georgia where valuable perennial plants - tea, citrus are cultivated is the zone of intensive application of fertilizers. In this area high rates of
nitrogen are applied (250-350 kg/ha). That's why the role of
fertilization in yielding of agricultural crops as well as in
environmental pollution is great.
In lisimeter trial it was determined that N leaching losses were 30% of rate. N 15 trials showwd that besides fertilizer nitrogen that does not exceed 1% of rate.N.losses contain
soil's N and soil nitrogen mobilized after applying fertilizers.
Pactore determining the low leaching of fertilizer nitrogen
are as follows: low content of nitrate in the acid soils, depressed nitrification, mechanical, physical and chemical absorption of nitrates loams, biological absorption by mighty tea
plantations, distribution character and balance of soil moisture.
Balance of moisture in tea plantation in dry and wet years
is as follows: evaporation 14-18%, transpiration 14-17%, surface drainage 1-2%, internal drainage 8-6%, evaporation from
the plant surface 3-4%, infiltration to depth 53-45%, reserve
moisture of soil 7-10%, Infiltration to depth during the vegetative period was 27-15% and the moisture reserve in the soil
12-19%.
There is a considerable migration of fertilizer nitrogen in
rhizosphere. When N 90 g/bush was applied during 3 years the
content of fertilizer nitrogen in the 10 cm layers till the
depth of 70 cm after digging up the bush was:I.09, 0.90, 0.65,
0.24, 0.16, 1.09, 0.81 g and twice more soil nitrogen. Taking
into account high location of underground water and surface
and internal drainage, part of nitrogen gets into the rivers,
wells, springs during the long rainfalls in autumn and winter.
Prom time to time the nitrate concentration reaches 2-6mg/l
and more, sometimes admissible concentration exceeds the limit - 10 mg/1.
One fifth of total pollution of water is caused by fertilizers. Others may be explained by antropogen influence.
Under the condition of high acidity mobility of all nitrogen fertilizer forma increase. In filtrate ammonium nitrogen
and nitrogen of soluble organic matter are discovered.
Arrangements of decrease of nitrogen losses in tea plantations are as follows: selection of nitrogen fertilizer forms,
such pruned material is the best Inhibitor of nitrification,
decomposition of which by microorganisms requires definite
amount of nitrogen, selection of terms and methods of nitrogen fertilizers application, in particular, the earlier application of total rate of nitrogen in spring.

- 274 The mathematic modeling of water filtration and shifting of
N nitrate along the soil profile permitted us to determine
the amount of water infiltration in different depths. This model shows us, that in summer filtration of rainfalls does not
occur and only during the showers in the depth of I m infiltration reaches 5-15% water.
The test of model adequacy on the results of lisimeter tests in different years showed, that calculation meaning of infiltration water in different depths is near the experimental
one.

NITROGEN LEACHING PROBLEM IN THE SUBTROPICAL
AREA OP GEORGIA
M.Daraselia, V.Tsanava
All union

institute of tea and subtropical crops,USSA

Here are the results of qualitative characteristics of moisture distribution and nitrogen leaching in heavy clay krasnozyom soils.
It was determined that fertilizer nitrogen losses were 1%
of rate, soil nitrogen - five times more.
All this appear to be the season of water pollution in
rivers, wells, springs by N nitrate.
A model of moisture and nitrogen shifting in soil is constructed.

STICKSTOFPAUSWASCHUNGSPROBLEM IN DEN SUBTROPEN
DER GEORGISCHEN SSR
H.Daraselia, W.Tsanawa
Allunion wissenschaftliches Forschungsinstitut von
Tee und subtropischen Kulturen
Es werden NÄsseverteilung und Stickstoffwanderung nach
dem Profil von Schweren lehmigen Kraanosjomen quantitativ charakterisiert. Es wird gezeigt, das die Auswaschung des zugeftthrten Stickstoffs nur 1% der N-Gabe bildet, und des Bodenstickstoffs - um 5 mal höher ist.
Aus diesem Grund werden die Voraussetzungen für die Wasserverunreinigung mit nitratischem Stickstoff geschaffen.
Es wurde das Modell der Nflsse - und Stickstoffwanderung in
Boden gebildet.

- 275 PHOSPHORUS ADSORPTION FROM A MOVING SOLUTION
PHASE IN SOIL COLUMNS
Derici,M.R.
University of Cukurova, Adana-Turkey
The mechanism of P adsorption in soils under natural field conditions is of a considerable interest. Yet, the conventional batch type experiments hardly duplicate the actual P adsorption process occuring in the
field where the adsorption is from a mewing solution phase of ever changing
P concentration, especially in the vicinity of fertilizer bands or granules.
Therefore, a column experiment in conduction with batch type experiment
was devised in order to follow the changes in rate, extent and type of
P adsorption in soils from a moving solution phase.
Columns of 20 cm depth and 5 cm diameter were constructed of 1 cm
separable sections. The experimental soils (calcareous alluvial clay,
clay loam) were packed into these columns to volume weigth of 1.2 q/ar?
and preleached with 0.01 M CaCl2. Then,3 to 5 pore volumes of BOO ug P/ml
(in 0.01 M CaCl2) solutions were passed through the columns under 30 cm
water tension. The columns were disassembled and the solution phase of
soils samples from each section was extracted by a centrifugal process
and analysed for P. The solid phase P of the soil sections was also
determined. A series of batch type P adsorption experiments were conducted
on subsamples taken from each soil section.
The results of experiments on a typical soil are given on table 1.
Table 1. The results of P analyses and batch type
experiments conducted on soil sections.
Column
depth.
(can)

1
2
3
4
5
6
7
8
9
10
11
12

Ca-P
(ug/g )

Soln.P
(yg/ml)

5831.8
1916.8
1638.2
1195.7
939.9
764.1
759.2
654.3
556.7
429.7
380.6
366.6

490.6
382.4
293.4
249.3
211.8
161.4
135.1
102.3
55.1
4.8
0.3

-

EPC
log a HP0 4 = b
(ug/ml)
(yg/ml)
11.0
9.5
9.2
8.2

k
(ml/ug)

-3 .81
-3 .87
-3 .89
-3 .93
286.2
295.3
248.7
216.3
279.7
410.3
425.7
559.5

0.033
0.035
0.053
0.076
0.104
0.110
0.150
0.110

The fractional analyses of the soil sections indicate that the P applied
to the soil columns was held, mainly, in Ca-P fraction which decreased
gradually to the natural soil Ca-P levels towards the lower parts. The
P concentration of the solution phase showed similar relative distribution
to that of Ca-P fraction, being almost equal to the concentration of the
input solution in the top few centimeters of the columns and progressively
decreasing towards the lower sections. The distributions of Ca-P and that
of solution P suggests that P adsorption was nearly complete in the upper
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sections, but was possibly continuing at varying rates in the lower parts.
In fact, it was observed during the batch experiments on soil sections
that the soils desorbed P in the upper, and adsorbed P in the lower sections of the columns. The desorption phonemena observed in these experiments could be either true desorption of the previously adsorbed P or
the dissolution of precipitated P. In either case, this release of P to
the soil solution was dependent on the P concentration of the equilibrium
solution in the batch experiments. Therefore, this process was designated
as desorption for the sake of simplicity. The relationship between the
amounts of P adsorbed or desorbed (x/m) and the corresponding equilibrium
concentrations (C) was evaluated by regression analyses. It was found that
the relationship between x/m and C was linear in the upper sections of
the columns, and, thus it was possible to calculate the P equilibrium
concentrations at which soil sections neither adsorbed nor desorbed P.
These concentrations were named as "equilibrium phosphate concentrations
(EPC)". The EPC values were generally higher in the top soil sections
and decreased towards tho lower parts, possibly reflecting the P adsorption history. It was suspected that the direct linear relationship between x/m and C instead of a rather nonlinear adsorption isotherm could
be due to the existence of precipitation-dissolution type mechanism.
To investigate this situation,the EPC values were converted to orthophosphate activities, and log activity values were evaluated on solubility diagram of phosphate minerals (pH=7.5). The log activity values
fell mostly between the stability lines of dicalcium phosphate and dicalcium phosphate dihydrate minerals. Therefore, it is possible that
these minerals were being formed or dissolved during P adsorption or
]
desorption correspondingly.
In the lower parts of the soil columns the relationship between C
and x/m fitted to the linearised form of Langmuir equation. The calculated adsorption maxima (b) and adsorption energy coefficients (k) were
higher in the lower soil sections and tended to decrease towards the top
sections. The lower values of b in the upper soil sections indicate
that the sites available here for P adsorption were occupied to a
greater extent that whose of lower sections. It can further be stated
that due to the greater interaction between adsorbed P and the solution
P, upper soil sections had lover adsorption energies (k). These interactions, of course, are nonexistent in the assumptions of Langimuir type
monolayer adsorption. Therefore, the apperent deviation of P adsorption
mechanism in soils from langmuir adsorption isotherms can be explained to
some extent with these findings.

- 277 The Influence of Organic Complexing Agents on Fe Availability
in a Simulated Rhizosphere.
J. M. Duxbury, M. S. Erich, D. R. Bouldin and E. Cary + .
Department of Agronomy, Cornell University and 'U.S. Plant Soil
and Nutrition Laboratory, Ithaca, N.Y. 14853 USA
Organic complexing agents from root and microbial sources are considered
to increase the availability of many micronutrients in soils.
The
present study examined the effects of organic complexing agent s on
Fe availability using a simulated root-soil system.
Small diameter
(0.24 m m ) , semi-permeable, cellulose dialysis tubes were suspended
in a stationary medium containing the clay fraction of a soil dispersed
in agar. Root exudation of complexing agents was simulated by diffusive
movement
of
complexing
agents
into the clay-agar when
solutions
containing these materials were slowly passed (1 mL h ' M through the
tubes. The impact of a complexing agent on Fe flux to the "root" surface
was determined by measuring the concentration of Fe in the effluent
solution from the dialysis tubes.
Several experiments carried out with the synthetic chelating agents
EDTA, DTPA, EGTA, and EDDHA demonstrated that solubilization of Fe
for the most part qualitatively followed patterns predicted from known
thermodynamic stability constant - pH relationships.
Only EGTA had
no measureable effect on Fe solubility.
All other complexing agents
increased the concentration of Fe from close to zero to 30 -100 ug
L - 1 24h after introduction of the complexing agent.
One difficulty with the simulated root-soil system was a gradual rise
in pH of the effluent solution due to denitrification of added NO3*;
this served, however, to prevent reduction of Fe-*"*" to Fe^ + .
The pH
rise was
substantially reduced by boiling the clay-agar
solution
immediately prior to its use, but this also lowered the reactivity
of Fe.
An unexpected result of the pH rise was that the extraction
of Fe by EDTA continued to increase with time even when the pH rose
as high as 8.3.
At pH's above 6.5 EDTA should have preferentially
complexed with the large amounts of Ca in the system.
The experimentally measured fluxes of Fe were compared with calculations
based on diffusion and reaction.
An equilibrium model, where the
complexing agent was assumed to reach instantaneous equilibrium with
the soil (K r = 1 ) , predicted concentrations of Fe 10-* times greater
than those observed.
We hypothesized that this discrepancy resulted
from slow formation of the Fe-complex in soil and a first order kinetic
model which could be solved by numerical methods was developed.
This
model gave results similar to those found experimentally when the
reaction rate constant (K r ) was on the order of 10"'The finding that thermodynamic stability constant -pH relationships
gave a reasonable qualitative description of the experimental results
appears to contradict use of a kinetic model. The two approaches can
be reconciled, however, by considering the complex always to be at
equilibrium with solution Fe and the dissolution of Fe to be controlled
by a kinetic factor.
Thus K r combines both kinetic and equilibrium
factors.
This study suggests that more attention should be given to
the role of kinetic factors in regulating micronutrient availability
to plants.
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Selenium Content and Distribution in Some Sudanese Soil Profiles
El-Kobbia, T., A. El-Araby and A. El-Hashmi
Professor, Assoc. Professor and Graduate Student, Soil Science
Department Faculty Agric, Aim Shams University, Cairo, Egypt.
SUMMARY

Total selenium content was determined to elaborate selenium distribution
in e i g h t s o i l p r o f i l e s from Sudan r e p r e s e n t i n g t h r e e d i f f e r e n t
climatological zones; Gezira, East Equatoria and South Kordofan. The
morphological features of each s o i l profile were described in the field
according to FOA Guidelines of S o i l Description (1970). Soil samples
were c o l l e c t e d from each s o i l horizon for some physical and chemical
analyses. Selenium was determined in the collected soil samples using
the fluorometric method of Levesque and Vendette (1971). Selenium
content was discussed in r e l a t i o n to clay, organic matter and t o t a l
carbonate content in the d i f f e r e n t depths through the studied s o i l
profiles.
Results showed t h a t Se content in s o i l under extensive c u l t i v a t i o n in
Gezira was more than t h a t of v i r g i n s o i l , 0.148 t o 0.703 ppm and 0.037
t o 0.333 ppm, r e s p e c t i v e l y . This i s probably due to the continuous
a d d i t i o n s of commercial f e r t i l i z e r s containing Se i m p u r i t i e s , both
c u l t i v a t e d and v i r g i n s o i l s of Gezira displayed i r r e g u l a r trend of Se
distribution with depth.
Very low selenium content was observed in East Equatorial s o i l s , 0.037
to 0.157 ppm for the c u l t i v a t e d s o i l and 0.213 t o 0.564 ppm for the
virgin one, comparing with that of highly ferruginous Hawaiian s o i l s .
The l a t t e r contain 0.2 to 2.6 ppm, Bryers e t a l . (1936). This finding
may be attributed to s o i l origin and the prevailing equatorial climate
which encourage wash out weathering processes. Selenium d i s t r i b u t i o n
pattern in the soil profiles of t h i s area was related to organic matter
content, t e x t u r e , selenium d e p l e t i o n by p l a n t and down wash by deep
percolation of the rain water through the well drained soil profile.
Substantial variation as well as low concentration of selenium content
were observed in the coarse-textured s o i l s of South Kordofan. Selenium
content of the v i r g i n s o i l of t h i s area was ranged between 0.046 to
0.204 ppm and 0.019 t o 0.490 ppm, while i t was 0.194 t o 0.490 ppm in the
c u l t i v a t e d one. This v a r i a t i o n in Se concentration ranges could be
r e l a t e d to the o r i g i n of parent m a t e r i a l s which have been affected by
wind a c t i v i t i e s , s o i l t e x t u r e and m i c r o c l i m a t i c a l changes due t o i t s
topography. A t r e n d - w i s e Se d i s t r i b u t i o n has occurred in the studied
s o i l profiles of t h i s area.
Organic matter was the only soil property that showed a highly positive
significant correlation with Se content of the studied s o i l samples, (r
= 0.8822). Clay and t o t a l carbonate contents were positively correlated
with Se content but not significantly.

- 279 Root exudatt and the ability* of
corn to utilize insoluble sources of
. ,
iron
Prof.
Prdfil* Abdelmonem M. Elgala and/A. Ambergei"
Soil chemistry and plant
nutrition
This work

was conducted in order to study the chara-

cteristics of root exudate for Fe-deficient and
non - deficient corn plants as well as to study the ability
of corn to utilize Pelll from different sources«
and
A combined sand/water culture technique was designed in
collec t
order, first to/root exudate free of nutrients to be analysed
directly for the organic acids and amino acids and secondly,
to study the ability of the Pe-deficient plants to solubilize
iron from Pe (cH)3,PePO., alkli soil sample or acid soil
sample.
By using the HPLC instrument, results indicate that
various substances were released by the roots and there were
a clear difference between normal and deficient plants« from
the values obtained for the retention time, the Pe-Stresaed
plants exuded relatively high amounts of citric, pyruvic,
glutaric

o< -ketoglutaric, tartaic, glyoxytic and glyceric-

acids. Riboflavin was not detected in the exuded sample.
The amino acid analyzer data show that there were a
distinct difference in the amount and type of amino acids as
cystene, isoleucine, leucine and lysine were detected^only in
the exudate of Pe-deficient plants. The release of pronounced
amounts of organic acids and amino acids in the exudate of
chlorotic plants may explain the mechanism by which corn
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plants overcome conditions of iron stress.
It was observed that after 5-days from the application
of Pe-sources, chlorotie symptoms completly diappeared for
plants of Pe PO.and acid soil treatments/but slightly changed
for plants of Pe (0H)_ and olkali soil treatments.
High concentrations of Pe were found in the roots grown
in the solution medium (lower part) of all treatments.
Except for the complete nutrient solution (CNS) treatment, the
concentration of Fe in the root part grown in sand (upper part)
were about the same as that of the control.

Results of Pe

concentration in the above ground portion revealed different
magnitude of increas and the highest increase was for Pe PO.
and acid soil.
Such results confirm the previous speculation that exuded
organie acids and amino acids solubilized Pe from adsorbed or
precipitated forms at root surface or in the root free space and
this does not mean that iron must be brought first in solution
before it can be utilized by plants.
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K I N E T I C S OF DECOMPOSITION OF HYDROGEN
FLUVENTS

PtRCXlD;-: BY T O R R I -

Elprince, A. M., E. Alwakeil, A.A. Balba, M.S. Shams, S. Sallam.
Dept. of Soils and Ag. Chem., Helwan Univ., Alex., Dept. of Soil
and Water, lanta Univ., Kafr-F.lsheikh, Dent, of Phys. Chem.,
Alex. Univ., All Egypt.
It seemed that C concentration (or rfdox potentia) in the soil
solution could be adjusted by direct or indirect addition of H ^ ^
for maximum plant yield and minimum pollution.
Bate of decomposition of rf,0 was determined by manometrically
measuring the volume of 0 evolved when a soil sample was treated
with the peroxide. A plot of lntV,,- V ) agaist t gave a straight
line of slop -k , where V„ was the total volume of O evolved during
the whole reaction, V was the volume evolved up to the time t, and
k was the rate constant (Fig.1).
100

40
TIME ,MIN.

F.fc. 1 Reaction vessel and volumes of oxygen
evolved for initial concentrations
of H O
from 0.02 to 0.1 mol dm
at
30.0 + 0.2 C and O.Oi* Kg soil dm"3
Autoclaving the soil before use indicated that about 2k percent
of the activity was enzymatic and 76 percent was nonenzymatic.
Inorder to identfy th= inorganic catalyst, experiment« were done
under initial concentration of H ? 0_ equal to 0.06 mol dm"'1 , pH 7.6,
, and at 30.0 * 0.2 C for ten different autoclaved
0.04 Kg soil dm
soils (torrifluvents) and three 3ifferent synthetic Mn dioxides
kbirnessite, cryptoraelane, and pyrolusite). As the Mn dioxide content
of soils, [ MnOJ increased from 1.9 to 15.9 mmol Kg" , the rate
constant, k increased from 10.1 to 110.6 ms" . Plotting k values of
pure synthetic Mn dioxides on the In k w I D [MnO-3 plot revealed
that , among the three Mn dioxides, birnessite was the closest to
the extrapolated line (Fig.2). Pretreatment of soil by H.0 ? in the
presence of sodium acetate CpH 5) or NH 0H-HC1 (pH 2 ) , designed for

- 282 selectively dissolving Mn dioxides, comnletely deactivated the catalytic effect of Ihr ooi 1 u.implei». üoll Mn dioxide, thuu, seemed to he
the most effective inorganic catalyst for the decomposition of H O
and it was of the birnessite t. pe.

1000

10
[Mno2l

Fig.

Rate constant
jnt againSt
a g a i n s t concentration of Mn
dioxide under [ H O 1=0.06 mol dm ,pH 7.6,
and at 30.0 + 0.2 C.
Autoclaved soils;
B,C,P stand for birnessite, cryptomelane,
and pyrolusite; means autoclaved.
( QMnO 1 is in mmole Kg" or mmol per

25 liters).

The rate in the concentration range 0.02 to 0.10 mol dm"' of
HO
followed a rectangular hyperbola r = r [ H O J / { K + [ H 0 J}.
Treating the initial rate, r as a randomlly1 diitributed-random
variable revealed that the two kinetic parameters K. and r 6hould
be estimated using the linear transformation [H.,0 ] / r
agWnst
[HpO ] for the least coefficient or variations.
Tne decomposition or H O
was inhibited by lowering the pH and
addition of EDTA or DPTA. The latter complexing agent was more
• ffective inhibitor than the former. The rate of H p O, decompoeition
in the temperature range 25.0 to 35.0 C followed Arrhenius equation.
The apparent activation energy varied from 9.6 to 21.8 KJ/mol which
seemed to Indicate a diffusion-controlled mechanism.
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ANALYSIS OF MINERAL SAMPLES USING COMBINED INSTRUMENT (XRD, TGA, ICP)
PROCEDURES FOR PHASE QUANTIFICATION
by Philip Engler and Sampath S. Iyengar
The Standard Oil Company (Ohio)
Research and Development
4440 Warrensville Center Road
Cleveland, Ohio 44128

SUIQESIS
Software to quantitatively estimate the composition of mineral samples by
combining the results of several analytical techniques (X-ray diffraction,
elemental analysis, thermal analysis and selective acid dissolution) has been
developed. The algorithm incorporates a non-linear minimization routine.
Tests with theoretical mixtures using simulated analytical data showed
calculated compositions to be within IX, absolute, of the theoretical
composition. Application of random errors to the simulated analytical data
revealed that expected experimental errors in the analytical data can increase
the error to as much as *10Ä absolute, with the average error being 5%,
absolute. These results compare quite well with accuracies obtained by
traditional XRD quantitative methods. Oil shale samples were analyzed to show
how the technique can be tailred to a specific suite of minerals.

KEI WORDS
quantitative analysis, minerals. X-ray diffraction, thermal analysis,
elemental analysis, selective acid dissolution, composition, chemistry,
algorithm, minimization technique

- 284 THE NATURE AND BEHAVIOUR OF ORGANIC MATTER IN THE FORMATION OF
"ORGANO-ARGILLIC" B HORIZONS IN EUTROPHIC SOILS
P. FAIVRE, F. ANDREUX, B. GUILLET, J.M. PORTAL, and E. SCHOULLER
Centre de Pédologie Biologique du C.N.R.S.
B.P. 5, 54501 Vandoeuvre-lès-Nancy Cédex (France)
INTRODUCTION. Eutrophic soils with strong ly differentiated profile are
frequent in climatically contrasted tempe rate and tropical areas. These
soils are mainly leached chernozems (7), brunizems, eutric or solodic
planosols (3), and in some cases, solonet zic soils. Their most typical
feature is an "organo-argillic" Bth horiz on (6), in which black organicrich coatings accumulate on the structura 1 elements.
In intrandine regions of Colombia (S outh America), strong climatic
gradients induce at any altitude an incre asing dryness of the ecosystems,
from the top the bottom of the valleys. S oil sequences develop, frequently
on volcanic-ash derived material, in whic h humic-rich ferrisols (Humitropepts,
Sombritropepts), brunizems, and eutric or solodic planosols appear successively from the humid to dry areas (Fig. 1 ).
Organic Matter (OM) in Bth horizons sampled in such a sequence was
characterized with micromorphological and chemical methods. Comparison with
other soil levels, especially eluvial hor izons, provided some insight into
the origin and dynamics of this OM ((1) ; (2)).
F E B B I SOL.
S O M B RIT R O P E P T
Cutrlc
PLANOSOL
B R U N I Z EM
AflGIUDOLL

Xyplc

HAPLUSTAL*

Solodic
PLANOSOL
Abrupllc
HAPLUSTALF

Legend
63523"*" N M I O «
(
kumi4 u i K N i a
L__M>"U!©«
f'T-MlO'l'TIC

Figure 1 : A typical sequence in the Andes of Colombia
ANALYSIS OF ORGANIC MATTER. Micromorphological studies of the Bth horizons
show that, with the exception of some root residues, OM is well humified,
and closely associated to the mineral fraction of soil aggregates. Concentration of this OM is 2 or 3 times higher in the cutans than in the core of
the aggregates, depending on profile differentiation degree: C content may
reach t.9 % in the cutans, and 0.6 % in the aggregates of a planosol, and
2.1 7„ and 1,4 % in the corresponding materials of a brunizem. C/N ratio is
always lower in the cutans than in the cores.
OM was extracted with dilute sodium hydroxide and pyrophosphate (2),
before and after reduction of iron (hydr-) oxides with dithionite (1). Humic
extracts and humins were then hydrolyzed with boiling 3 N KCl or 6 N H-SO,.
The alkali-soluble fractions represent about 40 % of total organic C in the
brunizem, with no significant change from the A to the B horizons. Similar

- 285 proportions are measured in the A and E horizons of more differentiated soils,
in which extractability of OM increases toward the Bth horizons, probably as
a consequence of increasing proportions of exchangeable Na+Mg. Extractability
of organic N decreases with increasing differentiation of soil profile, and
from the A to the B horizons (2). Free iron seems to facilitate the insolubilization of humic material on the clay surfaces, especially in the Bth
horizons (1). In the humin, a large proportion of C (20 Z) belongs to carbohydrates, independently from the differentiation of the profiles. Contrarily,
the proportion of unhydrolyzable N in this fraction increases with increasing
differentiation of the profiles.
DYNAMICS OF ORGANIC MATTER. Water-dispersion tests according to (5) were
attempted in order to establish whether OM is intimately bound to clay
particles in the E and Bth horizons. Only small amounts of soluble, free OM
are measured, whereas the dispersible clay material -mostly of the halloysite
type- has the same dark-brown to black colour as in the cutans, and contains
at least 1 or 2 % (dry weight) of C. Binding of OM has been shown to increase
the superficial negative charge of the clay particles, and could be a ruling
factor in their dispersion and migration in the soils studies (Gaviria, 1983,
unpublished academic report).
Isotopic methods. Mean residence time (MRT) of total OM, alkali-soluble
humic compounds, and humin hydrolyzates, were measured by 1 Ac dating of soils
developed on 20.000 year old material. Total 0M of the Bth horizons has MRT
values of about 8.000 years. Alkali-soluble and hydrolyzable materials represent the labile fractions, with lower MRT values, whereas the unhydrolyzable
residue is formed by stable components, the MRT value of which is higher
than 10.000 years. The 13C-12C isotopic composition of this oldest OM shows
that 6 13C values vary from -20 7.a to -17 %„. This suggests that planosols
have always developed under grassland vegetation (4).
CONCLUSION. The formation of dark-coloured, water-dispersible clay-humic
complexes is one of the major morphological and pedogenetical characteristics
of eutrophic differentiated soils. Contrasted climatic conditions favour the
migration of these complexes in soil profiles, as well as their insolubilization as clay-organic cutans in the underlaying horizons.
Up to now, the properties of such "brgano-argillic" Bth horizons have
not been suffisantly taken into account by podologists, inspite of numerous
originalities with respect to diagnosis argillic horizons. For instance, the
most stable organic fraction of the cutans, which may be easily separated,
is expected to provide important informations regarding the history of the
soils in which such features are observed.
(1) ArtPREUX (F.), F A I V F E ( P ) , and KUIZ (E) , 1985. C R . Ac. Sei. Paris, 300,
II (6), 223-226.
(2) FAI7RE (F.), ANDREUX (7 .) , and DUCKAU7CUH (P .) ,1 9 7 5 . C R . Acad. Sei. Paris,
281 (D), 981-984.
(3) F.A.O.-U.N.E.S.CO., 1974. Soil Map of the World. Vol. I, UNESCO,Paris.
(4) GUILLET (B.), MARIOTTI (A.), BALESDENT (J.), FAIVRE (P.), and SCHWARTZ
(D.), 1986. Trans. XIII. Congress of the I.S.S.S., Hamburg, Germany.
(5) G0MBEER (R.) and D'HOORE (J.), 1971. Pédologie, XXI (3), 311-342.
(6) GUTHRIE (R.L.) and WITTY (J.C.), 1982. Soil Sei. Soc. Amer. J., 46,443444.
(7) TANASIYENK0 (A.A.), 1983. Pochvovedeniye, 4, 116-125.

- 286 ETUDE DE LA MATIERE ORGANIQUE DES SOLS PAR FRACTIONNEMENT GRANULOMETRIQUE. 3 - RECONSTITUTION DE LA MATIERE ORGANIQUE DE FERRISOLS
TRONQUES EN MARTINIQUE.
C. FELLER (1), T. CHEVIGNARD (1) et F. ANDREUX (2)
(1) ORSTOM B.P. 81 - 97201 FORT-DE-FRANCE, Martinique, France
(2) CPB/CNRS 17 rue N-D des Pauvres B.P. 5, VANDOEUVRE-les-NANCY,
France.
Summary
About 5 to 15 years ago, surface horizons of soils cultivated with
sugar-cane were removed by levelling, to increase mechanization of this crop
in Martinique. Representative field situations were selected to study the
first stages of soil organic matter (SOM) reconstitution. SOM of ferrisols
cultivated either without or after levelling is characterized by particlesize and chemical fractionations.
Texte
Afin de faciliter la mécanisation des cultures de canne ä sucre, des
travaux de "remodelage" (nivellement des collines) ont été conduits de 1970
ä 1980 en Martinique. L'horizon humifère n'étant généralement pas conserve,
la culture est implantée directement sur les horizons B ou C. Ces situations
représentent un modèle en vraie grandeur pour 1'étude des étapes initiales
de la Constitution du stock organique des sols ä partir d'une seule plante.
Les situations retenues sur sols intergrades ferrallitiques-fersiallitiques
(ferrisols argileux) sont les suivantes : TC= témoin cultivé (non remodelé),
R4, R7, RIO et R12 • parcelles remodelées depuis 4, 7, 10 et 12 ans
(CHEVIGNARD, 1985).
L'extraction des composes humiques ä partir de sols tamisés ä 2000 um est
effectuée ä 1'aide d'un mélange équimolaire NaOH 0,1 M + Na4P2Ü7 0,1 M de
pH 12. Un fractionnement plus detaillé associe tamisages sous eau ä 200 et
50 um (FELLER, 1979) puis extractions NaOH pH 10 et sedimentation ä 5 um de
la fraction 0-50 ^BI (BARRIUSO et al,, 1984). On obtient les fractions
suivantes :
- Fo 200-2000, Fo 50-200 = résidus végétaux ä divers Stades de decomposition.
Fm 50-2000 = cendres + pseudo-sables + résidus végétaux tres humifies.
- HUs 5-50 = résidus végétaux et fongiques + complexe organo-minéral
(fraction humine).
- HUs 0-5 = complexe organo-minéral (fraction humine).
- MHTs, AFs, AHs = composes humiques extractibles.
En 12 ans, 40 % du stock organique initial de l'horizon 0-15 cm sont reconstitués. L'accumulation du carbone concerne essentiellement la fraction
0-50 Um (Fig. 1 ) . Les composes humiques extractibles ä pH 12, MHTps, sont
tres largement dominés par les acides fulviques AFps, Le fractionnement
detaillé est appliqué aux échantillons RIO et TC (Fig. 2 ) , Pour RIO, 16 X du
carbone total sont associés aux fractions sableuses (50-200 um) sous forme de
résidus végétaux grossiers de C/N élevés. Le reste se répartit entre MHTs
(7 % ) , dont AFs (6 % ) , HUs 0-5 (57 Z) et HUs 5-50 (20 % ) . Dans les deux sols,
les fractions HUs 0-5, les plus abondantes et aux C/N faibles ä (11,1 et 8,8)
dérivent probablement en grande partie de composes solubles d'exsudats raci—
naires et de résidus microbiens (HETIER et al., 1986) tandis que les C/N
élevés des fractions HUs 5-50 (17,1 et 17,4) laissent supposer un heritage
vegetal dans ces fractions.
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— x 100 représente le taux de reconstitution de la
par rapport ä TC. On note 1'ordre suivant :

Le rapport r =
'°°
matière organique
KUs
r =

3*ü RIO

Fm 50-2000
I 1

5-50 * Fo 200-2000 > Fo 50-200 >HUs 0-5 >AFs > AHs
63
57
49
40
23
13

Les fractions supérieures ä 5 ym (Fm 50-2000 excepté) se reconstituent le
plus rapidement (r - 50 %, C/N = 17). La fraction HUs 0-5 a un taux de reconstitution moyen. Les fr actions humique extractibles (AFs, AHs) et les
résidus végétaux les plus humifies (Fm 50-2000) ont les taux de reconstitu11 ä 23 % ) . Les AFs ont des valeurs de r nettetion les plus faibles (r
ment plus élevées que les AHs. Ceci est retrouve dans les extraits ä pH ï2
pour 1'ensemble des échant illons R4, R7, RIO, R12 (Tableau 1 ) .
En conclusion, la dynamique de la matière organique dans ces sols est
caractérisée par un stockage important au niveau des fractions fines 0-5 pm.
Les composes extractibles, encore faiblement reprêsentés dans les sols remodelës, sont essentiellement fulviques. Les taux de reconstitution des
fractions sont dans 1'ordre : fractions "végétales" résiduelles> fractions
organo-minérales >fractions humiques solubles.
References
BARRIUSO ( E . ) , PORTAL (J.M.), FAIVRE (R.) et ANDREUX (F.) - 1984 Pédologie. 34 (3), 257-274.
CHEVIGNARD (T.)
FELLER (C.)

- 1985 - These Doctorat 3è cycle, Univ. Nancy 1, 86 p.

- 1979 - Cah. ORSTOM, sér. Pédol., £ 7 ' 339-346.

11ETIER (J.M.), ANDREUX (F.), SCHOULLER (E.) et MAROL (C.)
Sc. Soc. Amer. J. (sous presse).

Flg.

1

-

Flf.

Fnct1onn«*ent 1 SO j « f t « " f i c t i o n par
(NtOtt 0,1 H » N«|Pj07 0.1 M)

30

- 1986 - Soil

2

-

Fraction««*«« 1 200. SO
i t S in avec ««traction
(NaOH. pH 10).

30
TC
0
Ifgfndf

SO

1

F0-W

2000 kti

AF ps AHp»

20

r

'

HUpi

Tableau 1 - Va l e u r t d« r ( e x t r a c t i o n p y r o - ï o y

IM

R7

MHTpt

6,1

16,8

17.5

18.1

100

Afp*

11.4

24,1

29,0

30,8

100

7,2

2.4

6.0

*"r.

0

RIO

R12

20

'

R

/ sa

,

z

~•
;
'

/
t
9

Fo

18,4 ,Fa

S0-2X
SO-2000

17,4

MUi

S-W

6,8

HIK

OS

8,0

«i

• '47.)

- 10

A

0

Fo 200-2000

17.0

100

R7

R4

;

20.8

i

TC

RIO
• 10

/.

•1

Situation

Frectl»

Cfl

•

Ï////I

F 50-2000

*

Agt rcandllin« «n a n n . f l

I

/mi
»7,1

••'Vi

3

'

- 288 THE COMPOSITION AND ACIDITY OF RAINFALL ACROSS A MARITIME TRANSECT
IN QUEENSLAND, AUSTRALIA
I.F. Fergus and R. Reeve*
CSIRO Division of Soils, Brisbane, Australia
* Now Retired
Two aspects of the composition of rainfall are particularly
important to soil science. Firstly, the quantities of elements added to
the ecosystem may be significant in plant nutrition, and secondly the high
acidity in the rain may acidify the soil, affecting both plant growth and
pedogenetic processes. With respect to the latter, a knowledge of the pH
of rain in areas little affected by anthropogenic factors is required as a
base-line aysinst which changes, such as those arising from combustion of
fossil fuels, may be judged.
We measured the composition and acidity of rainfall
Ncosa River area of south-east Queensland as part of a
landscape dynamics in native forest ecosystems of the
(Thompson and Moore 1984). The area is some 200 km north
nearest source of major industrial activity.

in the Cooloolageneral study of
coastal sandmass
of Brisbane, the

Rair.faJl was collected at seven sites ranging from 0.2 km from the
sea (in the direction of the prevailing wind) to 23.8 km, in continuously
open polypropylene funnels positioned above canopy height, (the tallest
being 12m). All of the liquid thus collected was led to a polypropylene
bottle containing 100 ml of toluene, and sampled monthly for laboratory
analyses, after passage through a 0.45 pm filter, using procedures listed
by Reeve et al. 1985. Total P was determined after UV photo-oxidation of
another sample, preserved with HgCl2. Results for a twelve month period,
as volume-weighted means of monthly analyses, are given in Table 1.
Accession cf elements was high near the coast and decreased exponentially with distance inland, and this is well illustrated by the decline
in conductivity.
The ionic ratios were quite similar to those in sea
water, hence as anticipated sea-spray is the major source of ions in
accession at these sites, although there is some evidence for an
additional source of Ca leading to calcium enrichment. The significance
of atmospheric accession to plant nutrition lies in its magnitude relative
to other nutrient sources, such as soil reserves, biological fixation, and
organic matter decomposition. Since open funnels will collect only wet
accession and dry fallout, but not impact accession, the amounts in Table
1 will be an underestimate of the total additions to the ecosystems. Even
so, the amounts of Ca and K received seem insufficient to contribute
significantly to the total nutrient pool. In contrast, sulphur accessions
appear to be significant.
The Total P values given in Table 1 do not show the exponential
decline with distance observed for other ions. This suggests that part at
least of the P accession was due to local redistributions, either as dust
(possible at R9) or as fine organic material. There may well have been a
wind-blown contribution from sea spume at R12(a). Total P was 1.9 times
soluble P (range 1.0 to 3.3). Even if all of the measured P was real gain
to the system, the amounts involved are small, and insufficient to correct
the very low soil P environment.

- 289 TADLE 1.
AMOUNT ANO COfll'OlitTION OF HAINFALL AT SEVEN SITES IN TUE COOLOOLA-NOOJA RlVLft AKtIA
(to , ;<.il o r volutthj w c i g l t t o d n e i n f o r 12 m o n t h [ » - ' r i o d l

Site
No *

km t o
coast

Rain
(min)

pH

R12la!

0.2

199S

5.3

.79

0.024
9.7

0.102
23.8

0.456
201

0.057
54.4

0.533
377

11.0
129

0.8]

8.0

»12(b)

0.9

1757

5.3

.43

0.014
5.1

0.053
.11.3

0.23S
95

0.029
24.1

0.272
1(9

10.6
103

0.86

8.2

R2

1.3

2034

5.1

.36

0.011
4.7

0.044
11.0

0.184
86

0.023
22.0

0.222
160

7.«
83

0.83

8. 1

R13

2.0

2187

5.1

.29

0.011
4.6

0.032
8.5

0.136
6B

-0.018
19.0

0.167

10.2
125

0.81

7.6

no

0.009
4.1

0.027
7.4

0.102
53"

0.012
13.0

1.(,
95

0.79

1.4

105

R7

6.9

2273

S.l

Conti.
(dSm

.24

)

Ca
(1 s t

Mg
Mg
l i n e m-cquiv.

Na
S04
Cl
L ~ ' ; 2nd l i n o kg h a ~ M

P'

(ug kg" , g r u "

o. n o

Nj
) :Cl

N.i
: r.0

R9

11.5

1984

5.0

.24

0.007
2.7

0.024
5.8

0.095
43

.0.015
14.0

0.121
87

20.6
244

0.77

I.J

R14

23.8

1395

5.2

.21

0.007
2.1

0.020
3.4

0.089
28

0.016
10.0

0.114
56

9.0
82

9.71

5.7

0.87

LOCAL
SEAWATER
•
I
$

Thompson and Moore 1984
On an equivalent basis. Riley and Chester (1971) suggest mean values
of 0.86 and 8.3 for seawater
For a different 12 month period, when rainfall was 0.S7 of column 3

Galloway et a_l. (1982) reported a study aimed at determining the
acidity of precipitation in areas of the world free ftom anthropogenic
effects. For five remote sites, they found the mean pH to range from 4.8
to 5.0.
They were able to explain some of the sources of this acidity,
and concluded that the pH of rain free from human activity was probably
_> 5.0. The data from the present study support this. The mean pH was 5.1
-5.2, and there was little evidence of abnormal effects:
the sum of
cations (excluding H+) was a little less than the sum of anions, and ionic
ratios involving SO were similar to those in seawater (at least for the
first five stations), suggesting there was no external contribution of S.
If it is assumed that any influences from industrial centres such as
Brisbane will be acidifying in nature, then the pH of natural rain in
this area is greater than 5.2.
REFERENCES
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- 290 Schwefel-Vorräte u. -Bindungsformen bayerischer Waldböden.
M. Fischer u. K.E. Rehfuess
Lehrstuhl für Bodenkunde der Universität München

In einer S-Inventur werden die Vorräte von in Waldböden vorherrschenden SBindungsformen und die dafür maßgebenden Bodeneigenschaften identifiziert.
Eine S-Bilanz ermittelt den Ein- bzw. Austrag von S durch atmogene Deposition bzw. Sickerwasser für ausgewählte Inventurstandorte. Inventur und Bilanz zusammen kennzeichnen den S-Haushalt repräsentativer Bodenformen und
schätzen die Veränderung durch atmogenen S-Eintrag ab.
Die meisten der bisher untersuchten Pedons, aus schwach S-haltigen Gestein
entstanden, zeigen für Gesamt-S und angenähert auch für die meisten S-Bindungsformen eine Tiefenfunktion ähnlich jener von C und N; mit hohen Gehalten (Ï lOOOugS-g
Feinerde) in der Auflage, mittleren bis hohen (lOO900ugS'g ) im Oberboden und geringen Gehalten (l-20O|igS*g ) im tiefen
Mineralboden (Tab. 1; Abb. 2 ) . Allgemein verengt sich das Verhältnis von
Sorg/Sanorg von etwa 9:1 in der Auflage über 5:1 im Ah zu 2:1 bis 1:2 im
mittleren und tiefen Mineralboden. Mit diesen Anteilen am Gesamt-S dominiert der organische S nach den bisherigen Ergebnissen in 2/3 der Bodenformen (Tab. 1; Abb. 2 ) . Dabei variiert das Verhältnis von "kohlenstoffgebundenen S" und "organischem S04" beträchtlich; "SC" überwiegt in der Auflage, "S04org" im tiefen Solum (Abb. 2, 3 ) . Der organische S erreicht im
mittlerem und tiefen Profil hohe Anteile, wird vereinzelt aber auch dort
von organischem S übertroffen (Abb. 2, 3 ) . Sanorg besteht überwiegend aus
anorganischem S04; reduziert vorliegender anorganischer S ist meist vernachlässigbar und erreicht nur in hydromorphen Horizonten bis 1/3 vom Gesamt-S.
Bei Böden aus S-haltigem Gestein (Tab. 1, Balingen) steigen die S-Gehalte
im Unterboden an; hier treten Gehalte wie sonst nur in den org. Auflagen
auf. Im Profil Balingen weist allein ein 35 cm mächtiger Cv-Horizont mit
fast 4500kgS*ha
den doppelten S-Vorrat der meisten anderen Pedons (O bis
Im) auf. Dabei überwiegt auch im tiefen Mineralboden eindeutig der "SC".
Tab. 1 vergleicht die S-Vorräte" im Mineralboden von O bis 1 m Tiefe von
10 Bodenformen. Die Vorräte in der organischen Auflage sind überall gering.
Die Variation hinsichtlich der Vorräte an Gesamt-S und einzelner Bindungsformen ist beträchtlich.
Auch ein Vergleich von ähnlichen Bodenformen unter Laub- und Nadelwald
(Tab. 2) ergibt deutlich verschiedene Gesamt- und Teil-S-Vorräte bis 0,5 m
Tiefe, wobei teils die Pedons unter Laubwald, teils jene unter Nadelwald
überlegen sind.
The contents and amounts of total S and several important S-fractions
(fig. 1) are analyzed for representative forest soils; soil parameters
are defined, which determine S-accumulation.
Soils derived from parent rock poor in S exhibit depth functions of S
similar tothose for C and N, withi1OOOug•g S in the organic floor and
l-20OngS"g
in the lower mineral horizons (fig. 2 ) , in soils on parent
rock rich in S the S-contents in the subsoil amount toïlOOOug*
. Tab, 1
shows the variation of S-amounts for selected soils. In the majority of
soils analyzed hitherto organic S dominates.
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- 292 The Complexation of Cu, Pb, and Cd by Aqueous Extracts of Soil
Organic Matter.
W. R. Fischer
Lehrstuhl für Bodenkunde, Technische Universität München,
D - 8050 Freising-Weihenstephan, F.R.G.
Complexation experiments were conducted by adding various amounts of
extracts of soil organic matter to solutions of Cu, Pb, and Cd, which
resulted in a decrease of the corresponding peak height of differential
pulse polarograms. The actual ligand concentration was determined by an
acidimetric titration of the extracts after passing them through an H +
exchange resin column.
From this, conditional stability constants could be calculated, using
the law of mass action, for a complex MeL n (L = ligand activity), where,
is most cases, 0.6 < n < 2.2. The stability constants (k) varied over
several orders of magnitude, depending on n. For comparing the complex
stabilities of different soil extracts, k was transformed to a
hypothetical 1 : 1 complex (MeL), using an empirical formula. These
constants were independent of metal concentrations at levels higher than
2 mg Cd or 5 mg Pb per gram of humic substance, respectively. For Cu, k
increased below 8 mg Cu/g. At pH values between 4 and 8, the stability
of the Pb complexes increased markedly with increasing pH. In most cases
this was also valid for the copper complexes. Cadmium complexes were
either not influenced by pH or a stability maximum was obtained at about
pH 5. Drying of the samples before extraction did not alter significantly
complex stabilities. For oligotrophic, underwater soils and nutrient poor,
low moor peat, complex stabilities increased with increasing degree of
humification.
Zusammenfassung
Die Komplexierüng von Cu, Pb und Cd mit wasserlöslichen Huminstoffen
äußert sich in einer Erniedrigung der Peakhöhen im DifferentialPulspol arogramm, aus der, zusammen mit der titrierten Anionenkonzentration, nach dem Massenwirkungsgesetz Stabilitätskonstanten berechnet
werden können. Diese Konstanten (berechnet für einen hypothetischen 1 : 1Komplex) hängen von den Eigenschaften der Böden, aber auch erheblich von
den gewählten Versuchsbedingungen (pH, Konzentrationen) ab.
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TUNISIA

8180-COMPOSITION OF CALCAREOUS CRUSTS FROM

1
2
1
Freytag, J., G.H. Schleser u. H.W. Scharpenseel
1. Ordinariat für Bodenkunde, Allende-Platz 2,
2000 Hamburg 13, FRG
2. Inst. f. Chemie/BPC, Kernforschungsanlage, POB 1913,
5170 Jülich, FRG
The 6 C and S
O-compositions of various calcareous crust
profiles from different places in Tunisia have been analyzed.
The investigated calcrete layers exhibit CaCO,-concentrations
of a wide variability, ranging from about 5% to almost 907„.
Only a minority of profiles show a constant concentration of
CaCO, all over.
. ,
The crust profiles exhibit 8 C-variations of up to 8 o/oo.
In many cases the
C-patterns differ greatly from each
other. 6
C-values may decrease, increase or remain constant
across the profiles investigated.
In two cases exist correlations between the CaCO,-concentration and the $ C-values; in general, however, the two parameters are independant of each other.
The carbon weighted averages of the various profiles show a
certain north-south regional differentiation which will be
discussed with regard to the possible processes of formation
of the crusts and with regard to the palecological implications resulting therefrom.
In general the southern profiles show higher enrichments in
C than the profiles in the northern part of the country.
Other authors (DORN and DENIRO, 1985) found in rock varnish
organic matter also different S
C-ratios. Under more arid
conditions they observed higher enrichments in
C. Correlations between climatical variations and
C-content have also
been observed in calcretes.
8
C- und
Tunesien
I'D

S

0-Kompositionen in Kalkkrusten aus

TO

Óie 6
C- und 6
0- Kompositionen zahlreicher Bodenprofile
mit Kalkkrusten oder Kalkanreicherungshorizonten verschiedener Lokalitäten in Tunesien wurden analysiert. Die untersuchten Calcretes weisen stark variierende CaCO^-Konzentrationen
auf, welche je nach Horizont zwischen etwa 5% und bis zu 90%
betragen können. Nur ein kleiner Teil der Profile zeichnet
sich durch konstante CaCO ..-Gehalte über die gesamte Tiefe aus.
Die Kalkkrustenprofile zeigen Schwankungen der S C-Werte
bis zu 8ö/oo. In,vielen Fällen sind signifikante Unterschiede
zwischen den 6
C-Tiefenfunktionen vorhanden. Die Werte
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oder konstant über das gesamte Profil verbleiben.
In zwei Fällen sind Korrelationen zwischen den CaCO..- Konzentrationen und den o
C-Werten vorhanden. Allgemein sind
diese beiden Parameter jedoch in den untersuchten Profilen
.
unabhängig voneinander.
Die über die Kohlenstoffgehalte gewichteten
C-Mittelwerte
der verschiedenen Profile zeigen eine gewisse nord-süd gerichtete, regionale Differenzierung, welche unter dem Aspekt
der möglichen Bildungsprozesse der Krusten und in Anbetracht
der daraus resultierenden paläoökologischen Implikationen
diskutiert werden.
..
Im allgemeinen zeigen die südlichen Profile höhere
C-Anreicherungen als die Profile im nördlichen Teil des Landes.
Andere Autoren (DORN und DENIRO, 1985) fanden in der organischen Substanz wüstenlackartiger Gesteinsüberzüge ebenfalls
unterschiedliche ß
C-Verhältnisse. Unter arideren klimatischen wurden höhere Anreicherungen an
C beobachtet. Korrelationen zwischen klimatischen Variationen und
C-Gehalten
können ebenfalls in Kalkkrusten beobachtet werden.
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- 295 Potassium availability in typical soils of Hungary
György Füleky
Gödöllo University of Agricultural Sciences, Department of
Agricultural Chemistry, Gödöllo, Hungary
Studying the availability of soil potassium, not only the
magnitude of potassium reserve is interesting but also the
rate of K-release of this resourse, as well. In our privious paper
it was verified, that the K-release measured by EÜF formally can
be described by the equation of the second-ereer reaction.
The purpose of this paper is to report on the potassium
availability of the typical soils of Hungary, differing in clay
content and mineralogy.
On the 36 typical soils of Hungary the availability of
potassium was studied by electro-ultrafiltration method and in
glasshouse experiment. The experiment was conducted in 1 kg pots,
with ryegrass plants. The time of K-uptake was 128 days. During
this time the shoots of the ryegrass plants were cut 6 times.
The potassium content of shoots were determined and the cuirunulative
K-uptake was calculated. The ryegrass plants were fertilized only
with nitrogen at the start of the experiment and after each
cuttings. The clay content, the mineralogy of the clay fraction,
the exchangable potassium content, the ammoniumlactatacetat
soluble potassium content /AL-K/, the CEC of the soils were
determined. The rate of K-release was measured by electroultraf iltration using 4oo V constant voltage for 5o minutes
/3ooo sec/ at 2o C temperature. The applied cathode and anode
filters were made by Schleich er-Schüll.
For the description of K-release process the equation of
the second-order reaction was used:
dY
2
~ = k /Y
-YT
dt
' max
where
,
Y = the maximum value of the K-release, mg.kg
,
Y
= the potassium quantity released until the time t, mg.kg
t
k

=
=

time, sec
rate constand

The rate of the K-release process was calculated by the help of
this function at the time of o,6oo and 3ooo sec.
The potassium uptake by 1, 2, 3, 4, 5 and 6 cuttings of ryegrass
shoots were related to the quantity of exchangable potassium
content, to the ammoniumlactat-acetat soluble potassium content
and to the rate values of K-release.
The magnitude of the correlation coefficients show an
increasing tendency from the first cut till the first six
cuttings. The correlation coefficients were between the K-uptake
measured by the first cut and AL-K, v,
values r=o,681 and
o,6ol, respectively. Afer the sixth cut these were o,863 and
o,819, respectively. At the same time the correlation coefficients
were between K-uptake and exchangable potassium, v , v.,
,
o,662, o, 728 and o,731, respectively. We can conclude,
the plant experiment for calibration of the chemical soil test
methods should be continued for more than 1-2 cuttings. The
relationship between the K-uptake and the vfi
K-release rate
valuss was closer if the clay content of the
soils were considered,
too / r=o,84o /.
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Soil Clay
Clay
Exch.-K AL-K EUF-K K-uptake
% mineralogy
mg.kg

Rate of EUFK-release
mg.kg-1.sec .lo-3
at/sec/
o
600 3ooo

13.
14.

7
46

Mi,Ka,S, x
S,Mi,Ka, x

261
242

158
154

16o
124

281
242

27o
91

79
57

lo
18

22,
26.
33.

45
45
45

Mi,Cl,X,s
Mi,S,Ka,X
S,Mi,X,Vr

328
246
398

295
279
282

2o7
237
231

435
466
546

24o
26o
31o

lo5
12o
115

19
24
18

29.
3o.

3o Mi,S,Vr,Cl 199
28

176
177

158
184

268
338

.180
275

85
93

15
13

Mi,Ka,X,Q

218

X Mineralogical content ranges from higher to lower / 2um clay fraktion/
Mi=Hydrous mica, Cl=Chlorite, Ka=Kaolinite, S=Smectite, Vr=T tmiculite,
X= Interstratified, Q=Quartz
As the date of the table show, the sandy soil No.13. has
higher rate of K-release at the first moment than that of the No.14.
clay soil, having both soils the same exchangable-and AL-K content.
Passing time the rate of K-release decreases more markedly in the
sandy soil than in the clay soil and becames smaller in it at the
time t=3oo sec,
Considering the clay mineralogy of the Hungarian soils in
28 soils hydrous mica was the dominant clay mineral, in 7 soils
smectite/montmorillonite/, but the second most ambundant clay
mineral was the hydrous mica. The clay content of the later soils
always exceeded the 35 %. Beside them generally chlorite, kaolinite,
vermiculite and interstratified clay minerals exist in the Hungarian
soils in different quantities and different ratios. For this reason
not easy to determine the effect of the clay minerals on the
K-release in a given soil.
For the demonstration the effects of the individual clay
minerals on the potassium availability some examples can be seen
in the tabla. Soils No. 22.,26. and 33. contain the same AL-K
and clay content. Among them the smectite dominant soil. No.33.,
contains the highest exchangable potassium quantity and it has
the biggest potassium uptake, as well.
Soil No. 29. and 3o. have the same clay content, the same
AL-K content and nearly the same exchangable potassium content.
The former one with considerable kaolinite content has higher rate
at the first period of the K-release process, but the rate decreases
aslo more quickly in this soil.
Summarising the results, in the 36 typical soils of Hungary
the availabilty of potassium influenced by the clay content, the
clay mineralogy and the saturation of the CEC with potassium.
The rate of K-release can be well characterise by the electroultrafiltration method.
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P.FUSI, M.FRANCI, M.BOSETTO and V.VIDRICH
Istituto di Chimica Agraria e Forestale dell'Universita.
Centro Studio Colloidi Suolo, C.N.R., Firenze, Italy.
The herbicide adsorption by soil colloids is considered to
be one of the major processes affecting the phytotoxicity. The
interactions occurring between herbicides and soil colloids are
of great interest either for an environmental aspect since adsorption determines the evolution of the herbicides in soil or
for the weed control aspect because effectiveness and frequency
of application depend on adsorption.
The Fluazifop-butyl esther (butyl-2 [ 4-(5-trifluoromethyl-2pyridyloxy) phenoxy] -propionate) is a potent selective herbici^
de used in grass weeds control for broad leaved crops. In soil
it undergoes a degradation giving the corresponding carboxylic
acid.
The aim of this research is to study the adsorption mechanism of these two molecules on clay minerals. Two homoionic smectites were considered: Montmorillonite, Upton, Wyoming having
isomorphes replacement in the octahedral sheet and Saponite,
Ballarat having isomorphous substitution in the tetrahedral layer. The same cation, present in these clays, has a different
polarizing power which could give rise to a different adsorption
and/or degradation mechanism.
Homoionic Al-,Fe-,Ca-,Mg-,Na-,Cs- and K-smectites were prepared from the < 2 ^um fraction of clay and then thin self suppor
ting films were formed from a clay water suspension air-dried
on a polyethylene sheet. The clay films were immersed in a CCI4
saturated Fluazifop-esther. and-acid solution for 24 hours. They
were removed from the solution, rinsed twice with CC1 4 and air
dried.
The adsorption mechanism was studied by IR spectroscopy. Dif
ferential infrared spectra were recorded with the pure clay film
on the reference beam to enhance the bands which in the absolute spectra are obscured by water clay vibration about 1640 cm .
X-ray diffraction analysis of organic-clay complexes were performed to know if the herbicides are able to penetrate into the
interlayer space of smectites.
The C=0 stretching band of Fluazifop-butyl shifts to lower
frequencies (from 1755 to 1725-1705 cm -1 ) in the Ca-,Mg-and Namontmorillonite complexes. Similar results were obtained with
Ca-,Mg- and Na-saponite. This may suggest the establishment of
anindirect coordination bond, through a water bridge, between
C=0 group and exchangeable cation of the clay, being the shifts
lower than 50 cm -1 . The following scheme is proposed:
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CHo

•3e —P

J ~ ° \

0

H-O

Me—smectite

/ - O - C H — C— O—C^Hc

were Me =Ca 2+ ,Mg ,Ma (or Al3+,Fe" ,K ,Cs as discussed below).
Two bands appear in the IE spectra of the complexes with AlFe-,JC- and Cs-montmorillonite.The first in the region 1725-1705
cm-1(for all cations) and the second at about 1652 cm -1 for Aland Fe-clay, and at about 1675 cm-1 for K-and Cs-clay. Similar
results were also obtained with saponite.These results can suggest that Fluazifop-butyl is adsorbed both by an indirect coordination, through a water bridge,and by a direct coordination
between C=0 group and exchangeable cation, according to the fol^
lowina scheme:
_,
, +n
CH 3 0
Me
smectite
F c
3 —\/—0—\
V-O—CH—C—0—C4H9
were M e + n = Al 3+ ,Fe 3+ ,K + , Cs + .
A further confirm of this mechanism was obtained heating the
organic-clay complexes at 100°C for 12hr. The intensity decrease of the band at about 1700 cm
and the intensity increase of
the band at about 1650 cm-1 were observed. The number of water
molecules coordinated to the exchangeable cation reduces on hea
ting and consequently the organic molecule can coordinate direc
tly to the cation.
Moreover in the Fe- and Al-smectite complexes the pyridine
and benzene ring seems to interact with clay surface.
As the frequencies of the C=0 are the same in the Fluazifop
butyl montmorillonite complexes as well as in the Fluazifop-bu
tyl saponite complexes ones, we can infer that the different
polarizing power of the same exchangeable cation in the saponite and in the montmorillonite clay hasn't any effect on the
coordination of the organic molecule. Such results seem to suggest that the main role in the adsorption is played by the cations present on the external surface only. Further, X-ray diffraction analysis confirmed that the Fluazifop-butyl does not
penetrate into the interlayer space of montmorillonite and saponite. Similar results were also obtained with Fluazifop-acid.
The molecule is adsorbed on smectites either by a direct coordination between C=0 and exchangeable cation(Al3+,Fe3+,Mg ,
Ca 2+ ,Na ,K+,Cs+) or indirectly throuah a water bridge(Ca2+,Kg^t
Na + ,K + ,Cs + ).
As shown by IR and X-ray diffraction analyses the molecules are
only adsorbed on external surface of these smectites;therefore
Fluazifop in soil can probably be affected by UV light and microbial activity.
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HUMUS CHARACTERIZATION OF SOME MEXICAN VOLCANIC ASH DERIVED SOILS
GARCIA, C.N.; VELASCO, F.; AGUTLERA, H.N.
AGUILERA, H.N.

The humus fractions studied in this work were separated from the "A"
horizon of volcanic ash derived soils, collected in the "Nevado de Toluca" volcano which is situated in the Mexico state, México.
The soils developed in it, supports a great area of forest (36,665 H a ) ,
distributed in clearly defined zones, from them, we sampled three soil
profiles to investigate the humus evolution in the vegetation zones of
Plnus sp. at 3,300 m; Abies religiosa and Pinus sp. between 3,300 until
3,320 m and Abies religiosa, between 3,320 until 3,150 meters above sea
level.
These soils has been classified as Andisols, their humus characterization shows accumulation of organic matter above 35 % on the soil surface,
with a middle biological activity.
It has been applied techniques as: visible spectroscopy, electrophoresis, coagulation threshold and gel filtration chromatography, to the humic fractions as indicatives of the humus evolution grade.

- 300 Phosphate absorption on Al-goethites as affected
microstructure.
Gessa C ,

by

Melis P., Premoli A.

Agricultural Chemistry Institute.University of Sassari,
Italy.
The chemical activity of the solid phase is strongly related
to its nature and surface area. As the surface which is avai^
lable to the interagent species is not equal to the total one,
the study of microstructure appears to be very important in
understanding the absorption processes. In this work the rela
tion between microstructure and phosphate absorption on Al-sub
stituted goethites has been investigated.
Unsubstituted and Al-substituted goethites were synthetic
zed from FeCl and A1C1 solutions, mixed to give Al/Al+Fe mo
lar ratios equal to 0, 5' , 10 ,20 and 30%. Appropriate conditions
were employed to have an Al-substitution degree close to the
precipitation molar ratio. The surface area of samples was de
termined both by N adsorption isotherms at 77°K, following
the conventional B.E.T. procedure, and by Hg porosimetry. The
programmed measurements were elaborated by a Commodore C B M
mod. 8032 computer controlling a C.Erba sorptomatic and poro
sii^eter apparatus.
Chemical absorption isotherms were made by treating 0.1
gms of sample with 40 ml of a 0.1N KCl solution containing
different amounts of KH PO to give a P content varying from
100 to 2000 mgs.
The chemical and physical absorption isotherms of Alsubstituted goethites indicate a good agreement showing an
increasing phosphate absorption with increasing physical ad_
sorption. It follows that the higher the surface area values
- calculated from N adsorption - the higher the phosphate
absorption.
The surface area values determined by N adsorption
(SA., ) increase as the Al/Al+Fe molar ratio increases and
N
are 2 considerably higher than those by Hg porosimetry (SA J.
The last values reach a maximum in the sample having a
Al/Al+Fe precipitation molar ratio equal to 10% and decrease
dramatically in the samples characterized by a higher Al con
tent.
The decrease in SA
values observed in the samples with
Al/Al+Fe molar ratio equal to 20 and 3 0 % suggests that the
high exerted pressure can induce the microstructure collapsing.
From SA
and SA
data theoretical values of sorbed P
were
2 calculated postulating that phosphate forms a
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The experimental absorbed P
values show a good agre
ement with the theoretical ones from SA H ß suggesting that
the surface area due to micropores (0
37A) is unavailable
phosphate ion absorption.
RESUME - On a réporté ici les premiers résultats obtenus sur
quelques goethites Al-substitués. Sur les échanti1 Ions, sin_
thetises par des solutions de FeCl et A1C1 ä rapports égals
ä O, 5, 10, 20 et 30% on a determine 1'extension superficiel_
Ie soit par absorbiment d'azote liquide (SA.. ) soit par 1'em
ploiement de la porosimetrie au mercure (SA„j). Sur les mêmes
échantilions on a determine les isothermes d'absorbiment du
phosphate.
Les résultats indiquent que les valeurs (SAM ) augmen_
tent ä la croissance du rapport Al/Al+Fe et elles sont tou_
jours supérieures aux valeurs SAu„. Ces dernières gagnent un
maximum dans 1'échantillon avec rapport 10 % et.diminuent
progressivement dans ceux qui ont un rapport plus élévé.
Les valeurs expérimentaux relatives au P
absorbé mon
trent une bonne harmonie avec les valeurs theoriques calculées
par les donnés SAp]_, en suggérent que la surface relative aux
micropores n'est pas disponible a 1'absorbiment phosphatique.

- 302 AN EVALUATION OF SOIL RESISTANCE TO REDUCTION UNDER
ANAEROBIC CONDITIONS
3. Gliriski and Z. Stepniewska
Institute of Agrophysics P.A.N., Lublin, Poland
Anaerobic status o f soil, related to a total or partial
oxygen deficit, result s in a number of reduction processes
caused by increased ac tivity of anaerobic microorganisms in
the soil.
The rate of reduct ion depends on numerous factors and
primarily on temperatu re and the presence of easily deconposed organic substance.
Soil resistance to reductio n has not been determined quelitatively, therefore there is no quantitative indicators of
this feature which may be signi ficant e.g. when planning irrigation and drainage measures and evaluating their results,
as it permits the determination of permissible time of soil
saturation with water in plant production.
As a measure of soil resist ance to reduction the authors
adopted t300 indicator - time o f redox potential decrease to
300 mV. This value is an approx imated dividing line between
"oxygenated" end "reduced" soil
The investigations on this subject comprises the determination of the t300 indicator fo r 263 samples representing
various types, species and kind 8 of Polish soils. The determinetions were carried out under labo0
2 A 6 8 t3OO(20'C)
ratory conditions
finding t300 values
from Eh drop curves
3
A Voorg.mat.
1
during incubations,
after flooding with
water, at 10, 15 and
20 C. Eh was measured with the platinum electrode of own
design, with refer
rence to a calomel
electrode, and pHmeter M64 Research
Radiometer.
Analysing the
variability of the
t300 indicator in
profiles of soils
examined it should be
stated that the lowest values occurred
%Fe203
in the humus horizons
end increased with
1500 Mn
500
1000
the depth of the promg/kg
files. The indicator
values showed negative
Figure 1.
correlation with orga-

- 303 nie matter content and a positive correlation with the contents of iron oxide and total manganese. Figure 1 presents the
variability of the t300 indicator /l/ in a black earth profile
with respect to the contents of organic matter /2/, ferrooxides /3/ and manganese /4/.
The t300 indicator values determined for the soil examined
varied from several hours to 14 days at 20 C and increased to
20 days at 15 C. At 10 C the redox potential usually did not
reach 300 mV except for a few samples taken from humus horizons of the highest content of organic matter /Fig. 2/.

0,5

1

1,5

2

2,5

3 % org. mat.

Figure 2.
In view of its relation to the amount of organic matter
and its susceptibility to decomposition, the content of oxidized forms of Mn and Fe, and the activity of soil microorganisms, the values of t300 indicator determined may be considered as a measure of soil resistance to reduction.
Zusammenfassung
Beurteilung der Reduktionsbestgndigkeit des Bodens unter Sauerstoff f reien Bedingungen
Es wurde der t300-Kennwert /die zur Sekung des Redoxpotentials bis auf 300 mV benötigte Zeit/ als Mass der Bodenbestflndigkeit gegenüber der Reduktion unter Bedingungen der Oberschwemmung vorgeschlagen. Festgestellt wurde, dass dieser Kennwert mit dem Geahelt an organischer Substanz negativ und mit
dem Fep03 - und Mn-Gehalt positiv korreliert ist. Für die untersuchten Böden betrug de t300-Kennwert von einigen Stunden
bis 14 Tage /Bei einer Temperatur von 20 C/.

- 304 EFFECT OF FOREST FLOOR ON SULFATE MOBILITY

IN A SANÜY IRON PODZOL

George R. Gobran and S. Ingvar Nilsson

The Swedish University of Agricultural Sciences
Department of Ecology and Environmental Research
Box 7072, 750 07

UPPSALA, Sweden

ABSTRACT

Sulfate retention in forest soils is a rather complicated subject
because of the Involvement of several mechanisms. We have investigated
the effect of the dissolved substances (DS) from the forest floor (FF)
of a sandy iron Podzol (AO horizon) on SO. mobility in the upper
mineral soil (A1/A2 horizon). Sulfate retention (SO. retained in a
solid phase) was estimated by using two different extractants,
distilled water extract, DWE, (pH=5.8-6.3) and forest floor extract,
FFE (pH=3.6+0.1). Different concentrations of S0 4 (0.00-2000 mgSL" 1 )
were added to both extractants as Na-SO.-S

35

. The results show that

the sulfate retention by the mineral soil (A1/A2) Increased linearly
with increasing SO. concentration in the DWE containing up to 500
mgSL

, whereas the retention was nill when the soil was equilibrated

with the FFE containing the same S concentrations (<250 mgSL" ) . But
the retention started to increase linearly when the FFE contained more
than 250-2000 mgSL" . An extrapolation of the retention line of the

- 305 DHE from 250-500 to 2000 mgSL" 1 indicates that SO- retention may be
equal regardless of the extractant used (DW or F F ) . These data suggested that the SO. mobility or release may be controlled by the formation
nf -H + -S0. 2 ~, A1S0. + , and/or AlfSO.)-" complexed with the dissolved
organic components. Thus these forms remain in the soil solution, even
at high SO, concentration. Another possibility is that the formation
of some S0.-A1 mineral precipitate may be remained in the soil solution.
All these kinds of SO. complexes in the soil solution cannot be
distinguished by existing analytical methods and the SO. or S is
measured as a free ion. Some of the possible explanations are discussed.

- 306 M o b i l i t y of M e t a l s i n Trees : A M e t h o d to E s t i m a t e P l a n t
of M a c r o - a n d T r a c e e l e m e n t s
Godt,J.

and

Uptake

R.Mayer

G e s a m t h o c h s c h u l e K a s s e l , U n i v e r s i t ä t , FB S t a d t - u n d L a n d s c h a f t s p l a n u n g / L a n d s c h a f t s ö k o l o g i e , P o s t f a c h 101380, 0-3500 K a s s e l , F R G
In
order
to e s t i m a t e
input
and
cycling
of e l e m e n t s
in
forest
e c o s y s t e m s , f l u x b a l a n c e s h a v e been e s t a b l i s h e d f o r a beech a n d
a n d a s p r u c e s t a n d i n the S o l i n g a r e a , FRG ( M a y e r 1 9 8 1 , M a t z n e r
et a l . 1984). U s i n g f o r e s t c a n o p y as a c c e p t o r s u r f a c e , the p r o b l e m
arises
to d i s t i n g u i s h
external
input
to p r e c i p i t a t i o n
deposition
(below
canopy)
from
internal
turnover
(leaching).
This
requires
k n o w l e d g e on m o b i l i t y a n d u p t a k e of e l e m e n t s ( i o n s ) b y t h e t r e e .
(1982),
the
element
Using
a
method
established
by
Essiamah
concentration
in t h e m o b i l e p h a s e of t h e t r e e ( s p r i n g s a p t a k e n
f r o m the stem) h a s been d e t e r m i n e d . I n t h i s w o r k (see a l s o Godt
1985) metal c o n c e n t r a t i o n s i n s p r i n g s a p of d i f f e r e n t t r e e s p e c i e s
f r o m d i f f e r e n t s t a n d s are c o m p a r e d w i t h t h e c o n t e n t of m e t a l s i n t h e
top l a y e r of m i n e r a l s o i l ( 0 - 1 0 c m , E D T A - e x t r a c t , r e l a t i v e l y m o b i l e
fraction)
and
soil
solution
(lysimeter).
Table
1
gives
the
concentration
(x)
of h e a v y
metals and macroelements
in
beech,
poplar,
maple
and
birch
spring
saps from d i f f e r e n t l y
polluted
stands.
In c o n t r a s t
to t h e m i c r o e l e m e n t s , h i g h c o n c e n t r a t i o n s of
macroelements
are
obvious.
Especially
in p o p l a r ,
differences
in
h e a v y m e t a l c o n c e n t r a t i o n s i n s p r i n g s a p s are f o u n d i n d i f f e r e n t
s t a n d s ( h i g h c o n c e n t r a t i o n s of C d , Pb a n d Z n ) ; i n t h i s d i f f e r e n t
s t r a t e g i e s i n " a v o i d a n c e " a n d " t o l e r a n c e " ( c o m p a r e E r n s t a n d Josse
v a n Damme 1983) c o u l d be r e f l e c t e d . In t a b l e 2 the r e l a t i v e u p t a k e
of m e t a l s , c a l c u l a t e d as r a t i o of c o n c e n t r a t i o n i n t h e m o b i l e p h a s e
(EDTA-extract ,0-10
cm)
to
that
in
spring
sap,
here
called
discrimination
quotient,
is g i v e n
for
the f o u r
tree species.
In
general,
heavy
metals
are
discriminated
in
comparison
to
the
m a c r o n u t r i e n t s ( C a , Mg a n d K ) . I n t a b l e 3 c o n c e n t r a t i o n of m e t a l s
i n s p r i n g s a p of t r e e s ( S o l l i n g , B 1) i s c o m p a r e d w i t h t h a t of
m e t a l s i n s o i l s o l u t i o n . From _ l h i s a t r a n s i t i o n f a c t o r is c a l c u l a t e d
4),
w h i c h shows h i g h d i s c r i m i n a t i o n
of h e a v y
metals
,
(table
e s p e c i a l l y of P b , AI a n d C r .
As to the f l u x b a l a n c e of h e a v y m e t a l s i n f o r e s t ecosystems it c a n
be c o n c l u d e d f r o m these r e s u l t s ,
that plant uptake and
thereby
l e a c h i n g of P b , AI a n d Cr f r o m t h e c a n o p y c a n be n e g l e c t e d ,
whereas
t h e u p t a k e of o t h e r
heavy
metals
is q u i t e low.
These
f i n d i n g s are
i n good a g r e e m e n t w i t h those of M a y e r
(1981)
and
S c h m i d t a n d S c h u l t z ( 1 9 8 5 ) . As to s o d i u m , w h i c h i s i m p o r t a n t f o r
t h e f l u x b a l a n c e of m a c r o e l e m e n t s
( U l r i c h et a l . 1979), o n l y an
extremely
reduced plant uptake and thereby
l e a c h i n g h a s to be
considered for beech.
Ess i a m a h , S.K. (1982) : D i s s . F o r s t l . Fak . U n i v . G ö t t i n g e n
G o d t , J . (1985) : D i s s .
Gesamthochschule
Kassel , B e r . F Z
W/Waldsterben
Göttingen in p r e p .
M a t z n e r , E . , P . K . K h a n n a , K.J.Meiwes, E .Cassens-Sasse, M.Bredemeier
a n d B . U I r i c h ( 1 9 8 4 ) : B e r . FZ VV/Waldsterben G ö t t i n g e n 2 , 2 9 - 4 9
M a y e r , R . (1981):Göttinger Bodenkundl .Ber. 70,1,1-292
Schmidt,M.
and
R . S c h u l t z ( 1985) : I n t .
Conf.
Heavy
Metals
in
the
E n v i r o n m e n t , 506-508, A t h e n s
U l r i c h , B., R.Mayer,
and
P. K. K h a n n a ( 1979) : S c h r .
Forstl.
Fak.
und
N i e d e r s . F o r s t l . V e r s u c h s a n s t . 58, 291 S

- 307 Table 1 : C o n c e n t r a t i o n of t r a c e - and m a c r o e l e m e n t s In spring sap of b e e c h V F B K U S
sylvatica L . ) , pop 1ar (Populus s p e c . ) , maple (Acer pieudoplatanue L.)
and birch (Betula pendula Roth) from different stands in W e s t e r n

tree spec ies
scand

Ph

Cd

/•». i

beech
Selling
Oker-Har 1ingerode
Teutoburger Wald
Bundesautobahn A 7
Göttinger Wald

6. 1

1.10
fi.09
0.99
0.63
2.89

"u

Zn

11

0.15
1.32
0. 14
0.21
0.50

Mn

Ca

H*

K

Na

15.5

79
65
'18

42
49
47
107
56

62
8C
53

0.79
0.67
0.43
37.9
1.8

•

13.3
19

1 .5
;.9
4.7

49

40

».3
12.0
10.1
2.0

169
100

n
60

poplar
Oker-HarlIngerode
Bandesautobahn A 7
Göttinger Wald

445
39

5.«

41
S. 3
5.5

21
56
25

7.47
4.71
1.17

0.3
4.8
0.5

151
94
100

291
332
107

131
70
72

1.4
2.1
1.7

birch
Bundesautobahn A 7
Göttinger Wald

17
18

13.7

-3
72

5.64
4.11

9.4
11.2

113
175

202
213

44
37

1.2
1.2

maple
Bundesautobahn A 7
Göttinger Wald

1.4«
0.83

33

kl
11

0.50
0. 17

4.3
1.1

199
92

161
100

50
77

44.4

1.3

Table 2 : Uptake of elements from soll to plane, calculated by a dlscrlaiinationquoclenc (concenCraclon of the mobile phase in soil (EDTA-extraction)
concentration In spring sap)

species

relative uptake

beech

Pb«e<

Cd <

Cu

<

Zn =

(In <<

Ca

<

Hg

poplar

Pb«<

Cu <

Mn

<

Zn <

Cd

<

Ca

<

Hg

birch

Pb c<< Cu

c

Mn

<

Cd

<

Ca <•

Mg

<

Zn

maple

Pb < «

<

Cu

<

Mn

<

Ca

Zn

<

Mg

Cd

<

Table 3 : Comparison of metal concentration In seepage with the concentration
of metals In spring sap of beech In che Soiling area
Cd

Pb

Cu

Hl

Cr

3.2

Co

Zn

Mn

Al

Ca

1.3

0.28

0.14

0.15

2.03

1000

15.5

106

Mg

K

Na

4.29

C.81

4.13

1.S9

79.0

42.8

62.3 0.79

seepage

2.4

43

24

4.1

spring
sap

1.1

6.06

31

4.66*0.1

' Cd. Pb
Matzne

Cu, 2 n, NI, Ca, Cr and Mn From Mayer (1981); Ca, Mg, K. Ha and Al fron
et al . (19821
Relative uptake of heavy metals by beech in Che Soiling area (8 1 ) ,
calculated by a transitlonfactor ' T F s P S / S O S *
-_

m

SPS/SOS
element

concentration of metal in spring sap
c o n c e n t r a t i o n of 'metal in soil solution
TF

SPS/S0S

tlysineter)

relative uptake

raagneslum
c a 1zi um
potassium
manganese

52.3
13.-;
15.1

copper
nickel

1.29
L.14

reduced uptake

zinc
cadmium
sodium
cobalt
lead
aluminium

0.54
0.46
0.42
0.2*
0.14
0.11

highly reduced
uptake

chromium

0.03

uptake to be neglected

high mobility, high
plant uptake

7 . IS.

extremely reduced
uptake
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WIRKUNG VON ACIDITÄT UND AUSTAUSCHERKATIONENBELAG DES BODENS
AUF DIE ENTWICKLUNG VON TANNENSÄMLINGEN IN GEFAßKULTUREN.
M.R. Gonzalez, M. Alcubilla, R. Heibl
Lehrstuhl für Bodenkunde, Amalienstr. 52, D-8000 München 40
PROBLEMSTELLUNG
Im Rahmen von Forschungsvorhaben zur Klärung des "Tannensterbens" prüfen
wir mit Gefäßkulturen, wie der pH-Wert und die Basen- bzw. Aluminium-(Eisen-, Protonen-) Sättigung ausgewählter Waldböden die Sproß- und Wurzelentwicklung junger Tannensämlinge beeinflußt.
MATERIAL UND METHODIK
Als Versuchssubstrate dient Material aus 9 Bv-Horizonten von sandig-lehmiger bis tonig-lehmiger Textur verschiedener Braunerden und Parabraunerden
mit einem breiten Spektrum in pH-Wert, effektiver Kationenaustauschkapazität (KAKeff) und Ionensättigung. Jede der 9 Prüfvarianten umfaßt 10 Töpfe
mit jeweils 13 einjährigen, mykorrhizierten Tannensämlingen, erhält eine
einheitliche NPK-Grunddüngung, und die Töpfe werden während der Vegetationsperiode bei 80-100 % der maximalen Wasserkapazität gehalten.
Während 1 bzw. 2 Vegetationsperioden sind bisher folgende Parameter untersucht worden:
Bodensubstrate: pH-Wert, KAKeff, Gehalte an austauschbaren Kationen, Gesamtelementgehalte,
Tannensämlinge: Länge und Masse von Sproßen und Wurzeln getrennt
nach Wurzelarten, Elementgehalte in Nadeln
und Wurzeln.
ERGEBNISSE
Die im Versuch eingesetzten Böden variieren erheblich nach pH-Wert, ihrer
Ausstattung mit Gesamt-Ca, Gesamt-Mg, ihrer KAKeff und ihren Gehalten an
austauschbarem Ca, Mg und AI (vgl.Tab.1).
Die mittleren Sproß- und Wurzelfrischmassen eines Tannensämlings (Tab.2)
variieren am Ende der 1.Vegetationsperiode trotz einheitlicher, reichlicher
NPK-Düngung sehr stark. Ähnlich verhalten sich die übrigen Wachstumparameter; z.B. erreicht die Gesamtlänge der Langwurzeln pro Sämling im Substrat
Kilm 271 cm, im Substrat Worth dagegen nur 105 cm.
Auf den Substraten Geiersplatte, Starnberg und Kilm (pH-Werte 5,7-4,2)
zeichnen sich die Sämlinge durch überlegenes Wachstum und sehr gute Ernährung aus. Die Al-Gehalte der Nadeln liegen im mittleren Bereich (Tab.2).
Auf den Substraten Worth, Metzberg, Waldsassen, Luchsplatzl und Kelheim
(pH 4,2-3,8) bleibt das Wachstum der Tannen deutlich zurück. Bei vorzüglicher N-, P- und K-Ernährung wiesen die Sämlinge durchwegs Mg-Mangelsymptome auf. Die Mg-Gehalte ihrer Nadeln (Tab.2) liegen im extremen Mangelbereich; auch die Ca-Werte sind sehr niedrig. Die Al-Gehalte variieren in
weitem Rahmen und sind mit Wachstum und Auftreten von Mangelsymptomen nicht
korreliert.
Das geringe Wachstum der Pflanzen auf dem Substrat Münnerstadt beruht insbesondere auf dem hohen pH-Wert (7,6) des Bodens; N-Verluste und geringe
Verfügbarkeit von Mikronährelementen (Mangan) bewirken ausgeprägte Wucnsstockungen.
Die Ca-, Mg- und Al-Gehalte in den Langwurzeln (Tab.2) zeigen die gleichen
Tendenzen wie die Elementspiegelwerte in den Nadeln.
Abgesehen vom alkalischen Substrat Münnerstadt, ist das Ca- und Mg-Angebot

- 309 der Böden - und nicht das AI-Angebot - für die Entwicklung der Tannensämlinge in diesem Experiment bestimmend.
TAB.1: pH-Wert, KAKeff, Gehalt der Böden an Gesamt-Ca, -Mg, -AI und an austauschbarem Ca, Mg und AI.
Bodensubstrat

Münnerstadt
Geiersplatte
Starnberg
Kilm
Worth
Metzberg
Waldsassen
Luchsplatzl
Kelheim

pH
Gesamtelementgehalte
(CaCl?)
mg/g T.B.
Ca
Mg
AI
7,6
5,7
4,9
4,2
4,1
3,8
4,2
4,2
4,0

71,0
24,3
4,8
1,2
2,2
0,8
0,6
6,2
1,2

15,7
39,4
6,6
16,8
3,4
0,9
2,0
6,4
2,9

37,7
56,3
51,8
57,4
58,3
17,3
91,2
67,5
51,3

KAKeff Gehalt austauschb.Eiern.
mmolIÄ/lOOg T.B.
Ca
Mg
AI
34,7
28,2
8,8
8,5
4,7
3,3
2,9
8,4
5,3

31,3
16,9
3,4
1,9
0,2
0,2
0,1
0,3
0,6

1,3
10,4
3,3
0,8
<0,1
<0,1
-=0,1
0,1
0,3

«:0,1
0,2
1,8
5,3
4,4
2,9
2,6
7,9
4,2

TAB. 2: Sproß- und Wurzelfrischmasse eines Tannensämlings und Gehalte der
Nadeln u. Langwurzeln an Ca, Mg und AI nach der 1.Vegetationsperiode.
Bodensubstrat

Münnerstadt
Geiersplatte
Starnberg
Kilm
Wörth
Metzberg
Waldsassen
Luchsplatzl
Kelheim

Frischmasse
9
Sproß Wurzel
0,6
1,0
1,0
1,2
0,8
1,0
0,8
0,7
0,8

0,6
1,5
1,6
1,9
1,1
0,9
0,8
0,8
1,0

Ca (mg/g T.S.) Mg (mg/g T.S.) Al (mg/g T.S.)
Nadel Wurzel
8,3
7,7
7,5
5,8
2,3
2,6
3,1
2,3
2,7

10,4
3,0
1,6
0,8
0,4
0,6
0,5
0,5
0,4

Nadel Wurzel
1,2
2,0
1,5
1,3
0,3
0,3
0,3
0,3
0,2

2,6
2,2
1,7
1,7
0,5
0,4
0,3
0,4
0,5

Nadel Wurzel
0,3
0,4
0,3
0,4
0,6
0,2
0,5
0,5
0,4

1,7
1,9
3,1
3,3
5,1
2,1
4,2
3,9
2,9

SUMMARY
In connection with investigations to explain the "silver fir decline", one
pot experiment with seedlings growing on different natural soils was started
in order to study the effects of pH and cation exchange properties on the
shoot and root development. The soils present a wide range with regard to pH,
cation exchange capacity and exchangeable cations.
The results of this experiment show, that seedling growth under the experimental conditions was mainly determined by the supply of magnesium and calcium and was not dependent on the amount or activity of aluminium in the
substratum.

- 310 PBOPILE DIPFEESNTIITION iND DISTRIBUTION OP M B T U
MICBOELEMENTS BY GEHETIC SOIL HOEIZOÏS
Stephan P. Gorbanor
V.Kolarov Higher Institute of Agriculture, Plovdiv
Bulgaria
it the secondary dispersion of elements the profile distribution and the ground dispersion are of a significant importance for agriculture. Both processes play a definite part in
the formation of soils and their richness in various nutrient
elements, the microelements inclusive. By studying different
elements a number of authors estimated the reasons for the
development in the profile distribution of a number of elements in different soils formed under various climatic conditions, ïhe object of the present study was to reveal the common regularities in the profile distribution of metal microelements as depending on the profile differentiation rate, by
using the results obtained from many-year investigations of
soils distributed in some temperate, subtropical and tropical
regions.
The effect of the profile differentiation rate on the distribution of metals, i.e. iron, aluminium, manganese, sine, copper, titanium, cobalt, nickel, chromium, vanadium and molybdenum in the genetic soil horizons has been studied. The content of the elements investigated has been determined by means
of U S , spectrographs, colorimetric and Polarographie methods. The investigated soils have been grouped according to
the differentiation rate in the following scheme« 1; shallow
soils with a slight profile differentiation! 2) soils with
no differentiated profiles of the 1BC type, neutral or slightly alkaline; 3) sialiitic soils with a slight profile differentiation ; 4) soils with a well-differentiated profile, and
5) soils formed under hydromorphic and halomorphic conditions.
By summing up the results obtained from many investigations
carried out on the given soils with respect to metal microelements, the following more important conclusions can be made
for their genetic horizon distribution.
On the basia of the data obtained from six profiles of three
soils differing fundamentally in their mineralogieal composition, organic matter and structure of the 1C type, characterized with the absence or rudiments of a B horizon, the following conclusions were drawn. The shallow profile of those
soils exerts a significant influence on the distribution of
metals by genetic horizons. The alkaline reaction, the high
organic matter content and the absence of an alluvial horizon in the rendzinas are the main factors favouring the enrichment of the superficial horizons with the investigated
elements, mainly at the expense of the C horizon. The character of the soil-forming rock exerts also a definite effect en
the profile distribution of metals.
With the sialiitic cinnamonic-grey tropical soils, a removal
of a large part of the metals from the superficial horizons
and a slight enrichment of the 1 horizon is observed, while
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B horizon.
Both with the cinnamonic-siallitic and the mountain-meadow
soils a marked regularity is established expressing itself in
the removal of some elements dsep into soils formed on rocks
rich in metals, and in their accumulation in the 1 horizon
with soils formed on rocks poor in metals.
In soils without a differentiated profile of the ABC type,
neutral or slightly alkaline, such as the chernozems widespread in Northern Bulgaria, the profile distribution of almost all metal microelements is connected with the removal ef
carbonates in depth. The deeper the carbonates are removed,
the more intensive the metal removal is, and the accumulation
is accomplished at the bound where the carbonates begin from.
It is mainly connected with a sedimentation of the ions of
the elements investigated in the presence of carbonates, as
well as with increased pH values. Molybdenum, cobalt and titanium are characterized with a slighter mobility, while iron,
manganese, vanadium, zinc and copper are more mobile.
The profile distribution of metals in typical cinnamonic forest soils is affected by the presence of even the slightest
soil profile differentiation, while in ferritie tropieal soils
it is mainly influenced by the richness of the soil-forming
rock.
Irrespective of the region of their formation, the profile
distribution in siallitic soils with a slight profile differentiation depends mainly on the carbonate removal and the
profile differentiation, which is olesely related to the vegetation under which the soils were formed. The deeper the
carbonates have been removed and the better the profile differentiation has been expressed, the greater the differentia*
tion of microelements by genetie horizons is.
Out of the group of the soils with well-differentiated profiles, we have studied the light-grey (pseudspodeolie), cinnamonic (pseudopodzolic) and the yellow-podzolic acid soils
distributed in Bulgaria, as well as the tropieal ferrallitic
and some fersiallitie soils. With these soils, differing so
ouch in their properties and origin and having a differentiated profile it is typical the removal of the metala investigated in depth, the rate of removing being determined both
by the clay removal and the reaction of the soil solution.
The profile distribution of the metal microelements in the
investigated vertisols and hydromorphlc gley soils of Cuba,
as well as in some saline meadow-boggy soils distributed in
Cuba and Bulgaria, is determined mainly by the richness of
the soil-forming materials on which the soils were formed
and the biological accumulation of the greater part of the
elements studied and the accumulation in the a and B horizons, and with the zinc - by its removal in the form of potassium and natrium zincates in the saline soils, too.
The results discussed in our investigations show that there
are some definite regularities in the profile distribution
of metal microelements which is connected, along with the
other factors, with the soil profile differentiation in the
process of soil-formation, too.

- 312 RELATIONSHIPS BETWEEN SOILS CARACTERISTICS AND ALUMINIUM LEVELS IN
SOILS SOLUTIONS IN A FOREST WASTING AWAY : SANDY ACID SOILS FROM THE
VOSGES (France)
F. GRAS, D. MERLET, J. ROUILLER, J. DUCORNET
Centre de Pédologie Biologique du C.N.R.S.
B.P. 5, 54501 Vandoeuvre-les-Nancy Cédex, France
Since 1985, a comprehensive research project (called DEFORPA) on
forest washing away and air pollution has been launched in the Vosges mountains area. As a part of this investigation, it was decided to study more
precisely the role of different soil characteristics as possible parametres
able to control the soluble aluminium levels present in the soil solutions.
As a first step of this study, soils representative of two ecosystems with opposite forest wasting degrees were selected :
1) a colluvial sandy podzolic soil (clay 7« - 1) supporting a
pure fir forest in healthy condition A| horizon belonging to a "Mor" type,
2) a sandy brown acid soil (clay % = 10) supporting a beech-fir
communauty with wasting away symptoms exhibiting a good biological activity including an active nitrification k\ horizon belonging to a "Mull" type.
In the direct vicinity of the roots, the two A) horizons have
opposite solid phase-solutions interactions. The Mor A^ horizon (C = 15.82,
C/N • 30) countains more non cristalline aluminium and above all exhibits a
5 times higher buffer capacity than the Mull A] horizon (0=5.115 ; C/N=18).*
This difference is, mainly attributed to organic matter and to a
less extent to the non cristalline and exchangeable Al, existing in these
horizons as also in the others horizons (Figure 1 ) .
POO20UC SOIL

These parameters could explain the retention of soluble Al either in exchangeable or in chelated non toxic
forms in the Mor.

Figure 1
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In contrast the low buffer capacity of the Mull allow fast and
important exchanges of soluble Al concentrations under any acid input.
With the aim of verifying this hypothesis a seasonnal in situ
solutions study was conducted on the acid brown soil with the help of rainfall and leafs-leaching collectors and lysimeters collecting waters from
0.15 m to 1.2m.
During wet periods concentrations of soluble Al in thes latter
waters are lower than 200 umoles/1 and are in relationship with the nitriification process which is a well known protolytic reaction.
As a consequence, NO3 and Al average concentrations (Figure 2)
show simular patterns below the soil surface with a clear maximumat 0.60
meters. Above the soil there is no Al but traces of N 0 3 (60 and 235 umoles/1 in rainfall and leaves-leaching waters respectively) and traces of
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figure 2 - Average concentrations in a wasting away forest (mai 1985).
Immediatly after long time dry periods (November 83 and 8 5 ) . The
maximum of both soluble Al and NO3 in waters collected at 0.30 m and 0.60 m
is much higher than during wet periods. Al can reach values as high 2 mmoles/1 and is likely to be present as oligomeric cation (ultracentrifugation
at 150,000 g ) . It is associated with similar high amounts of NO3 (up to
2.5 mmoles/1) and some soluble Mn (0.7 mmoles/1). At the sametime, NO3 and
SO4 levels in rainfall and leaf-leachings increase by a factor of 2 to 3.

- 314 PHOSPHATE ADSORPTION CHARACTERISTICS OF THE CALCAREOUS SOILS FROM
MEDITERRANEAN TURKEY
K. Y. Gülüt and M. Sayin
Cukurova University, Faculty of Agriculture, Department of Soils,
Adana, Turkey
A total of nine subtropical soils (pH: 6.8-7.7; total carbonates: 1.147.7 %) from southern Turkey were investigated after selective dissolution
and extraction techniques for P retention by adsorption isotherms and by
single point adsorption method.
Two samples were pretreated with acetate buffer for 5 min and twice for
30rainto remove carbonates. One carbonate-free sample was treated with
HjO
(Jackson, 1979) and separately with NaOCl of pH 9.5 (Lavkulich and
Wiens, 1970) to remove organic matter.After each treatment the samples were
saturated with Ca ions to eliminate the effect of exchangeable cations.
Dried samples were treated with KH2PO4 solution (0.2, 0.4, 0.6, 0.8, 1, 3,
5, 7, 9, and 11 ug P/ml) for 60 hr and P in the solutions were determined
by the method of Murphy and Riley(1962). On nine soil samples the single
point adsorption method of Bache and Williams (1971) were applied. The
samples were pretreated with acetate buffer, H2O2 and citrate-dithionitebicarbonate (CDB) solution to remove carbonates, organic matter and "free"
iron oxides, respectively (Jackson, 1979). In samples freed from carbonates and organic matter, amorphous iron was removed by acid oxalate solution
(designated, dark)(Schwertmann, 1964). Oxalate treatment was repeated by
using fresh solution in sunlight for 8 hr (designated, dark + light). The
extracts of CDB and oxalate treated samples were Ca-saturated and dried
samples were treated with P solutions. . In the extracts, Fe was determined
by atomic adsorption spectrophotometer, Si by yellow ammonium molybdate
method and Al by the Aluminon method (Jackson, 1979). Two soil samples were
dispersed ultrasonically and size-fractionated.The fractions were treated
with P solutions after freeze-drying to evaluate the particle size effects.
One sample was saturated with Ca, Mg, Na, and K ions from their respective
chloride salts to study the effect of exchangeable cations.
Preliminary studies showed that practically non-calcareous Reyhanli soil
(total carbonate: 0.2 %) exhibited a quasi-equilibrium for 9 and 21 \iq P/ml
after about 12 hr whereas calcareous tncirlikrsoil(total carbonate: 19.1 %)
showed , particularly by 21 ug P/ml, n© equilibrium even after 60 hours"of
snaking. The porous nature of carbonate aggregates probably caused a continuous adsorption; disintegration of carbonate aggregates during shaking to
expose new sites for adsorption may be another factor.
The suitability of various adsorption isotherms were tested on the Incirlik(texture: C) and Canakgi soils (texture: SiCL) after transformation
of the graphical values to the same adsorption-concentration data, it was
found that the real P adsorption was predicted better by the "double" Langmuir and Temkin equations and yet Freundlich and conventional Langmuir equations may be successfully used in comparing the P adsorption capacities
of soils at relatively low P concentrations.
The P adsorption increased by 2-12 % and 16-36 % after 5 min and 2x30
rain acetate treatments in the Incirlik soil,and by 4-41 % and 15-65 % in
the Canakgi soil. The results show that carbonates have cementing effect
on the fine soil particles to form large aggregates and thereby limit
access to potential sites for P adsorption. The increase in P adsorption
after removal of organic matter both in acidic H2O2 (4-31 %) and alkaline
NaOCl (15-65 %) in the Balcali soil (organic matter: 1.6 %) indicates that
organic matter reduces the P adsorption by blocking the potentially active
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In the single point adsorption study, the P adsorption increased by 39405 % after removal of carbonates , and 11-162 % after removal of organic
matter. Increases in P adsorption after CDB treatment up to 431 % were related to the exposition of new active sites for P adsorption in a dispersive Na medium in the smectite^rlch^SÖiïs.The decreases in P adsorption following oxalate treatment in dark (max. 67 % ) , and in dark + light (max.
78 %) may be a result of the removal of "active" oxide films of Fe, Al, and
Si, that are possibly unaffected by CDB treatment.
The P adsorption increased by decreasing particle size , revealing the
effect of surface area in adsorption. The contribution of the size fractions to P adsorption in the Incirlik and Canakci soils is as follows:
50-20 um: 1.8-2.3 %, 12.4-23.4 %; 20-10 um: 17.4-27.6 %, 10.8-17.2 %;10-2
um: 40.8-47.1 %, 28.0-47.7 %; <2 um: 31.0-35.9 %, 34.7-52.3 %. Contribution of the carbonates could not be found due to the failure of their isolation from the size fractions.
The exchangeable cations increased the P adsorption in the order Ca> Mg
>Na> K in concentrations over 3 ug P/ml in the Misis soil(clay: 72 %; total
carbonate: 5.6 % ) . The repressive effect of K ions is particularly prominent. Higher adsorption by divalent cations was interpreted as a stronger
contraction of the electrical double layer resulting in a more effective
reduction of the negative charges at the adsorbing surfaces.
Correlation at the 1 % level (r=0.839) between Al extracted in dark and
that in dark + light would indicate that both treatments remove the same
type of Al from the residual soil components. Strong correlations between
oxalate extractable Al and the amount of clay (r=0.795 for dark; r=0.792
for dark + light) would show that Al found on the clay surfaces, possibly
in oxide or ionic form is responsible for P adsorption. Absence of any correlation with total carbonates would suggest that particle size rather
than amount of carbonates is indicative for P adsorption.
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Zusammenfassung
Der einfluss verschiedener Boden-Bestandteile auf die Phosphatsorption
an kalkreichen Böden aus der Südtürkei wurde nach der Behandlung der Proben mit selektiv lösenden Chemikalien unter Benutzung von Sorptionsisothermen im Bereich von 0.2-11 ug P/ml und von Einzelpunktmethode untersucht. Die
Carbonate verursachten eine Erniedrigung an P-Sorption durch die aggregierende Wirkung über die sorptionaktiven Bodenteilchen. Die organische Substanz übte eine gleichlaufende Wirkung aus durch die Blockierung der aktiven
Sorption-Sitze an Bodenmineralen. AI an der Oberfläche der Tonmineralen
wurde als ein potentieller Sitz für P-Sorption bewertet. Die Sorption steigte mit abnehmender Korngrösse und folgte mit verschiedenen austauschbaren
Kationen der Reihe Ca >Mg >Na >K in P-Konzentrationen über 3 ug/ml. Die
durchlässige Beschaffenheit von Carbonat-Teilchen verzögerte den Gleichgewichtszustand. Die "doppelte" Langmuir- sowie Temkin-Gleichung ergaben sich
bessere Annäherung für die wirkliche P-Sorption als conventioneile Langmuirand Freundlich-Gleichung.
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EFFECT OF pH ON THE ZINC ADSORPTION - PRECIPITATION
REACTIONS IN AN ALKALI SOIL .
R.K. Gupta, S. Elshout, LP. Abrol.
Central Soil Salinity Research Institute, Karnal ( India)
Alkali soils occur extensively in thelndo-gangetic plains of India. Excess
exchangeable sodium in the presence of calcium carbonate imparts these soils
high pH and poor physical properties. Application of an amendment e.g. gypsum
followed by cropping with rice and wheat is recommended for the reclamation
of such soils. It has been observed that crops grown in such soils are highly
responsive to the application of zinc, the extent of response depending very
much on the level of amendment application modifying the chemical nature and
the pH of soils.
In contrast to normal sols, reduction in pH of alkali soils has been
reported to result in lowering the amounts of solution Zn (DTPA-Zn). Reduced
extractability of Zn in gypsum amended alkali soils had been suggested to the
pH control of Zn solubility through precipitation and adsorption processes. We
studied the nature of pH dependence of Zn activity in alkali soils distinguishing
between adsorption-exchange and precipitation reactions.
Surface horizon sample of a Calciorthid Natrustalf soil (pH 10.25,
CaCO equiv. (».5%, clay 18.0%,NH.- oxalate extractable Fe-O ,0.29% M O ,
0.3%: SiO- 0.1*1*%) was Zn saturated at pH 5.0 after removal of free carbonates
by NaoAc pH 't.5 treatment. Excess of soluble Zn was removed from the
soil by sequential dilution of equilibrating ZnCl~ pH 5.0 solution. In a batch
experiment Zn displacement studies were carried out by sequential leaching
of air dried Zn-soil samples with 0.5 M, NaCl and Mg (NO,)_ solutions
adjusted between pH 5.0 to 9.5 and lastly by 0.1 N HCl. SoifpH during NaCl
extraction was maintained by readjusting the pH of suspensions with NaOH/HCl
before transferring to the filter funnels. Soil pads on filter funnels were
subsequently leached with respective pH solutions. In each step 100 ml leachate
in triplicates was collected in 4-5 hrs. In another batch of samples extractions
were carried out successively with 0.5 M Mg (NO,) 7 (pH 5.0 to 9.5) and
0.1 M HCl solutions as above. Leachates were analysed for Zn. For the ZnCl.,
treated and untreated soil samples (free of carbonates) charge curves representing
the exchangeable Na/exch. Zn as a function of soil pH were constructed.
Results indicated that solution Zn concentrations in the displacing
NaCl/Mg (N03) 7 solutions begin to decrease with pH at values even less than
pH 7.0. Solution Zn concentration in NaCl leachates were slightly less than
in magnesium nitrate. The amount of Zn in the combined extracts obtained
by sequential leaching with NaCl and Mg (NO,)_ was almost the same as in
Mg (NO,)., leachates alone at any soil pH value. There was little pH dependence
of Zn concentration at pH 7.0 but followed Zn (OHL and Zn CO^ above this
value. Increase in pH of the soil increased the C E C and also the exchangeability
of sorbed Zn. Both, enhanced exchangeability of Zn and the amounts of acid
extractable Zn (Total Zn - Zn exchanged by Na, Mg) indicated to the occurence
of exchange-precipitation reactions operative during the leaching process. Thus,
reduction in solution Zn concentration at highpH were not due to low exchangeability but to its precipitation. From the observed value of 1.63 plus ions average
charge for Zn, total Zn adsorption at pH 5, was distributed into solution (Zone 1),
precipitation (Zone II) and specifically sorbed Zn (Zone III) forms in a distribution
diagram (Fig. I). The results indicate that during reclamation of alkali soils
there occur important changes in the proportion of different Zn forms. Lowering
the pH of alkali soils will dissolve the Zn precipitates and increase the specifically
sorbed Zn forms, well known for their low desorbability.

- 317 It appears that alkali soils w i l l continue to need Zn f e r t i l i z a t i o n for
crop production until their physico-chemical properties improve
sufficiently.
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- 318 Chemical Methods for Predicting Biological Effects of Accumulated
Metals in SoiIs.
GUPTA, S. K.; HANI, H. et al.
Swiss Federal Research Station f o r A g r i c u l t u r a l Chemistry and
Hygiene of Environment, CH-3097 Liebefeld-Bern (Switzerland)

SUMMARY

Soil pollution is widespread and is more abundant now and comes in a wider
variety than ever before. Usually soil is a final sink for most of the
pollutants. Excessive influxes of nondecomposable pollutants such as metals
into soils over their outfluxes from soil lead to an irreversible metal
build up in soiis. There are serious consequences of metal build up on tne
producers, consumers and reducers. After undergoing a complex network of
physical and biochemical reactions, heavy metals are distributed in solid
and solution phases of soil and in other growth substrates as well. The
total metal content (solid plus solution) as a criteria for predicting the
biological effects of metals is not satisfactory: The metal contents at
which similar and uniform reduction in growth or activities of microorganisms is expected, are nonconsistent when soils of varying physical and
chemical characterstics are considered.
In contrast, the metal concentration in solution phase of soil (simulated
through neutral salt solutions) is successful in estimating biological
effects of metals irrespective of soils and environmental factors such as
temperature, degree of aeration. The metal concentration in soil solution
is uniform and consistent in variety of soils so as to induce similar and
uniform effects on plants and microorganisms as far as its application to
practical cases are regarded. In this paper, the results of growth experir
ments (laboratory and pot) carried out with native and added metals are
presented and discussed to illustrate the fact that the biological effects of metals in soil could be predicted more precisely through metal
concentration in soil solution than the total metal content of soil. The
significance and consequences of the findings are also discussed.

- 319 FACTORS AFFECTING SULFUR ACCUMULATION AND SPECIATION DURING
PEDOGENESIS IN CHESAPEAKE BAY (USA) TIDAL MARSH SOILS
K.C. Haerlng and M.C. Rabenhorst
Department of Agronomy, University of Maryland, College Park,
Maryland, USA.
Microbially induced sulfate reduction has been identified as an
important process affecting sulfur transformations and speciation in
tidal marsh soils. The factors necessary for sulfate reduction have
been previously identified as (1) a source of sulfate, (2) organic
matter for bacterial metabolism, (3) the presence of sulfate reducing
bacteria, and (4) a reducing environment. If a source of iron is
present, sulfide produced during sulfate reduction may accumulate as
pyrite. As sulfate reducing bacteria are ubiquitous in these marshes,
any of the remaining factors could potentially limit pyrite accumulation
in tidal marsh soils. Soil profiles in several Chesapeake bay tidal
marshes were examined in order to determine the quantities of different
species of sulfur in the soils and to determine the degree to which
various factors have influenced the accumulation of the different sulfur
forms. The factors considered included salinity of the sampling site,
organic carbon levels in the soil, the effect of inputs of free iron,
and redox potential (Eh).
Nine sites along the Nanticoke River were sampled along a salinity
gradient with electrical conductivity of the river water ranging from
0.06 to 2.31 Sm _ 1 . Soils at eight of the sites had formed in filled
estuarine meanders. The remaining site was a submerged upland marsh,
formed during recent coastal submergence as a thick layer of peat
developed over a former upland soil. At Cedar Creek marsh (another
submerged upland marsh) eleven profiles were sampled along a transect
from low marsh (near the tidal creek) to high marsh. All profiles were
sampled by horizon. Total S, Pyrite S and Sulfate S were measured using
X-ray spectroscopy. Organic S was determined as the difference between
total S and the sum of the other fractions. Selected samples were
pretested to see if acid-volattle sulfides were present in the samplesNo acid volatile sulfides were detected. Redox potential was determined
in the field using bright Pt and calomel reference electrodes.
In soils sampled along the salinity gradient of the Nanticoke River,
percent S as sulfate, and the percent of total S as sulfate, Increased
with increasing salinity of the sampling site, as would be expected.
There was, however, no corresponding increase in total S or pyrite S In
areas where the salinity exceeded 0.2 Sm~^. It is postulated that
sulfate is limiting to total S or pyrite accumulation only at very low
salinities. In many of the pedons examined, sulfate levels were
slightly higher in horizons with higher organic carbon content which
suggests that the water holding capacity of organic materials may be a
factor affecting soil sulfate levels.
Percent organic carbon was found to be significantly associated (r^ ™
.27**) with percent total sulfur when samples from the organic horizons
of all the sites were compared. This association is essentially due to
the abundance of organic forms of sulfur in these horizons of the pedons
sampled. No correlation was found between percent organic carbon and
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In the horizons of the pedons where organic
carbon levels ranged from 8 - 40%, organic matter does not appear to be
a limiting factor in pyrite formation. However, where mineral horizons
with organic carbon 1evels of less than 2% occur subjacent to the
organic zones, tnsuff icient carbon may be the limiting factor in pyrite
formation. These hor izons apparently had free Iron asociated with them
when they were deposl ted. Sulfate levels in these horizons range from
.01 to .127. and do no t appear to be limiting pyrite formation,
Mlcromorphologtcal ob;servations of these mineral (2C) horizons show
pyrlte to be heteroge neously distributed in isolated zones where organic
matter has either pre sently or previously occurred (i.e. root channels).
Within organic horizons, pyrite appears to be concentrated in areas
which receive greater inputs of free iron. Surface horizons, which
receive tidally overwashed sediments containing adsorbed iron oxides,
and horizons adjacent to the underlying mineral substratum generally
contain more pyrite than other horizons. Pedons sampled along the
Nanticoke River and in the Cedar Creek low marsh also contain more
pyrite than pedons from the Cedar Creek high marsh (Table 1 ) . The
Nanticoke River and Cedar Creek low marsh sites tend to be flooded
frequently with sediment-containing tidal water which provides a ready
source of iron for pyrite formation. Water samples taken from the Cedar
Creek marsh site contain significant (1-50 mg/L) amounts of dissolved
sulfide, which indicates that excess sulfide is produced. Low Eh values
also indicate that strongly reducing conditions exist across the marsh
transect and during all seasons of the year. It is, therefore,
postulated that a low iron input is the limiting factor for pyrite
formation in the organic horizons of these tidal marsh soils.
Table 1. Weighted S Content by Species for 18 Chesapeake Bay Tidal
Marsh Pedons Sampled

Sulfate

N. River
EC<1.5 Sm - 1
N. River
E O l . 5 Sm" 1
C. Creek
(low marsh)
C. Creek
(high marsh)

Percent S
Pyrlte Organic

Total

X SD
.56 .39

X
2.55

SD
.43

27 .05 1.03 .33 1.22 .54

2.52

.30

36 .06

.84 .21

.73 .15

1.93

46 .08

.53 .20 1.00 .39

1.99

X
SD
X
SD
14 .03 1.45 .31

SD

Percent of Total S
Sulfate Pyr ite Organic

5

57

38

U

41

48

.lb

19

43

38

.27

23

27

50

standard deviation

The potential for acid production during the oxidation of pyrlte (acid
sulfate soils) has made sulfur rich tidal marsh soils the objects of
much interest. Workers have often used measurements of total sulfur as
an estimate of pyrite sulfur for the purposes of soil classification.
Results of this study clearly indicate that for organic soils
surrounding the Chesapeake Bay, both organic and sulfate forms of sulfur
comprise a significant component of the total sulfur present.
Evaluation of acid sulfate potential should clearly be based on
measurements of pyrite sulfur and not upon total sulfur.

- 321 Methods of Determination of Carbohydrates in Soil by HPLC
Ryunosuke Hamada, Haruo Tanaka, Makoto Abe and Kan-ichi Sakagami
(Tokyo University of Agric. and Tech., Fuchu, Tokyo 183 JAPAN)

For the investigation of component monomer sugars in Kuroboku Soil
or Andept(C:7.37%, N:0.55%), several different approaches were attempted.
Methods used were divided into two groups. One is hydrolysis method
directly applied to the soil sample itself. Another is the one applied
to soil extracts with different agents with different pH. Precipitates
obtained from fulvic acid or alkali or pyrophosphate extract by adding
95% ethanol were also used as a sample.
After the hydrolysis with mineral acid, hydrolysates were neutralized
by alkali(NaOH) and the neutralized solution was evaporated to dryness
under reduced pressure at 40 C. This precipitate was washed with ethanol
repeatedly, then the combined washings were again evaporated to dryness
which successively was dissolved by deionized water to serve as a sample
for HPLC(High Performance Liquid Chromatography).
HPLC was carried out by the instruments stated as follows: JASCO GP-30
for supplying gradient solutions, consistiong of 0.15M boric acid(pH:8.0)
and 0.4M boric acid(pH:9.0) and pH of the solution was adjusted by KOH;
TRIROTAR for pumping; Shimadzu Fluorescence spectrophotometer as ditector;
and pen recorder. Supply of concentration gradient started with 0.15M boric
acid(pH:8.0) and ended with 0.4M boric acid(pH:9.0) in 64min. Flow rate
was 0.6ml/min. The temperature of the column was kept at 65 C. The eluted
solution was passed through the chemical reaction box CRB-3A in which the
fluorescent derivative was formed by the reaction with a 3% boric acid and
1% arginine solution at 150 C, supplied at the flow rate of 0.6-0.8ml/min.
Spectrophotometer RF-530 was adjusted as follows: Ex wave length at 320nm,
Em wave length at 430nm.
Hydrolysis methods Hl:direct hydrolysis of soil with 2.5M H 2 SO,(1:20) at
100°C for 20min to 120min. H2:direct hydrolysis of soil with 13M H.SO, for
16hr at room temp, and then with 0.5M H-SO, for different period of time.
Extract-Hydrolysis methods Sucessive extraction and hydrolysis of each
extract was carried out. El:extracted with O.IM H,P0,(pH:1.26). E2:extracted
with O.IM K H 2 P 0 4 + O.IM Na HPO (2:3, pH:6.95). E3:extracted with O.IM Na 2 HP0
+ O.IM NaOH(5:95, pH:12.9). To 10g soil 200ml extracting solution were used.
Extractions were carried out successively from El to E3 by heating in a
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boiling water bath. For these extracts and final residue(R), hydrolysis
either with 0.5M H-SO.-lhr, 1.5M I^SO^-lhr or 2.5M H 2 S0 4 ~3hr was applied.
Ethanol Precipitate of Fulvic Acid-Hydrolysis method Fulvic acid extracted
with 0.5M NaOH or 0.1M Ma,P„0

was used for obtaining ethanol precipitate

(FAP). This was hydrolysed with 0.5M H2SO,-lhr or 2.5M H 2 SO,-3hr.

As a general conclusion, direct hydrolysis gave results of higher
amount of carbohydrate values exceeding lOOOmg/lOOg soil. This was true
for the case of 2.5M H„SO,-30min hydrolysis. Similar degree of recovery
was observed for the amount combined obtained from the hydrolysates of
the extracts and residue (El + E2 + E3 + R) which showed sufficiently higher
value exceeding lOOOmg/lOOg soil. This approach has some advantage for
the interpretation of the results, because one can see the individual
amount of carbohydrate at each step of extraction. Glucose showed the
highest (104.7mg/100g soil) in R with the 2.5M H.S0,-3hr hydrolysis.
For mannose value in E2 was the highest (82.3mg/100g soil). For FAP,
a large difference in the values of mannose was observed between 0.5M H~SO,
-Ihr hydrolysate

and 2.5M H 2 SO,-3hr hydrolysate for both NaOH extract and

Na.P.,0- extract. This tendency was also found in case of glucose.
For other component carbohydrates such as galactose, xylose, arabinose+
fructose+fucose and rhamnose+ribose, not so much difference in the values
of the results obtained through different degree of intensity of hydrolysis
applied, was observed. This is partial indication of the fact that the
structure of polysaccharide in term of the degree of resistance to
hydrolysis varies depending on the kind of component monomer carbohydrate.
Because of the abundant amount of organic matter present, for Andept,
continuous and prolonged release of monosaccharide during the course of
hydrolysis for longer period of time was observed. This is not usually
the case for other soils.
Relatively higher value of mannose was also characteristic to Andept.

A combination of direct hydrolysis to soil sample and successive
extraction followed by the hydrolysis of the extracts was considered
to be useful for characterizing soil polysaccharide status.

Reference: R. Hamada and A. 0no(1984) Determination of carbohydrates in
hydrolysates of volcanic ash soil by liquid chromatography with fluorescence spectroscopy. Soil Science and Plant Nutrition 30, 145-150.
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R. G. Hanson and C. A. Cervantes
Department of Agronomy University of Missouri
Columbia, Missouri 65211 USA
Soil analysis can serve to measure the relative availability of plant
nutrients. The level of availability necessary for maximum plant yield
and the quantity of fertilizer required to maintain this level is based on
the quantity of a nutrient that a extracting solution can remove from the
soil. Because of the great variability among soils, it is difficult to
formulate a single parameter of interpretation for fertilizer recommendation for a crop even when the same extractant is used. This research was
undertaken to investigate the effect that some soil chemical properties
would have plant available K.
Five Missouri (USA) soils belonging to the Alfisols, Mollisols, and
Entisols were studied for their capacity to supply K to plants. Greenhouse experiments with Ryegrass [Loliwn perenne L) and corn (Zea mays L)
were consecutively cropped on these soils with 3-levels of applied K. The
K fixation or release capacity of the soils was measured under laboratory
conditions by incubation, with and without K applied, under wet-dry cycles
and continuous wet. The soil K reserves were determined by HCl reflux.
Clay mineralogy analysis, by X-ray diffraction, was performed on soil
preparations. The soil K buffer capacity indexes (KBC) were determined by
the Beckett (1964) method as modified by Bethke (1972). The modification
by Bethke consisted of utilizing different 0.01M CaCl 2 soil:solution
ratios. The samples were equilibrated with the solution by shaking for 30
minutes. Bethke (1972) considered this solution concentration low enough
so that it would not violate the requirements of the ratio law and high
enough to provide relatively constant Ca activity with respect to K. The
KBC index is designated as the negative slope (-b) of the relationship
Quantity-Intensity of K, which was determined by linear regression.
Differences in the capacity of these soils to supply K for plant growth
under continuous cropping was also used as an estimate of the KBC index.
The KBC index can serve to estimate the potential for a crop response to K
fertilization and long-term effect of K application.
The yields of ryegrass were significantly different by soils. This
yield difference between soils was highly correlated with their KBC index
for all levels of applied K. The mean comparisons for total K removed by
ryegrass were not significantly different by K treatment for all soils.
The total quantity of K removed by the plants was significantly different
by soil type and highly positively correlated to the soil KBC index as
determined by this modified method. This method was found to be more
highly correlated to plant extractable K than the exchangeable K as
extracted by IN neutral ammonium acetate.
The capacity of a soil to supply K to plants is related to the clay
mineralogy. Clay mineral analysis provided a correlation between the
presence of mica-montmorillonite (illite) interstratified minerals and K
supplying capacities of the soils. The presence of the interstratified
mica-montmorillonite minerals was suggested by 10 A and 17 A peaks. The
micaceous minerals present in the soils was identified as illite. Illite
is considered to be a mixed layer mica-montmorillonite mineral. It has
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(such as fine mica), possessing high C.E.C. (such as montmorillonite which
has a high C . E . C , but low K fixation capacity), would be the desired
combination to keep an adequate K level available for plant uptake. Rich
(1968) pointed out that illite, compared with other micas, is more likely
to lose its structure more rapidly than other types of micas. He attributes this characteristic of illite is because of being a mixed layered
mineral. The illite mineral was present in the soils included in this
study. The relationship between montmorillonite and K buffer capacity was
estimated by correlating the C.E.C. of the soils with their KBC index. A
correlation of r=0.967 was found between C.E.C. and the KBC index for the
soils used in this study. Montmorillonite was found to be the major
contributor to the C.E.C. of these soils.
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ABSTRACT:
Five soils, members of Alfisols, Mollisols, and Entisols, were
studied for their capacity to supply K to plants. The K supplied to
plants was highly correlated to KBC index. The KBC index was more highly
correlated to plant K uptake, then exchangeable K as measured by IN
Neutral Ammonium Acetate now used as the routine soil test method in
Missouri. Montmorillonite was the major clay component of the soils
studied. A high correlation between KBC index and C.E.C. suggests that
the C.E.C. could be used to predict the KBC index of similar soils.

- 325 PHOSPHORUS CONCENTRATION OF SOIL-WATER EXTRACT AS A
FUNCTION OF EXTRACTION RATIO
Helinä Hartikainen
Department of Agricultural Chemistry,
University of Helsinki
A great deal of effort has been expended on trying to find
suitable chemical extraction methods for the determination of P
resources in soils available to plants. An ideal procedure
should indicate both the P concentration at the root surface as
well as the buffer power of the soil, two parameters mainly
controlling the P uptake by plants. Water-soluble P represents
ing the intensity of P is considered also to reflect the P supplying power of the soil. The purpose of the present study was
to establish whether a simple water extraction adeguately describes the P condition in agiven soil. It reports experiment
on the effect of extraction ratio and previous fertilization on
the P concentration of soil extracts.
Material and methods
The soil samples collected from 4 field experiments represented
plots amended for 7 years with P fertilizer as follows: 1) 0 kg
2) 30 kg and 3) 60 kg P ha~ annually. Air-dried samples were
extracted at room temperature with deionized water in watersoil ratios 2:1, 5:1, 10:1, 50:1, 150:1 and 400:1. The suspensions were shaken for 1 h, allowed to stand for 23 h and reshaken for 10 min. After centrifugation the supernatant was
filtered through a 0.2 pm membrane filter and analyzed for
P0.-P by the ascorbic acid method.
Results
Accumul at ion of fert ilizer P s eemed to be both relat ively and
soluble frac tion than in the
absolut ely highe r in the N
Na0H-so lubl e one . On the o tner hanc , no signi ficant changes
were ob serv ed in H 2 S 0.-ext ract able resources. In all samples ,
the P c once ntrat ion of wat er e xt rac ts was the higher the more
seconda ry P (NH 4 F- a nd NaO H-so luble ) was accumulated . Increasing the wat er-so il r at io d ecre ased to start with the P concentrat ion of the e xtra et rel at ively s harply , thereafter levelling off gra duall y (F ig. 1) . At the lowest water-soil rat io
(2:1), P CO ncent rati on was 32- 7 9 % higher in the ext racts from
the soi 1 samples ame nded w ith the h ighest dosage of 3 than in
those f rom the u nf er tilize d sa mples . At an extraction ratio of
400:1 t he d i f f erence s betw een these two treatments b ecame more
pronoun ced , the fert ilizer -ind uced increase being 65 -203 %.

V"

The e q u a t i o n d e s c r i b i n g the
tion of the extract (y) and

relationship between
the e x t r a c t i o n ratio

P concentra(x) w a s :

M a t h e m a t i c a l l y the c o n s t a n t a_ s t a n d s for the P c o n c e n t r a t i o n
in soil s o l u t i o n at a 100 % m o i s t u r e level ( e x t r a c t i o n ratio
1 : 1 ) . The c o n s t a n t s for d i f f e r e n t soil s a m p l e s and f e r t i l i z a tion levels as well as the c o e f f i c i e n t s of d e t e r m i n a t i o n (r )

100:1

200-1

300:1

tOO^I

water: soil ratio

Fig. 1. P concentrations of soil extracts as a function of
water-soi1 ratio.
describing the fitness of the equation are presented in the
following tabulation:
Soil sample
a_
Al
0.094
A2
0.130
A3
0.147
B]
B2
B3

0.071
0.081
0.083

-0.170
-0.146

2
r
0.82
0.82
0.76

-0.164
-0.126
-0.078

0.90
0.98
0.85

-0.173

Soil sample a_
CI
0.167
C2
0.199
C3
0.265
Dl
D2
D3

0.096
0.118
0.174

-0.^86
-0.145
-0.178

r2
0.98
0.88
0.93

-0.191
-0.139
-0.184

0.95
0.91
0.89

ly s light ly d iffe red from the measured valThe v alues f or a
n
ues o btained at ?he° ext ractio n ra tio 2:1 and they correlat ed
n=l 2 ) . This impl ies that the fil träte obt ained
well (r=0.98
at th e extra ct ion ra tio 2:1 q ui te wel 1 descri bes the P con cent rat ion in t he s oil solu tion avai labl e to pla nts . The cons tant
a. is negati ve a nd i t in creas es ( abso lute val ue d ecreases ) with
incre asing P sta t us of s oil. It m ay b e co nsid ered to repre sent
the d esorbab ilit y of soi 1 P. The curv es i n Fi g. 1 show the extract s from sampl es r epre sent ing v ario us P lev els to differ in P
conce ntratio n th e mo re, the h ighe r th e wa ter- soil ratio. T he enlarge ning of the rat io s imula tes the deer ease l n P concent rat ion due to t he u ptak e by plan ts d urin g th e gr owth peri od.
Thus,
it ca n be con clud ed th at e ven if t he P con cent ratio n in
soil solutio n we re n ot d ecisi vely inc reas ed b y f ertilizati on ,
the a bility of s oil to m ainta in a giv en c once nt ra tion leve 1 intprove s, i.e. the P b uffe ring is e nhan ced. The res ults sugg est
that a simpl e ex trac tion at a wat er-s oil rati o lo wer than 50 ma\
under estimat e th e av ai lable P in soil as well as the risk of P
loadi ng in s ur f ace w ater s due to erod ed s oil mat rial.

- 327 Rauchgas-Entschwefelung Ende der Bodenversauerung oder neues Umweltproblem?
von Günther Heide und Hans Werner
Geologisches Landesamt Nordrhein-Westfalen, 4150 Krefeld,
Bundesrepublik Deutschland
Die nachteiligen Wirkungen SC>2-haltiger Niederschläge auf
Pflanzen, Böden und Oberflächengewässer sind in den letzten
Jahren offenkundig geworden. In der Bundesrepublik Deutschland
haben diese Erkenntnisse 1983 zu einer Verordnung geführt, nach
der die S02-Emission der Kraftwerke erheblich reduziert werden
muß. Dabei ist zu berücksichtigen, daß die Einwirkung von
Schwefeloxiden auf die verschiedenen Umweltmedien, also auf
Luft, Boden und Wasser, nicht isoliert betrachtet werden darf.
Nach dem Einbau von Rauchgas-Entschwefelungsanlagen werden erhebliche Mengen an CaSC>4- und/oder CaSC>3-Schlämmen anfallen.
Es wird angestrebt, einen möglichst hohen Teil dieser Reststoffe industriell zu verwerten und nach entsprechender Reinigung
als Gips in der Bauindustrie einzusetzen. Bei diesem Vorgehen
fallen jedoch große Mengen an Abwässern an, die mit Sulfaten,
Chloriden und Schwermetallen hoch belastet sind und deshalb
weder in die Vorflut noch in den Untergrund eingeleitet werden
dürfen. Auch eine Reinigung in Kläranlagen ist wegen der chemischen Zusammensetzung nicht möglich.
In jedem Fall werden bei der Naßentschwefelung schlammförmige
und flüssige Abfallstoffe anfallen, deren Menge allein in Nordrhein-Westfalen auf mehrere Millionen Tonnen pro Jahr geschätzt
wird. Für die Ablagerung der festen Abfallstoffe reicht die Kapazität der hierfür geeigneten Sondermülldeponien bei weitem
nicht aus. Für die Abwässer gab es bisher überhaupt kein Entsorgungskonzept, wenn man von dem energieaufwendigen und sehr
kostspieligen Eindampfverfahren absieht. Es ist demnach zu besorgen, daß die Rückstände aus der Rauchgas-Entschwefelung zu
einer ernsten und weitreichenden Gefährdung des Grundwassers
führen werden und daß somit das Problem der Luftverunreinigung
und der Bodenversauerung lediglich verlagert wird.
Das von uns entwickelte neue Verfahren beruht im Prinzip darauf,
daß Braunkohlen-Kraftwerksasche bei intensiver Vermischung mit
Wasser in kurzer Zeit zu einem festen, praktisch wasserundurchlässigen Produkt abbindet. Dieses Abbindevermögen der kalkhaltigen Kraftwerksasche wurde auch für andere Anwendungsbereiche
auf dem Gebiet des Umweltschutzes genutzt, insbesondere für das
hier anstehende Problem einer schadlosen Beseitigung der Rückstände aus Rauchgas-Entschwefelungsanlagen. Dabei wurde von der
Konzeption ausgegangen, feste oder schlammförmige Abfallstoffe
nach der Vermischung von Asche und Wasser als dritte Komponente
beizufügen, um damit zu bewirken, daß diese in dem erhärteten
Asche-Wasser-Gemisch eingebunden und somit inertisiert werden.
Bei unseren Versuchen hat sich gezeigt, daß der Abbindeprozeß
nicht nur bei der Zugabe von Wasser erfolgt, sondern auch bei
der Vermischung der Asche mit hoch belasteten Abwässern.
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nach unserem Verfahren hergestellten Probekörpern ausgeführt,
indem diese in einem Becken in Sand eingebettet und einem simulierten Grundwasserstrom mit etwa 20 cm/d Fließgeschwindigkeit
ausgesetzt wurden. Dabei wurde die Höhe des Sulfataustrags als
Indiz für die Auslaugbarkeit der verschiedenen inertisierten
Abfallstoffe gewertet. Bei diesen Eluierungsversuchen, die
teilweise bis auf zwei Jahre ausgedehnt wurden, zeigte sich,
daß der S04-Austrag von anfangs etwa 100 mg/1 schon nach wenigen Monaten bis auf die analytische Nachweisgrenze t1 1 mg/1)
zurückging.
Nach Beendigung der Versuche erwiesen sich alle Probekörper als
völlig intakt. Außerdem waren sie mit einer durch CaCC>3 verfestigten Sandkruste umgeben, da das im Grundwasser enthaltene
Ca(HC03>2 mit dem aus der äußeren Schicht der Probekörper
(etwa 3 mm) herausdiffundierenden Ca(OH)2 unter Kalkausfällung
reagiert hat. Durch die Ergebnisse chemischer und mineralogischer Untersuchungen der Kalkkruste, der Randzone und des Kerns
der Probekörper wird die Stabilität der aus Asche und Abfallstoff bestehenden festen Endprodukte erklärt.
Mit diesem Verfahren ist es gelungen, einen praktikablen und
kostengünstigen Weg für die schadlose Beseitigung von Rückständen aus Entschwefelungsanlagen aufzuzeigen.
Heide, G. & Werner, H.: Process of Safely Disposing of Waste
Materials.- United States Patent 4 456 400; Juni 26, 1984.

Flue Gas Desulphurization Termination of Soil Acidification or a New Environmental Problem?
The detrimental effect of SO2 - bearing precipitation on plants,
soils and surface waters made the Federal Republic of Germany
in 1983 issue a new law to enforce a substantial reduction of
the S02-emissions of power plants. The installation of flue
gas desulphurizers will lead to large amounts of CaS04- and/or
CaS03~slurries which can be used as gypsum by the building
industry only after appropriate processing. Consequently this
will result in large amounts of waste water highly charged with
sulphates, chlorides and heavy metals. So far no conception
existed for an undetrimental disposal of these liquid waste materials. There is a real threat that the residues will lead to
a far-reaching detriment of the ground water.
Our procedure is based on the fact that calcareous liqnite
power plant ashes mixed with water will form a practically
water-impermeable solid body. This even works after the addition
of solid or slurry waste materials as a third component. In
this case the isolated particles of the waste materials are
being fixed by the solidifying mixture of ashes and water and
therefore become inert.
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ST'JDY OF ACTIVE AI(Fe) COMPOUNDS IN ALLOPHANIC AND ORGANO-MINERAL
MATERIALS BY OXALATE REACTIVITY (Ro).
Hernandez-Moreno J., Cubas V. and Fernandez-Caldas E.
Departamento de Edafologia. Facultad de Biologia. Universidad de La Laguna.
Tenerife. Canary Is. Spain.
Some Al(Fe)-humus complexes show ligand exchange reactions similar to
allophane type materials{e .g. F and P adsorption). This characteristic along
with other properties has led to the inclusion of many soil types with predominance of organo-mineral compounds and low or non existing content of
allophane within the Order of Andisols.
Actually, the concept of "active Al" tends to be applied to characterize
allophanic materials and organo-mineral Al(Fe) compounds in Andisols and
related soils. Wada and Gunjigake(1980) expressed the reactivity of Al in
terms of phosphate adsorption per unit Al (Al by oxalate pH3, dithionite
and pyrophosphate). Active Al has also been defined in terms of phosphate
adsorption at low P concentration (1 LJM) in allophanic materials (Parfitt
and Hemni, 1980). On the other hand it is known that in allophane surfaces
there is a continuous gradation from strictly active 0H(0H ) groups and
other sites probably created by disruption of the surface in the process
of adsorption of anions by ligand exchange. In consequence, active Al as
measured at low P concentrations cannot predict the ability of surfaces
to react at higher P concentrations.
Considering the results obtained in the study of Andisols and related
soils with oxalate reactivity(Ro) (Hernandez Moreno et al.,1986; Fernandez
Caldas et al.,1986), We try in the present work to define active Al(Fe)
in soils with predominance of allophane or organo-mineral compounds through
Ro and deduced parameters. Oxalate reactivity is given by the number of OH
groups released by ligand exchange during the reaction of saturated ammonium oxalate with active Al compounds controlled at pH 6.3 for 25 minutes.
It must be remembered that in the reaction some AI, Fe and Si are dissolved.
The results obtained show that in the Al-humus compounds the Al dissolved
by oxalate pH 6.3 (Al
) represents a high percentage of Al dissolved by
oxalate pH 3 (Alo), while in allophanic materials Al

is generally less
6.3
than 20^ Alo. These findings led us to considered that Alo represents in
some way a reserve or pool of active Al. In organo-mineral compounds a great
proportion of this reserve can react with P or oxalate pH 6.3, whereas in
allophanic materials only a low percentage of the reserve reacts. So,
Al
/Alo (or Ro/Alo) can be considered an expression of activity similar
to that given by Wada and Gunjigake. On the other hand We can define a specific activity based on the number of OH groups released per Al dissolved
by oxalate pH 6.3 (Ro/Al
) . In the figure We have defined the organo-mineral character of the sample by the ratio Al pyrophosphate/Alo (Alp/Alo).
We can observe that as the organo-mineral character of the sample increases
Al
/Alo increases and specific activity decreases

-
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Resume
On a essayê de caractériser 1'aluminium (fer) actifs dans des composes
allophaniques et des complexes organo-minéraux en utilisant la réactivité
oxalate pH 6.3. D'une part on distingue une activité representee par la
capacité pour adsorber le phosphate ou 1'oxalte pH 6.3 reltive ä la quantité d'Al extraite a 1'oxalate pH 3 (analogue a 1'activité définie par
Wada et Gumjigake, 1979). D'autre part on a defini une"activite specifique"
par le nombre de groupes OH libérés par Al dissous pendant la reaction
oxalate pH 6.3. Dans la figure on peut observer que quand le caractère
organo-minéral de 1'échantillon augmentefdéfini par la relation Al pyrophosphate/Al oxalate pH 3, Alp/Aio) 1'activité specifique (Ro/Al
)
diminue tandis que 1'activité (Al
/Aio) augmente. Ce dernier fait est
,
6.3
d'accord avec la sequence donnee par Wada et Gunjigake pour 1'activite
des composes organo-minéraux et allophaniques.

Ro
Al
6.3
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Alp
Alo

20
x 100
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100
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100
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Al

6.3
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- 331 Gewinnung und Analyse der Gleichgewichts-Bodenporenlösung
Ernst E. Hildebrand
Forstliche Versuchs- u. Forschungsanstalt Baden-Württemberg,
Fasanengarten, D-7000 Stuttgart 31
Summary: Obtaining and analysis of the equilibrium soil pore solution
A percolation system for 100 cm'-soil cores is presented. Only filter materials
with negligeable interferring properties are used, and during percolation an air
filled porosity is maintained.
Results from soil cores of a spruce stand show, that conventional
homogenization of soil samples may lead to a great loss of information about
the variability of acidity parameters and to an underestimation of the real soil
acidification in the rhizosphere.
Es wurde ein Verfahren entworfen, an natürlich gelagerten Bodensäulen (100 ml -Stechzylinder) eine Gleichgewichts-Bodenporenlösung zu gewinnen. Ausgangspunkt dieser Entwicklung war die Überlegung, daß infolge chemischer Ungleichgewichte zwischen Aggregatäußerem und -innerem die Gefährdung der Rhizosphäre möglicherweise falsch eingeschätzt wird, wenn Intensitätsparameter des Versauerungsgrades (z.B. pH, Ca/Al -Verhältnis) an homogenisierten
Bodenproben ermittelt werden. Drei Forderungen sollten dabei erfüllt werden:
- Es sollte möglich sein, reproduzierbare Gleichgewichtszustände
zu erreichen.
- Die Perkolation sollte unter Wasserspannung stattfinden, d.h. bei
lufterfüllten Hohlräumen und weiten Grobporen, um reduktive Mobilisierungen
zu vermeiden.
- Die zur Erzeugung von Saugspannungen verwendeten Filtermaterialien sollten hinsichtlich der Meßparameter interferenzarm sein.
Die in Abb. 1 dargestellte Meßapparatur erfüllt diese Kriterien. De
nach Wasserleitfähigkeit der Bodensäule und dementsprechend je nach Wasseranlieferung an den Membranfilter stellt sich während der Perkolation am Membranfilter eine Saugspannung zwischen 50 und 800 cm WS ein. Innerhalb des Rahmens
dieser Saugspannungen besteht also eine auf gleiche Durchflußraten gerichtete
Selbstregelung, die bei Bodensäulen der Textur Sand und Lehm bis zu Tropfintensitäten von 1 5 - 1 6 Tropfen/Minute aufrechterhalten werden kann. Erst bei Bodensubstraten der Bodenart Ton muß die Förderleistung der Pumpe reduziert werden,
da trotz der sich aufbauenden Saugspannung von ca. 800 cm WS die Wasserleitfähigkeit der Bodensäule i.d.R. so gering ist, daß mehr Lösung auf tropft, als an
den Membranfilter herangeführt werden kann. Bei der Perkolationsintensität von
15 Tropfen pro Minute ist für Ca, AI und Protonen der Gleichgewichtszustand
innerhalb von 48 Stunden erreicht, wenn 100 ml Perkolationslösung eingesetzt
werden. J e nach Wassergehalt der feldfrischen Bodenprobe und deren Lagerungsdichte entspricht dies einem Boden/Wasser -Verhältnis von 0.9 - 1.2.
In Abb. 2 wird anhand der Ca/Al- bzw. der Ca/H -Tiefenfunktionen
ein Anwendungsbeispiel gegeben. Man kann daraus folgende Schlüsse ziehen:
- Durch Homogenisierung der Bodenproben wird vor allem im Oberboden die für Wurzeln relevante Versauerung unterschätzt. Dies kommt vor allem
in den stark unterschiedlichen Ca/H -Verhältnissen zum Ausdruck.
- Die Ca/Al-Verhältnisse in der Gleichgewichts-Bodenporenlösung
liegen zwischen 0.3 und 2.0. Mischprobenbildung und Homogenisierung bewirken
also in diesem Fall eine Mittelung von Bodenkompartimenten, deren Kalkbedarf
von " dringend kalkbedürftig " bis " keine Kalkung notwendig " reicht.
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Abb. 1: Apparatur zur Gewinnung
der Gleichgewichts-Bodenporenlösung

Abb. 2: Tiefenfunktionen der molaren
C a / A l - u. Ca/H-Verhältnisse in der
Gleichgewichts-Bodenporenlösung und i m
wässrigen 2 : 1 - E x t r a k t einer T e r r a fuscaParabraunerde unter F i c h t e

F i g . 1: Apparatus for obtaining
the equilibrium soil pore solution

F i g . 2: Depth functions of molar C a / A l
and C a / H - r a t i o s in the e q u i l i b r i u m soil
pore solution and in t h e aquous 2:1-extract
of a " T e r r a fusca-Parabraunerde" stocked
w i t h spruce

- Die Streuung der C a / A l -Verhältnisse z e i g t , daß i m Oberboden des
Untersuchungsprofils eine M i k r o k o m p a r t i m e n t i e r u n g über verschiedene P u f f e r b e reiche hinweg v o r l i e g t , so daß homogenisierte Mischproben in diesem F a l l wenig
über die aktuelle Gefährdung von Feinwurzeln aussagen.
- Die Streuung der C a / A l -Verhältnisse ist in den wenig s t r u k t u r i e r t e n
A I - H o r i z o n t e n am geringsten. D o r t liegen auch die C a / H -Verhältnisse der G l e i c h gewichts-Bodenporenlosung und des wässrigen 2:1-Extraktes d i c h t zusammen.
Die D i f f e r e n z dieser Intensitätsparameter zwischen Gleichgewichtslösungen von
homogenisierten Bodenproben und n a t ü r l i c h gelagerten Bodensäulen beinhaltet
also ein Strukturmaß und d r ü c k t die chemischen Ungleichgewichte aus zwischen
Aggregatinnerem und -äußerem.

- 333 THE INFLUENCE OF SOIL pH ON THE OXIDATION OF IRON SULFIDES
L. R. Hossner, T. A. 0'Shay, L. E. Deuel and H. T. Harbert
Texas A&M University
College Station, Texas USA
Acid pyritic soils are difficult to revegetate due to ion toxicities
and low fertility levels. Aluminum (Al) solubilized by acid conditions
inhibits root growth at concentrations as low as 1 part per million.
Acid pyritic soils can be made suitable for plant growth by liming. The
addition of lime to these soils will raise the pH, decrease
concentrations of toxic elements to acceptable levels and produce an
environment more favorable to soil microorgamisms.
Oxidation of iron sulfides (pyrites) commonly result in soil
environments with pH values below 3.0. Lime recommendations to raise
soil pH must consider the amount and nature of the soil acidity and the
rate of oxidation of the iron sulfides, if present, following lime
application. Difficulties in this approach may occur if there are excess
iron sulfides present at the time of lime applications. Potential
acidity present as iron sulfide, must be taken into consideration but
could result in over-liming, pH values greater than 6.0 and a decrease in
oxidation rate of the iron sulfides. This project was initiated to 1)
evaluate laboratory methods to estimate lime requirements in pyritic acid
soils 2) determine the successs of predicting lime rates by adjust ing
soil pH based on laboratory measurements and 3) measure the oxidation of
iron sulfides as a result of elevated pH due to lime application.
Lime requirement was calculated from exchangeable plus potential
acidity data. Potential acidity in this paper is defined as that acidity
that can be potentially formed through the oxidation of iron sulfides
(pyrites) using the following equation:
FeS 2 + 15/4 0 2 + 7/2 H^O = Fe(0H) 3 + 2H 2 S0 4
Lime requirements calculated from laboratory data producted
predicted pH values (5.5-6.0) in five of the six soils evaluated. The
exception was a soil which had an extremely high potential acidity value
(37 meq/100g) and a relatively low exchangeable acidity value (6.8
meq/100g). Elevated pH values were obtained in this soil from lime
applications at a rate to neutralize exchangeable plus potential acidity
with a resultant reduction in iron sulfide oxidation. After one year of
incubation following application of lime, only 30-50% of the iron sulfide
had oxidized when the soil pH was increased to values greater than 4.0.
At pH values below 4.0, greater than 90% of the iron sulfide had
oxidized. These data indicate that elevating pH of actively oxidizing
pyritic soil systems to values greater than 4.0 results in a significant
reduction in the biological oxidation of iron sulfides by Thiobacillus
ferrooxidans. Continued oxidation of the iron sulfide at the elevated
pH values would be expected but at a much slower rate.

- 334 Transformation and distribution of different forms of
Organic-N in Soil
Huang Dongmai and Zhu Peili
Soil and Fert. Res. Inst., Jiangsu Academy of Agr. Sei.,
Nanjing, China
Owing to the huge amount of organic manure traditionally applied
to cultivated soils in China, the rate of accumulation of immobilized nitrogen in the soil is rather high. However, the chemical characteristics of this portion of nitrogen directly derived from organic
manure are still obscure. Besides, studies on the turnover of nitrogen originated from organic and inorganic sources respectively in
soil in a combined fertilization system are very few.
In this study, the following two objectives are involved: (a.)
Comparison of the transformation and distribution of the N-forms
derived from organic and inorganic sources in soil respectively,
(b) Elucidation of the chemical characteristics of the immobilized
N by determining different forms of nitrogen in soil sampled at
different time intervale in rice-wheat cropping system.
Pot experiments with four soils were conducted for alternative
rice and wheat cropping lasted to the fourth harvest. The treatments
includeé: (1) 1 5 N labelled crototaria, 250mg N/pot; (2) 1 5 N labelled
(NHOjSO^, 2'tOmg-N/pot; (3) No nitrogen. Bach treatment waa Triplicated. All treatments received adequate supply of K & P. For the acid
clay loam, Soil B, the transformation of N was investigated at different growing stage of rice,. The soil N was fractionated into six
forms by Bremner method. The 1 5N abundance was determined by mass
spectrography.
Results showed that, it general, alkali-distillable N, amino acid
N and unidentified acid soluble N each occupied approximately one
third of the hydrolyzable N, which accounted for 6O-8O* of the total
soil N.
The content of each organic N-form, except insoluble humin-N, was
significantly correlated with the grain yield and the total dry matter of rice. Since the correlation coefficients for amino acid N and
unidentified acid soluble N were comparatively high, it was considered that these two forms of N are the main sources of available N
in the Soil.
The dynamics in the amounts of various forms of labelled N in an
acid clay loam derived from highly bleached loess were examined during the growing period of rice plant. The results are shown in the
figure. Two cases can be distinguished. For the alkalidistillable N
and the insoluble humin N, the amounts of those portions which were
derived from the applied manure were always lower than those of the
indigenous «oil N, although they increased gradually and could finally approach to those in the native soil. It is well known that besides the humin-N, the hexoamine in the alkalidistillable portion is
the main component of mucopeptides and chitin which are more resistant to mineralization. For the amino acid nitrogen and the unidentified acid soluble nitrogen, the amounts were higher than those in
the native soil, although they decreased gradually. It was suggested
that fertilizer nitrogen can be readily incorporated into all fractions of N in the soil. At first, it was identified in the amino

- 335 acid and the unidentified nitrogen fractions. With time, the labelled N was partially found in the humin-N fraction and the alkalidistillable fraction. Hence, these two non-distillable fractions essentially functioned as intermediate constituents in the
mineralization-immobilization process of 6oil nitrogen.

Days after transplanting

Fig. Transformation of organic N in rice-growing period
In comparing the distribution of 1 5 N labelled Crotalaria-N to
that of (1'NHit)2SOi4-N in soils, it was found th»t either in paddy
or in dryland condition, more Crotalaria nitrogen was incorporated
into unidentified N and humin-N fractions. On the contrary, a greater amount of ammonium sulfate nitrogen was incoporated into alkalidistillable and amino acid fraction. The different in the distribution of organic N between organic manure and chemical fertilizer
in soil might be the reason why organic manure could make great
contribution to improving nitrogen fertility of the soil, while
the residual nitrogen of inorganic fertilizer could not increase
the N level of soil although it plays a role in refreshing the soil
nitrogen as described in a previous paper.

- 336 "Neuartige" Waldschäden und diagnostische Düngung
R. F. Huettl
Institut für Bodenkunde und Waldernährungslehre
Albert-Ludwigs-Universität
Bertoldstraße 17, D-7800 Freiburg
A B S T R A C T
Die sogenannten "neuartigen" Waldschäden gehen häufig mit Ernährungsstörungen einher. Bei genauer Beobachtung lassen sich
verschiedene Verfärbungssymptome erkennen, die eindeutig bestimmten Nährstoffmangelerscheinungen zugeordnet werden können. Anhand nadelanalytischer Untersuchungen von etwa 200 südwestdeutschen Nadelbaumbeständen (Herbst/Winter 1983/84) wurde
der aktuelle Ernährungszustand von Fichte und Tanne, örtlich
auch von Kiefer und Douglasie charakterisiert. Vor allem in
Abhängigkeit vom jeweiligen Ausgangsgestein und dem Schädigungsgrad ergab sich ein regional deutlich differenziertes
Bild. Im gesamten Untersuchungsgebiet war die P-Ernährung ausgezeichnet, die N-Versorgung ausreichend bis gut. Die K-, Caund Mg-Gehalte zeigten häufig niedrige bzw. mangelhafte Werte.
Gleiches fand sich für die Zn-Spiegel. Mn-Mangel trat zuweilen
auf Kalkstandorten auf.
Aufgrund dieser Befunde wurden an 40 (nach verschiedenen Parametern differenzierten) Standorten über 100 diagnostische Düngungsversuchsparzellen angelegt. Vor der Applikation von rasch
löslichen Boden- und Blattdüngemitteln im Frühjahr 1984 wurden
Bodenproben gezogen. In fast allen Fällen hatte die Gabe der
Nährstoffe bereits nach einer Vegetationsperiode eine deutliche Verbesserung des äußeren Erscheinungsbildes bewirkt. Die
Nadelanalysenergebnisse der Beprobung vom Herbst 1984 bestätigten diesen Befund. Erste Untersuchungen des chemischen Bodenzustandes ein Jahr nach der Behandlung weisen je nach
Applikationsmittel auf eine Erhöhung basischer Kationen (Ca,
Mg, K) hin bei gleichzeitiger Reduktion von H und AI
an den
Austauschern.
Die vorgestellten Ergebnisse zeigen, daß dort, wo die "neuartigen" Waldschäden mit Ernährungsstörungen verbunden sind, die
Verbesserung der NährstoffVersorgung (Blattanalyse, Bodenanalyse, Symptomansprache) die Mangelsymptome zum Verschwinden
gebracht und die Schäden gemildert werden können. Ziel muß dabei eine möglichst ausgewogene Ernährung sein. Dies macht die
Beachtung bestimmter Antagonismen bei der Nährstoffaufnahme
nötig. Schließlich hat sich gezeigt, daß nach überschreiten
eines gewissen Schadgrades eine Revitalisierung durch Düngung
nicht mehr möglich ist.
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Bodenversauerung beim "natürlichen" Wald- und Grasland-Ökosystem von
Rothamsted (England) unter dem Einfluß atmosphärischer und pedogener
Protonen-Anlieferung von 1880 bis heute
K. Isermann
L a n d w i r t s c h a f t l i « h e Versuchsstation Limburgerhof der BASF A k t i e n g e s e l l schaft, Postfach 2 20, D-6703 Limburgerhof

Bodenreaktionsveränderungen ergeben sich im Rahmen von Protonenbilanzen aus
Protonen-Anlieferung und -Konsumtion. Insbesondere vor dem Hintergrund der
"neuartigen Waldschäden" wurde die Bedeutung atmosphärischer Protonen-Einträge
für die Bodenversauerung und den damit verbundenen Nachteilen h i n s i c h t l i c h einer
o p t i m a l e n Pflanzenernährung je nach Ausgangsreaktion des Bodens unterschiedlich
b e u r t e i l t ( U l r i c h et a l . 1979; U l r i c h 1980/81 bzw. Isermann 1983 und 1985). Messungen seit bzw. Rückrechnungen bis zum Jahre 1880 am Standort Rothamsted
bei zwei natürlichen Wald- und einem Grasland-Ökosystem belegen nun langf r i s t i g die absolute und relative Bedeutung atmosphärischer bzw. pedogener
P r o t o n e n - A n l i e f e r u n g für die (zusätzliche) Bodenversauerung je nach Ausgangsr e a k t i o n und Pufferungsvermögen des Bodens. Folgende Ergebnisse wurden
erzielt:
Hodnwrrsauer unq (0-2?,9 cm) 1* Verlauf der letzten 100 Jahre bei zwei natürlichen waldokosyslemen
("Geescroft" bzw. "Broadbalk") und bei einem "ungedungten" Grasland Ökosystem ("Park Grass') In
Rothamsted (-70 km H von London. OB) unter dem ElnfluO atmosphärischer und pedogener Protonenanlleferung senile Jewells unterschiedlichem Carbonatgehalt bzw. KalkurtgsnoBnarwn (erweitert nach
Jcnklnson, 1970> Gouldlng und Poulton, 1985J Johnston et al.. 1985)
Soll .« Idilli.it h m (0 22.9 cm) over the last 100 years In two natural woodland ecosystems (Geescroft-. Broadbalk Wilderness) and In an "unfertilized" grassland ecosystem (Park Grass) at Rothamsted
(-70 km a of London. England) under the Influence of atmospherical and soil borne proton supply
and different carbonate content/lime application (ace. to Jenklnson. 1970i Gouldlng and Poulton.
19HS) Johnston et al.. 1985. completed)
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1. Bei nahe am Neutralbereich befindlichen Böden überwiegt heute und noch mehr
vor 100 Jahren die pedogene Protonen-Anlieferung jene aus der Atmosphäre
um ein Mehrfaches (z. B. Geescroft-Wilderness).
2. Die absolut und r e l a t i v zunehmende Bedeutung atmosphärischer Protonen-Anlieferung für die Bodenversauerung in den l e t z t e n 100 Jahren ergibt sich
nicht nur aus erhöhten atmosphärischen Protonen-Anlieferungen, sondern in
erster Linie aus der umgekehrt überproportionalen Abnahme der pH-abhängigen
pedogenen Versauerungsvorgänge (Bodenatmung, Mineralisation, N i t r i f i k a t i o n ,
Dissoziation org. Säuren, Basenentzug etc.) (z. B. Geescroft-Wilderness;
Park Grass) und damit auch vor dem Hintergrund der erheblich herabgesetzten
gesamten H - A n l i e f e r u n g .
3. An der Zunahme der atmosphärischen Freiland-H - A n l i e f e r u n g in den l e t z t e n
100 Jahren am Standort Rothamsted von 1,1 auf 3,9 kg/ha.a waren im Sinne
der aktuellen H -Deposition die Säurevorstufen SO x und N O x zwar zuerst,
jedoch nachfolgend (ca. seit 1955) in noch höherem Ausmaß das vorwiegend
aus der Viehhaltung (Landwirtschaft) herrührende NH3- bzw. N H 4 - N im
Sinne der potentiellen H -Deposition b e t e i l i g t .
4. Im Carbonatpufferbereich befindliche bzw. durch Kalkung dort gehaltene
Böden bewahren ihren Reaktionszustand t r o t z dieser beachtlichen atmosphärischen und pedogenen Protonen-Anlieferungsvorgänge auch über 100
Jahre hinweg (Broadbalk-Wilderness).

Soil Acidification in "Natural" Woodland and Grassland Ecosystems at Rothamsted
(England) from 1880 until Today Under the Influence of Atmospherical and
Soil-Borne Proton Supply
Recorded data f r o m 1880 onwards and calculations back to that date for t w o
natural woodland ecosystems and one grassland ecosystem a t Rothamsted
show, on a l o n g - t e r m base, the absolute and r e l a t i v e importance of atmospherical
vs. soil-borne proton supply for (additional) soil a c i d i f i c a t i o n , depending on the
i n i t i a l pH of the soil and its buffer capacity. Following results have been
obtained:
1. In near the neutral soils, soil-borne proton supply today - and even more so
100 years ago - is several times greater than atmospherical acid deposition
(e. g. Geescroft Wilderness).
2. The absolute and r e l a t i v e increase over the last 100 years in the importance
of atmospherical acid deposition for soil a c i d i f i c a t i o n ist not only due to
growing atmospherical proton deposition, but is mainly the result of the
diminishing pH dependent soil-borne a c i d i f y i n g processes (soil r e s p i r a t i o n , mineral i z a t i o n , n i t r i f i c a t i o n , dissociation of organic acids, base depletion, e t c . ) , e. g.
Geescroft Wilderness, Park Grass, and thus the s i g n i f i c a n t l y reduced t o t a l
supply of H .
3. The increase of atmospherical H deposition f r o m 0.1 to 3.9 kg/ha.a at
Rothamsted over the last 100 years has been p r i m a r i l y caused by acid SO x and
N O x (actual H deposition), but recently (since approx. 1955) N H 3 - , N H ^ - N ,
mainly f r o m animal housbandry (agriculture), has been responsible to an even
larger degree in the sense of p o t e n t i a l H deposition.
U. Soils containing an actual carbonate buffer or those receiving lime have
maintained a pH-status over 100 years inspite of considerable atmospherical
and soil-borne proton supply phenomena (Broadbalk Wilderness).

- 339 Effect of Freezing and Thawing on Soil Volatile Organics
I.K. Iskandar and T.F. Jenkins
U.S. Army Cold Regions Research and Engineering Laboratory
72 Lyme Road, Hanover, NH 03755-1290

Treatment and disposal of hazardous waste is one of the major
environmental problems facing industrial countries. Transport of
contaminants to ground and surface water is probably the main concern.
Although a substantial effort is being focused on clean up of disposal
sites, little effort is being made to develop in place treatment
techniques. The objective of this study was to evaluate the use of
artificial and natural ground freezing for removal of volatile organics.
Plexiglass columns, 12.5 cm in diameter and 80 cm in height were
filled with a loam soil, saturated with water and spiked with chloroform,
benzene, toluene and tetrachloroethylene in concentrations ranging
from 40 to 45 ug/g dry soil. The number of freeze-thaw cycles ranged
from 0 to 5. Freezing rate was about 30 cm/day. Freezing was introduced
at the bottom of each column. Leachates were collected during thawing,
metered and subsamples were analyzed. At the conclusion of each
experiment, soils were analyzed and a mass balance for each organic
was calculated.
The results showed that freezing and thawing significantly reduced
the slurry volume by a factor of 40%. The concentration of volatile
organics in the leachate varied and was in the following order:
chloroform>benzene>toluene>tetrachlorethylene.
In general, the
concentration of each organic in the leachate was less in the frozenthavn treatment than in the unfrozen (control) treatment. The
concentrations of these organics in the leachates were inversely
related to their octandl/water partition coefficient ( K o w ) ,
In the soil after freezing and thawing the concentration of each
organic was highest near the surface and lowest at the surface and
at depth. Mass balance calculations indicated that as high as 907o
of chloroform, benzene» and toluene were lost from the column by
volatilization as a result of freezing and thawing. The loss of
tetrachloroethylene was only 45%. The amounts lost by volatilization
from the control (unfrozen) treatment was only 10% for the chloroform,
benzene and toluene. Apparently, freezing the soil from the bottom,
enhanced upward movement of the organics to the soil surface where
losses occurred by volatilization. Large scale prototype tests are
being prepared.

- 340 COMPARISON OF METHODS FOR DETERMINIHING THE EFFICIENCY OF
LIMING MATERIALS
Ant t i Jaakkola
Department of Agricultural Chemistry,
University of Helsinki
In Finland, fine ground calcitic and dolomitic limestone is
mainly used for liming of acid soils. The guality is officially
assessed by determining the solubility of calcium and magnesium
in hot 1 N HCl. The minimum acceptable concentrations as well
as maximum coarseness are given by statutes. In recent years,
slags from iron industry are increasingly being used for liming. Because of the different chemical composition and coarseness of slags the currently applied methods for quality control
of ground limestone seem to be less suitable. The need of a
universal method better correlating with the increase in soil
pH is obvious. The aim of this study was to find out whether a
method based on determination of acid consumption at a constant
pH (Stählberg 1980) would meet that requirement.
Material and methods
The liming materials studied comprised commercial lots of
ground limestone and slags of different origins and certain
particle-size fractions. Their coarseness was determined by
sieving; the percentage passing a 0.15 mm sieve is given below.
The "neutralizing ability" was determined by two methods: (1)
Official method: 5 g of material was heated in 125 ml of 1 N
HCl on a boiling water bath for 45 min. Calcium and magnesium
concentrations in the solution were determined by an atomic absorption spectrophotometer. The total amount of Ca+Mg is given
in meg/g (officially in % Ca equivalent). (2) Constant pH
method: 1 g of material was shaken in dilute acid for 24 h. The
solution was kept at pH 4.00 by adding 0.4 N HNO
from an automatic burette. The consumption of acid, given in (OH ) meq/g,
was recorded.
The ability of the liming materials to increase soil pH was determined in an incubation experiment with two soils: a Sphagnum
peat and a fine sand. The treatments, with four replicates,
consisted of an untreated control and 2 grams of each liming
material mixed with 0.5 litre of soil. The moisture was kept at
field capacity (pF 2) by frequent watering for an incubation
(20 C) period of 6 months. The soil pH was measured in 0.01 M
CaCl_ at a soi1:solution ratio of 1:2.5 (v/v).
Results
Repeated recordings showed the 0.4 N HNO, consumption to increase still after 24 h. Recordings were restricted to 24 h because longer times would be inconvenient. The incubation experiment, too, involved several measurements. In the fine sand
soil an almost constant pH level was reached in one month, the
pH level of the peat soil remaining at 60-80 % of the final
1 iming-induced increase.
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Material

<0.15 mm
/•

Calcitic limestone
>50
Dolomitic limestone
68
Blast furnace slag 1 2.8
2 3.2
Converter slag 1
13
" 2
16
" 3
90
(pH values not followed by

Ca+Mg
(OH)
Increase of soil pH
meq/g
meq/g
peat(pH 3.0) sand(pH 4.5)
1.5
18.1
16.1
i.om
14.1
1.5C
1.0™
17.7
2
17.8
3.0
0.7a
°k
2.0
18.7
0.7*
0.2*
5.6
0.9^
0.5
18.6
0.9b
18.7
9.2
0.51
17.7
1.5C
15.8
a common letter differ at P=0.05)

ï.r

The Ca+Mg in different materials were almost equal and did not
correlate with the pH increase. The pH increase in sandy soil
rather closely correlated with the (OH") at pH 4. However, according to the pH increase in the very acid Sphagnum peat the
differences were somewhat exaggerated.
Particle-size fractions <0.15 mm, 0.3-0.5 mm and 1-2 mm of dolomitic limestone and blast furnace slag 1 were studied separately. The official method for quality control showed no difference between them. The constant pH method gave decreasing values for increasing particle sizes: 17.0, 6.1, 2.5 and 15.3,
3.8, 1.9 meq/g for limestone and slag, respectively. These were
in close positive correlation with the pH increase in the fine
sand. However, in the very acid peat the two fractions below
0.5 mm were equally effective and only the coarsest fraction
was markedly less efficient.
Conclus ion
The new method for quality control of liming materials proved
promising. The efficiency of coarse material in liming an extremely acid peat was underestimated, but such soils are rarely taken for agricultural use.
Acknowledgement. Mr. Kaj tindroos, M. Sc., State Institute of
Agricultural Chemistry, did the chemical and sieve analyses of
the liming materials. The study was financially supported by
Finnish lime and steel industry.
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Zusammenfassung
Eine neue Methode für die Qualitätskontrolle der Kalkdünger
wurde untersucht. Die von Kalcit- oder Dolomitkalk bzw. Hochofen- oder Konverterschlacken im Konstanten pH 4 während 24
Stunden neutralisierte Menge 0,4-normaler Salpetersäure war in
enger Korrelation mit der von denselben Materialien verursachten pH-Steigerung in einem Sandboden. Die pH-Steigerung in
einem sehr sauren Torfboden war etwas schlechter korreliert.
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LOW MOLECULAR HUMIC SUBSTANCES OF GREEK ALFISOLS AS INHIBITORS
OF THE HUMIFICATION PROGRESS
by CH. S. KALLIANOU and N.J. YASSOGLOU
Lecturer and Professor respectively,
Athens Faculty of Agriculture, Botanicos- Athens (Greece)
INTRODUCTION
It has been shown that certain humic fractions have an inhibitory effect
on the progress of humification (Ziechmann, 1980). The purpose of this investigation was to study the inhibition, caused by low molecular humic
fractions, to the humification progress observed in Greek soils. It was
also to experimentally prove this inhibition on the autoxidation of hydroquinone.
METHODS AND MATERIALS
Soil samples used in this study were collected from the surface horizons
of a Typic Haploxeralf (S-l) and of an Aquic Palexeralf (S-2), developed
in Peloponnese, Greece. The present vegetative covers were Quercus conferta and Erica verticilata respectively.
TfiJmic fractions were successively extracted from the soil samples with diethylether, acetone, ethanol and dioxane in a soxhlet apparatus. Remaining
humic substances were then extracted with 0.1N NaOH. Simultaneously, an
other set of samples were directly extracted only with 0.1N NaOH.
To prove the inhibition effect of the ethanol extracts on the autoxidation
of hydroquinone, 1 ml of this extract was added to a solution of 500 mg hydroquinone in 50 ml dist. H 2 0. To the above mixture 500 mg Si02 and 30 ml
dist. H 2 0 were added with ethanol to reach a final volume of 100 ml. This
procedure was repeated using 2, 3, 4 and 5 ml of the ethanol extract. The
resulting solutions were left in the open air and the absorption at 500 nm
was measured at 24 hrs intervals.
The chemical and physical characterises of the extracts were determined.
RESULTS AND DISCUSSION
The IR spectra of diethylether, acetone and dioxane extracts idicated the
presence of non-humic substances, while the IR spectra of ethanol extracts
showed characteristics of humic substances. Absorption bands in the spectral reaions of 1720 cm -1 (C=0 stretching of C00H), 1630 cm"1 (C00"(v as ),
aromatic C=C), 1400-1380 cm-1 C00 ( v s ) , 1225 cm"1 (C-0 stretching and OH
deformation of COOH) were observed.
No essential differences were found between the IR spectra of the HA's extracted directly with 0.1N NaOH and of those preextracted with organic solvents.
VIS-spectra showed that no autoxidation of hydroquinone took place in the
presence of the ethanol extracts over Si0 2 . A slow rate of autoxidation
was observed only after the addition of alkali to the solution.
The results of the elemental analyses and the yields are shown in Table 1.
The humic acids that were directly extracted with NaOH (HA{s) had lower
yields and carbon contents than those preextracted with organic solvents
(HA2's). These results could be considered as an evidence of inhibition,
caused by low molecular humic substances, to the humification of other substances of the humic system.
The inhibitors seemed to have slowed down the humification progress in the
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inhibitors by organic solvents seemed to have led to an enhancement of the
humification of the remaining soil organic substances. This enhancement resulted in the greater carbon content and yieldsof the HA2's. A similar hypothesis was also proposed by Ziechmann (1980).
The phenomenon of the inhibition may be used to explain processes related
to the genesis of humic substances in the soils.
TABLE 1.
Samples

no
HAi's
HA2's

Elementary analysis of HA's.
% Oven-dry, ash free ba sis

Soil
no

C

H

0

N

S-1
S-1
S-?
S-2

53.71
52.77
58.18
57.95

6.03
5.49
4.92
5.70

36.71
38.71
34.07
33.15

3.55
3.04
2.83
3.20

Ash

Yields (HA-C as
% of soil C)

14.2
14.1
18.2
15.8

25.0
21.3
38.7
35.8
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ZUSAMMENFASSUNG

Die Huminstoffe von zwei Alfisol-Böden aus Griechenland wurden mit organischen Lösungsmitteln und 0.1N NaOH sukzessiv extrahiert. Die Huminstoffe
wurden gleichzeitig auch mit 0.1N NaOH direkt aus den Böden aewonnen.
Die Huminstoffe, die mit 0.1N NaOH nach der Vorextraktion der Böden mit organische Lösungsmitteln gewonnen wurden, zeigten allgemein höhere C-Gehalte
und höhere Ausbeuten an Huminsäuren als diejenigen, die direkt aus den Böden mit 0.1N NaOH gewonnen wurden.
Dieser Befund wird als Beweis für eine bereits öfters beobachtete Inhibierung der Humifizierung durch niedermolekulare Huminstoffe gesehen.
Die Inhibierung konnte nachgewiesen werden, indem nach Zugabe von niedermolekularen Huminstoff-Fraktionen zu einer Lösung von Hydrochinon die Hu mifizierung unterblieb.
Das Phänomen der Inhibierung könnte eine erhebliche Rolle bei der Genese
der Huminstoffe spielen.
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Among different theories about chemical element in soils the
most interesting is the one which considers potential of element
as an index of equilibrium of its dominating reaction in the concrete soil conditions. The thermodynamical potential of reaction
which is presented as changes of Gibbs free energy(aG or index of
ion activities) expresses the level of intensivity of reaction in
the state of equilibrium, a derivative of the thermodynamical potential is the level of equilibrium stability, which characterizes soil
buffer properties to keep equilibrium. On the basis of natural soil
solutions the thermodynamical potentials and indexes of buffer properties of potassium, phosphorus and nitrogen were studied.
In the paper we have presented new formulae of phosphorous
and nitrogen potentials and given the indexes of soil buffer properties. The studies have been carried out on the soils of the
middle part of the areas adjoining the Uralston virgin forest soddy medium podzolic, weakly cultivated soddy-podzolic medium loamy,
soddy calcareous light clay and others. Soil samples were selected
by genetic horizons on stationary plots, where we have been carrying out experiments for 20 years. Soil solutions have been received
by the method of pressing of soil samples having soil humidity. We
have studied fallow lands and the lands under agricultural crops
and obsreved solution contents during 2 years, monthly from May to
October.
In the investigated soils physico-chemical properties differed
within the limits: oE^.- A-,4-7,4; pH of soil solution 5,9-8,0;humus
contents 0,36-4,2055; i CEC 5,5-50,5 mg-eq/IOOgj exchangeable K
contents 0,10-0,56 ing-eq/I00g; fractional contents< 0,001 mm 6,331%; specific surface 12,3-47,9 m /g. Mineralogical contents ofsilt
frantions were almost the same for all the soils. In generalthey
were presented by nontmorillonite, hydromica(hydromuscovite, illite,
hydrobiotite).
Potassium. Potash potential A G and pK-0,5pCa is the index of
soil adsorption equilibrium(K-Ca). On the basis of the principle
of displacement of chemical equilibrium the potash potential derivative concerning potasn concentration in soil solutions d iG/dc, is
the measure of equilibrium stability, re consider it to be the index of potash buffer properties of soils.
In soil solutions the everage potash potentials pK-0,5pCa were
1,70-2,12. For given horizons potash potentials changed from I to 2
units, that indicates on the considerable displacement of potash
equilibrium. Besides the dynamics of potash potential of soil solutions, which was different depending on the season, the dynamics
of the exchangeable potash contents in solid phase of the soil was
also stated.
The analysis of interconnections of the potash potential with
the thermodynamical equilibrium constant showed that potash potential and the coefficient of selectivity will give more or less the
same characteristics of the solid phase of soil.
_
d*G/dc for soils of fallow lands was from 0,30 to 4,88 kj-l-mol
This value was proportional to the value PBC by Beckett. Curves
AG=f(c) and isotherms Q/I gave analogical comparative soil characteristics. For soil solutions under plants value d&G/dc depended
plant varieties. The value of cUG/dc was considerably increased
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( 5 , 9 Ï kJl-noi. "") under c a i s e ano. p o t a t o e s t o g e t h e r with the p a r t of
potassium, taken_by
che p l a n t s , than under flax and b a r l e y ( 2 , 3 9
ana 1,67 kJ-lmcl - '^.
Phosphorus. The
monocalciuaB-i/nosphorous p o t e n t i a l 0,5pCa+
pKpFOT c h a r a c t e r i z e s equilibrium of the general r e a c t i o n of t r a n s formation of phosphorus i n s o l u t i o n at low pH(Karpinskii,I974-).3ut
at more high pH(6,5-ö,C) i t does not correspond to the s o i l phosphate e q u i l i b r i u m , as?v.'e have not taken i n t o c o n s i d e r a t i o n t h e
presence of ionsHPO ~'~. V.e also explained phosphate p o t e n t i a l f o r mulae for a wider r a n t e of pH. The transformation of phosphates i n
s o l u t i o n was considered as a number oi d i s s o l u v i n g p r o c e s s e s , phosp h a t i o n d e s o r b t i o n , +uhosohate ions protoning and c a t i o n exchange
of ions H ,Ca , Mg *.
_
_a
Depending on pK and q u a n t i t a t i v e r a t i o of ions RVFG^ and KFC^
•-; r.&ve proposed t h e following formulae:
pIK6,C C^pCa+pHgPO^j pH=6,5 3/5?Ca+V5 pHgPC^ + I/5pHP0^; pH=7,0
2/3pCa + 2/3pH2p0 4 + I/5pKP0 4 ; P H=7,5 V5pCa + 2/5pH 2 P0^ + 5/5pHP04
pH=8,0 9/I0pCa + 1/5 pK,P0 4 + VSpHPO^j pH> 8,0 pCa +pHPOv
They can be used for diagnosis of providing the s o i l with
phosphorus, and for t h e determination of forms of mineral phosphates
The c r i t i c a l value of p o t e n t i a l s were: pH=6,$ 7,3-7,4} pH=7,0
7 , 7 - 7 , 8 ; pH=7,5 8 , 1 - 8 , 2 ; pH=8 8 , 5 .
N i t r o s e n . The n i t r o g e n equilibrium in t h e s o i l was studied on
t h e b a s i s of exchange r e a c t i o n NH^-Ca and n i t r a t e r e d u c t i o n NC£ -N~;
NO* - NH4
I t was presented by aSmoious p o t e n t i a l pNH^ - 0,5pca,
complete n i t r a t e s p o t e n t i a l pK=pNC7+pH+5(pe+pH), pK=pN0,+2pH-pNH/,+
8(pe+pH) and incomplete n i t r a t e p o t e n t i a l pK=pK0,+pH,
pK1=pN0,+2pH5
pNH4, t h e expression of which may be modified
x
3
and have lime and ammonium p o t e n t i a l s .
The l e v e l of s t a b i l i t y of nitrogenous equilibrium was expressed
as a d e r i v a t i v e value of p o t e n t i a l s .
The indexes of equilibrium
displacement dpe/dpH; dpKj/d(pe+
+ pH); dpK-j./d(pH-0,5pCa) had constant values for given s o i l s ,
i n d i f f e r e n t conditions of experiments. Soddy-podzolic s o i l s d i f f e red from soddy-calcareous ones by l e s s s t a b l e nitrogenous e q u i l i b rium.
Complex i n v e s t i g a t i o n s of thermodynamical p o t e n t i a l s i n s o i l
s o l u t i o n s gave t n e p o s s i b i l i t y t o p r e s e n t s o i l system p r o p e r t i e s
as cures of s t a t e .
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KAHUlflllKOVA IJ UTA A., KOVRIGO V.P.
Ustinov Agricultural Institute, Ustinov,
USSR
The new formulae oi' aoil phosphorous and liitrigonouo
potontials und indexes oi' their buffer properties are presented in the paper, and the results oi' complex studios
oi' thermos dynamical potentials, carried out on the basis
oi' the data of soil solutions of soil3 taken from the
middle part of the areas adjoiniug the Urals concerning
nitrogen, phosphorus und potassium are given. The formulae
of phosphate, potentials are differentiated by pll and may
be used for the wide range of pll: G?'j-0,0 and higher. They
have the index of ion activities Ca +IUPO., IIPO. "which
may be used for diagnostics of the phosphate level in soils
and determination of mineral phosphate forms. Depending on
pll the oretical values were from 7,3 to 0,'^. Soil nitrogen
potentials express reactions of exchange UlFl - Ca, and nitrate reduction reactions 110, - 11^; 110,. - 1111.. Reduction
reaction potentials are given in different ways, but the
main ones are complete nitrate potentials: pll-, + pH + 'j
(pe+pll) and pHO-, + 2pll - plllh + U (pe+pll). 'i'he-'parameters
of the shift of eguilibrium of soil reactions are given a3
the indexes of soil buffer properties-

LES POTENTIELS THERMODYNAMIQUES DES REACTIONS DU SOL
KANOUNNIKOVA NINA A.,K0VHIG0 V.l.
Institut d'Agrlculture d'Oustinov,
Oustinov, USSR.
De nouvelles formules des potentiels phosphates et azotiques
du sol et des indices des caracté'ristiques de tampon sont argumentes.
Les résultats des recherches complexes des potentiels thermodynamiques sont obtenus au cours d'etude des solutions des sols de la
region d'Oural Central en tenant compte de 1'azote, du phosphore et
du potassium. Les formules des potentiels des phosphates sont differentiee3 d'aprês de pH et sont argumentees pour un large Intervalle
de pHi 6.5-B,0 at au-dessus. Elles contiennent des indices d'aetivltés d'ions Ca, H^C^J HPO.
et peuvent être employes pour Ie
diagnostic d'enrichlssement au sol en phosphate aussi bien que pour
la determination des phosphates mineraux. Les potentiels azotiques
du sol sont du aux reactions d'exchange NH,, -Ca et de reduction des
nitrates« NOT -N2j NO* -Hïlt. Les potentiels des reactions de reduction sont exprim&s par de differentes formules parmi lesquelles
les potentiels des nitrates sont essentiels. Les paramdtes de devia-'
tion de 1'equilibre des reactions du sol sont consideres comme Ie
indices des caracté'ristiques de tampon du sol.

- 347 CORRELATION OF DMF-EXTRACTED METAL-ORGANIC FRACTIONS
WITH SOIL PROPERTIES IN SEWAGE SLUDGE-AMENDED SOILS
R. F. Keefer and R. N. Singh
Division of Plant & Soil Sciences, Box 6108
West Virginia University, Morgantown, WV, 26506 USA
Several soil properties of seven northeastern U. S. soils were
correlated with metal-organic fractions obtained using the
extractant N, N-dimethyl-formamide (DMF) to explain metal
reactions in soils to which three sewage sludges were added.
The sludges — two anaerobically digested municipal (one pretreated with chlorine), and one aerobically digested municipal
— were mixed with the soils at the rate of 300 metric tons/ha
(dry weight basis) and incubated for one month. The DMF
extracts were fractionated on non-polar, non-ionic macroreticular and ion exchange resins into acidic, neutral, and
basic hydrophilic solute fractions and acidic, neutral, and
basic hydrophobic solute fractions and analyzed for Cu, Cd,
Cr, Ni, Pb, and Zn.
Soil properties which seemed to be most closely associated (r
> 0.73) with Cd, Cr, Ni, and Zn in the various fractions were
pH, amount of »illite, chlorite, and fine clay (<0.2 um).
Thus, -mineralogy seems to be related to organo-metallic components in soils. However, correlations were not significant
for every fraction from every sludge used. One anaerobic
sewage sludge incubated with the soils resulted in positive
significant correlation between (a) soil pH and the amount of
Zn associated with the hydrophobic base fraction (complex
amines or porphyrins), and (b) total Ni and the amount of Ni
associated with the hydrophilic base fraction (amino acids).
The other two sludges used showed no consistent significant
correlation between soil properties and metal-organic fractions, indicating a need for a sewage sludge classification
system.

- 348 REMQBILIZATION OF Cd AND N FROM PERIODICALLY INUNDATED SOIL
MICHAEL KERSTEN, ULRICH FÖRSTNER
Technische Universität Hamburg-Harburg, Arbeitsbereich Umweltschütztechnik,
Eißendorfer Straße 38, D-2100 Hamburg 90, FRG
MARTIN KERNER, and HARTMUT KAUSCH
Universität Hamburg, Institut für Hydrobiologie und Fischereiwissenschaft,
Zeiseweg 9, D-2000 Hamburg 50, FRG
ZUSAMMENFASSUNG
Geochemische Untersuchungen an Vertikalprofilen in einem tidalen Süßwasserwatt der Elbe zeigen einen Zusammenhang zwischen der Gezeitenwirkung und
einer biologischen Sukzession im Sediment. Die periodische Überflutung und
Belüftung des Sedimentes führt zur Denitrifikation der anorganischen St ick stoffraktion, sowie zur Remobilisierung von Cadmium aus der oxischen bis
suboxischen Sedimentzone und dessen Reprizipitat ion im anoxischen Horizont.
INTRODUCTION
Concedetly freshwater intertidal wetlands play an important seasonal role
in retention of nutrients and metal loading in polluted estuaries (ref 1 ) .
Most of the Studies conducted in recent years, however, have examined the
flux and budgets of elements related to environmental pollution looking on
wetlands as a "black box" with water inlets and outlets. Frequent changing
environment physicochemical conditions such as introduced by tidal cycling
affect a number of biogeochemical sediment processes (ref 2 ) . Our paper
will present results on a field study concerning particulate trace metal
speciation in core sediments of a highly energetic environment with special
emphasis on the mobility of Cd.
MATERIALS AND METHODS
The NRA Heukenlock, an Elbe estuary freshwater wetland isolated on three
sides by dikes from low-density suburb residential housing area of Hamburg,
was selected for this study. Subunits of this wetland are muddy high flats
colonialized by emerged annuals (Phragmitis communis). A stongly elevated
Cd content in the rhizomes of these macrophytes indicated high proportions
of bioavailable Cd species in-the rooting zone at this site. In order to
study the chemical forms of the particulate Cd sediment cores have been
taken from this site, which were subsampled at 2-cm-intervals and analyzed
applying a sequential extraction procedure (ref 3 ) . Because of instability
of anoxic trace metal forms, sample handling and leaching experiments were
conducted on field moist sediments within a glove box purged 02-free immediately upon collection.
Pore waters were separated from bulk sediments
employing the immiscible liquid displacement method (ref 4 ) .
RESULTS AND DISCUSSION
Monitoring of the tidal exchange between the surface water and the flat
sediments in June, July, August, September, and October showed retention of
ammonium over the whole season with maximum values in August (-51%).
Nitrite was imported to the flat early in the growing season, and exported
lateron with maximum difference of +38% after macrophyte dieback in late
October. Gas bubbles escaping the inundated sediment surface contained
about 70% N 2 and 30% CH!, ,
In late October the water table level in the flat alternated between 8 cm
and 22-2 cm below the sediment surface immediately after and before inundation, respectively. The upper 20 cm of the sediment showed distinct pattern
of sediment redox potential, pore water chemistry, and heavy metal binding

- 349 forms (see Figure below). The first U cm contained high amounts of downed
litter which might act as microniches for anaerobic microbial deamlnatlon
processes.
The decline of ammonia in the upper 8 cm evidenced aerobic

remobilization effects. Increasing accumulation of Fe( 11 )-phases as indicaalso by the sequential extraction results took place immediately after the
nitrate was depleted
in accordance with the apparent role of F e , + as an
alternative electron acceptor in NO, -reducing bacteria.

,._ngeable and carbonatic fractions of the sediment exclusively in the oxic and post-oxic
zones (up to 50% near the RPD). The higher amounts of labile Cd-forms are
accompanied with a marked depletion in the total content of the toxic metal
compared to the concentrations in the anoxic sediment zone.
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ATMOSPHERIC TRANSFER OF ELEMENTS DURING VEGETATION
FIRES AND THE EFFECTS OF ELEMENTS DEPOSITION IN ASH ON
SOIL PROPERTIES
PK. Khanna and R.J. Raison
CSIRO Division of Forest Research, PO Box 4008, Canberra ACT 2600,
Australia
Atmospheric transfer of elements during burning of forest litter, post-harvest
slash, and agricultural residues can result from either or both of the following
mechanisms: 1) particulate transfer (PT), and 2) nonparticulate or gaseous transfer
(NPT). Whereas PT may in some instances contain an element of redistribution of
elements through short or long distance transport, NPT in most cases is considered to
be a complete loss of elements to the system, e.g. conversion of organic N into N 2
during combustion.
It is therefore important to quantify these two components of
element transfer to the atmosphere.
,
A simple method based on the change in the Ca : element ratio has been used
to quantify these two components of transfer (Raison et al., 1985a). The method is
based on the fact that Ca is not volatilized at temperatures generated in most fires
and thus increases in the ratio of Ca to other elements during combustion indicate
nonparticulate transfer to the atmosphere. The mass of elements in fuels and ash
residues must be quantified in order to assess the PT and NPT components of
atmospheric transfer of elements from a given ecosystem.
A range of laboratory and field combustion studies were conducted using surface
litter and understorey vegetation from three Australian subalpine eucalypt forests
(Raison et al., 1985a,b). High NPT values were obtained for several components of
the fuel, in particular those of high C : element ratios (e.g. woody material) when
combustion was thorough.
Positive relationships were obtained between change in
Ca : element ratios and element loss but proportionally greater losses occurred during
initial combustion phases. The elements exhibited NPT to varying degrees. Whereas
N, K, P, and B were primarily lost by NPT in relatively low intensity fires, other
elements such as Mg, Mn showed high PT component.
Atmospheric transfers of various elements in a low-intensity (350-600 kW m~')
prescribed burn in the three eucalypt forests ranged (as a percentage of the elements
initially present in the fuel): N 54-77, P 37-50, K. 43-66, Ca 31-34, Mg 25-49,
Mn 25-43, J8 35-54. Percentage loss of N, K, and P showed positive (statistically
significant) relationships with the percentage loss in fuel weight.
Similar
results
were observed from the literature reviewed on the topic (Raison et al., 1985a),
indicating that the loss of N, being primarily in gaseous form, can be easily
predicted from the knowledge of N content of the fuel and its degree of combustion.
Predictions of NPT of P and cations are however difficult to make because most
losses occur at high combustion rates and vary according to the C : P ratios in the
fuel components (wood > bark > leaf).
Ash is enriched in most elements when compared with fuel.
For the fires
described above, increases in concentrations of Ca, Mg, and P were 10-50 fold,
10-35 fold, and 10 fold respectively. White ash which is the most nutrient rich and
the lightest of all is susceptible to transport from the site either in smoke, or
subsequently, via the action of wind or water. Loss of even a small amount of fine
ash results in considerable export of elements from a site e.g., after harvesting or
land clearing followed by hot fire.

- 351 The chemical composition of ash and the solubility of its components in water
and salt solutions vary depending upon the composition of the fuel and combustion
conditions (leading to production of black, grey or white residues). In the fine ash
(< 1 mm) the soluble fraction (in 0.1 M BaCl2) of elements was less than in the
coarse ash. A significant amount of K (39%), Ca (51%) and Mg (37%) remained in
the fine ash residue after leaching 'with BaCl2.
Chemical composition of soil solutions (saturation extracts) and exchangeable
cations was measured at 3 sites subjected to widely varying fire intensity (Khanna
and Raison, in review). Large quantities of cations (Ca 2+ , Mg 2 + , K + , NH+) and
anions (CI", SO?,") and soluble silica were mobilized on burning, especially under
ashbeds due to addition of high amounts of ash and intense heating of surface soil.
Ca 2 + remained the dominant cation in the solution phase during the three year study
period and replaced a significant proportion of exch. Al 3 + from exchange sites in
these highly acid organic rich soils. Ca 2 + was mostly retained in the surface 5 cm
soil, but small amounts of K + and Mg 2 + were leached to lower soil depths (Khanna
et al., in review). Addition of ash increased the amount of active P fractions (NH„F
and NaOH extractable) in the 5 cm surface soil.
There was a marked increase in NH+ during the first months after burning but
was followed by a rapid decrease under ashbeds after 12 months, possibly reflecting
depletion of pools of mineralizable organic N.
Most of the chemical changes measured in these highly acid soils would increase
nutrient availability to the vegetation during the initial year after burning, but these
changes must be balanced against losses of organic matter and nutrients during and
after fires.
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- 352 A model for predicting the rate of dissolution of insoluble
calcium phosphates in soil
G.J.D. Kirk & P.H. Nye
Soil Science Laboratory, Dept of Plant Sciences,
University of Oxford, England
Direct application of rock phosphates as fertilizers is increasingly
widespread in tropical countries because they are the cheapest source of
phosphate available, and because the high acidity of many tropical soils
favours a reasonable rate of dissolution.
As yet the only models for
predicting the rate of rock phosphate dissolution under different soil and
management conditions are empirical. In view of the wide range of soil and
management conditions that are possible, and the consequent scope for
inefficient use of the fertilizer, this is a serious omission. This paper
describes a mechanistic model for dissolution in soil. Dicalcium phosphate
(DCP) is considered first; this is the most soluble of the sparingly
soluble calcium phosphates and the most convenient one for testing the
model experimentally. The mechanisms governing the dissolution in soils of
the more complex calcium phosphates that comprise rock phosphates are
essentially the same. The simple case of a planar layer of DCP in contact
with soil is used to introduce the main principles; this is the simplest
system for measuring the solute concentration profiles close to the
dissolving surface, in order to test the model- This is then extended to
describe the dissolution of separate particles of DCP in soil, and then of
the apatitic components of rock phosphates. Experimental results are given
for the solute concentration profiles in the planar DCP system, and for the
rates of dissolution of DCP particles. The results validate the modelThe general form of the apatites in rock phosphates is
Ca10_x[NaMg]x(P04)6_y(C03)yFz
Dissolution in acid conditions introduces calcium, phosphate and base ions
to the soil, e.g. for fluor-apatite
2+
Ca,„(PO, ),Fo+12H.0 * lOCa +6H.P0. +2F +120H
1U
4 b Z
L
L t*
and the rate of dissolution is controlled by the diffusion of these
components, calcium, phosphate and base, into the soil. The model is based
on solutions of mathematical equations describing
the steady state
diffusion of each component from the particle surface, radius a, into the
sphere of soil, radius R, surrounding the particle.
The equation for
phosphate is

E - D6f(C -C)(l+-i)4rTa(JL)
dt

ö

2R

R-a

where M is the amount dissolved from one particle, D the diffusion
coefficient of P in free solution, 6 the volumetric moisture content, f the
diffusion impedance factor, C
the P concentration in solution at the
particle surface and C the average P concentration in solution in the
sphere of soil affected by one particle. C is calculated from the amount
of P in the soil and the soil P buffer capacity.
C , and the
concentrations of Ca and H ions in solution at the particle surface, are
found (a) from the ion activity
product of the calcium phosphate and (b)
by equating the fluxes of calcium, phosphate and base across the boundary
between mineral and soil (e.g. 1 mol of fluor-apatite gives 10 mol of Ca, 6
mol of P and 12 mol of O H ) . Precipitation of other, less soluble calcium
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affect the rate of dissolution.
Precipitation of dissolved P with other
cations in solution, such as Al and Fe, on the mineral surface is unlikely
to be significant because the concentrations of these ions in solution are
generally very low, particularly since the pH near the particle is raised*
The diminution of the particles as they dissolve, and the effect of
neighbouring particles on each other are allowed for. The model has the
following input parameters: (a) describing the soil - the concentrations of
Ca and P in the native soil solution, the native soil pH, the P and pH
buffer capacities, the moisture content, dry bulk density and the diffusion
impedance factor; and (b) describing the calcium phosphate - a solubility
constant relating the activities of Ca, H -> P O A an<l H
* n saturated
solution, the molar ratio of Ca:P:base dissolved, the density, the
application rate and particle size. A sensitivity analysis of the model
showed that the rate of dissolution of a given calcium phosphate is
particularly dependent on the particle size, application rate, and the pH
and Ca concentration in the soil solution.
The P and pH buffer capacities
do not greatly affect the rate of dissolution until neighbouring particles
influence each other, whereafter they strongly influence the rate.
The
interaction between neighbouring particles results in complex interactions
between the rate determining variables.
The effect of non-uniform distribution of particles in the soil on the rate
of dissolution is considered using a negative binomial distribution to
describe the degree of clumping of the particles.
A randomly distributed
sample dissolves about 10% more slowly than a regularly distributed one.
For a degree of clumping in which the sum of the spherical volumes
influenced by particles is only about 103! of the whole soil volume, the
predicted rate of dissolution is reduced by about 85Z.
The effect of
having a range of particle sizes in the applied material is also
considered.
Typical grades of commercial rock phosphate contain a high
proportion of fine particles resulting in a rapid initial rate of
dissolution of the applied material, but the rate trails off as the small
particles are exhausted.

- 354 KOMPILIERUNG VON ALUMINIUM UND SCHWERMETALLEN DURCH NATÜRLICHE
ORGANISCHE SUBSTANZEN IN SAUREN HUMUS-EXTRAKTEN UND NATÜRLICHEN
SICKERWÄSSERN
König, Nt und Dietze, GV~
+ Nieders. Forstl. Versuchsanstalt, Grätzelstr. 2 D-3100 Göttingen
++ Inst. f. Bodenkunde u. Waldern., Büsgenweg 2, D-3400 Göttingen
Für die ökotoxikologische Bewertung der Metallkonzentrationen in der Bodenlösung wie auch für die Klärung von Metall-Transportprozessen im Boden ist
eine Unterscheidung der in Lösung vorliegenden Metallspezies von entscheidender Bedeutung. Neben den Metallionen und anorganischen Komplexen können
unterschiedlich thermodynamisch und kinetisch stabile bzw. labile Komplexe
der Metalle mit gelösten natürlichen organischen Substanzen unterschiedlicher Molekülgröße in der Bodenlösung vorliegen.
In einem wässrigen Humusextrakt einer sauren Braunerde aus lößbürtiger Aufschüttung (Hügelgrab) unter einem Eichen-Buchenbestand in Lützelinden wurden vor und nach dem Schütteln des Extraktes mit Mineralboden aus 90-120
cm Tiefe des gleichen Profils die Metall-Spezies verschiedener Schwermetalle und des AI bestimmt. Darüber hinaus wurde die jahreszeitliche Dynamik
der AI-Spezies in den natürlichen Sickerwässern einer Humusauflage unter
einem Fichtenbestand auf podsoliger Braunerde aus lößüberlagertem Buntsandsteinverwitterungsmaterial im Soiling in der Vegetationsperiode Mai-Nov.
198*4 untersucht. Die Sickerwässer wurden kontinuierlich mittels HumusTrichterlysimetern gewonnen.
In den Extrakten wie in den Sickerwässern wurde der pH-Wert, der Gesamtgehalt an organischem Kohlenstoff in Lösung sowie die Metallkonzentrationen
bestimmt. Eine Molekülgrößenfraktionierung der organischen Substanzen erfolgte sowohl mittels sterischer Ausschluß-Chromatographie (HPLC-Technik,
Säule: TSK-125 Biorad) als auch durch Dialyse mit Dialysierschläuchen
(Spectrapor)(DIETZE,1985). Zur Bestimmung der Bindungsformen der Metalle
bzw. der Komplexierungseigenschaften der organischen Substanzen wurde Kationen-Austauscher-Methode verwendet, die in ähnlicher Form von DRISCOLL
(1984) angewandt wurde. Dabei kann durch Perkolation der verschiedenen
Extrakte durch Kationenaustauscher-Säulen (Amberlite IR-120) mit Austauscher in der Na - und in der H -Form bei unterschiedlichen Durchlaufgeschwindigkeiten (40, 20, 4, 0,4-und 0 ml/min) und anschließender Bestimmung der nicht ausgetauschten Metallmengen mittels AAS auf die kinetische
Labilität der Metallkomplexe geschlossen werden. Die Bestimmung der Komplexbildung.der Metalle an bestimmte Molekülgrößenfraktionen erfolgte
durch Dialyse der Extrakte mit Dialyseschläuchen der Ausschlußgrenzen 3500,
6000/8000 und 12000/14000 (mittleres Molekulargewicht) gegen Wasser, NaClLösung, Säure(HCl, pH3) und Kationenaustauscherharz, wobei davon ausgegangen wird, daß bei Dialyse gegen Säure mit pH 3 oder gar Kationenaustauscherharz nur noch mäßig bis sehr stabile und inerte Metallkomplexe im Dialyseschlauch zurückbleiben, (weitere Einzelheiten siehe DIETZE, 1985 und
KÖNIG, 1985 sowie KÖNIG et.al. 1985)
Die Ergebnisse der Untersuchungen an den Humusextrakten vor und nach Schütteln mit Mineralboden sind in Tab. 1 zusammengefaßt. Aufgrund der Adsorption der natürlichen org. Substanzen am Mineralboden enthielt der Humusextrakt nach dem Schütteln nur noch 48 % org. Kohlenstoff, wobei insbesondere die hochmolekularen Substanzen »12000 aus der Lösung entfernt waren.
Es ergibt sich die folgende Komplexstabilitätsreihe:
Cr> Fe> Al> Pb» Cu > Ni > Co» Cd > Zn>Mn = Ca = Mg
Fe wird bevorzugt an die hochmolekulare Fraktion ( ^.12000) und Cu an die
mittlere Fraktion (3500 - 12000) gebunden.

- 355 Die Al-Speziierung in den Humustrichterlösungen ergab die in Tab. 2 zusammengefaßte Zuordnung zu den verschiedenen Molekülgrößenfraktionen.
Die Molekülgrößen-Spektren der Humustrichterlösungen in Abb. 1 zeigen einen deutlichen saisonalen Gang. Die organischen Kohlenstoffgehalte steigen bis September von 20 auf 80 mg C/l an, wobei insbesondere die höhermolekulare Fraktion zunimmt. Auch der an die hochmolekulare Fraktion (>
12000) gebundene AI-Anteil steigt auf bis zu 60 % an.
Die Untersuchung der kinetischen Labilität der AI-Komplexe im Vergleich zu
ausgewählten Modell-Liganden mittels Ionenaustauschersäulen ergab, daß
sich die AI-Komplexe der Humustrichterlösung ähnlich verhalten wie die
Komplexe im System AI/Oxalsäure und Al/Sulfosalycilsäure. Deutlich labiler
waren Komplexe mit den Liganden Citronensäure, Malonsäure, Milchsäure, Gallussäure und Pyrogallol, während Al-EDTA-Komplexe bei allen Durchlaufgeschwindigkeiten die Austauschersäule zu 100 % passierten.
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Sorption and desorption studies in calcareous alkaline soils
of Greece
1
1
2
Kosmas, C , Assimakopoulos, I. and Nychas, A.
1
-,Athens Faculty of Agriculture, Botanikos, Athens, GREECE
Commission of the European Communities, D. G. Agriculture, Brussels
BELGIUM
Retention of phosphate fertilizers with soils continue to receive attention as phosphorus (P) is found in small quantities in soils, where numerous complex reactions render this element largely unavailable to plants.
In alkaline-calcareous soils in particular, precipitation of relatively insoluble calcium phosphates, surface precipitation on solid phase calcium
carbonate and retention of phosphate by clays saturated with calcium are
mentioned. Typical sorption experiments with such soils have showed that
considerable amounts of P are removed from the experimental solution, depending on the amount and particle size of free calcium carbonate in the
soil, the level of P content of the soil, the amount and type of clay present, etc. Commonly employed sorption experiments have been also used in
order to determine various sorption indices of soils, which are subsequently related to plant growth characteristics with respect to phosphorus.
In this work the sorption parameters a and b of a modified Freundlich
Equation (Eq. 1) as well as two buffering capacity indices, the slope of
the tangent of the Freundlich Equation at unit solution concentration (Eq.
2, PBI) and the slope of the line obtained by plotting the quantity of P
sorbed against the logarithm of the P solution concentration (Eq. 3,PBC)
were studied:
x/m + q = ac

(Eq.1)

where: x/m • P sorbed per unit mass of soil,
q = exchangeable P already present in the soil,
c • final P solution concentration
<"-"«+q> = abc 6 ' 1
dc

(Eq. 2)

x/m + q = A + Blogc

(Eq. 3)

where: x/m, q and c as above, and
A = the Y-intercept
B = the slope, PBC
Four alkaline-calcareous agricultural soils of Greece were employed in
two treatments with respect to P content, a) without and b) with previous
P addition at a level of 100 mg P per kg of soil. For the sorption experiments duplicate soil samptes
5 g each were shaken with 50 ml of 0.01 M
C a d , solution containing various amounts of P (up to 400 mg P/ kg of soil)
added as Ca(H,P0,) ? two hours per day for one week. The samples were then
centrifuged and the supernatant solution was used to determine the quantity of P remaining in the solution, while the soil residues were subsequently used for the desorption experiments with 0.01 M CaCl,. After each desorption period, lasting also one week, the quantity of P remaining sorbed
was determined on the basis of the P in the solution (desorbed P) and the
quantities which had been initially sorbed. Thus for each soil sample four
sorption curves were obtained, one from the sorption and three from the
consecutive subsequent desorption experiments. The NaHCO,-extractable P was

- 357 -

used as a measure of q in equations 1 to 3.
During the sorption experiment removal of P from the solution was very
high, reaching up to 90% of the quantity added in the lower levels. In all
cases typical sorption isotherms were obtained and the above mentioned soi—
ption parameters were calculated through curve fitting techniques. Desorption was relatively high in the first two desorption experiments (up to
15% of the P sorbed was removed during each desorption experiment) but it
was practically insignificant in the third (not exceeding 3% of the P remaining sorbed after the second desorption experiment). Statistical analyses (Analysis of Variance) showed that the sorption and the two first desorption experiments resulted in statistically similar sorption parameters,
a, b, PBI and PBC. On the contrary, a, b and PBI values detrmined from the
sorption curve of the third consecutive desorption were significantly higher (at the 5% Probability Level) compared to those of the previous experiments, while only PBC values remained statistically unaffected. On the other
hand previous P addition to the soils was found to have a statistically
significant effect (at the 0.1% Probability Level) on b, PBI and PBC values
increasing all three of them compared to corresponding values of the untreated soils. Parameter a, which gives an indication of the P sorbed at
unit P solution concentration (see Eq. 1 ) , remained unaffected by previous
P addition to the soils. It should be noted however that a values as well
as PBI and PBC values differed significantly from soil to soil, while b
did not.
The above findings confirm the effect of previous P addition on the
sorption characteristics of calcareous-alkaline soils and suggest that
these characteristics may possibly change as a result of the so called
"slow" reactions occuring in the soils with respect to P retention. They
furthermore suggest that in P retention studies, one should take into account not only the P status of the soil but also the dynamics of this element as well.

- 358 ADSORPTION OP PESTICIDES BY SOIL ORGANIC MATTER FRACTIONS
KOZAK J. and PAVEL L.
Department of Soil Science, Agric. University (V§Z) of
Prague, CSSR
Organic matter composition in various soils is very variable and the same is valid for its reactivity with various
pesticides. The content of individual fractions and of reactive functional groups in them plays a major role in pesticide
adsorption - desorption processes. Because of different methodological approaches, the results obtained by different authors
are hardly comparable.
The following methods can be employed in the investigation of pesticide adsorption by organic matter fractions s
1. the fractions are extracted from the soil, segregated and
purified ; thereafter, they are used as adsorbing materials;
2. the pesticide labelled with ^C is adsorbed by the soil ;
thereafter, complexes of pesticide with organic fractions
are extracted and separated ;
3. organic fractions are extracted sequentially from separate
soil samples ; the decrements in pesticide adsorption are
considered as being due to the missing fractions ;
4. the use of artificially prepared soils with the addition
of comparatively well defined purified organic fraction(s)j
5. the use of a large variety of natural soils with a well
described fractional composition of the soil organic matter;
the effect of organic fractions is assessed by means of the
multiple regression malysis.
The advantage of the first method lies in the possibility
of easily determining the active functional groups. Its disadvantage is a difficult and uncertain separation of the adsorbate from the adsorbent, and particularly, in the case of
soluble fulvio acid fractions. The common procedures are
- extraction with organic extractants ;
- separation on molecular sieves ;
- use of non-soluble xerogels of humic acids.
In our study, a compensation dialysis method was successfully applied ; pesticide adsorption by dissolved fulvio and
humic acid fractions could be investigated.
The third method mentioned above is strongly affected by
pesticide solubility. Our experiments with prometryn and
metolachlor showed the predominating effect of alkalirextractable organic substances on adsorption. Non- extractable humin
played a major role in the adsorption of prometryn, a compound
of low solubility.
The main disadvantage of the fourth method lies in the
doubt whether naturally occurring strong bonds between the
mineral and organic portions of the soil can be formed artificially.
From our experience with the methods enumerated above, it
can be concluded that particularly the compensation dialysis
method and sequential extraction of organic matter fractions
deserve serious consideration in experiments with pesticide
adsorption by humus constituents.
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ACIDITY PRC3LiI;!S OP HUNGARIAN SAEDY SOILS
M. Kozäk
Research Institute for Soil Science and Agricultural Chem.
of Hungarian Academy of Sciences, Budapest H-1525
In long-term field experiments after 14 years of positive balanced NPK fertilization pH values decreased in the 0-20 cm layers of the acid sandy soils, the pH-H~0 from 5.3 to 4.9, the
pH-KCl from 4.1 to 3.9 and hydrolytic acidity increased from
6.7 to 8.9. Acidification may also be observed in the 20-40 cm
layer but not in the 40-60 layer. The process of soil acidification may be kept in check by applying 100, 200 or 400 kg Ca/ha
/as CaCO,/ yearly, taking into consideration the calcium requirements of plants. As a result of applying calcium for 4
years pH values increased and hydrolytic acidity decreased in
the 0-20 cm and 20-40 cm layers to approximately the same levele
as in the control plots.
Soil acidification and the inhibitory effect of dressing with
calcium on the process of acidification was observed in pot experiments, too, in brown forest soils with illuviale layers
/Nyirlugos/ and with clay illuviation /Homokszentgyörgy/. The
Mn content of soils became more soluble and available as a result of soil acidification and the Mn uptake of plants approximated in some cases toxic levels. The application of different
rates of calcium fertilizers up to 400 mg Ca/kg soil increased
the pH-HpO from 5.7 to 7.5 and pH-KCl from 4.7 to 7.4 and significantly increased the relatively low level of exchangeable
Ca especially in the case of highest CaCC- dose. The mobile Mn
content of the soil sharply decreased as a result of Ca treatments from 42 ppm to 9 ppm. The addition of Ca had similar
effects on Mn concentration of the soil water saturation extract, the Ca:Mn ratio became nearly 10 times wider when we
applied higher rates /20C O B 400 mg Ca/kg soil/ of calcium
fertilizers.
Dry matter production, the Ca and Mn uptake of ryegrass as
affected by the use of fertilizers containing calcium were
studied in pot experiments on 2 different sandy soils. The
sumnerized data of 8 cuts proved a significant increase of dry
matter production and Ca uptake of ryegrass on both sandy soils.
Parallel with the increase of CaCO, rates the Mn uptake of ryegrass decreased from 12.4 to 4.7 and from 13.4 to 5.6 mgMn/pot
on the Nyirlugos and Homokszentgyörgy sandy soils respectively.
Most Hungarian acid sandy soils have a low available Mg
content. The fertilizer residue-Mg given as MgSO. increased the
exchangeable Mg content of the soil determined by the AttoeTruog, Schachtschabel or NH.-lactate /AL/ method, but there was
no effecteither on the Mg concentration of water saturation extract or on the 1:5 water extract. In relation to higher available Mg values in the plots treated with NPKMg a significant
after-effect of Mg fertilization /as MgSO., 2o kg Mg/ha yearly/
showed in the potato yield on the Nyirlugos State Farm. Potato
has no markedly great Ca requirements but the highest yield of
almost 3o tons/ha/year was gathered in the fields that had been
dressed with KPKCaMg.
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Table 1. Uffeet of different soluble Mg compounds on the dry
matter, Ca aad Mg contents and uptake of ryegrass
Dry m a t t e r
Ca
Mg
Ca
Mg
Mg-sources
Uniform
g/pot
%
%
u p t a ke mg/pot
NPK t r e a t m .
Mg-0
0.1C
9.8
10
54
0.55
Dolomite-A
12.4
C.64
0.25
79
32
Dolomite-B
12.4
0.64
0.27
79
34
Serpentine
12.7
0.71
0.22
9o
28
MgSC
0.34
0.30
46
40
13.4
MgCO*
12.6
0.39
0.34
49
43
MgSO^+CaCO,
14.9
0.67
0.31
101
46
LSD 5 4
3
1.77
13. 8
5.1
The efficiency of different soluble Ca and Mg compounds were
compared in pot experiments with ryegrass using acid sandy soil
poor in available Mg. Slowly soluble Mg-compounde like dolomite
powders or serpentine, significantly increased the dry matter
of ryegrass at uniform NPK levels when the form of potassium
was KCl. The highest yield of ryegrass came from soils dressed
with MgSO.+CaC0,. Ca and especially the Mg contents of plants
were markedly increased by the applications of dolomite powder
and serpentine to nearly the same extent as by the use of water
soluble Mg-compounds. The Ca and Mg uptake of ryegrass was
significantly increased by all forms of Ca-Mg-compounds including dolomite powders and serpentine, as a function of availability. Minerals containing soluble Mg decreased the harmful
effects of KCl in the same way as CaCO^ and helped to improve
soil properties.
Zusammenfassung
In einem Dauerfeldversuch in Nyirlugos sanken die pH-H?0 Werte
von sauren Sandböden von 5.3 auf 4.9 und die hydrolytische Azidität stieg von 6.7 auf 8.3 an infolge einer 14 Jahre hindurch
angewendeten und eine positive Bilanz ergebenden NPK-Düngung.
Die Zunahme der Azidität in den Böden wurde auch in Gefässversuchen^mit einem sandigen braunen Waldboden mit Toneinlagerungen
/Nyieség/ und mit einem sandigen braunen Waldboden mit Toneinwaschungen /Somogy/ festgestellt. Der Mn-Gehalt der Böden wurde
infolge der ansteigenden Bodenazidität löslicher und aufnehmbar
und die Kn-Aufnahme der Versuchpflanzen erreichte in einigen
Fällen die Grehze der Toxizität. Eine positive Bilanz erzielende
Ca- und Mg-Düngung erhöhte den aufnehmbaren Ca- und Mg-Gehalt
des Bodens, verhinderte eine weitere Azidifikation und senkte
die Mn-Aufnahme der Pflanzen. Düngerstoffe, die Ca und Mg langsam freigeben, wie Dolomitpulver und Serpentin, haben den
gleichen Einfluss auf die Aufnehmbarkeit von Ionen und tragen
zur Verbesserung der 3odeneigenschaften bei.
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Untersuchungen über den Einfluß von Standort und Bestückung auf den
Nitrataustrag von Waldböden.
K. Kreutzer
Lehrstuhl für Bodenkunde, Universität München

Problemstellung: Der Stickstoffhaushalt der Wälder erfuhr in den letzten
Jahrzehnten auf großen Flächen wesentliche Änderungen durch erhöhte N-Einträge über die Atmosphäre und durch verringerte Nutzungsentzüge. Auf vielen
Standorten führte dies zu deutlichen Verbesserungen der Wuchsleistung der
Bestände. Der Verdacht liegt jedoch nahe, daß auch die Nitratauswaschung
anstieg mit der möglichen Folge einer zunehmenden Qualitätsminderung der
forstlichen Wasserressourcen. Es sollte geprüft werden:
- in welchem Ausmaß die Gehalte und Austragsmengen an Nitrat im Sickerwasser der Waldböden variieren,
- welchen Einfluß die Bestockung auf bestimmten Standorten auf den Nitrataustrag ausübt,
- welche Bedeutung dem Standort bei gleicher Bestockung für den Nitrataustrag zukommt?
Methode: Auf ausgewählten Versuchsflächen bzw. Bestandspaaren mit bestimmten Standorts-, Bestockungs- und waldgeschichtlichen Charakteristiken wurden Sickerwasserproben aus dem untersten Wurzelraum gewonnen und auf Nitrat sowie Sulfat, Chlorid, Phosphat, Calcium, Magnesium, Natrium, Kalium,
Ammonium, Aluminium und Schwermetalle untersucht. Die Sickerwassergewinnung erfolgt mit Saugkerzen. Auf einem Teil der Versuchsflächen wurden mit
Hilfe der Tensiometrie die Wasserflüsse bestimmt, so daß auch die Nitratflüsse berechnet werden konnten. Ebenfalls untersucht wurde der Stoffeintrag mit dem Niederschlagswasser im Freiland und im Bestand.
Ergebnisse: Die Nitratgehalte im Sickerwasser variieren zwischen <1 und >
80 mg/1. Sie sind am geringsten in Kiefernbeständen auf armen, früher streugenutzten Standorten. Sehr hohe Nitratgehalte und Austräge bis zu 40kg NO,
-N je ha und Jahr fanden wir dagegen in Fichtenbeständen 1.-3. Generation
nach Laubholz auf Standorten mit hohen Humusvorräten. Vor allem zwei Faktoren wirken sich hier aus: die starke Ausfilterung von pflanzenverwertbarem N durch die Fichtenkronen und der zunehmende Abbau an Bodenhumus, der
während der Laubholzphase angehäuft wurde. Sehr hohe Nitratgehalte ergaben
auch Erlenbestände in den Auen mit langfristig tiefstehenden Grundwasserspiegel. Entscheidend ist hier Luft-N-Bindung und nahezu fehlende Denitrifikation. Buchen-, Eichen- und Ahornbestände ließen auf den meisten Standorten erkennen, daß sie sich derzeit noch in einer Phase befinden mit Stickstoffanhäufung im System.
The enhanced emissions of NO and NH- are influencing more and more the
x
3
nitrogen regimes in forest ecosystems. As a consequence the nitrate release
from forest soils may be increasing. In a series of mainly pairwise studies,
the influence of site and stocking on the nitrate output with the seepage
water was investigated. It is shown that in spruce stands 1.-3. generation
after broad leaf forest the nitrat content in the seepage water may rise up
to more than 80 rag NO /ha,a with an output of about 40 kg N/ha,a, whereas
broad leaf forests on the same site only release 4 to 8 kg N/ha,a. The
main reason for this difference is the strong filtering effect of the
spruce crowns and the increasing humus disintegration in the spruce soil.
Nearly no nitrate output was found in pine stands on poor soil with former
litter raking.
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Shozo KUWATSUKA, Kazuhito ITOH and Shigemitsu ARAI
Faculty of Agriculture, Nagoya University, Furo-cho, Chikusa-ku,
Nagoya 464, Japan
The objective of this study is to characterize and quantify the chemical components of humic and fulvic acids from two types of soils prepared
by two methods.
Soil organic matter was extracted from the A horizons of Inokashira
soil, a humic volcanic ash soil (andept) and Dando soil, an acid brown forest soil (ochrept), by the Nagoya University method and by the method
standardized by the International Humic Substances Society (IHSS). In the
IHSS method, organic matter was extracted with 10 times N/10 NaOH of soil
weight, while it was extracted with 300 times of carbon content of soil in
the Nagoya method. In the former method, fulvic acid (FA) was prepared by
use of the XAD resin column, while the latter method included desalting
with Sephadex G-10 gel instead of the XAD fractionation. In order to
investigate the effect of the XAD fractionation, the same procedure was
applied to the FA fraction obtained by the Nagoya method, and the non-adsorbed and adsorbed fractions were recovered. 1 3 NMR analysis was carried
out as follows: The sample was dissolved in 0.5 M NAOH D2O solution at 10%
(HA) or 50% (FA) and taken into the 10 mm measuring tube. TMS was used as
a standard material. When the amount of sample was inadequate, it was
measured in a micro cell using dioxane as a standard outside the cell.
In the NMR spectra of HA (Inokashira) and FA (Inokashira and Dando),
signals were observed in four ranges, namely between 0 - 6 0 ppm which is
due to the aliphatic carbon, 60 - 110 ppm mainly due to the carbohydrate
carbon, 110 - 165 ppm due to the aromatic carbon, and 165 - 210 ppm due to
the carbonyl carbon. In the 0 - 6 0 ppm range, peaks were assigned to alkyl
chain carbon (10 - 40 ppm) or to the methoxyl carbon (51.5 ppm). Primary
alcoholic carbon (72.0 ppm) and acetalic carbon (104.5 ppm) were also recognized. Most of the carbohydrates were assumed to exist as polysaccharides, because a 90 ppm signal due to hemiacetal carbon was not observed.
Percentages of carbon in each constituent calculated from the areas
under the signals are indicated in the following table.
FA(Inokashira)
HA(Inokashira)
IHSS
Nagoya
IHSS*
Nagoya**
Aliphatic
27.7
22.5
28.8
26.3
38.6
Carbohydrate
22.2
20.9
16.3
27.1
Aromatic
36.5
44.7
16.9
Carbonyl
30.5
27.0
19.0
25.7
Notes: »XAD adsorbed. **Not fractionated with XAD.
FA(Inokashira)
FA(Dando)
Nagoya XAD-aS* XAD-pSS*
Nagoya XAD-ad. XAD-pas
Aliphatic
17.7
19.7
11.7
24.2
24.9
26.1
Carbohydrate
38.6
22.6
55.5
29.5
22.4
41.5
Aromatic
16.9
27.0
9.8
17.7
23.3
7.5
Carbonyl
17.0
30.9
23.2
28.8
29.5
25.1
Notes: ***XAD adsorbed. ****XAD not adsorbed.
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carbohydrate carbons and strong and broad signals due to aromatic and
carbonyl carbons. These trends were clearer in the sample by the Nagoya
method than by the IHSS method. The broadness of aliphatic and aromatic
signals meant the great variety of the components in the sample. The fact
that the HA sample obtained by the Nagoya method contained lower amount of
aliphatic and higher aromatic and carbonyl carbons than the one by the IHSS
method suggested that in the humic soils, the IHSS method resulted in poor
extraction of HA components with higher aromaticity.
Results on the FA samples (Inokashira and Dando) indicated that the
chemical compositions varied significantly according to the preparation
3
method.
C-NMR spectra of the FA samples (Inokashira, IHSS and Nagoya
methods) were characterized by higher aliphatic, carbohydrate and carbonyl
carbon contents and by lower aromatic carbon contents than the HA sample.
The FA samples by the IHSS method contained greater amount of aromatic
carbon than that by the Nagoya method, which meant that FA by the former
method resembled HA. The FA sample, however, had higher content of
aliphatic, carbohydrate and carbonyl carbons, which were characteristics to
FA. Although the content of aliphatic components in the sample by the IHSS
method was higher than that by the Nagoya method, there was no distinctive
difference in the chemical constituents between both samples, except that
carbohydrate content was lower in the samples by the IHSS method than by
the Nagoya method. The FA sample of Inokashira contained more carbohydrate
than that of Dando. Judged from the signals due to the primary and secondary alcohols, FA of Inokashira was considered to contain more branched
polysaccharides with C1-C6 or C4-C6 bond than that of Dando.
After FA fractions were further fractionated by XAD adsorbtion, the
eluted fraction contained lower amounts of aliphatic and aromatic constituents and greater amount of carbohydrate. To the contrary, aliphatic and
aromatic carbons were more abundant and carbohydrate carbons were less in
the absorbed fraction.
The signal of the methoxyl carbon recognized in the FA of Inokashira
(before fractionated with XAD) was obscure in that of Dando FA. The
methoxyl containing components were mostly transfered to the non-adsorbed
fraction. The carbonyl contents of HA and FA estimated by 1 C-NMR did not
always match the values based on chemical analyses, but general trends were
consistent with each other. This result was considered to be due to
several constraints included in both methods.
The results indicated that x3 C-NMR is a powerful tool for characterizing humic substances.

364 Soil properties and health problems
J. Lag
Agricultural University of Norway, 14 32 As-NLH, Norway
Soil scientists have often expressed a wish that knowledge on this subject should be made available for more widespread use. Many possiblities in applied sciences and in botanical and zoological ecology have been pointed out. That soil
science may contribute to solving some medical questions has
seldom been mentioned even if relations between soil conditions
and health problems have been known for a very long time.
Hippokrates, the founder of the medical science, has given
relatively comprehensive explanations of health problems caused
by environmental factors. Marco Polo has, from his travels in
the Far East, told about an animal desease which may be related
to selenium toxication. In Norway farmers thought that a particular pasture plant caused osteomalaci in domestic animals. In
the seventeenth century a botanically interested Norwegian
administrator gave this plant the name Gramen Ossifragum. Now it
is named Narthecium ossifragum (LJ Huds. This species is common
in areas with very low phosphorus content in the soil. The
relation between osteomalaci and phosphorus deficiency was first
pointed out by Vogt (1888). Plant material used as a remedy
against scurvy is reported by the Norwegian theologian Peder
Clauss0n Friis in 1632 (see Storm 1881). He writes e.g. about
the use of the coastal plant Cochlearia officinalis.
Regularities in geographical distribution of selenium in
soil are shown by Lag & Steinnes (1974, 1978). The selenium
content decreases with increasing distance from the ocean and
with decreasing precipitation. This pattern is similar to that
shown earlier for typical seasalts. In dry inland areas in
Norway domestic animals have suffered from diseases which are
caused by selenium deficiency. Especially serious was the socalled Keshan disease in China. By using selenium preparation the
illness can be prevented. In certain areas poisoning effects
of selenium occur.
Many interesting natural patterns of distribution of
elements, both nutrients and poisonous ones, are reported in
soil science literature. It may be of importance to try to find
out more about possible medical consequences.
Industrializing the societies has led to the pollution of
the nature. Damages due to acid precipitation are well known
phenomena. Other examples are soil pollution from mining, metallurgie industry, municipal waste, and communications. Undesired
material has been spread from local sources and through global
air currents. The best known local soil pollution seems to be
that causing the itai-itai-disease in Japan. Water from a mining
district was used for the irrigation of rice fields, and after
some time the cadmium concentration in the soil and the rice was
so high that heavy poisoning was a result (Kitagishi & Yamane
1981) .
To find out more about the effects of soil properties on
health situations is a central part of the complicated subject

- 365 geomedicine. We use now the following definition: Geomedicine
is the subject dealing with the influence of the ordinary environmental factors on the geographical distribution of problems of human and animal health. In Scandinavia we have organized some activities on these questions. Our academies of
sciences have e.g. cooperated in arranging symposia (Lag 1980,
1984).
It should be possible in soil science to make valuable
contributions towards solving important geomedical questions.
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THE EFFECT OF ORGANIC RATTER AND INORGANIC AMENDMENTS ON THE CHELICAL KINETICS AND THE GROWTH OF RICE IN AN ACID SULFATE SOIL
JIN-FEI

LI

A s s o c i a t e P r o f , of S o i l S e i . D e p t . of S o u t h C h i n a A g r i c . U n i v . &
Member o f S o i l S e i . S o c i e t y o f C h i n a

Acid sulfate soils are soils with very low pH (<4.0) and high sulfate
content. The acidity is caused by oxidation of sulfides (mainly pyrites)
into sulfuric acid. These soils cover more than 15 million ha. in the
tropics, among them about 5 million ha. in Southeast Asia. The most part
of this area is uncultivated, and even the cultivated area with only low
yield of rice.
Lime and Mn02 alleviate the toxicity but organic matter is seldom used
r\s an amelioration to acid sulfate soils and incorporating rice straw as
on amendment in acid sulfate soil has not been reported as successful.
This study was undertaken:
. to study the effect of adding straw, MnOj and lime on the chemical kinetics of the soil solution of an acid sulfate soil; and
. to determine the effect of these treatments on the growth, yield and
mineral nutrition of rice in an acid sulfate soil.
The greenhouse experiment was carried out in the Soil Chemistry Department of The International Rice Research Institute. We evaluated the effect of straw (0 and 0.25$), CaCOj (0 and 0.25$), and Mn0 2 (0 and 0.005$)
in a 2X2X2 factorial, randonmized complete block design in four replications on the growth and yield of IR26 in an acid sulfate soil. N-P-K were
added to soil collected from the top 20 cm of a Sulfpept from Malinao,
Albay, Philippines. The soil had pH 3.4, 0.64$ organic C, 0.049$ total H,
2.4$ atlve Fe, 1.3 n> mol/kg exchangeable K, and 4.4 mg/kg available P
(Olsen). Four 20-day-old IR26 seedings were transplanted in each pot.2
weeks after submergence. The soil solution was analyzed fortnightly.
Although four weeks after transplanting (WAT), Fe concentrations in the
soil solution differed mainly in the lime factor (Fig.1), Fe toxicity
symptoms were severe in untreated soil, moderately severe in straw-treated
soil, mild in Mn02-treated soil, and virtually absent in all time treatments. Eight weeks after transplanting, plant on straw-treated soil began
to recover, which were associated
with declining Fe concentration in
the soil solution.
ronn
Lime alone or combined with MnOj
produced the highest straw and grain
t***
^^^^^
^s\s>s
yield. The benefits of lime were as/If *""*
sociated with lower concentration of MOO
JII
*""•*
Fe in the soil solution and in rice
shoots (4WAT) and mature straw.
Straw and TlnOj alone or combined
gave moderate yield increase which
^ ^ ^
were associated with a lower Fe content of the shoots (4WAT) than in
the untreated plants.
«re
This experiment showed that;
^ ^ N ^
B
. lime, Mn02, and straw application
i
1
..
1
increased grain and straw yields,
and straw is an inexpensive amendment for acid sulfate soils which
merits further study.

fc^*- - ^ ^ V
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. nitrogen and phosthorus application is necessary to prevent N and P
deficiencies at the early growth stages of the rice plant; and
. delaying transplanting f o r * 2 weeks after straw incorporation liming
may a l l e v i a t e the adverse effect.
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Liu Gengling, and

Gao Sudan

The Chinese Academy of Agricultural Sciences

A lot of arsenical substances in the nature are toxic to plants.
But As-content is very low in Common soils. It does not prevent plant
growth and, contractly, might have stimulation.
In the region of red soil in southern China, soils in some areas
contatined high concentration of As according to the analysis of 6oil
samples collected from 25 sites in Changning county, Hunan province,
the As-contents of soils in the area of 20 km^ were from 76 ppm to
19&9-9 ppm, which is seriously harmful to crops.
The toxic effects of As were governed largely by the plant kinds,
soil conditions and valence of As.
Based on the observation in the fields and the knowledge about As
in soils we conducted a lot of experiments. In one of the experiments,
Azolla imbricata Nakai was grown in cultural solution. Concentration
of Na-iAsO-. was 0.5, 1, 2, 5, 10 ppn to identify the As effect on Azolla. It was observed that in 0.5 PP» As treatment, the Azolla imbricata
Nakai died in 8 days, in the other treatments it died in 2-4 days. In
order to find out the critical level of the As concentration for the
growth of Azolla, we sep up another experiment with 6 treatments — 0,
0.1, 0.2, 0.3, 0.4, 0.5 ppm of As. This experiment showed that any
treatment with As more than 0.1 ppm was harmful to the Azolla. The
concentration of 0.1 ppm seemed to be the limit for its growth. Azolla;
(floating fern) may be used as an indicator to monitor the toxicity of
the As in water.
In the same way, we conducted another experiment with cutting of
sweet potato vin«. In the treatments with more than 0.5 ppm As (from
Na,AsO-r) water culture the cutting grew quite slowly with some brown
spots on their leaves and stems. The sweet potato, gradually died,
while in the check the cutting and roots of sweet potato were growing
well. It was observed that there were much blue bacteria growing well
in all treatments with As, even at 10 ppm concentration. It seemed
that the As may stimulate the growth of blae bacteria. If the concentration of A6 (Na3As0j) had reached 1 ppm in the solution, the sweet
potato could not grow. However, we found that additions of 50 ppm
arsenite (As) to soil did not inhibit the growth of sweet potato due
probably to both absorption As by clay colloid and to the high redox
potential in cultural soils by transforming sodium arsenite (Na A B O T )
into sodium arsenate (NajAsOZ^), the toxicity of the latter was much
less than the former.
A6-content in different part of sweet potato was closely related
with the alkali-soluble (0,5M NaHCO,) arsenic in the soils.
For leaves
Y=1.21+0.299x, r=0.9559** cr0.01=0.59, n=l8
For trailar Y=0.45+0.209x
r=0.96o8*» rO.01=0.59, n=l8
For rootY=0.32+0.054x
r=O.S$98** rO.01=0.47, n=30
tuber
*
*
A significant negative correlation was found between alkalisoluble arsenic and the yield of sweet potato.
Y=271.4-5.53x, r=-0.7136**, '0.01=0.470, n=30
For the study of arsenic toxicity to plant yields we set up a lot
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of cultural experiments with 10 kinds of plants. These pots were
filled with soil and varying amounts of Na-jAsCj (added 100 and 500
As to soil).
Fresh weight yields of marketable portion of ten crops grown on
As-treated soil were different. The yield of tobaco (Nicotiana Tatacum L ) , water spinach (Ipomea aguatica forsh), barnyard grass
(Paspalum thumbergill kunthex stend) were higher than check (increase
9.6-15-2% ). The yield of chili (capsium frulescens L ) , water peanuts
(Alternauthera Philoxeroide6 (Mart) griseb), rice (Oryza Sativa L ) ,
peanuts (Arachis, hypogaea L) were less than check (decrease by
*.5-8.7%). The marked yield reduction of ginger (Zingiber officinal
Rose) and amaranch (Amaranthus fricolor L) occur at addition of 100
ppm As to the soil.
When 500 ppm As (sodium arsenite) was added to soil, many plants
were injured seriously. Yield of water spinach and water peanuts
reduced remarkablely by ^2-^5 % of check yield. Yield of amaranth
and barngrass—by 85-90 %. Yield of others reduced by 61.3-76.6 %.
No yield of rice was obtained. Tolerance of sweet potato to A6 was
higher than that of others.
Generally speaking, the high level of As in soil, was harmful to
all of plants, but tolerance of different plants was quite different.
Crop tolerance to As was in the order:
Sweet potato > water peanut > water 6pinach ;?-tobacco >• peanuts
^chilli ^ ginger ;»• amaranth > barnyard grass > rice.
As to the content and distribution of Arsenic in plant, it may
be concluded from the data obtained as follows:
(1) Contents of As in plants bear remarkable positive correlation
with the concentration of As in soil.
(2) The distibution of As in various portions of plants was as
follows: highest in roots, followed by stem and leaves, and the
least in edible portion.
(3) The contents of As in various plants were quite different.
The analyses showed that Arsenic contents of stem and leaves were
from 3-9 ppm to ^5-5 ppii As contents in roots -- from 6.2 ppm to
38.51 ppm at the high level of Arsenic content in the soil (add 500
ppm to soil). From above, it may be understood that the higher the
concentration of Arsenic in the soil is, the less the selective ability of each plant to uptake it. Large amounts of As was distributed
in plant roots, it means that the movement and transport of As in
the plant was very limited.
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MACRO AND MICROELEMENTS LOSSES IN A FLOODED SAVANNAH (MODULO EXPERIMENTAL DE MANTECAL, VENEZUELA)
D. LOPEZ HERNANDEZ, M. GARCIA, M. GUZMAN and M. NINO
Laboratório de Estudios Ambientales,
Central Caracas, Venezuela.
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Fac.
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In 1970 the government of Venezuela started a program of land recovery
in Venezuelan flooded savannahs. The project involved the construction
of small dikes (Modules) supposed to regulate through a floodgate the
water level in a flat area of approximately 3000 ha.
At the beginning of the flooded period a strong rate of plant decomposition is observed, thus a considerable amount of nutrients is supposed
to be eliminated through the floodgate ; there is no precise information
concerning this supposed nutrient discharge, however.
In this paper we present a study about the annual losses as dissolved
and particulate materials of selected nutrients in Modulo Experimental.
MATERIAL AND METHODS
During the rainy seasons (1980 and 1981) waters coming from lateral
drainage were weekly collected and measured at the floodgate. Losses
are considered mainly due to lateral drainage, so that the ecosystem
is underlain an impermeable base (most of the soils of the area are
vertisols, LOPEZ-HERNANDEZ et al. 1983) and consequently the losses
by deep seepage are insignificants (BORMANN and LIKENS, 1969).
Calcium and magnesium were evaluated by atomic absorption spectrometry and sodium and potassium were determined by emission spectrometry.
Micronutrients were analyzed by graphite furnace atomic absorption spectrometry (STURGEON and CHAKRABARTI, 1978) and phosphorus according with
JACKSON (1970).
RESULTS AND DISCUSSION
Table 1 presents the information of the macronutrients losses corresponding to 1980-1981. A comparison with watersheds draining from different
geologic substrates, is also made.
Sodium and potassium
in 1981 the largest
tion in the studied
ficant leaching of
acid solution (pH ic.
Na, K and Ca salts.

were drained in a large proportion in 1980, whereas
output corresponds to sodium and calcium. Precipitaarea (1400-1800 mm) is enough to accomplish a signithe profile. Water enters the system as a dilute
5) but leaves the system containing primarily neutral

Geologic substrates, and in a minor proportion, annual precipitation,
play a major role in determining the amount and composition of chemicals
lost in stream water. Watersheds located on relatively soluble bedrocks
(basic igneous rock, El Verde) lose large quantities of the bases via
streamflow. Landscapes on less soluble bedrocks and with a moderate
annual precipitation lose small quantities of bases (metamorphic >«ocks,
Hubbard Brook). Wheareas, Mantecal's flooded savannahs with a moderate
soluble sedimentary parent material and a moderate precipitation presents
an intermediate range on the rate of bases drained.
Zn and copper .losses, as dissolved forms are comparatively low (0.21
and 0.06 kg ha" year" for Zn and Cu, respectively). However particulate
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losses reach significant levels, particularly in the case of zinc and
phosphorus.
In general, the bases losses registered are in the range of magnitudes reported in non-disturbed ecosystems, therefore we concluded that
the dikes construction have not produced a large disruption in the elements cycling in those savannahs.
TABLE 1. NUTRIENT LOSSES IN VARIOUS ECOSYSTEMS WITH DIFFERENT GEOLOGICAL
SUBSTRATES (kg ha
year" 1 )

ECOSYSTEM

Na

K

Ca

Mg

P
0.02

Hubbard Brook, U.S.A
(Likens et al. 1977)
El Verde, Puerto Rico
(From Likens et al. 1977)
Mantecal, Venezuela :

7.5

2.4

13.9

3.3

64.5

20.8

43.1

15.0

This work 1980
This work 1981

18.3
22.2

12.9
12.4

11.3
15.5

7.4
4.9

0.07
0.83

RESUME
On a analyse les pertes, sous formes solubles et particulaires, d'éléments assimilables et d'oligoéléments dans une savane innondée du Venezuela. Les pertes sont pour 1'essentiel liées ä la composition du sol
et pour une moindre part, aux precipitations annuelles. Dans la savane
de MANTECAL oü les precipitations sont modérées et le sol compose d'un
materiel sedimentaire modérément soluble, les pertes d'éléments assimilables se situent dans une zone moyenne.
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Utilization of peatland for crop production, especially following
peat harvesting, involves management of a range of materials, differing
widely in their properties. The cropping of peatland involves provision
of adequate drainage, which in turn leads to oxidative changes in the
peat.
In some cases, this oxidation is known to lead to substantial
acidification.
Such acidificaiton has been largely attributed to the
oxidation of inorganic forms of sulphur, such as pyrites and elemental
sulphur. However, presence of high levels of organic sulphur may also be
significant.
To assess the acidification potential of peat materials,
information is needed on the forms and distribution of sulphur in various
types of peat.
Based on previous studies of peats of the Eraser Delta, four peat
samples were selected for more detailed study, representing peat derived
from Ericaceous
Sphagnum, Freshwater
Sedge,
Brackish
Sedge and
sedimentary environments (gyttja). The latter two samples were of known
high sulphur content. The samples varied in pH (3.25-5.80), ash content
(4.8-79.JS), and N content (0.47-2.79%).
Total S contents for ericaceous sphagnum (ES), freshwater sedge
(FS), brackish sedge (BS) and gyttja (G) were 0.32%, 0.67«, 3.67% and
1.57% respectively. Organic S forms were dominant, accounting for 89-99%
of the total S.
Inorganic sulphate accounted for about 10% and 6% of
total S respectively of the BS and G samples, but less than 1% for the
freshwater derived peat samples.
Amounts of elemental S and pyritic S
together accounted for less 2% of total S in all cases. The S content of
the organic matter present in the samples was relatively low in the
freshwater derived samples (<0.7%) but remarkably high in the BS (5.58%
S) and G (7.60% S) samples formed under brackish conditions.
Of the
organic S forms present, carbon bonded S was predominant and accounted
for 72-83% of the organic S, with organic sulphates accounting for the
remainder.
Sequential extraction with water, chloroform, ethanol-benzene, and
NaOH (under nitrogen) revealed the distribution of S among a series of
fractions.
In all cases, the humic acid (HA) and extraction residue
(Residue) fractions were the major S-containing fractions, together
accounting for 68-77% of the total S.
HA accounted for 18-40% of the
organic S, while the Residue accounted for 42-63%.
Additional studies on the HA fraction revealed typical C, H and N
contents, but indicated that the freshwater derived samples had markedly
lower S content (0.32 and 0.77%) than the peats formed under brackish
conditions (4.47 and 5.15%).
Oxygen contents (estimated by difference)
were correspondly higher in the freshwater peat HA. A striking feature
of the brackish peat HA's was a N/S ratio of about 0.7 which was an order
of magnitude lower than normally encountered in soil HA's.
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Hydrolysis studies on the HA fractions yielded only 7-17?i of the S
in acid soluble form, most of it recoverable as sulphate. Only 1.5-7.0%
of the carbon bonded S of HA's was recovered in the hydrolysates. This
observation, together with preliminary analyses for S-containing amino
acids, indicates that the latter can only account for a small proportion
of the organic S present. The nature of the remaining organic S remains
guite unknown.
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EDXEA-, XRD-, AAS studies on some sewage sludge-treated
Hungarian soils
A. Lukäcs, G. Pärtay
RESEARCH INSTITUTE FOR SOIL SCIENCE AND AGRICULTURAL
CHEMISTRY OF THE HUNGARIAN ACADEMY OF SCIENCES
H- 1525 Budapest P.O.B. 35.
The disposal of municipal and industrial sewage sludge has become an
increasing problem during recent years in Hungary. Cultivated soils can
recieve and decompose large amounts of organic material and the nutrients
released could be utilised by the crops. The long term effect of sewage
treatment on mineralogical composition of soils as well as accumulation of
the microelements from sewage sludge have been studied in field experiments.
The short term effects of various rates of sewage sludge /5 to 20 g
granulated sludge to 1 kg soil/ as well as the effect of pH and fertilizer
application were studied in pot experiments.
Samples were taken at three places and represented three soil types:
Alsónémedi Low-humus calcareous sandy soil
Gödöllo
Sandy brown forest soil
Kecskemet Sewage-treated meadow chernozem
Five furrow slice samples per site were averaged via mixing and compared to
identically prepared samples from adjacent untreated plots. For XRD /X-ray
diffraction/ analysis powder and oriented samples were prepared. In the
latter case the<2pm fraction was subjected to a variety of treatments
including Mg -, K and glycerol saturation or heat-treatment at 500 C for
2 hours. Since migration of elements along the profile cannot be excluded,
one set of samples taken at the Alsónémedi site was used for EDXRA / energy dispersive X-ray analysis/. Results of EDXRA and X-ray diffraction
analyses were the following:
Alsónémedi
1. Under the effect of sewage treatment the amount of plagioclases and
calcibe decreased. The same can be said about clay minerals havig
disordered lattices.
2. As evidenced by EDXRA, there is a barrier around 60 cm depth below which
only certain elements will penetrate - mostly S,K,Ti,Mn and Fe.
GödöllS
1. There was no significant difference between the clay mineral content of
the soils of treated versus untreated plots.
Kecskemet
1. Chlorite- and calcite-content decreased in treated soils.
2. Amount of feldspars of the colloidal fraction decreased.
3. In treated samples, minerals having disordered structures with a tendency
to swell /i.e. weathered smectite-, chlorite-, etc. types/ became more
prominent.
The soil samples of the field trials as well as soil samples and plant
material of the pot experiments were analysed for Mn,Cu,Zn,Cr,Fe,Cd,Pb and
Na. The soil samples were air-dried and ground to pass a 2 mm sieve. Analyses were carried out after extraction with 2M HNO, in a boiling water-bath
for 2 hours. 2M HNO, was selected because it gave, information on the total
pollution and the total content of heavy metals and caused the least
interference effects in the measurements. Determinations were carried out
by means of atomic absorption spectrometry /AAS/. Plant material /sunflower/
was digested with 65 % HNO.. + H_0_ in a Kjeldahl flask. Determinations were
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availability and uptake of microelements - especially heavy metals caused by the sludge are not solely a function of the supply of heavy
metals. Organic material which is added and alterations of pH due to
sewage sludge application may well affect the availability of most heavy
metals to plants.
Zusammenfassung:
Es wurden Bodenproben oberer /geackerter/ Schichten von behandelten
sowie von unbehandelten Parzellen von drei Experimentalgebieten für
Klärschlammbelastung von verschiedenen Bodentypen gesammelt. Die Änderungen
in der mineralogischen Zusammensetzung der Proben wurden durch
Röntgendiffraktionsmethode /XRD/ bestimmt. Der Effekt von verschiedenen
Mengen von Klärschlamm, Düngung und pH wurden im Gefässversuch geprüft.
Der "Schwermetalgehalt" /Mn, Cu, Zn, Cr, Fe, Cd und Pb/ der verschiedenen
Bodenproben wurden von dem 2M HNO, Extrakt nach atomabsorption-spektrofotometrischen Method /AAS/ bestimmt.
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W. Lux, B. Hintze, H. Piening
Ordinariat

für Bodenkunde, Universität

Hamburg

The geochemical background of heavy metals in the soils and
sediments of the Elbe river valley has been investigated in 3
cross-sections by drillings down to 8 m. The average contents
in clay (first) and sandy material (second) are following. P b :
26 and 14 ppm, As: 3 and < 2 ppm, Cu: 25 and 23 ppm, Ni: 51
and 33 ppm, Cr: 102 and 34 ppm, Zn: 118 and 14 ppm, Cd: 0,3
and < 0,1 ppm. By using the background levels the enrichment
in agricultural soils in the vicinity of an industrial area in
the southeast of Hamburg was estimated. With reference to
these works the investigations were extended to the whole territory of Hamburg.
The points of highest contamination as well as the possible
reasons are to be shown by a soil heavy metal cataster for the
whole of Hamburg.
In su r f ace sam pies (05 c m ) and s e l e c t e d p r o f i l e s ( 2 7 ) the
heavy met a 1 content is e x a m i n i e d . After the e v o l u t i o n of the
first cha nee s a m p l e s it turned out to b e n e c e s s a r y to d e v i d e
the t own area into three p a r t s of d i f f e r e n t d e n s i t y of samp 1 ing (50 0 m - , 1000 en- and 2000 » - s c r e e n ) .
The e lernents 1 ead , a r s e n i c , c o p p e r , z i n c , and with m o d i f i c a t ions , cadmium show the h i g h e s t c o n c e n t r a t i o n s . The H g - c o n tents are alto ge the r lower than a s s u m e d to be b e f o r e . The c o n tamin at io n wit h chr omium and n i c k e l is to be n e g l e c t e d . The
total con tent of Pb v a r i e s b e t w e e n < 1 and 3 0 7 0 p p m , of As
be twe en < 1 an d 920 p p m , of Cu b e t w e e n 8 and 3 1 6 0 p p m , of Zn
be twe en < 4 an d 118 50 p p m , of Cd b e t w e e n < 0,05 and 28 p p m , of
Hg be twee n < 0 ,05 a nd 19 p p m , of Cr b e t w e e n 5 and 4 9 0 p p m , and
of Ni bet ween < 2 a nd 1 8 0 p p m .
The f requ ency of CO n t a m i n a t i o n is shown by 5 c l a s s e s (from
" n o t " to
ext r emely " c o n t a m i n a t e d ) , and it is d i s c u s s e d how
main e 1 ements , incl uding the o r g a n i c m a t t e r , and heavy m e t a l s
are c or re lated
The c l o s e c o r r e l a t i o n b e t w e e n the P b - , C u - , Z n - , and A s - c o n tent as well as the c o n c e n t r a t i o n of t h o s e e l e m e n t s in s o m e
p a r k s , w h i c h is p a r t l y very h i g h , s u g g e s t that in s e v e r a l
a r e a s of H a m b u r g e x a v a t e d m a t e r i a l and w a s t e p r o d u c t s from i n d u s t r i a l p l a n t s , coal power s t a t i o n s , and refuse i n c i n e r a t i o n
p l a n t s have c o n s i d e r a b l y p r o m o t e d the c o n t a m i n a t i o n with heavy
m e t a l s . The r e s u l t s of the a n a l y s e s of p r o f i l e s a m p l e s u n d e r line this a s s u m p t i o n .
Very high c o n c e n t r a t i o n s are also found in upland l a n d f i l l s of
d r e g d e d h a r b o r m u d . The e x t r e m e P b - c o n t e n t in t h e soils is
m a i n l y d u e to the road t r a f f i c , yet in some a r e a s it is also
due to i n d u s t r i a l e m i s s i o n s .
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Distribution maps, basing on about 1300 screened surface soil
samples, haue been produced and are now available.
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ESTABLISHMENT OF A COLLECTION OF STANDARD HUMIC SUBSTANCES
Patrick MacCarthy1, Ronald L. Malcolm 2 . Michael H.B. Hayes 3 , Roger S. Swift4, Morris
Schnitzer and Wesley L. Campbell"
1

Colorado School of Mines, Golden, Colorado, U.S.A. 2U.S. Geological Survey, Denver, Colorado,
U.S.A. ^University of Birmingham, England ^Lincoln College, Canterbury, N.Z. ^Agriculture
Canada, Ottawa
INTRODUCTION
The need to establish an international collection of standard humic and fulvic acids from a variety of
environments, and the benefits that would result from such a collection, have been discussed in the past
(MacCarthy, 1976; MacCarthy and Malcolm, 1978, 1979; Malcolm and MacCarthy, 1979). The purpose of
this paper is to report on the successful completion of the collection by the International Humic Substances
Society (IHSS), and to outline some of the results relating to analyses of fulvic and humic acids from a
freshwater stream.
The samples consist of humic substances isolated from three solid earth materials (a mineral soil, a
sapric histosol, and a leonardite) and from one stream. The suite of isolated humic substances is actually
composed of two classes of materials:
(1) Standard humic substances which have been isolated by a carefully defined isolation and 'purification'
procedure from specifically designated source materials; and
(2) Reference humic substances, which refer to humic substances extracted from the source materials by
procedures other than the standard methodology, or to humic substances isolated from other source
materials, in both cases under the supervision of the IHSS. In addition to the humic and fulvic acids
isolated, large quantities of the three bulk solid samples from which the standard humic substances were
extracted are included in the collection.
MATERIALS AND METHODS
The three solid earth meterials and the stream from which the standard humic substances were isolated
are as follows:
(1) a mineral soil from a mollic epipedon near Joliet, Illinois. U.S.A.;
(2) a sapric histosol obtained at the Belle Glade Research Station, Everglades. Florida. U.S.A.;
(3) a leonardite from an oxidised coal seam at the Gascoyne Mine, Bowman County in southeastern North
Dakota, U.S.A.; and
(4) a stream water from the Suwannee River, near Fargo, Georgia, U.S.A.
Standard humic and fulvic acids were extracted from the soil, histosol, and from the stream water.
Standard humic acid only was obtained from the leonardite because of the very small amount of fulvic acid
contained in it. Reference humic substances were extracted also from some of these source materials, and
in addition further samples were isolated from other substrates. The bulk solid materials were air-dried,
and then sieved to remove pebbles and gross fibrous matter. They were then homogenized prior to
removing samples for extraction, and the remainder was stored.
Humic and fulvic acids were extracted and 'purified' from the bulk-solid earth materials by a twenty-step
procedure based upon sodium hydroxide extraction that was formulated by an international group of humic
substances researchers. A copy of this procedure is available from the IHSS upon request. (It should not be
construed that this procedure is being recommended or endorsed by the IHSS as the best method for
extracting humic substances; it is simply the method which was chosen by the working group in 1981, and
considered then, on the basis of information that was available, to be the most suitable for these particular
materials and for the specific purposes of the venture). The stream humic and fulvic acids were isolated by
a procedure essentially the same as that described by Thurman and Malcolm (1981).
All extracted materials were freeze-dried in the hydrogen exchanged form, and were then homogenized.
The samples were characterized by a variety of methods including: (1) Elemental analysis (C, H, O, N, P,
S, trace metals, and ash); (2) Infrared spectroscopy; (3) 'H- and U C-NMR spectroscopy; (4)FunctionaI
group analysis; and (5) Amino acids and carbohydrate contents.
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RESULTS AND DISCUSSION
The existence of this collection of standard humic substances makes possible, for the first time, the
critical comparison of the experimental results of humic substances researchers throughout the world.
Samples of the standard and reference humic substances, and of the original solid earth materials, are
available from the IHSS on a cost-reimbursable basis. Unique features of the collection are:
(i) It is accessible to researchers worldwide;
(ii) All materials originated from carefully chosen and specified locations;
(iii) All samples have been isolated by procedures that were' carefully controlled and supervised, and are
fully documented;
(iv) All materials (both the isolated humic substances and the bulk solids) have been thoroughly
homogenized; and
(v) Availability of the three bulk solids allows different extractive methods to be compared.
The basic characterization of the stream humic and fulvic acids is largely complete, and that of the other
material is still in progress in January, 1986. Elemental analysis data for the stream standard humic and
fulvic acids are shown in Table 1. The results demonstrate the low-ash contents of these materials, and the
replicate data indicate the homogeneity of the samples, as well as the reproducibility of the analyses. Five
elements (C, H, O, N, and S) constitute the bulk of the organic matter.
"C-NMR spectra of the samples showed pronounced adsorption bands from COOH (160 to 190 ppm),
aromatic carbon (110 to 160 ppm), polysaccharide carbon (63 to 85 ppm). and aliphatic carbon (0 to 50
ppm) in both the humic and fulvic acids. Data relating to the standard and reference humic substances will
be presented, and discussed in detail elsewhere.
Table 1. Elemental contents (%) of Stream Standard Humic and Fulvic Acids on an ash-free and
moisture-free basis (Four replicates;x = average)

1

:
3
4

\
1
2
J
4
X

C

H

P

Total

Ash(5£)

4.24
4.04
4.22
4.04
4.14

O
S
N
Stream Standard Humic Acids
38.79
1 21
0.91
38.91
0.72
1.21
38.61
0.91
1.20
1.21
39.67
0.72
39.00
1.21
0.82

53.99
54.57
53.74
54.57
54.22

0.01
0.01
0.01
0.01
0.01

99.15
99.46
98.69
100.22
99.40

3.29
3.30
2.85
3.30
3.19

53.36
53.29
54.12
54.22
53.75

4.30
4.38
4.41
4.07
4.29

Stream Standard Fulvic Acids
41.30
0.57
0.52
41.29
0.74
0.52
39.38
0.74
0.53
39.95
0.42
0.68
40.48
0.68
0.50

0.01
0.01
0.01
0.01
0.01

100.06
100.23
99.20
99.35
99.71

0.57
0.80
1.28
0.63
0.82
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FACTORS AFFECTING THE DISSOLUTION OF PHOSPHATE ROCK IN SOIL
A.D. MACKAY AND J.K. SYERS
(Grasslands Division, Department of Scientific and Industrial Research,
Palmerston North, New Zealand, and Department of Soil Science,
University of Newcastle upon Tyne, England)
Evaluation of the dissolution of phosphate rock (PR) in soil and the
factors which influence the dissolution process has been limited by the
lack of suitable methodology. The development of a chemical extraction
procedure, which provides a direct estimate of PR dissolution has enabled
a detailed investigation of the soil factors which influence the rate of
dissolution of PR materials in soil. The procedure involves an extraction
with 0.5M NaOH, following the removal of exchangeable calcium (Ca) with
1M NaCl. The extent of dissolution of Sechura phosphate rock (SPR) in
1ÏÏ contrasting soils during a 16-h shaking period with 0.5M NaOH was
investigated at time zero of incubation (no incubation) and this varied
from 0 to 2.2% of added P. For 7 soils, dissolution was less than 0.8%
of added P, pointing to a negligible dissolution of SPR in 0.5M NaOH.
Soil phosphate (P) status had little effect on the rate or extent
of dissolution of SPR. This was established by extraction of soils to
which varying amounts of P had been added prior to incubation with a SPR.
This suggests that the use of reactive PR materials need not be restricted
to soils of low P status. The dissolution of SPR in soil decreased
progressively with increasing rates of Ca(OH)? addition. However, because
the addition of Ca(0H)2 increases both soil calcium (Ca) and soil pH it
was necessary to isolate the effect of these two variables on dissolution.
Addition of increasing amounts of CaC12 increased exchangeable Ca but had
no significant effect on soil pH. The dissolution of SPR during 90 d was
reduced from 33.6 to only 8.6% of added P (500 mgP kg-1) at the highest
rate of CaCl2 addition. Addition of equivalent amounts of Ca as Ca(0H)2
increased soil pH from 5.2 to 5.8, 6.4, and 6.9 and the extent of
dissolution decreased from 33.6 to 14.2, 4.0, and 2.OX,respectively.
These results suggest that the increase in exchangeable Ca associated with
the addition of Ca(0H)2 had a larger effect on the dissolution of SPR than
did pH, per se.
The pattern of dissolution of SPR in soil could be described by a
modified Mitscherlich equation of the form:
y = A(l-e-cx)
where y • amount of SPR dissolved at time x, A = asymptote, and c »
curvature coefficient. Although A varied markedly across soils, c was
essentially independent of soil type. This exponential equation formed
the basis of a simple model which describes and predicts the dissolution
of SPR in soils. By studying dissolution in a wide range of soils, it was
possible to identify those soil parameters influencing the dissolution of
a reactive PR in soils. Percent Ca saturation, P-sorption capacity, and
Ca-exchange capacity of the soil were the 3 most closely correlated with
dissolution. When a model incorporating these 3 parameters was tested on
a range of soils not used to construct the model, the variance accounted
for ranged from 66 to 76%, depending on the population of soils selected.

- 381 The initial rate of dissolution of a reactive PR was influenced by
soil moisture content and this decreased rapidly as soil moisture declined
below field capacity. Soil moisture content is expected to largely
control the concentration of electrolytes, include Ca2 + , in the soil
solution. The rate of dissolution of SPR was also higher in the presence
of a growing plant, presumably because the concentration of Ca and P ions
was maintained at a lower level by plant uptake.
Plant availability studies showed a poor relationship between uptake
of P by ryegrass (Lolium perenne) from soil to which SPR was added and the
extent of dissolution. It is important to distinguish between those soil
properties which influence the dissolution of a PR and those which control
the subsequent amounts of plant-available P.

- 382 FINDING MOST SUITABLE METODS OF DETERMINING READILY AVAILABLE ZINC
AND ITS LIMIT VALUES FOR PANNONIAN CHERNOZEM AND CHERNOZEM-LIKE SOILS
S.Manojlovic. P.Olar, M.Ubavic, and D.Dozet, Faculty of Agriculture,
Institute of Field and Vegetable Crops, Novi Sad. Yugoslavia

The paper discusses the results of a study on the applicability of
several methods of extraction of readily available zinc for Pannonian chernozem and chernozer.-like soils in Vojvodina Province, Yugoslavia. Zinc content was analysed by the method of atomic-absorption spectrophotometru;
limit values of the method were also determined.
1. Fifty-eight soil samples from cultivated fields were collected and
analysed.
2. Soil samples were treated with five extractants and the content of readily available zinc was determined in them. The following extractants were
used: IM KCl (Rinkis,
) , 2) IM ammonium acetate, pH 4,8 (Krupskij and
' Arinushkina, 1964), 3) 1% Na EDTA (Allan, 1961), 4) o.olM Na EDTA + o,lM
KCl (official Hungarian method), and 5) o,oo5M DTPA (Lindsay, 1969).
3. To determine limit values for certain levels of soil provision with readily available zinc, plastic pot3 were each filled with 3 kg of soil which was then fertilized according to the scheme: 1) NK, 2) NK + Zn, 3) NPK
and 4) NPK + Zn. Zinc was added in the form of ZnSO. . 7H 0 at the dose
of 5 ppm Zn. Five plants of maize were sown in each pot and their height
and yield were assessed after 45 days.
The investigation went in two directions:
a) determination of the efficiency of the extractants regarding the rate of
extraction of readily available zinc and its quantitative determination
directly from the filtrate by the method of atomic absorption spectrophotometry;
b) determination of limit values for certain levels of soil provision with
readily available zinc.
A) Efficiency of the extractants
From the point of analytical procedure and efficiency, the extraction
method with DTPA (Lindsay, 1969)- was most suitable. Regarding the quantity
of extracted zinc, the methods with 1% Na.EDTA (Allan, 1961) and o,olM
Na.EDTA + o,IM KCl (official Hungarian method) were equally usable. The methods with IM KCl (Rinkis,
) and IM ammonium acetate, pH 4,8 (Krupskij
and Arinushkina, 1964) were found unsuitable on account of low quantities of
extracted zinc, below the detection level, and large analytical errors.
B) Limit values for certain levels of soil
provision with readily available zinc
1. The following methods were found acceptable: a) 1% Na EDTA (Allan, 1961),
b) o.ol.M Na-EDTA * o,IM KCl (official Hungarian method), c) o,oo5M DTPA
(Lindsay, 1969/.
2. Temporary limit values for certain levels of soil provision with readily
available zinc were determined for the three accepted methods used on
Pannonian chernozem and chernozem-like soils (TABLE 1 ) .
TABLE 2 shows different data for the content of readily available zinc in 58 samples of Pannonian chernozem and chernozem-like soils from Vojvodina Province. The tatie indicates that the distribution of soil samples
was similar for trie three methods of extraction with chelate complexes.

- 383 These there--; methods ill Ka.EDT« «Allan, 1961;, o.olM Na.EL-TA • KCl (official Hungarian method,, and"o.oo5M DTPA (Lindsay, 1969) and their limit values presented in TABLE 1 were thus recommended as temporary official methods for Pannonian chernozem and chernozaa-like soil in Vojvodina Province.
TABLE 1.- TEMPORARY LIMIT VALUES TOR DIFFERENT ZINC LEVELS WHEN USING THE
THREE METHODS ON' CHERNOZEM AND CHERNOZEM-LIKE SOILS
1% Ka EDT.A
(Allan,1961)
Very low
Low
Medium
High
:ritical"

opm Zn
o.olM Na.EDTA
(Hungarian)

1,5

1,0

1.5-2,0
2,0-2,8

2,8

1,0-1,4
1,14-2,2
2 2

2.0

1,4

, 00 5M DTPA
Lindsay 1969
0

l|

o,1 -0 ,8
0,8 -1 2
1 2

FABLE 2 . - CONTENT OF AVAILABLE ZINC IN 58 SOIL SAMPLES FROM
VOJVODINA PROVINCE
ppm Zn
1% Na EDTA
(Allan,1961)
Variation width
Average
Critical

level

Distribution of samples
Level:

0,81-6,11

Method
Na EDTA + KCl
(Hungarian )
0,52-4, H8

DTPA
(Lindsay,1969)
o.29-2,13

1,91

1,35

o,64

2,0

1,1

0,8

%

%

Very low
Low (Critical)

34
62

31
60

9
77

Medium

29

34

19

9

5

4

High

%

AUFSTELLUNG DER GEEIGNETESTEN METHODEN ZUR BESTIMMUNG LEICHTVEFÜGBAREN ZINKS UND DEPEN GRENZWERTS AUF PANHONISCHEM TSCHERNOSJEM UND GLEICHARTIGER
BOEDEN
Zusammenfassung
58 Bodenproben von pannonischem Tschernosjem und gleichartiger Böden
wurden auf leichtverfügbarer Zinkgehalt nach fünf Methoden untersucht. Bestimmt wurden Grenzwerte für 3 Methoden mit Chelaton - Komplexen (Tab. 1 ) .
Als vorläufige, offizielle Methoden wurden die folgenden vorgeschlagen: 1%
Na EDTA (Allan, 1 9 6 1 ) , o,olM Na.EDTA + KCl (offizielle, ungarische Methode)
und o,oo5M DTPA (Lindsay, 1 9 6 9 ) , mit den gegebenen Grenzwerten in Tabelle 1.
In Tabelle 2 .sind Angaben zur Verteilung von 58 untersuchten Böden den Bereichklassen n a c h , die ähnlich für alle gegebenen Methoden sind, aufgeführt.

- 384 X-ray diffraction of charred products of several plant components

Yoshio MATSUI, Minoru SHIRAISHI*, Kyoichi K U M A D S * and Shozo KUWATSUKA
Environmental Pollution Research Institute of Nagoya City,
Minami-ku, Nagoya 457, Japan
*National Research Institute for Pollution and Resources,
Tsukuba, Ibaraki 305, Japan
**Faculty of Agriculture, Nagoya University, Chikusa-ku,
Nagoya 464, Japan

Carboneceous materials such as charcoal (charred wood) are frequently
found in soil and they contain humic acid (soil char humic acid, S.C.H.A.)
with strong light absorption in the visible region. Based on these facts,
it has been proposed that charcoal could be one of the sources of soil
humus (Kumada, 1983)
On the other hand, soil humic acid (S.H.A.) with deep dark color was
found specifically in andosols and chernozems. Humic acids of andosols
were characterized by X-ray diffraction and electron microscopy to have a
graphite-like (G-like) structure, which is believed to be responsible for
its strong light absorption (Matsui, et al., 1984). Such a G-like structure was also found in S.C.H.A. (Matsui and Kumada, unpublished).
In this context, it is supposed that the G-like structure of S.H.A. of
andosols is originated partly from S.C.H.A. The aim of this study is to
clarify the presence and origin of G-like structures in the charred products of several plant components.
The materials used were as follows; lignin, tannic acid, chestnut
tannin, chebracho tannin, quercetin, cellulose and xylan. Each material
was charred at 300°C for one hour. The charcoal and its humic acid (C.H.A.)
were subjected to X-ray diffraction analysis.
The yields of charcoals obtained from lignin, tannins and quercetin
ranged from 40 to 70%, and those from cellulose and xylan were below 40%.
The charcoals of lignin, chestnut tannin and quercetin gave relatively
larger amounts of C.H.A. than those of the other materials. The charcoal
of chebracho tannin yielded only a slight amount of C.H.A.
As shown in Fig. 1 of X-ray diffraction patterns, the charcoals and
C.H.A. of tannic acid, chestnut tannin and quercetin showed a peak at
d=3.5Ä corresponding to the 002-band of graphite structure. The charcoals
of lignin and cellulose indicated a peak at d=3.9 and 4.1A, respectively,
and a shoulder at d*3.5Ä. The C.H.A. however, showed a definite peak at
d=3.5Ä. The charcoals of chebracho tannin and xylan indicated only the
peak at d=3.9 and 3.8Ä*, respectively. The C.H.A. obtained from xylan did
not show the 002-band.
The 002-band of charcoals obtained from tannic acid, chestnut tannin
and quercetin was analysed by the Fourier transformation method (Shiraishi,
1973). By counting the number of peaks found in the P(u) curves illustrated in Fig. 2, maximum number of layers packed with each other in these
charcoals were estimated in the range of 7 to 9. The main stacked fractions (wt% per stack) expressed by the histograms in Fig. 2 were composed
of two (30 - 40 wt%) and three (30 - 40%) layers. The average number of
layers, n, were between 2.58 and 2.84.
Based on these results, it becomes clear that tannic acid, chestnut
tannin and quercetin form G-like structures in their charcoals and C.H.A.
The G-like structure can also be found in the C.H.A. obtained from lignin

- 385 and cellulose.
It may be concluded that the G-like structure of S.C.H.A. can be
originated not only from lignin but also from aromatic compounds such as
tannins and flavonoids. The contribution of cellulose also can not be
excluded.
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X-ray diffraction patterns for chacoal and C.H.A.
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Seasonal Variation of Chemical Soil Solution in
Forest Soils
E. Matzner
Forschungszentrum Waldökosysteme/Waldsterben,
Universität Göttingen, Büsgenweg 2, 3400 Göttingen
A b s t r a c t
In principle, the ion cycle within forest ecosystems is represented
by
two
processes:
"Ion
uptake"
and
"Mineralization". Both processes may be connected with the
turnover of protons according to their cation/anion balance. Acidification pulses are expected as a consequence
of excess production of nitric acid (nitrification) during
warmer than normal seasons, leading to the accumulation of
nitrate in the soil solution.
Acidification pulses and their effects on the soil buffer
systems and soil solution parameters were investigated in
4
lime free forest soils of different acidification degree. The soil solution was collected with ceramic tension
lysimeters at 4 different depth: 10, 20, 40 and 80 cm
in intervals of approximately
14 days. The seasonal variation in Ca, Al and H concentration in the soil solution
was in good agreement with the patterns observed for
nitrate and with the acidification degree of the soil horizon. The to *£c effects of acidification pulses on tree
roots (by Al 3 + and H ) mainly depend on the base saturation of the exchange sites. The less acidified soil (base
saturation of CEC 25%) was able to buffer the HNO, pulses
completely by exchange of Ca, while the acid soils (base
saturation
5%) reacted by increasing H + - and Al3+-concentrations during the season. Acid deposition reduces the
base saturation of forest soils and increases the risk of
root damage during natural acidification pulses.
Z u s a m m e n f a s s u n g
Hohe Raten der Säuredeposition in Waldökosystemen führen zu
verstärkter Bodenversauerung. Dieser anthropogen ausgelöste
Prozeß wird von natürlichen säureproduzierenden und konsumierenden Vorgängen im Boden überlagert. Spitzenbelastungen
von Säure (Versauerungsschübe) sind immer dann zu erwarten,
wenn als Folge warm/trockener Jahre verstärkte Nitrifikation und Nitratanreicherung im Boden auftritt. An 4 Waldböden unterschiedlichen Versauerungsgrads wurde das Auftreten von Versauerungsschüben verfolgt. Die dabei in der Bodenlösung gemessenen Konzentrationsschwankungen verdeutlichen die ablaufenden Pufferreaktionen und variieren entsprechend dem chemischen Ausgangszustand der Böden auf den
verschiedenen Standorten. Die ökotoxikologische Wirkung von
Versauerungsschüben auf Feinwurzeln hängt wesentlich von
der im Boden vorhandenen Basensättigung am Austauscher ab.
Saure Depositionen reduzieren die Basensättigung und erhöhen so das Risiko von Wurzelschädigung als Folge witterungsbedingter Versauerungsschübe.
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RETENTION OF ORGANIC PHOSPHATES BÏ SOIL
R.B. McKercher , D.W. Anderson and T.S. Tollefson
Department of Soil Science, University of Saskatchewan,
Saskatoon, Saskatchewan, Canada, S7N 0W0
The retention of inorganic and organic phosphates was assessed by
equilibrating soil with increasing concentrations of phosphate in aqueous
solution and measuring the P removed from solution. Neutral to alkaline
Chernozemic soils of varying organic matter and clay content, and two peat
soils, were studied. The phosphates included KH 2 P0„, glucose phosphates,
glycerol phosphates and inositol phosphates which received the greatest
attention since they are the major natural constituent of most soil organic
phosphates.
Phosphate retention by celluloses and silica gel was also
measured.
Retention data for KH 2 PO„ by mineral soils were similar to previous
findings (Rennie and McKercher, 1959). The two peats retained as much or
more inorganic P as the mineral soils with the more humified peat retaining
the most inorganic P.
Retention characteristics of the organic phosphates by soil were variable (Fig. 1 ) . In general, myoinositol monophosphate-P was held in about
equal amounts to KH 2 P0„-P at lower concentrations. However, at higher concentrations the organic P retention exceeded inorganic P. Glucose and
glycerol monophosphates, in contrast, were retained in lesser P amounts
than KH2P0,,-P over all concentration ranges for the mineral soils. These
materials, at higher concentrations, were more retained on peats than was
inorganic P. More myoinositol hexaphosphate-P was retained at all concentration ranges than KH 2 PO„-P.
The ratio of hexaphosphate-P to KH2PO,,-P
retention was 7 or greater except in one soil where 3 times as much
myoinositol hexaphosphate-P as KH 2 P0,-P was taken from solution.
o-D-glucose-1-phosphate-P was no more removed from solution at the
highest concentrations than KH 2 P0„~P.
The other organic phosphates were
strongly held, the retention maximum not yet being reached at concentrations of >200 ug P ml '. The data suggest precipitation, occlusion, or
displacement reactions with a .high capacity to remove P from solution,
particularly with the hexaphosphates. This finding contrasts with a previous report on acidic soils where myoinositol hexaphosphate retention
declined from a peak as concentration levels increased (Anderson, Williams
and Moir, 1971).
None of the phosphates, except in one instance, were retained by hydrophilic materials (cellulose) or by hydrophobic substances (silica gel and
cellulose triacetate). Myoinositol hexaphosphate was retained at a maximum
by silica gel (Sigma S 6628) at final solution concentrations of 10 to 20
Mg P ml ' (Fig. 2 ) .
All soil and peat suspensions released brown humic material into the
aqueous solution during the equilibrations. This displaced material exhibited uniform UV-visible spectra with strong adsorption at 300-310 nm.
Thus, a similar chromogen was displaced from all the soils and from the
peats.
The soils are known to contain differences in their humic acid
constitution (Anderson et al., 1971).
References
Anderson, D.W., D.B. Russell, R.J. St. Arnaud & E.A. Paul (1971) Can. J.
Soil Sei. 51: 117-156.
Anderson, G., E.G. Williams & J.0. Moir (197D
J. Soil Sei. 25: 51-62.
Rennie, O.A. & R.B. McKercher (1959) Can. J. Soil Sei. 39: 61-25.
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The estimation of nitrogen concentration through the determination of
ammonia by distillation
is the classical
procedure still widely
recommended. The lack of interfering ions, apart from some heavy metals
which for agricultural samples are either too low or not present, and
minimum matrix effects allow any extract to be determined for ammonia by
distillation. It is however slow by modern standards and requirements.
With the advent of continuous flow analysers (CFS) and the more recent flow
injection analysers (FIA) the direct determination of ammonia without
distillation has become a necessary common practice. To decrease the
effect of interferences many systems use a series of standards containing
an average suite of elements at concentrations expected to be present in
that particular extract or digest. This procedure can introduce as many
errors as it solves unless rigid control is maintained and matrix checks
are regularly carried out. Dialisers have also been used in an effort to
control interferences. These have the disadvantage of decreasing the
sensitivity and forcing the assumption that the small fraction of ammonia
determined is proportional to total ammonia present.
A micro distillation unit has been developed for a CFA system. The unit is
constructed from stainless steel and teflon and while operating has a small
but constant volume of liquid hold-up. At least S0% of the sample is
converted to steam and compressed air is used both to force the sample and
reagents into the still and to flush out the steam containing ammonia for
analyses.
The steam is reacted with HCl, cooled, and the resultant
ammonium
chloride
determined
colourimetrically
using
sodium
salicylate/nitro prusside by reading the blue colour at 640 mji.
Conditions in the micro-still may be varied to suit different conditions.
For example, varying either the liquid hold-up or the temperature varies
the proportion of sample converted to steam.
Similarly, varying the
compressed air flow-rate will alter the time during which both the sample
and the steam in the still. Optimum conditions can therefore be set for
the particular range required.
The still has been used for about one year for routine analysis of soil and
plant nitrogen. We determine ammonia-N and nitrate-N in KCl extracts of
soil in the range 0.5-10mg/L total N, in soil and plant digests in the
range 5-100mg/L NH -N, and in a variety of soil exchange capacity extracts
in a range 1-10 mel/L NH.-N. All of these are run at 45 samples per hour
up to 200 samples per day. The absorbance curves are linear over these
ranges; statistical analyses routinely calculated at the end of each day
on the standard solutions produce a CV of approximately 2% to 3%. We
consider a CV of less than 5% to be acceptable for routine analyses. The
actual sample flow through the still is fast - faster than most FIA systems
operate. Trials with the micro-still on a Techater FIA system are underway
and these results will be presented.
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STATUS IN SOME EGYPTIAN SOIL PROFILES

H. Meshref
Soil Sei. Dept., Faculty of Agric, Mansoura Univ., Egypt.
The objective of the present work was to evaluate the amounts and distribution of Fe, Mn, Cu and Zn by measuring their total, forms and availability in six soil profiles representing three types collected from Nile
delta. These types included, fluvio-marine deposits, recent Holocene Nile
alluvial deposits and fluvial Nile sediment' deposits during the annual
flood season.
Four chemical extraction methods were used for the determination of Fe,
Mn, Cu and Zn in the investigated soils. The chemical extractions were
CaCl ? , NH.OAC, DTPA and HF/HC10.. The concentration of trace elements in
the Various chemical extracts were measured by atomic absorption spectrophotometer Perkin-Elmer, model 2380.

Fig. 1: Location map for the studied soil samples
The fluvio-marine deposits are superimosed on top of young and old fluviomarine deposits and ire influenced by both the Nile and sea forming, the
natural extension of delta's clay top set bed. This type is represented by
El-Manzala, Dikirnis and San El-Hagar profiles (Fig. 1 ) . These soils are
highly saline and the salinity increases in the profiles with depth.
The recent Holocene Nile alluvium deposits are located in Wadi El-Tumi lat
depression and represented by El-Tal El-Keber profile. This profile is
characterized by low salinity and high alkalinity (pH 9.2).
The fluvial Nil sediments are deposited during the annual flood seasons
and are represented by Kafr Sakr and Edfina profiles. These profiles are
non saline, containing relatively lower amounts of total carbonate and
higher amounts of clay.

- 391 1 he obtained results of six analyzed profiles in Nile Delta show that the
average amounts of the naturally occuring total Fe, Mn, Cu and Zn were
relatively low in soils of recent Holocene Nile alluvium deposits, while
reached the highest amounts in soils of fluvio-marine deposits. The soils
of fluvial Nile sediments as the average were moderate values of trace
elements. The amounts of total trace elements in different profiles varied
from 5.7 to 8.1 % Fe, 800 to 3300 ppm Mn, 80 to 200 ppm Cu, and 120 to 260
ppm Zn.
The portions of Fe, Mn, Cu and Zn extracted by 0.01 M CaClp and NH.-0AC
solution were extremely low relative to the total amounts. However, their
amounts differ widely among the soils of different types and there is no
consistent trend with soil depth. The amounts of CaCl?-Fe varied from 0.24
to 0.80 ppm, CaClp-Mn varied from 0.04 to 0.28 ppm, CaCl?-Cu varied from
0.04 to 0.20ppm, and CaCl2-Zn varied from 0.3 to 1.32 ppm.
The amounts of NH.OAC-extractable Fe, Mn, Cu and Zn varied from 0.4 to
2.16 ppm Fe, from 1.90 to 2.69 ppm Mn, from 0.08 to 0.80 ppm Cu, and from
0.56 to 3.56 ppm Zn.
The amounts of DTPA-extractable Fe, Mn.Cu and Zn were relatively high in
soils of Edfina (Fluvial Nile sediments) when compared to soils of the
same type in Kafr Sakr. This is due to soil management and practices of
Edfina which is on cultivation since long time. On the other hand, soils
of El-Manzala, Dikirnis and San El-Hagar (Fluvio-marine deposits) showed
relatively varying levels of DTPA-soluble elements and different trends.
Generally, the soils contain high amounts of available trace elements.
The DTPA-extractable Fe, Mn, Cu and Zn in the investigated soils ranges
between 9.6 to 18.9 ppm Fe, 8.52 to 15.99 ppm Mn, 2.07 to 3.72 ppm Cu and
2.5 to 4.00 ppm Zn. These variations are related mostly to the origine of
each profile.
Spurenelementstatus einiger ägyptischer Böden
Von 6 Böden des Nildeltas (fluviomarine, sowie junge und alte fluviale
Sedimente) wurden die Gesamtgehalte an Fe, Mn, Cu und Zn sowie deren
CaCl 2 -, NH.-Azetat- und DTPA-löslichen Anteile ermittelt. Die Ergebnisse
werden im Hinblick auf ihre Nährstoffwirkung für Kulturpflanzen diskutiert.
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VARIATION IN TOTAL POTASSIUM CONTENT IN THE SOILS OF
BULGARIA AND FACTORS ON WHICH IT DEPENDS
M.Milchevn
N.Poushkarov Institute of Soil Science and Tield Prediction,
Sofia, Bulgaria
An interpretation is presented of the horizontal and vertical variation in
total K content in the soils of Bulgaria as related to the operation of
the following factors: parent material, geochenical redistribution of
weathering products, soil texture, nature and intensity of the current
soil-forming process. These factors have been evaluated for their significance in total K determination in the soil. It has been concluded that
the studied factors are involved in intricate interactions and hence, it
is difficult or impossible for the variation in K contents with or within
the soil type to be linxed or attributed to any single factor,counting
out the rest. However, the particular situation may make a certain factor
have decisive effect on total K content in the soil against a background
of other operating factors. The data given in the present work show the
petrographic and mineralogical composition of the parent rock to be the
determinant factor in soils having an undifferentiated or weakly differentiated profile because of the low K migration in the process of weathering
found in the soils of Bulgaria and K accumulation in residual phases and
developing soil horizons as well as its effect on the mineralogical conposition of secondary minerals. Thus, for example, total K has keen found
to vary from 1.54 to 2.74/6 K„0 in leached chernozem-smolnitzas derived
from parent materials of equal age but differing in petrographic and
mineralogical composition ( from lime sediments and basic andesites to
acidic granites) occurring in the sane parts of the relief but in different
water-catchment areas. Total K in leached cinnamonic forest soils is very
high in the soils overlying amphibolic, musoovitic and biotitic granites
and lowest in the soils overlying serpentinite - 0.48$ K 0. The given data
show that the soil type is not of decisive importance for total i. oontent.
The research carried out in Bulgaria on the geoohenical redistribution of
weathering products, on parent materials of the same origin but having
been subjected to an active migration process, has shown that, logically,
different parts of the relief have given rise to soils with different
contents of K. Thus, for example, K amount in a granite water-catchnent
area is highest - 3.7$ K_0-in light-textured soils overlying the eluvial
part of the relief and lowest - 1.7$ K_0 - in heavy-textured soils occurring in the accumulation zone. In a limestone water-catchment area the
opposite situation is observed.
The statenent .mown fron the literature that light—textured soils generally
contain low or lower total K in comparison with heavy-textured soils has
not been confirmed by the research conducted and the correlations obtained
for the soils of Bulgaria.
Potassium distribution among the soil horizons has two major forms: uniform, with certain biological accumulation in the surface horizons, and
nonuniform, with a maximum in the illuvial horizon. With the abrupt texture differentiation and the formation of an eluvial-illuvial horizon, the
differentiation of total K in the soil profile becomes more and more pronounced. The soil—forming processes resulting in soils with strongly differentiated profiles have great effect on the distribution of primary and
secondary minerals among the genetic horizons and, henoe, on K distribution in the soil profile.
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The diven data show that the variety in the soil parent material, geo—
chemical redistribution of weathering products, soil texture, soil—forming
processes and other factors has yielded a wide variation in K contents in
the soils of 3ulgaria.

- 394 ABHÄNGIGKEIT D±,R GEPFLÜGTE ~lifcT~RÜCKSTÄNDE Ul'ID
CHGANISCHEH STCFFé II-. BOB^K
Dr. Nodezda niloo'kovic
landwirtschaftliche Fakultät, ïiovi Sad
Ziel dieser Arbeit ist der Dachweis das im Boden vom Typ
kalkhaltiger Tscherr.osjem, der in mehrjährigem Zeitabschnitt
mit verschiedenen Stickstoff -, ïhosphor - und Kalidüngungen
behnndelt wurde und n?ch dem Iflügen von Ernterückständen,es
neben den übrigen Veränderungen physikalischer und chemischer
eigenschaften auch zur Kengena'nderung im Humusgehalt kam.
Zwecknflssig v/urde das Anfangsstadium auf 3 Parzellen (197^)
vermessen, wobei der Kohlenstoff bezw. Humusgehalt im Boden
nach der I.V.Tjurin
(196?) Methode bestimmt wurde; fraktioniert wurde nach der V.V.Ponomarev und T.i\.Plotnikov (1968)
Methode.Die spezifische Charakteristik reiner Substanz der
Huminsäuren wurde mit den folgenden genauen Methoden bestimmt:
Die optische Dichte mit der spektrophotometrischen Methode
n3ch M.M.Konorov (1963),die elementare Zusammensetzung des
Kohlenstoffgehalts und Wasserstoffs nach der Mikroanalysenmethode von Liebig, Stickstoff nach Dumas und der Sauerstoff
aus einer Differenz bis 100 %.
Aus der beiliegenden Tabelle ist zu entnehmen, dass selbst
nach lSngerer Dauer der verschiedenen Düngergaben und dem
Pflügen von Heu, der Gehalt des gesamten Kohlenstoffs im Boden nicht bedeutend verändert wurde (nur in Promille).
Auch bei der Fraktionierung wurden unbedeutende Veränderungen
konstatiert, so wurde sie bei der Fraktion 1 der Huminsäure
verringert, während sich Fraktion 2 auch in Promille erhöhte.
Unbedeutende Veränderungen sind auch bei mobilen Fulvick säuren der Fraktion la zu bemerken.
Auch die beiliegenden Analysen der elementarischen Zusammensetzung und die optische Dichte der reinen Substanz der Huminsäuren zeigen, dass es auch hier zu keinen Veränderungen kam,
mit Berücksichtigung der Huminsäure die wegen der grossen
Pufferfähigkeit sehr widerstandsfähig auf Veränderungen ist.
Aus den beiliegenden Tabellen sind Resultate für drei der
typischen Muster gezeigt, untersucht wurden bei weitem mehr.
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CONDITIONS FOK THE FORMATION OF THE CHEMICAL
COMPOSITION OF SOIL SOLUTIONS
M.B.MINKIN, A.P.ENDOVITSKY
Don Agricultural Institute, USSR
Among the chemical equilibriums available in soils the
calcium-carbonate equilibrium (CCE7 is one of the most important. It determines pH, buffer state and oxidation-reduction properties of a soil solution, the nature of ion-exchange
reactions, solubility, migration and sediment formation of
carbonates and gypsum.
In all the methods for the CCE calculation described
earlier it was assumed that ion association does not effect
directly the quantities of the thermodynamic constants of
proton exchange. The authors (A.P.Endovitsky, M.B.Minkin, 1983)
have revealed that not only free ions can participate in proton
exchange but also the associated ions. This results in the shift
of protonic equilibrium in the carbonate system bringing about
the increase in the concentration of the carbonate ions.
Using the partial values of carbonate alkalinity (JWit )
and proton-exchange constants ( K°) the total concentration of
carbonate ions ( S.CO3" ) can be evaluated according to the
equation:
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It is clearly seen from the equation that the XCo|~ content
in natural waters and soil solutions is related to the interaction of tow equilibriums: the one of the associated ions and
protonic.
This equation was employed to develop an algorithm and
"Proton" program for calculating the CCE state in soil solutions
of various types of solonetzs in Sal-Manyoh water shed (Rostov
region) differing in hydrologie regimes, compositions of exchanging cations, size and type of saliniaation, pH on the
computer "ES-1033". The calculation is possible due to the
fact that 90-95% of the general alkalinity analysis depends on
the carbonate alkalinity.
The results of the investigations show that when using
only analytical concentrations for the calculation the supersaturation of soil solutions can reach enormous quantities
(So«= 100-1000)»while taking account of the association processes
makes S 10-50 times lower.

- 397 in solutions ions lime together and form pairs, their
number and concentration depending on the ionic force of the
solution (y-j and the type of salinization. The range of ionpair formation is fairly wide. Thus, the number of ionic
pairs of_ COj" can achieve 70-9Q/0, Co.2*and J^4*'l5-50%, SOtf" 20-oOfo, -N<X* a n d HCOj 5-'i5>'o. This strongly points to the necessity
of knowing the concentrations of reax forms of ions. And it is
quite clear that the method of calculating the hypothetical
saxts based on their solubility or the affinity between the
ions is groundless.
y- has nearly similar effect on S . Gomplexing of Ca+
with soluble organic substances makes S only -|,5-^,0 times
lower.
As a result soil solutions of automorphic soxonetz turn
out to be as a rule unsaturated with CaCOj (
, SOJI<-Ï)I which
leads to the formation ofW^aor» dissolution of carbonates,
+
displacement ofJfa. from the absorbent complex and temporary
increase in aiKaj.inity associated therewith in the conditions
of irrigation.
boix solutions or semihydromorpnic and hyaromorphic soxonetz are 6-10 times more supersaturated witn CCLCOJ , wnich is
responcible for nigh values of their pH and low vaxues of soda
resistance.
x'he investigations carried out reveax that calcium-sulphate
reserve for soaa neutraxization shouxd be d/ecermineöj by WIK
state, and in this conneietion the equatx^u p-x 1 oyiag Sax. for
aalculating the doses of gypsum fc„' solonets; xecxaimacion aas
been offered.
CU.E is particularly important for studying the nature of
the processes occurring when cuxtivating xowxand rice where
there is a possibility to catermin«; all the components of the
equilibrium ouder fielu, conditions. The ^UJS state in surface
waters of irrigation cannels during vegetation period is. the,
most stable: the content of Co^ea-0,8-1,3 mg/1; toia|».=to,o; pH^8,2
-8,4;Sot -0,9-2,0; J*. =0,008-0,01; in drainage waters respectively-^, 9-5.5;0,0;7,7-8,C;0,3^-0,o3; 0,03-0,0o. in soil solutions:
^5-a00; 10-20, 0-6-7,5; 0,^-0,9; 0,05-05 and the most , ynamic in
surface waters 01 r i c e cllecjs;S; 0,01-3,0} 0,0; 8,5-10,0; 2,220,0; 0,01-0,02.
The general feature of GUü in, surface waters of a rice system is believed, to be the most stressed, state in checKS irrespective of the time of observation, which are- always chara.cterized.
by high vaxues of pti, strong supersaturation with Co-COj and the
lowest quantity ofc02$ree.. unxike the surface waters ,soil solutions arei • characterized by high content of C02fre«,, presence ofCOjo^,
relatively loer values of pH and as a rule at any period they
are unsaturated with CaCOj.
bo tne- investigation of the character of the most significant chemicax equixibriums and ionic structure in soil solutions,
axxows to, unco vex- cue nature, or forming the chemicax ouui^oöiuxon
OJ. saline soils, deeper penetra-ce into the process of salt mig.»oiuü and accumulation, reveal now possibilities of predicting
J'I.; genesis, evolution and various techniques of land reclamation.
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2FFBCT OF ORGANIC .^TTER ON NITKOGfiv TRANSFORMATION IN SOIL
(in complience with
N experiments)
H. Vitovska
"Poushkarov" Institute of Soil Science and Yield Prediction,
Sofia, Bulgaria
Organic matter not always stimulates nitrogen losses due to denitrification and chemodenitrification, but can also be a factor restricting them.
Our former investigations have proved the possibility of gaseous nitrogen losses during the first phase of autotrophic nitrification. They reached up to 40 i- of the input quantity. The input of organic matter decreased these losses from 2 to 2-5 times.
The modelled laboratory, greenhouse and field micropiot experiments
have proved the significance of C/N ratios for the immobilization and mineralization of nitrogen in soil. Cellulose decreases the content of nitrogen mineral compounds, increases the quantity of immobilized nitrogen
and reduces its gaseous losses. In a low ratio (C/N = 10) the nitrogen of
mineral compounds is 3lowly establishing itself and does not fully pass
into organic compounds. In high ratio (C/N =30) nitrogen mineral compounds are completely used by microorganisms for the building up of their
cells during the first 15 days. The quantity of nitrogen that had pasaed
into organic compounds averages to 19*8 % in the first case and 99*3 %
in the second one. Organic matter input decreases nitrogen losses; in
low C/N correlation (C/N = 10) they are due to nitrification, while in
high correlation (C/U = 30) - to denitrification, as well. In the latter
case of C/N ratio nitrogen losses are fully compensated by the biologically fixed nitrogen, and an increase of total nitrogen is to be observed,
while in a low ratio of C/N the balance remains negative.
These regularities of the conversions of the ammonium form of nitrogen
influenced by the various portions of cellulose are observed in soils
with different structures, too. Cellulose input to a sandy soil contributes for an intensive immobilization of the deposited nitrogen and decreases nitrogen losses both on account of soil and fertilizer. During
the first 180 days the nitrogen immobilization is predominant over the
mineralization, while through the next 330-days' interval we can observe the reverse tendency. During the last period nitrogen losses are
insignificant. Immobilization and mineralization tendencies are characteristic of sandy loam too, but nitrogen losses are considerably higher
after 180 days. In sandy soils immobilized nitrogen acquires properties
typical for soil humus, and in sandy loam it is more accessible to plants.
We can observe a similar phenomenon when composting various portions
of straw with fertilizer nitrogen. The different C/N ratio affects not
only nitrogen transformation, but the changes of organic matter in straw,
as well. With the increase of C/N correlation, losses of organic matter
are also raised. When C/N = 40, straw reaches higher degree of humification after 3 months, while in low correlation (C/N = 20-30) - after
4-5 months.
Composts with higher degree of humification (irrespective of the c/N
correlation in them) exhibit considerably positive effect on the yield
of barley and tne after-effect of wheat.
Composts with low degree of humification do not affect the yield,
no matter what the C/N ratio is.
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SOL POUR DIFFERENTES PROCEDURES D'EXTRACTION.
J.J. MSAKY, A. BERMOND, S. BOURGEOIS et R. CALVET
Laboratoire des Sols - I.N.R.A. - Institut National Agronomique
Paris-Grignon - 78850 Thiverval-Grignon - FRANCE
L'apport de métaux lourds (Hg, Cd, Pb, Ni, Cu, Zn...) sur les sols
par suite de pollution atmospherique, d'epandage de boues residuaires ou de
composts d'ordures ménagères ou d'effluents agricoles ou industriels constitue une preoccupation croissante pour 1'agronome et pour la protection de
1'environnement. En effet, les risques potentiels dus ä la presence de ces
métaux, transfert vers les nappes phreatiques, phytotoxicite et accumulation
dans les végétaux, sont aujourd'hui encore mal connus.
Les evaluations de ces risques passent nécessairement par 1'identification et la quantification des associations entre les elements traces métalliques et les différents constituants minéraux et organiques du sol. Un
des moyens utilises pour cela est 1'extraction des elements traces par divers réactifs supposes réagir sur des associations bien définies (elements
échangeables, associés ä la matière organique...). L'objet de ce poster est
de présenter et de comparer des résultats obtenus par deux procédures d'extraction appliquées au sol de deux parcelles identiques, 1'une ayant regu
pendant deux ans 230 mg K g - 1 de cuivre et 628 mg Kg~1 de zinc apportés par
une boue de station d'épuration (dosse 100 t ha~1). Le sol est un limon de
la Brie.
Premier protocole : extraction sequentielle
Le protocole utilise est décrit dans la littérature litax (1). Il est
schematise de la facon suivante :

SOL
Chlorure de Magnesium ä pH T

surnageant, Fraction échangeable

•*- culot
(Tampon acide acétique, acétate de Na l surnageant^ Fraction associée aux
i „,,T„+
carbonates
•*- culot
Hydroxylamine ä pH 2
surnageant t Fraction associée aux
+ culot
sesquioxydes
lEau oxygénée

surnageant

Fraction associée ä la
matière organique

surnageant

Fraction résiduelle

4- culot
Acide perchlorique, HF

Les résultats obtenus sont :
- Le zinc tant pour le témoin que pour le sol traite, est en grande partie
(U2 ä 56 % de la quantité totale) associé aux sesquioxydes. Plus de la
moitié du zinc apporté lors de 1'épandage de boues est ainsi retenue par
ces constituants. Les carbonates et la fraction résiduelle contiennent de
28 a 35 % de ce cation. La fraction du cation associée aux constituants
organiques et la fraction échangeable ne représentent que le dixième environ de la quantité totale de zinc et ne correspondent qu'a une faible pro-
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- Pour le cuivre, la tendance générale est la même avec toutefois une fraction résiduelle pouvant entrenir jusqu'ä 50 % de métal.
Deuxième protocole : extractions paralleles
La mise en oeuvre de réactifs d'extraction indépendararaent les uns des
autres, permet de caractériser leur réactivité vis-ä-vis de 1'ensemble des
associations cations métalliques-constituants du sol. La comparaison entre
le protocole séquantiel et le protocole parallele (utilisant les mêmes réactifs, voir le schema) montre essentiellement que les réactifs sont susceptibles d'extraire des cations correspondant a différentes associations.
L'hydroxylamine par exemple, outre son action sur les sesquioxydes, permet
la liberation des fractions echangeables et associées aux carbonates. Cela
semble également le cas de 1'eau oxygénée.
References :
(1) TESSIER, A ; CAMPBELL P.G.C." and BIS SON, M. "0979 )V Sequential extraction procedure for the speciation of particulate trace metals. Anal.
Chem. 51:8UU-850.
Summary
Knowledge on the amount and form of trace elements associated with a
given known soil constituent is very important in the evaluation of pollution risks. A study was conducted to compare two extraction techniques of
Cu ++ and Zn ++ in a silty soil which had previously received sewage sludge
rich in these metals at a rate of 100 tons ha~1 for two years. The added
metals were retained primarily by the sesquioxydes. The exchangeable fraction for these metals was negligible. It was also shown that the chemical
solutions used may extract amounts of the metal cation associated with
constituents other the desired one. In other words they are not specific
to only one from of the cation - constituent association.
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SULPHUR ZINC INTERACTIONS IN RICE (O.Satlva I.)
SOIL CONDITIONS.

UNDER SUBMERGED

A.K. MUKHI and U.C. SHUKLJP
Soil Scientist, All India Soil and Land use Survey, Banglore,
Karnataka, India)
Professor and Head, Department of Soil Science, University of
Maiduguri, Maiduguri, Nigeria.
SUMMARY
Information on the effect of S-Zn interactions on yield, and S
and Zn uptake in rice under submerged soil conditions is not well
documented in the literature. Therefore, a greenhouse experiment
was conducted using 25cm dia polythene-lined clay pots filled with
U kg of a clay loam soil tUstochrept). Treatments Included all
possible combinations of four levels, each of S (0, 25, 50 and 75
mg kg-1soil) and Zn (0, 5. 10 and 20 mg kg-1soil), and replicated
six times. Ten plants per pot of rice CV IRÖ were grown. Three
replications were harvested at earing and three at maturity. Dry
matter yields of root and shoot at earing, and root, shoot, husk
and grain at maturity were recorded. Plant saaples were analysed
for S and Zn.
Application of 5 mg Zn alone kg - 1 soil increased the yield of all
the plant parts, except root at earing and hUBk at maturity.
whereas 20 mg Zn alone kg -1 soil either decreased the yield of all
the plant parts, except husk or did not affeot it. The huak yield
was either unaffected or increased with Zn. The effect of Zn when
applied with S differed with respect to plant part and stage of
plant growth. Root yield decreased with 5 mH Zn kg- 1 Boil at all
levelB of S at earing stage of growth, whereas at maturity it
Increased with S upto 50 mg kg - 1 but deoreased at 75 mg S kg-1soil.
Shoot yield increased with 5 mg kg- 1 eoil at all levels of S at
earing stage, whereas at maturity it increased only at 25 mg s kg - 1
soil. Maximum husk and grain yields with 5 »g Zn kg -1 soil were
recorded at 75 mg S kg-1soil. Application of Zn more than 5 »g k « - 1
with S, particularly 20 mg Zn kg-' with 75 ">K S kg-1, decreased
the yield of all the plant parts. The decrease was drastic in
root and grain at maturity.
Application ol 25 mg S kg _ 1 soil alone or with 5 to 10 mg Zn kg - 1
soil increased the yield of most of the plant parts. The yield
decreased with high levels of S with or without Zn.
The root and shoot yields decreased at maturity compared to
earing under most of the treatment combinations involving high
levels of S, which was perhaps associated with the degeneration of
roots and/or translocation of dry matter from these parts to soil,
and to husk and grain.
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Sulphur concentration increased with increasing S l e v e l i n a l l
plant parts at both the stages of growth at a l l l e v e l s of Zn. The
r e l a t i v e increase was more with 25 rog S kg~^soil. Sulphur uptake
g e n e r a l l y decreased with 75 m g S k g - 1 s o i l . Zinc g e n e r a l l y
increased S concentration in r o o t , shoot and grain at maturity, and
i n shoot at earing, except at 5 rog Zn k g - 1 s o i l , whereas i t
decreased i n root at earing and i n husk at maturity. S uptake
g e n e r a l l y followed S concentration pattern but the e f f e c t of
treatments on dry matter production did a f f e c t S uptake. Sulphur
uptake i n grain was d r a s t i c a l l y decreased with 20 mg Zn k g - 1 s o i l
due t o d r a s t i c decrease i n dry matter production.
Most of the S absorbed by the plants was accumulated i n root
and shoot. There was a decrease i n root and shoot S and i n t o t a l S
uptake at maturity compared to earing.This suggested that S was e i t h e r
translocated back to s o i l or l o s t to the atmosphere, and most of the
p l a n t ' s requirements for S were net by i t s uptake from sowing to
earing.
Zinc concentration and uptake i n root and shoot generally
at both the stages of growth at a l l l e v e l s of Zn with increase
l e v e l . In the grain a decrease was noted with 75 rog S kg - 1 at
upto 10 mg k g ~ ^ s o i l . The decrease was proportionately more at
Zn k g - ^ s o i l . Only i n husk an increase i n Zn concentration and
was noted with S a p p l i c a t i o n .

decreased
in S
Zn l e v e l
20 mg
uptake

Zinc concentration and uptake g e n e r a l l y Increased with increasing
Zn l e v e l i n a l l plant p a r t s , except i n root with 20 mg Zn, and i n
grain with 20 rog Zn at 75 rog S k g - 1 s o i l . The Increase was r e l a t i v e l y
more at 0 S l e v e l .
Upto the earing stage of growth, most o f the Zn absorbed,
p a r t i c u l a r l y at low Zn l e v e l s , was translocated t o shoot. At high Zn
l e v e l s , i t accumulated In root and shoot. However, under Zn s t r e s s
conditions Zn was r e d i s t r i b u t e d from shoot to g r a i n . Results showed
that Zn absorption continued throughout the growth and developmental
phases of the plant.
The e f f e c t of S and Zn on y i e l d and t h e i r uptake i n r i c e p l a n t s
were explained through the p o s s i b l e changes i n t h e i r a v a i l a b i l i t y i n
s o i l under submerged conditions, and i n t e r a c t i o n s between them and
with other plant nutrients during t h e i r absorption and t r a n s l o c a t i o n
i n the p l a n t .
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A. Muranyi
Research Institute for Soil Science and Agricultural Chemistry
of the Hungarian Academy of Sciences, Budapest
The acidification of some Hungarian soils needs more and more attention. Several main aspects of acid stress were studied: evaluation
of the possible extent of acid loads occurring in Hungary; comparison
of the estimated effects of acid stress on different soils; characterization of some chemical consequences of acid stress on acid susceptible
soils.
Materials and Methods
Thirty-six soil samples, representing 18 soil types, with different
chemical and physical properties were selected from the soil bank of
our Institute.
A series of each soil sample /5x20 g/ was equilibrated with acid
solutions / 0 , 0.25, 0.75, 1.25, 1.75 mmol HCl per 50 ml/ via shaking.
Then, after 24 hours pH values of the solutions were determined. The
values obtained were treated as "titration points" characterizing the
soil under study. The exchangeable Al
and H content, as well as the
Al
and H content of the equilibrium solutions were also determined.
The stepwise linear regression analysis /based on maximizing the F ratio/ was used for correlation studies. The BMD.f software program was
run on an IBM computer.
Results and Discussion
The different soils are compared with respect to acidification using the titration curves constructed from the independent titration
points. The titration curves of calcareous soils show the dominating
buffering mechanism of CaCO leading to a high neutralizing capacity
even at low carbonate content. Fourty per cent of Hungarian soils are
calcareous from the top, they are not susceptible to acidification.
The behaviour of the strongly acidic peat soil is similar, the high organic content determines the -buffering mechanism which results in very
low pH changes.
In non-calcareous mineral soils, remarkable pH changes may occur due
to acid load, the problem of acidification is significant. The tendency
of the titration curves of these samples is not determined directly by
a single dominant soil property but it is influenced by the integrated
effect of the soil properties. For this reason, correlations among the
characteristics of soil acidification and soil properties have to be
studied.
The buffer capacity of a non-calcareous mineral soil is interpreted
as the area under the titration curve. The sensitivity of the soil to
acidification is interpreted as a decrease in soil pH due to the acid
treatment. Twenty-seven chemical and physical soil properties are taken
into account as possible independent variables which may determine the
buffer capacity and the acid sensitivity of the soils, -treliminary results show that in case of buffer capacity the dominating factor is the
pH K C . The fine fraction /£. 20 yum/ and the exchangeable aluminium content are also important operative factors. The regression models in the
different ranges of the titration curve are demonstrated.
The hydrogen-aluminium ion exchange equilibria are under study in

- 404 the different titration points. In order to characterize the chemical
equilibrium between the soil surface and the soil solution, the distribution ratios of the aluminium and of the hydrogen ions are also
calculated. The experimental results are presented, the different acid
susceptible soils are compared.
The possible extent of the acid loads in Hungary is evaluated. Most
of the applied N fertilizers /70%/ and superphosphate can acidify the
soils. The calculated possible range and the average acid loads of the
acidifying Nr fertilizers and their lime equivalents are summarized,
taking into consideration the high cose of mineral fertilizers /300 kg
NrK/ha in 1983/. The average pH of the rains in Hungary is 4.5, the
average acid load is 0.18 kmol/ha/year. On the oasis of the estimations,
most of the applied Nr fertilizers can result in larger acid loads than
the acid rains in Hungary.
Comparing our calculations with our experimental data it is concluded
that in some years the inappropriate fertilization can cause significant
pH decrease depending on the soil properties. Strongly acidic depositions can have the same effect when the continuous acid load is locally
concentrated, prevention of further acidification is possible only if
the soil properties and the processes in the soil are better understood,
the fertilization system is adapted to the given soil and the CaCO
status of the soil is controlled and stabilized.
Zusammenfassung
Der Gefahr der Versauerung wurde in den Böden von Ungarn untersucht.
Die Bereiche und der Durchschnitt sowie die Kalkequivalente der als
Folge des sauren Niederschlags und Verwendung von Mineraldünger auftretende geschätzte Säurebelastungen sind zusammengefasst. Die Wirkung
der Säuerstresse an den verschiedenen Böden wurde vergleicht. Im Falle
der gegen Versauerung empfindlichen Böden wurden die matematische
Zusammenhänge zwischen der rufferkapazität bzw. der Empfindlichkeit
und die Bodeneigenschafen untersucht; die H-Al Ionenaustauschgleichgewichte sowie die Werte der Verteilungsquotiente dieser Ionen bei den
einzelnen Titrierungspunkten wurden charakterisiert.

- 405 Field decomposition of
C-labeled rice straw in upland
and flooded lowland soils of the Philippines
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H. U. Neue f H. W. Scharpenseel
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International Rice Research Institute, P. 0. Box 933, Manila,
Philippines, Ordinariat fur Bodenkunde der Universität
Hamburg, Allende Platz 2, D-2000, Hamburg 12

Decomposition
experiments with
C-labeled
rice
straw were
carried out under field condition in different soils in the
Philippines for 4 years. The soils were puddled and submerged or
well drained. Disregarding of water regimes rapid losses of about
80-90Z labeled carbon occured during the first year.
The
mineralization of stabilized residues and metabolic products
followed a logarithmic function indicating half-lives of about 2
years only. Aside from high temperature and neutral pH, the wide
soil-water ratio of submerged and puddled soils (low bulk density)
and activity of aquatic invertebrates seem to be decisive factors
enhancing decomposition in tropical flooded rice soils.
14

ii

Die Zersetzung
C-markierten Reisstrohs wurde über 4 Jahre in
gefluteten und terrestrischen Boden in den Philippinen gemessen.
Die Verluste des markierten Kohlenstoffs erreichten unabhängig vom
Wasserregime 80-90% im ersten Jahr.
Die Mineralisierung von
stabilen Ruckstanden und Metaboliten entspricht in allen Fallen
einer logarithmischen Funktion. Die Halbwertzeiten betragen nur
ungefähr 2 Jahre. Neben hohen Temperaturen und neutralem pH sind
In
tropischen
gefluteten
Reisbóden
das
weite
Boden-Wasser
Verhältnis
(geringe
Bodendichte)
und
die
Aktivitäten
von
aquatischen Invertebraten wesentliche Faktoren, die die hohen
Zersetzungsraten begründen.
Introduction
14
The breakdown and humification of
C-labeled organic compounds in
soils have been frequently -studied, but little is known about
decomposition pattern in flooded rice soils in the tropics.
Under anaerobic conditions mineralization rates are considered
retarded because of lower energy yielding of fermentation.
But
reports and many experiences of organic matter amendments of paddy
soils in the tropics can't be brought into accord with retarded
decomposition rates.
Methods
14
The uniformly
C-labeled rice plants were grown up to maturity
in a specially designed growth chamber. Chopped labelled straw
(equivalent to 5 t/ha) was Incorporated into the top soil of open
cylinders (314 cm 2 surface, 50 cm long) which were set in the
soils down to 45 cm. Each particular treatment was replicated 8
times.
Soil cores of the treated soil layer were taken out at
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of 2 replicates was sampled. The soil samples were freeze dried,
combusted by an automatic oxidizer, and analyzed for radiocarbon
by scintillation
counting.
Total
carbon and bulk
density
determinations are also made if required. The miniplots remained
fallow. All soils were sampled as monoliths and installed in the
research farm of the International Rice Research Institute,
Philippines, with an average air temperature of Tmax = 31.3 ± 1.6,
Tmin 22.4 ± 1.0. The average rainfall is 1040 mm per year with a
distinct dry season from Jan-May.
Results and Discussion
Experimental data have b&en achieved for 4 years.
Submergence
retarded decomposition of
C-labeled rice straw only slightly
in neutral and alkaline rice soils. In acid soils no significant
difference was found.
Decomposition rates and pattern of all
submerged soils were similar. A somewhat retarded mineralization
occured in the acid soil during the first weeks only. Disregarding
the rapid mineralization losses of about 80% in submerged soils and
90% In neutral and alkaline drained soils during the first year,
the decomposition curves follow a logarithmic function in all
soils regardless of the waterregime. It seems to be that only the
initial decomposition differs, while the remaining compounds being
rather similar irrespective of soils and water regimes. The half
life of the more resistant residues and labeled metabolites Is
estimated to be about 2 years only.
The initial decomposition
rate followed in the order of:
Tropept (1.6% OM, 37% clay, pH 7.6) = Tropept (1.6% OM, 43% clay,
pH 6.0) >Udult (4.1% OM, 46% clay. pH 4.8) = Aquept (1.6% OM, 37%
clay, pH 7.6) - Aquoll (4.4% OM, 38% clay, pH 6.0) = Aquult (4.1%
OM, 46% clay, pH 4.8)
Incubation experiments with submerged soils under
revealed always highly retarded mineralization.

N„-atmosphere

The high initial mineralization rate and short half-live of
remaining compounds in submerged rice soils are hardly in line
with reported hypotheses. Aside of constant soil temperatures of
around 27-30°C and a pH of 7, the low bulk density of puddled
clayey soil, and high biological activity of aquatic invertebrates
(Molluscs, Oligochaeta, Crustacea) cause most likely the high
decomposition rates in submerged rice soils, even if redox
potential are below -50 mV.
Floodwater ecology might be as
important as the soil edaphon.
Since the extent and degree of factors affecting decomposition and
its interrelation are not well established for submerged rice
soils, there are still major difficulties in clarifying these
dynamics in an unequivocal way.
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PYRITE ACCUMULATION IN SALT MARSHES OF THE EASTERN SCHELDT,
THE NETHERLANDS
Oene Oenema
Institute of Earth Sciences, State University of Utrecht
3508 TA Utrecht
The Netherlands
P.O. Box 80.021
Pyrite (FeS2) is the ultimate mineral reservoir of reduced sulfur and iron
within salt marsh sediments. The reduced sulfur and iron are derived from
the anaerobic degradation of organic matter by sulfate reduction. Under
favorable conditions (anoxic, a high supply of organic matter, sufficiently
available sulfate and iron as well as some leaching or partial oxidation of
the soil solution) from 3 to 9% pyrite may accumulate in salt marsh sediments.
The data on the rate of pyrite formations show large variation. In seabottom
sediments pyrite formation proceeds through the transformation of the initially formed amorphous iron monosulfides in pyrite: FeS + S® •* FeS2- Due to the
slow rate of elemental sulfur (SO) production the rate of pyrite formation is
slow. Recent studies on salt marsh sediments in the United States indicate a
direct and rapid pyrite formation. In these sediments the root system of
Spartina alterniflora creates locally oxic conditions and a part of the sulfide ions is quickly converted to elemental sulfur and polysulfides. Precipitation of amorphous iron sulfides does not occur due to the very low S^ _
activity, as a result of the oxic conditions and the rather low pH (5.0-6.5).
In these sediments iron can react directly with polysulfides to form pyrite.
Rapid pyrite formation can modify the effect that sulfide has on the productivity of the marsh vegetation and on trace metal transport in marsh
sediments. After drainage of the marshes acidification may occur due to
oxidation of pyrite and formation of sulfuric acid.
We examined the rate of pyrite accumulation in some salt marshes in the
Eastern Scheldt, a tidal inlet with a tidal range of approximately 3.5 m,
situated in the S.W. of the Netherlands. The frequency of flooding of the
salt marshes depends on the height of the marsh and varies from less than
50 for the high salt marsh to 700 times per year for the low salt marsh.
These differences have an impact on soil formation processes.
Results of the pyrite analyses (-by selective dissolution and determination
of Fe and S concentrations) show that the pyrite content of the salt marshes
is the resultant of three processes (c.f. figures 1 and 2 ) :
1. sedimentation and initial pyrite content of the fresh deposit,
2. in situ pyrite oxidation,
3. in situ pyrite formation.
The fresh sediment of the salt marshes originates mainly from erosion of
older marine deposits, exposed in gully banks within the Eastern Scheldt
itself. Pyrite contents in the fresh deposits at the surface of the salt
marshes are approximately 0.5%, but vary somewhat depending on admixture
with sand.
In the main rooting zone pyrite oxidation is prevailing over pyrite formation and the pyrite content decreases. This effect is not very clear in
the low salt marsh but is clear in the middle high and high salt marsh
(c.f. figure 1 ) . The oxic conditions in the top soil are created by the root
system of Spartina anglica and by oxygen diffusion from the surface into the
marsh through air-filled spaces in the soilprofile. Stands of Spartina
anglica in the low salt marsh are less vigorous and the oxic conditions
created by the root system are poor compared to the higher marsh sites. This
results in a lower average redoxpotential (Eh) in the top soil. Oxygen diffusion through airfilled spaces is mainly important at the high marsh.
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-100 mV, and pyrite formation is prevailing over pyrite oxidation. In the
low salt marsh pyrite formation is insignificant mainly due to the sandy
subsoil and associated low organic matter content. In the middle high salt
marsh the pyrite formation is rapid. From the pyrite profile in figure 1 and
average sedimentation rates (1.5 cm/y; determined from the Cs(137) activity
profile) pyrite formation rates of 0.5%/y have been calculated. Rapid pyrite
formation is restricted to a very narrow depth interval. Underneath this
zone pyrite formation slows down or may stop completely. Non-pyrite and
non-silicate iron contents decrease with depth but are always > 0.2% Fe.
Therefore it is concluded that pyrite formation is not yet limited by the
weathering rate of iron from silicate minerals. Figure 2 shows that pyrite
levels are related to organic carbon contents in the marsh sediments.
Furthermore, the ratio of organic carbon to organic nitrogen increases
strongly with depth, from approx. 12 in the top soil to >20 in the subsoil,
indicating that the biodegradability of the organic matter decreases with
depth. This explains that the rate of sulfate reduction and hence pyrite
formation decreases with depth.
Preliminary results of the interstitial water analyses show that dissolved
sulfide concentration in the main rooting zone and in the pyrite formation
zone are low (< 0.1 mmol S2-/1); increasing significantly underneath the
pyrite formation zone. Obviously the creation of oxic conditions by the
root system and the formation of elemental sulfur and polysulfides, decrease
with depth. The pH is neutral due to buffering by the carbonate system.
The strong decrease in the rate of pyrite formation below the pyrite formation zone may be attributed to a change from direct pyrite formation
through a reaction of iron with polysulfides, to indirect pyrite formation,
with amorphous iron monosulfides as an intermediate product, where the rate
of pyrite formation is controlled by the slow rate of elemental sulfur production.
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FIGURE 1. PYRITE PROFILES OF 3 SALT MARSH SOILS.
« • LOW HARSH
( 1 . 5 0 H.+O.L.)
• • M. HIGH HARSH ( 2 . 1 0 M.+O.L.)
o e HIGH MARSH
( 2 . 4 0 M.+O.L.)

o+i^—,
0 1

,
2

,

,
.——-.
.
.
5
6
7 6 9
% olg C
FIGURE 2 . SCATTER DIAGRAM OF % PYRITE AND % ORGANIC
CARBON OF SOIL SAMPLES FROM THE EASTERN SCHELDT.
3

,

4

.
10

- 409 -

IMMSOTATS I.':; UTILIZATION CF LAiELSD
ASIONIUM SULFATS A.:D U3EA UITGOTEN IN
SOILS
S.U. QKE3SKE AN O V.';. MEIN'TS

'ie designed a laboratory incubation study to
provide evidence that immobilization of fertilizer
'A occurs within a matter of hours after application.
LaDeled (iJH .)-SO.—N and urea N were added to moist
organic soils (M318 and MC15), cropped sandy loamy
soils (WI and W Z ) , and a forest sandy loam (F2), at
a rate of 2 mg N to 20 g of oven—dry soil.

Nitrogen

immobilization was measured by the appearance of
1 5 N in the soil organic N fraction.

Approximately

1, 6, and 10% of the apolied (NH 4 ) 2 S0 4 - 1 5 N was
immobilized in the cropped mineral (sandy loam) soil,
forest (sandy loam) mineral soil, and organic (muck)
soil, respectively after 12 h of incubation.

After the

same length of incubation, 2 to 3% and 9 to 10% of the
15
applied urea

N was immobilized in cropped mineral soils

and organic soils, respectively.

A readily available

carDon source appeared to be limiting immobilization,
because, when soils were amended with 4000 ug glucose
C per g soil, immobilization of added urea N increased
from 2 to 18% in the cropped soil and from 20 to 25%
in the organic soil.
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j. j^y iViIii%..j.jJ I,. JOJ-LÜI

O.ü.oniaiii, lï.J.i.ïirjjvvelaach'.ïili
Director dea Joorjiaohon i'orsohungsinstituta für Bodenkunde, Agrooheaie und . ïcliorution. Doktor dor Landwirtschaftlichen ..isaoaaciiatton;
. tukroelaaontlaborchef Kandidat dor Landwirtschaftlichen
.i'iaocnachaf ten.
Das ütudian dor u03etc:.ias3igkoiten dos Phosphoraufsaugona
vo.i Boden iat besonders grosser Bodoutung sowohl für die Bildung des optimalen x-hosphorniveaua als auch für die Prognosiorung dor Änderungen in den ßodenhaupttypen.
^a war wichtig und interessant erwähnte Frage am Beispiel
dor ochwars- und ßraunerden do3 Ustgeorgiens zu studieren,
welche biohcr in dieser Hinsicht unerforscht blieben. Der
Hauptziel unserer Untersuchungen war e s , die tföglichkoit finden, die Kennziffer der Verbindungsbostandlgkeit des Phosphors alt de.i Joden ula intensive Urögso für das Gharokteriatikixa des Phoaphatregimea der obenerwähnten ikiden zu verwenden. Jieao.1 üiel war oine grosse Anzahl von haborvorauohen
gewidmet, tua wurden dabei sowohl vegetativexperinente, als
auch daa Verfahren der radioaktiven Indikatoren genützt. I)Je
Verbindungsbeotändigkeit des Phosphors wird durch das Verhältnis des heruuagezogenen und eingeführten Phosphors durah Ü
ausgerechnet.
Ia ürgebni3 der durchgeführten Forschungen stellt sich h e raus, dnoa.die Xntansivität des Phosphataufsaugens vom Dosis
des eingeführten Phosphors abhängt.
Beiia Einführen der kleineren Dosen £10-40 mg/100 g ) die
Phosphorverbindungaboständigkeit i3t hoher und„betragt 71-77£
(über3 Jahr nach der Kompostierung,), bei den höheren Dosen
aber (ÓO-100 mg/100 g; beträgt PVß__(Phosphorverbindungaboständigkeit; -^52-62/»| Die Ftzierungsfählgkeit des Bodens zum
Phosphor hängt von der Sättigung dos Bodens mit den Phosphaten a b . In den schwachgosättigten ijehwarzerden (bis 1,15 mg/
/100 g ) in 0 wonaten nach der Einführung des Phosphors werden
2ü~32/3 der schon eingeführten Phosphaten herausgezogen (aufgG30ught oü-7a>j in olttelgasattigtem (4,7 !.ig/10O gj - 4 2 - 5 2 *
(aufgesaugt 4ü-53,£> in ötarkgesättigteia (o,4 og/100 gJ-03-69^
aufgesaugt 31-37/«)« Das Bodentyp spielt dabei eine zweitrangige Holle, die erstrangige Bedeutung wird der Sättigung des
Bodens ;ait Phosphor beigemessen.
Bei den Experimenten große Aufneiksaiakeit wurde dem Studium der Boden- und Fhosphorzusomuenwirkungszeit und ihres üinflus3es aufs Xempo, die IntensivitÜt und der Fixation geschenkt. Aus den Ergebnissenca erfolgt, daas im Bereich der K o n sentration von 10 bis $0 & a S B ^2°5 u n d 1 0 ° S Hodens, die
werte der Phosphorbeständigkeitskoherenz praktisch gleich
3ind* Sie dienen als Ausgang zum Gebrauch der beliebigen obengenannten Bösen für die Boati-i.iung dieses .vertos. Bas Intensive Phosphoraufsaugen vollzieht 3ich binnen eroten drei donaten, nachher nl_aat eo allmählich ab 70,* des Im Boden eingeführten Phosphors wurde L a Laufe der ersten Hälfte aufgesaugt.
Dna Aufsaugen des Phosphors vollzog aioh nachher weiter, aber
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.ait geringerer Intensiv!tat. Xn einen Jahr betrug die aufgesaugtes rhosphorjenge La .Durchoehni11 /4,J. Auf solcher .«eise
tritt die relative jleatanüijkeit in öc.veglichen rhoaphaton
(.die Stabilisierung des rh03phatnlvcau3j erat in 1ÜO mal 24
stunden vom ito.aont des Beginne der Zusanraontfirkung mit Boden
ein. Beiii Studieren der Kohercnsbeständigkeit des 1'hosphors
unter Anwendung von unterschiedlichen i-iethodon aa Beispiel
des breiten Boden3pektru..i3 gelang es uii3 eine wichtige Geset«.aäs3igkeit für3 •;lasen der itoKiierungsbedingungcn von Phosphatniveau in den Kar'oonatbodon festzustellen, üos besteht darin,
dass die Sättigung des Bodon3 .ait Phosphor führt zur Schwächung der Verbindung jeder folgenden Portion und dementsprechend
zur fleneglich&oit des l'^Qj i::i Boden. All das bildet die Voraussetzungen fur die tfonaierung des entsprechenden Phoaphatniveaus. Fur^dic Boatiaoung des Bodenkultivlerung3grades und die
Effektivität von den Phosphordüngejiitteln ist nach der Grösse
der Beständigkeit von Phosphorverbindung eine diagnostische
fabello ausgearbeitet:
Beständigkeit Beständig- Bejoglich- Kultivierunga Kffektivitat
der Phosphor- keit3 Grad keits Grad Grad
der Phosphorveibindung
düngeoitteln
> 70........ sehr stark niedrig
sehr schwaoh schwach.
50-70«. • • • • • stark
schwach,
schiaaoh..
mitteloässlg
::
30-50.•
4Jirl]"~
aittelmäo- mittelmäasig gut
20-30....... Dchvaoh
hoch
erhöhter
aitteloasaig
<20«....... aehr
sehr hoch hoch
nchwuoh
schwach
In den vorliegenden Vorsehungen gird der Forschungsgrad der
Phosphationen durch das ProzentvorJaoltnio von herausgesogenen
und eingeführten Phosphaten ausgedruckt. Bin umgekehrtes Verhältnis gibt einen entsprechenden Multiplikator doa Phosphorfiksationskoeffizientes, welcher durch die Bodenkompootierung
mit den Phosphordüngeoitteln binnen 130 aal 24 Stunden unter
naturgetreuen Bedingungen bestimmt wird.
Darüber hinaus laast es sich nach dan Angaben von den Poldaxperimenten berechnen, bei denen auf die Probe verschiedene
Boson von Phosphordungemitteln gestellt werden»
Beim Anbau der winterweisen In den geldbedlngungen hat der
tfLxationskoefflzient folgende Werte» rar die Schwarzerde-5,0:
fur die Karbonatbraunerde-5,2. B S ist ziglgemäas sich diesen
Koeffizienten, bei don Boden mit dem anfangllohen Gehalt vgn
P2O5 bis 1,15 ag/100..g Zu bedienen, denn bei der höheren Sättigung nimmt ihre Grösse beträchtlich ab.
Die Phosphornienge die für Bildung von Bestimmten Hiveau
des P20s im Boden notwendig ist lässt sich naoh den JJormeli
P«KtJ?:T30 P-drückt - die notwendige Menge des Pp°5 fur die
Bildung des Sollniveaus der beweglichen Phosphaten aus (kg/ha).
P1-drückt aufgegebenes übersteigen des P2O5 im Boden bei
rag/100 3 aus.
K - ist der Phosphorfixationskoeffizient vom Boden
30 - ist der Koeffizient für das Uarechen von P2O5 au3 dem
mg/100 g in kg/ha.

- 412 FIXING OF PHOSPATE-IONS AND FORMING OF PHOSPHATE
LEVEL IN SOILS
O.G.ONIANI .G.N.MARGVELASHVILI
The Georgian Scientific Research

Institute of Soil

Seienee Agroehemistry and Melioration,Tbilisi,USSR
Phosphorating of soils leads to loss of bond strength
of each following portion and consequently to increase
of P2°«5 nobility in soil.All this creates the prerequisites for suitable phosphate level forming.
The quantity of phosphorus,necessary for creating of a
certain PpOj- level in cinnamon brown and chernozem soils
of Georgia can be determined according to the following
formula: P»K- Tg30,where P-quantity of P 2 °5 »neeensery for
achieving the set level of mobile phosphates ( kg/ha) ,
Pj-set excess of PpOc in soil over initial,mg/1oo g ;
K-coefficient of phosphorus fixing by soil; 30-eoefficiest
for scaling P20e from mg/1oog to kg/ha (volumetriaal mass
of 0-30 cm soil layer in Georgia is at an average admitted
as 3.000.000 kg/ha ) .
Fixing coefficient for chernozem soils accounts 5.0,
and for calcareous cinnamon brown soils accounts 5.2. It
is advisable to use these coefficients on the soils with
initially low PgOc content ( 1.1-1.5 mg/loo g ) as at the
larger saturation their value considerably reducer.

- 413 £.011 KULUfc L-ÏAtUö.iiCOljOGICAL AKD GiXiCIIü^ICAL ü-KIKCU'LKS
OF ITS FüKLAÏIOi.
orlov *J.O.
L.osoow ütate Inivereity, Xtl>HB.
Humus status of soils is considered to be the combination
of levels of indices which characterize the content and reserves of humus,its profile distribution,composition and dynamics. Introduction of this conception is conditioned by the
fact that varios soil properties simultaneously should be taken into account when soil investigations are carried out»The
set of indices can be changed according to the purpose and
matter of investigation.7he experience in utilization of the
system of soil humus status indices enables to pass frost private characteristics of a profile to generalized ones at different taxonomio levels»
Soil organic substances are conventionally subdivided into
labile and stable components. Labile substanoes are readily
available for mloroorganlsms, being rapidly involved in transformation and mineralization of soil organio matter and controlling the present biochemical situation in soil* Stable components (humio acids and humin) greatly affect stable properties of soil types, their significant physical and chemical
features. Uanifestation of these properties depends upon group
and fractional composition of soil humus estimated using the
method suggested first by I.V.liurin.
Group composition and fractional composition of soil humus
are formed in intimate oonneotlon although main trends in their development and factors controlling the proportion of humus
groups and fractions are different. Group composition of soil
humus io oonsidored to be a set and content of individual groups of specifio and nonspecific humus substances, a group being referred to as a combination of substanoes sioiliar in
their structure and properties.
From the standpoint of kinotio theory of humification formation of group composition of soil humus proceeds according
to severed principles:1)the direction of humification is controlled by the selection of those organio and organo-tnlneral
oubstanoes which are the most' stable In present biothermodynamio situation, this determines uniform global trends ia the
process of humification and slaillarity in humio a d d s formed
in different soil types* 2)the depth of humification depends
upon the kinetics of the process, its rate being approximately proportional to the level of soil biological aotivityi 3)
in horizons of humus accumulation in autoaorphous soils the
depth of humifioation expressed in terms of c,
iC.
ratios correlates positively with the durationc^*** X , B "
of period of soil biological activity (iBA) and can be predicted on the basis of its value* 4)the duration of rlu being
equal, the depth of humification is greatly influenced by soil
chemistry and mineralogy and their hydromorphism.
The duration of 1'BA is calculated as a sum of days with
temperature higher than +10 C when the reserve of soil moisture is sufficient for the activity of predominant soil mio-

- 414 roor^anior.iß. In ureas of temperate climate the highest duration of iÜA ie characteristic for chernozems» northwards hunification ic limited by temperature factors, in dry steppe
ureae-by the rteficiency in soil moisture. ïhe kHA duration
being equal, the depth of hunii float ion grows with increase in
base saturation.
Control of humus status in cultivated soils should be based
on the principles of the kinetic theory of huwification, listed abovo. ïhe following rule eeens to be of primary importance. If sufficient amount of organic residues is annually
supplied to the coil, all the measures promoting Increase In
soil biological activity (liming, fertilization, soil aeration
control) are thought to favour increase in proportion of humio
acids in soil organic matter, 'iho kinetic theory of hunification Gupposes that the effect of the same o^rotechnical measures on the soil humus status may be unequal under different
conditions.
Fractional composition of soil humus characterises the distribution of compounds within groups of soil humus substances
according to their bonds with mineral soil components» In some
cases a correlation between group and fractional composition
is observed. Tor example high concentration of calcium in soil
solution promotes increase in the proportion of humio aolds
and in the predominance of those bound with calcium (chernozems), although in highly saturated with calcium soils of dry
steppes and semideswrts fulvio acids are prevalent. Fractional
composition of soil humus seems to be a function of the degree
of mineralization of soil organic matter and that of composition and oxidative-reduotlve properties of soil solutions.
•hen the degree of saturation is near 100,« humio acids are represented mainly by calcium hutoates or* by substances intimately bound with minerals and sesquloxldes. Control of fractional
composition of soil humus is carried out in the same «ay as
the regulation of exchangable cations composition.
Some aspects in soil humus status investigations which seem
to be of theoretical and applied significance remain open to
discussion. Those concern the Methods of quantitative expression and determination of types of functional bonds between
Indices of humus status and parameters of equations of the kinetic theory of humlfication for individual soil typos under
concrete conditions. Further elaboration of the general theory
of soil humus status optimization seems to be of primary importance Including the establishment of optimal levels for all
the significant Indices of humus status and permissible rangos in these values for various soils, crops and systems of
soil management»

- 415 Qii j!iiii i^jjiJjri^irY OF CAÜIOW JÜGHAHIGÜ
ViïüH JijA/ó AND oülii CiiAY J'riACjüÜiïS
A. Ouroumova-.t'esheva , A. Behar
:<• Poushkarov institute of Soil Science
and Yield Prediction; Sofie, Julgsria
For moat of exchange processes the ouantity termed "equiliorium constant" does not seem to be en appropriate measure
for their selectivity. One study aims at finding a conventional procedure for the estimation of the latter. £o this end
one has to formulate another selectivity criterion as a substitute for the "eauilibrium constant", specify the experimental determination of its value, apply it to the cases of
homo- and heterovalent cation exchange between solutions and
bentonite clays as well as to check its validity through analysis of soil samples of a known composition in which montmorillonite does not prevail.
The following processes have been investigated:
- exchange between ammonium saturated bentonite and potassium solutions at different values of the ratio of added to
adsorbed ionic species;
- exchange between ammonium-potassium bentonites and solutions containing Gu -ions under a. reiterated treatment;~
- exchange of aluminium saturated bentonite and a Ca -solution by using Potentiometrie titration with a pH-electrode
as an indicator;
„
ch
/K
K (Ca
,
+ - f? ange r ? a c ti f ns o|+the gjirs HH
J
J
J
X /Gu , K. /A1 , Ga /Gu , Ca /A1 , Gu /A1 .
- determination of the content of potassium salts and exchangeable potassium in samples of slightly leached chernozem illite, montmorillonite, kaolinite, illite + montmorillonite in excess with respect to kaolinite treated with potassium fertilizers.
As a measure of selectivity we propose the adsorptivity
ratio for the two ions being exchanged. For heterovalent exchange it is the ion of lower valency that pertains- to the
denominator, whereas with a homogeneous one this is the ion
of lower atomic number.
As for adsorptivities, they are determined by treating
each sample with three portions of the solution under conditions specified as follows: ratio of solid phase (grama) to
solution (cm ) 1:100, ratio of added to adsorbed ions 1:1,
one portion being in contact with the sample for 15 min.
The results obtained in this way have shown that:
- in ammonium/potassium exchange the latter ion is
slightly preferred by bentonite clays;
- the exchange behaviour of calcium and copper is similar
when they react with each other or with aluminium, while
being different in the case of their reaction with potassium;
- selectivity towards aluminium ions is very high.
Thus one could expect:
- a specific binding of aluminium through chemisorption;
- inability of potassium fertilizers to raise the level of
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'Jhere is also additional evidence for these two conclusions, namely: aluminium is the only ion which can form surface
compounds of low solubility during exchange thus fulfilling
the x'sneth-^ajsiis requirements for chemisorption; data reported by a number of authors on the state of binding of aluminium to the surface; data from a 10 years long application of
potassium fertilizers which has resulted in raising the content of potassium salts in the soil solution while not affecting that of exchangeable potassium.
appendix: Selectivity data for several exchange processes:
exchange reaction
selectivity ratio
K clay + NH. solution
Nil. cl8y + K solution
0.76
K clay + Cu solution
Ou clay + K solution

7.58

K clay + Ca solution
Ca clay + K solution

12 36

K clay + Al solution
Al clay + K solution

35 .47

Ca clay + Cu solution
Cu clay + Ca solution

l .25

Ca clay + Al solution
Al clay + Ca solution

8 .36

Cu clay + Al solution
Al clay + Cu solution

b .27

üJ?UDE m LA 3ELECTIVITE D'ECHANGE I0NIQUE
En introduisant une unitr convenue de la sélectivité, on
évite les difficultés dues ä la variabilité des coefficients
de sélectivitó. La methode utilisée fait ressortir tres bien
les differences entre Ie comportement d'échange des couples
cetioniques. Les previsions faites sur la base des données de
la sélectivité sont confirmees par les données de la teneur
en potassium échangeable d'un chernozem lessivé, fertilise
au cours de plusieurs années.
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concretions
G. Pärtay, A. Lukäcs, T. Pätkai
RESEARCH INSTITUTE FOR SOIL SCIENCE AND AGRICULTURAL
CHEMISTRY OF THE HUNGARIAN ACADEMY OF SCIENCES
H- 1525 Budapest P.O.B. 35.
In agriculture, distribution of macro- and micronutrients in
soils - as well as the type of compounds inwhich a particular
element is present - are of paramount importance in achieving
high yields. Under quite normal conditions, significant amounts
of plant nutrients are associated with soil concretions.
Consequently, on one hand, nutrient concentrations may and
often are well above the concentrations required by higher
plants for normal growth, development and yield. On the other
hand, however, in the very same soil biologically available
nutrients may be present in insufficiently low amounts resulting in undernourished plants and low yields.
It may also occur that when a nutrient-rich concretion
desintegrates under mechanical, physical or chemical pressure
/s/, concentrations of certain nutrients may locally rise to
undesirably high, even to toxic levels. The latter problem is
especially serious in soils saddled with occasional or regular
deposition of communal sewage.
Occurrence, structure and composition of soil concretions are
closely related to pedogenetical processes - especially in
hydromorphic soils. On the basis of this consideration, formation and disintegration of soil concretions and the effects of
these phenomena on the dynamics of macro- and micronutrients
in soils were studied using scanning electron microscopy /SEM/,
energydispersive X-ray spectrometry /EDXRA/ and X-ray diffractometry in various combinations. The soil samples originated
from the Hortobägy region of Eastern Hungary. In the EDXRA
studies a non-metal conductive layer was used. X-ray diffractometry was performed on<2 um oriented samples saturated with
Mg , K or glycerol as appropriate. A parallel subset of
samples was heat-treated at 500°C.
In the study of selected soils the following points were
observed:
1, Most of these concretions are either predominantly iron or
predominantly manganese-rich at their surfaces.
2, The internal structure of these concretions may either be
homogenous or matter is organized in them in more-or-less regular, concentric spheres. This latter type is quite reminiscent
to an onion's structure, as we shall call this type below.
3, In concretions of the onion type it was possible to demonstrate the presence of sulphur in high concentration at
the central part of the whole structure. Outwards of this
sulphur-rich core, layers rich in either Mn or Fe or Si
followed according to the Mn-Fe-Si-Mn-Fe- etc. pattern.
4, In some concretions having virtually randomly organized
internal structure, the presence of microlocalities
simultaneously rich in S, Ti, V was noticed.
5, Microconcretions showing an Fe-Mn-rich central core covered by Si-rich outer layer are also common in the material
involved in these studies.
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the predominant clay minerals were montmorillonite, illite,
and chlorite. In smaller amounts goethite and potassium
feldspars were also identifiable. There was no evidence
suggesting the presence of manganese in the chrystalline
phase of the samples.
7, Soil components observed in the immediate environments of
concretions were smectite-type minerals, illite, caolinite,
quartz, opal, fitolite and feldspars.
Zusammenfassung:
Die Resultate der Instrumentalanalyse sind die folgenden:
1, Die meisten Konkrezionen enthalten Fe und die Oberfläche ist
in Mn reich.
2, Die innere Struktur von diesen Konkrezionen ist teilweise
homogen, oder das Material ordnet sich mehr oder weniger in
konzentrische Ringe. Diese Form erinnert an eine Onion-Struktür,
wie wir das im folgenden bekannt geben.
3, Wir definierten einen hohen Schwefelgehalt im Zentrum der
oniontypen Konkrezionen. Dieser Schwefelzentrum ist mit einer
Schale von Fe,Mn,Si-Gehalt umringt.
4, In manchen Konkrezionen fanden wir eine Mikrostruktur in
Random-Verteilung, die in Si,Ti,V reich war.
5, Wir untersuchten auch solche Mikrokonkrezionen, wo der in
Fe,Mn reicher Kern mit einer in Si reichen Ausenschicht bedeckt
war.
6, In diesen Konkrezionen stellten die Kristallphase die
Tonminerale dar, so wie Montmorillonit, Illit und Chlorit. In
kleinen Mengen wurde auch Goethit und Kalium-Feldspaar definiert. Minerale mit Mn-Gehalt wurden nicht gefunden.
7, In der Umgebung der Konkrezionen wurden die folgende Minerale identifiziert: Smektit-Typ Mineralen, Illit, Kaolinit,
Quarz, Opal, Feldspaar und Fitolit.
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W. H. Patrick, Jr., K. R. Reddy, and C. W. Lindau
Louisiana State University and University of Florida

Oxidation-reduction potential or redox potential (Eh) is frequently
used as an indicator of electron availability potential of soils and
sediments. Since Eh is dependent on the activities of oxidants and
reductants, many biological/chemical reactions that occur in wet,
oxygen-deficient soils can be described as a function of Eh. In a
changing redox soil environment, microbial respiratory activities are
significantly affected with aerobic respiration functioning at high Eh
values, facultative anaerobic respiration at intermediate Eh values, and
obligate anaerobic respiration at low or negative Eh values.
All soil N transformations associated with the microbial metabolic
activities are generally affected by the changes in redox soil environment since many N reactions that occur in the soil involve both oxidation
and reduction. Heterotrophic oxidation of organic matter (mineralization)
and autotrophic oxidation of NH\ to NO3 (nitrification) are the examples
of oxidation. Nitrate reduction either to N2O and N2 (denitrification)
or NHi, (dissimilatory NO3 reduction) and N2 reduction to amino forms (N2
fixation) are the examples of reduction. During NO3 reduction, NOs is
used as a respiratory electron acceptor by facultative microflora.
In addition to redox processes, the N transformations associated
with some physicochemical processes (volatilization, adsorption/desorption,
and diffusion/massflow) regulate the fate and transport of N in soils.
This paper discusses recent research on the significance of these nitrogen
transformations, with emphasis on redox processes in flooded soils
planted to rice.

- 420 DEPOSITS IN DRAIN TUBINGS REMOVED FROM A DRAINED PEATY
SOIL
Pavel,L. and Kozak, J.
Department of Soil Science, Faculty of Agronomy, Agric.
University (V.5.Z) of Prague, Prague 6-Suchdol. CSSR.
A number of theories endeavour to explain the processes
resulting in the clogging of drain tubings by iron and manganese compounds, which leads to malfunctioning of the soil
drainage system a number of years after installation. The problem of drain clogging is often encountered in the case of
both drainage of overly moist soils and of removal of excessive water from irrigated soils.
Protection of soil reclamation projects against drain
clogging is expensive and technically difficult. Understanding the processes involved in drain deposit formation is a
prerequisite for effective and less expensive protective measures.
Nine samples of drain deposits formed in a drained peaty
soil were investigated along with relevant soil properties
which may potentially affect the formation of deposits. Both
mineral and organic portions of the deposit samples were analysed by chemical, spectrochemical and X-ray diffraction
methods. Ferric oxide minerals and organic compounds formed
the major part of the deposits, often accompanied by an admixture of alüminosilicate minerals.
The composition was in accordance with reduction conditions and acid reaction prevailing in soil profiles of the locality under study. Whereas the concentration of other, trace
elements was not substantially different from that in the soil,
an accumulation of copper, zinc, boron and tin was found in
the deposit samples.
All the samples were rich in organic matter. Organic matter was mostly tightly bound by the mineral portion. Its
alkali - extractable fraction was characterized by spectrophotometric data. Humic substances of simpler composition,
of the fulvic acid type, predominated. The formation of soluble chelate complexes of iron with acid-soluble fulvic acids
played evidently an important role in iron transfer from the
overlying soil layer into the drains in acid environment with
a low redox potential.
Iron concentration in drain water removed from the soil
by the drainage system, as determined analytically during the
spring or autumn concentration maxima is an important criterion of the formation of drain-tubing deposits. Soil reaction
(pH) and oxidation-reduction potential (Eh) amendment by
agrochemical and agrotechnical means may hinder and limit the
drain deposit formation effectively, since these conditions
strongly influence the mobility and transport of the main
components of the deposits.

- 421 RELATIONSHIP BETWEEN ZINC DEFICIENCY AND SOMS CHEMICAL
AND ACROCHEMICAL CHARACTERISTICS OF THE SOILS OF BULCARIA
Nina Peneva, Tatiana Zaharieva
N.Poush<arov Institute of Soil Science and Yield Prediction,
Sofii, Bulgaria
In many countries intensive agriculture creates conditions for the occurrence and aggravation of Zn deficiency. Unlike the northern and the
middle parts of the continent, southeastern Europe has an abundance of
calcareous soils with an alkaline reaction and relatively high in exchangeable Ca, Mg and total P. When grown on such soils in Bulgaria, a number
of crops such as maize, soybean, beans, peaches, grapes and others show
symptoms of Zn deficiency. Complex studies have been carried out to establish Zn status in soils. Soil samples from over 300 fields showing various
stages of Zn deficiency development have been collected and analyzed for
available Zn and Cu (EDTA extraction, pH 8.6), pH, carbonates, available
P and K and Zn adsorption.
Despite the relatively high contents of total Zn (an average v»lue for the
soils of Bulgaria of 77 mg/kg), in many areas available Zn is low. The
study has made it possible to outline the main soil geographical areas öf
Zn deficiency as well as the factors contributing to it. Zn deficiency
has been found in calcareous soils: calcareous chernozems along the river
Danube and in northeastern Bulgaria, calcareous chernozem - smolnitzas
in southeastern Bulgaria, rendzinas and meadow calcareous soils in
various parts of the country, eroded and shallow cinnamonic forest soils
developed on carbonate material. Soils having a neutral reaction such as
chernozems and chernozem—smolnitzas also contain insufficient available
Zn.
The average supply of available Zn in these soils is low (table 1), being
lower in the subsurface horizon than in topsoil in all examined cases.
The study of 288 topsoils and 205 subsurface horizons of the above soil
types have shown 89.6$ of topsoils to contain less than 1.5 mg/kg of available Zn and only 10.4 to be between 1.5 and 2.5 mg/icg. These values are
96.1$ and 3.9$, respectively, for subsurface horizons.
The low availability of Zn in neutral and slightly alkaline soils in Bulgaria is owing to the presence of considerable quantities of silicate Zn
(1) on the one hand and, on the other, to Zn fixation into a nonexchangeable form as a result of a specific adsorption. Zn adsorption in oherno—
zemic soils is adequately described by the equation of Langmuir (2). The
adsorption maximum (b) ranges between 1.20 and 1.64 mg/g for calcareous
chernozems and between 0.7 and 1.41 for typical and leached chernozems.
The constant (k) related to the bonding energy ranges between 3«20 and .
21.64 mg/kg- for calcareous chernozems and between 1.34 and 2.50 mg/kg
for typical and leached chernozems. A certain relationship has been found
between the adsorption maximum and pH (r • 0.4697*) valid for all chemo—
zemic soils, while with calcareous soils b depends on carbonate content
(r—O.533I*), humus (r-O.5800**) and clay fraction (r-0.5002*)(* 95$,
** 99$ significance level).
The low availability of soil Zn is related to increased P contents in
many cases and, in some soils, to higher Cu contents.

- 422 Table 1 - Available Zn, mg/kg, (EDI'A extraction, pH 8.6) in topsoil and
subsurface horizons of some soils in Bulgaria
Soil

Topsoil
M.Oi

calcareous chernozems
typical & leached
chernozems
ch erno zem-smolnit zas
rendzinas
cinnamonic forest
eroded soils
cinnamonic forest
soils+rendzinas
calcareous meadow soi Is

M«an,»g/kg

Subsurface horizon
No.of saaplec Mean,mg/kg

104

0.96

74

0.79

14
33
17

0.95
0.95
1.03

8
28

17

0.67
0.83
0.87

39

O.94

39

0.81

39
42

1.17
0.81

39
-

0.78
-
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INTRODUCTION.
One of the greatest problems in agriculture is salinity,due to the soil itself or irrigation with saline waters,or the excessive use of mineral fertj^
lizers. Various studies on the availability of micronutrients in relation
to pH, organic matter content, gypsum application, and different salinity
levels have been carried out (D'Arrigo et al.,1983;and Singh et al.,1933).
Additionally very feus studies have been published on how the addition of
sulfur acts on micronutrient assimility (Lindell and Sorensen, 1971*; and
Ryan et al., 1971! ) . For this reason we have studied the joint sulfur-salinity effects on the availability of micronutr ients in a calcareous soil.
MATERIALS AND METHODS.
Incubation exneriments were carried out usina 200 ml qlass containers. In
each one 100 a of air dried soil were deposited, with the following textural and chemical characteristics: Sand 17.9 %, slime fc0.28 *, clay 21.81 f,
oH 8.OR, C . E . 2 n „ . 0.82 mmhos/cm, field capacity 23.69 %, orqanic matter 1.1
2 i, CaCO^
67.31 en*, active CaCO
13.55 *, N 810.7 npm, P 6° nnm,
Na 5-5 opm, Ca 1767 PPm, Mq 1263 pom, total S l^O opm, assimilable S 15-1
nDm, B 0.5** pom, F e 2.26 pnm, Mn 5.37 nnm, Cu 0.7 opm, and Zn 0.26 pom. The
experimental desiqn consisted in the following treatements:
Soil (1), soil+ 0.05 q of sulfur(2), soil + 0.05 a of sulfur + 0.1 * of NaCl (3), soil + 0.05 q of sulfur + 0.5 * of NaCI ( M , soil + 0.05 o of sulfur + 1.» of NaCI (5), soil + 0.05 q of sulfur + 1.5 % of NaCI (6), soil +
0.1 % of NaCI (7), soil +0.5 * of NaCI (R), soil + 1 % of NaCI (9), soil +
1.5 * of NaCI (10).
Three renlications of each treatment were nerformed, all of which were mantained at 60 * field canacity. All the containers kens covered with parafilm. The soils were incubated in a darkened room at 2R°C, periodically determining DTPA extractable Cu and Fe content according to the method descri
bed by Lindsay and Norvel 1 (1978). Soils were samnled at the beginiiinq of
the exneriment and k, R, and 12 weeks thereafter.
RESULTS AND DISCUSSION.
Figure 1 shows the values corresponding to " DTPA extractable Fe". Controls
throughout the incubation process revealed lower values than those found initially at 0 time. The treatments receiving saline also showed
decreased
values after four weeks of incubation; hence fluctuating values with no definite tendency were obtained. Treatments that received salines and sulfur
presented " DTPA Fe " values below those of treated soils that received salines only, with the exception of control + O.05 n of sulfur which between
weeks 8 and 12 overtook the controls. However the denressive effects of su[
fur were ameliorated as the salinity level rose. In Fi a u re 2 the data corresponding to " DTPA extractable Cu " are shown. Controls throughout the
incubation neriod presented lower values than those initially obtained at 0
time. Therefore treatments including salines and sulfur presented DTPA-Cu
values below those corresponding to soils which received salines alone. Con
trol + 0.05 g of sulfur, howerer, usually showed slightly higher DTPA-Cu va
lues than controls.
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RESUME.
Ou a été observée comme 1'application de soufre conjoint des aoDortes salines croissantes faisse Ie DTPA-Fe et DTPA-Cu du sol, par~ranport ä 1' appli
cation exclusive des apportes salines. Cependant 1' addition de soufre en
absence de salinïté tend I produire des accroissements Dar reDDort au controle.
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- 425 ESSENTIAL AND TOXIC HEAVY METALS IN SOIL AND PLANT TISSUE FROM
MUNICIPAL SEWAGE SLUDGE APPLICATIONS TO CROPLAND
Arthur E. Peterson
Department of Soil Science, University of Wisconsin-Madison,
Madison, WI 53706, USA
The disposal of municipal sewage sludge is a situation that man
has faced for years, but the problem is becoming greater as population
increases and laws governing the methods of disposal become more stringent and energy costs increase. Energy conservation begins with recycling. Sewage sludge application to cropland is one such opportunity.
Clean Water Legislation insures increasing amounts of sewage sludge as
treatment plants improve their methods. This sewage sludge can be:
(1) Buried in a landfill where it will produce methane (sewer gas) for
many years; (2) Incinerated using some fuel (oil or natural gas) to destroy this valuable organic matter and nitrogen while creating a potential
air pollution situation; or (3) Recycled by applying according to recommendations on cropland (Peterson, 1982).
New laws usually require that communities treat wastewater through
a two- or three-step process involving primary, secondary, and tertiary
treatments. The end products of all sewage treatment processes are sewage effluent and sewage sludge. Sewage effluent is essentially clear
water that contains all the soluble material including low concentrations
of plant nutrients and other inorganic matter and traces of organic matter. It is chlorinated and discharged to a river or stream. Over 99$ of
the incoming wastewater will leave the treatment plant as effluent. Sewage sludge contains the solids remaining after sewage treatment and substantial amounts of plant nutrients and other chemical elements. Usually
sludge contains about 3 to 5% solids, but if dewatered, may contain 20$
or more solids. Sludge contains significant amounts of nitrogen and
phosphorus as well as heavy metals and insoluble organics.
The Department of Soil Science at the University of WisconsinMadison has studied the effect of sludge on crop production for more than
50 years. Noer and Truog (1926) studied the value of activated sludge as
a fertilizer. Muckenhirn (1936) evaluated the B, Cu, and Mn supplying
power of "Milorganite", while Rehling and Truog (1940) studied the use of
"Milorganite" as a source of minor elements. In recent years, Kelling et
al. (1977) studied the effect of field applications of Janesville, Wisconsin sludge on Piano silt loam and Warsaw sandy loam soils. The popular research bulletin "Sewage Sludge—Wastes That Can Be Resources (Walsh
et al., 1976), summarized these findings and provided background information for the 1975 "Sludge Application Guidelines", Wisconsin Department
of Natural Resources Bulletin B8.
The Department of Soil Science, UW-Madison and the Milwaukee Metropolitan Sewerage District initiated a field study in 1979 on the effect
of South Shore sewage sludge application on cropland. The soils on the
Walworth County Farm, Elkhorn, Wisconsin is a prairie soil classified as
Piano flne-silty, mixed, mesic, Typlc Argiudolls. The initial soil test

- 426 indicated CEC 17, pH 6.6, OM 42raT/ha,P 180 kg/ha, K 290 kg/ha, Ca 4350
kg/ha, Mg 730 kg/ha, and Zn 16 kg/ha. One of the objectives of the study
was to determine the influence of two sludge application levels (normal
rate 3.3 mT/ha and twice normal 6.6 mT/ha dry matter) on heavy metal concentration in plants and determine whether any moves into the subsoil.
Corn (Zea mays L.) has been grown annually as the indicator crop.
Cadmium, Cr, Cu, Ni, Pb, and Zn are the heavy metals determined on
soil and plant tissue samples. The corn samples are (1) ear leaf sampled
at tasseling, (2) stover, and (3) grain at harvest.
The plant analyses indicated that all the major plant nutrients
fall within the sufficient range and are above the critical level regardless of sludge application. The increased Zn content of the ear leaf
tissue from all sludge applications indicates a possible benefit from the
Zn contained in the sludge. Zinc has been recognized as the "minor" element most likely to be limiting in growth of field corn on high organic
matter soils. In general, sludge applications did not result in increased metal concentrations in the grain. Copper and Zn increased slightly
over the control, but there were no significant differences between the
two sludge rates. Metal concentrations in the stover and ear leaf were
greater than those found in the grain, indicating very limited translocation of metals to the grain.
Soil samples to a depth of 90 cm are taken in (1 ) May, (2) July,
and (3) October. The metals added to the soil in the sludge application
remained in the zone of incorporation (plow layer 0-20 cm). The elevated
Cu and Zn levels in the soil due to sludge application may be beneficial
to crop growth.
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EFFECTS OF HEAVY METALS IN FLY ASH APPLIED TO DIFFERENT SOILS.
G. Petruzzelli, L. Lubrano and S. Cervelli
Istituto Chimica Terreno, C.N.R., Pisa, Italy.
A greenhouse experiment was carried out to evaluate the effects of
the addition of fly ash on different soil types on heavy metals uptake by
wheat seedlings.
The fly ash used derived from Polish coal one of the most commonly
used in Italy. Three soils of different pedogenetic origin were employed.
According to the FAO classification they are defined as Regosol,
Histosol, and Fluvisol. Fifty g of soil with different percentages of fly
ash (0,2% 5%) were mixed with 150 g of siliceous sand in the pot
experiments carried out at constant temperature and humidity, 20°C and
70%, respectively. Fifty wheat seeds were sown uniformely for each
vessel. After 18 days, plants were harvested and separated into tops and
roots. Heavy metals content in the seedlings was determined after acid
digestion (HNO -HC10 ).
3
4
Addition on of fly ash at 2% significantly enhanced the yields of
the entire plants in Histosol and Regosol, while after addition of fly
ash at 5% also in the Fluvisol.
From heavy metal content in wheat seedlings grown on the three soils
amended with fly ash, some interesting points emerged. Zinc concentration
in the roots decreased with the increased application of fly ash in the
Regosol and Fluvisol. Concentration in the tops did not change following
fly ash addition for the Regosol, while it decreased in the other soils
after the 2% and 5% addition.
Copper decreased both in the tops and roots in all soils, after the
addition of fly ash at 2%, while at the 5% rate of fly ash further
decreases were found in the roots of seedlings grown on the Regosol and
in the entire plants on the Fluvisol.
Concentration of Chromium in the tops of the seedlings grown on the
Fluvisol was much greater than in the other soils, and remained
substantially inaltered after any treatment. Fly ash treatment
at 2%
decreased the concentration of the metal in the Regosol and Histosol, but
increased in the Regosol after the 5% treatment. Fly ash addition
diminished Chromium concentration in the roots, in all soils, and
particularly in the Histosol.
Contrasting results were obtained in the trend of Nickel uptake.
Remarkable decreases were found in the seedlings grown on the Regosol and
Fluvisol both for the tops and roots, after increasing fly ash
applications; and almost the contrary happened in the Histosol.
To examine the significance of the effects of fly ash, it is
particularly important to evaluate the distribution of heavy metals
between the tops and roots, since a mechanism could control the translocation of phytotoxic metals into the aerial part of seedlings. Concentrations of Cu in the roots were always greater than in the tops. Also for
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since great differences were found in the values of heavy metal
concentration in the aerial part of the seedlings, and in the roots. Fly
ash addition generally influenced more the concentration of heavy metals
in the roots than in the tops.
The influence of soil type was relevant. Significative increases in
the "total accumulation" of heavy metals (calculated by the product of
concentration and dry matter yield) were detectable in the seedlings
grown on the Regosol, while the contrary happened in the Fluvisol. In the
seedlings grown on the Histosol, contrasting results were obtained for
the investigated metals, in particular a decrease for Zinc and Chromium
and an increase for Nickel.
The most noticeable difference in the chemistry of the selected
soils after fly ash addition was its effect on soil pH. This value
increased drastically for the Fluvisol and to a less extent for the other
two soils.
Soil pH appears to play the most important role in determining heavy
metal availability to wheat seedlings. In the Fluvisol, where the pH
value rose from 6.1 to 8.3, after fly ash addition at the rate of 5%,
heavy metal concentrations in wheat seedlings, diminished with increasing
fly ash additions, indicating that the availability of these elements
decreased consistenly with respect to the untreated soil. In the Histosol
and Regosol, the difference in the pH values was only 0.4 between the
original and the treated soils and total accumulation of certain heavy
metals increased.
Even if pH could be considered the most important soil characteristic that influences heavy metal absorption by seedlings, nevertheless
some other factors must be taken into account. In particular the buffer
capacity of a soil which can counteract the liming effect of fly ash due
to the hydrolysis of CaO and MgO which are the major basic constituents.
Buffer capacity has been found to be directly proportional to the organic
matter and cation exchange capacity of soil and these properties are very
high in the Histosol and Regosol, but low in the Fluvisol.
In conclusion, from this study no negative effects of fly ash on the
growth of wheat seedlings and heavy metals accumulation were found.
Evaluation of the validity of this experimental procedure requires a
comparison with long term field experiments, nevertheless in recent years
bioassay techniques for the determination of environmental hazards have
been recommended for the prediction of heavy metal uptake particularly
for the possibility to examine different soil types. Also the reported
experiment seems able to provide information which is required by Italian
legislation before the agronomic use of fly ash can be recommended, in
order to avoid the harmful effect on plant growth of certain toxic
metals.
This work was supported by the Progetto Finalizzato Energetica 2 (SP
Carbone e Idrogeno CB/B4), CNR in cooperation with ENEA, CNR grant.
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PERCOLATIONS EXPERIMENT
Budimir Popovic
Department of Ecology and Environmental Research, Swedish University
of Agricultural Sciences, S-750 07 Uppsala, Sweden
The aim of the study is to compare the effects of various acidifying
compounds and liming (counteract measure) on two soil types in forest
(dystric cambisol and iron-podzol) subject to different level of airborn
acidity (middle and south Sweden).
Material and methods. Six different soils (four are discussed here)
were studied representing cambisols and podzols. The different soil
layers were sampled separately and large quantities of homogenous soil
material was prepared. The new profiles were built in Mitscherlich pots.
The following acidification agents were used in single treatment with
sulphuric acid 1%
, , sulphur powder and nitric acid lï. nl . The dosage
was adjusted to thK séme quantity of H keq/ha. In addition & treatment
with water acidified to pH 3 with sulphur acid was included, and a
treatment with urea (as a possible source of nitrate). Further a treatment with lime of 2 000 kg Ca CO,/ha was included. A vegetation cover was
established by sowing winter rye of an „old Swedish provenance". The
evapotranspiration loss was compensated for (140 mm in 1979, 240 mm in
1980, and 220 mm in 1981) by frequent watering with distilled water. In
addition watering corresponded to 50 mm per month and was performed every
other week from July 1979 to October 1981 during non-frozen period of the
year. The experiment was run in an open green-house.
Results
The effects on the pH of leachate. The single treatment with strong
acids showed a small effect on the pH- of leachate from both soil types.
The continuous treatment with water acidified to pH 3 decreased the pH in
the leachate markedly in second and third year after the start of experiment, especially in leachate of cambisol from both areas. The most
resistent to the acidifying treatment with pH 3 water was iron podzol
from middle Sweden, only after two years a decrease of pH values was
found in the leachate. Liming increased the pH-values of the leachates
slightly, only in one case (iron-podzol from south Sweden) increased
markedly pH of the leachate.

Dystric cambisol, south Sweden
I r o n - p o d z o l , middle Sweden

1979

19SO

1981

1979

T9SO

Fig. pH fluctuation in the leachate from the pot experiment.
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Leaching of anions, primarily SO., varied strongly depending on soil
type, sites (deposition) and treatment. The quantity of SO.-leached from
non-treated pots (control watered with distilled water) wat higher in the
leachate from podzol profiles:
2
Leached quantity of SO. and NO, in leachate meq/m

SIT
NO^

Dystric cambisol
middle
south Sweden

middle

Iron-podzol
south Sweden

SO

ZÖO

Ï9Ö7Ö

5.0

6TTÖ
78.1

1.0

69.4

Leaching of sulphate is linked to soil type, and for nitrate geographical position.
The quantity of SO. in the leachate from acid treated soil was lower
from the cambisols (28-54 per cent of added) than from the podzols
(63-70%). The treatment with pH 3 water gave the highest net effect for
leaching of SO. from cambisols (56-86%), this was markedly lower from
podzol (48-51%J• The treatment with sulphur powder showed very slight
effect on the SO. in the leachate.
The leaching of nitrate was noted in both soil types from south
Sweden, which indicates natural nitrification in spite of low pH. The
leaching of nitrate occurred in all soil treated with nitric acid
(31-38 per cent of added %) and a treatment with urea increased the
nitrification in the cambisol.
The leaching of chloride was hardly influenced by the different treatments.
Leaching of base cations, especially calcium and magnesium, followed
that of the anions. The treatment with sulphuric acid (single and pH 3
water) increased the leaching of calcium much more than with nitric acid.
Compared with the control increased the leaching of calcium 58-184% for
single sulphuric acid treatment resp. 148-222% for pH 3 water, but only
36.60% for treatment with nitric acid.
The leaching of potassium and sodium was little influenced by acid
treatment.
Another cation, ammonium, was influenced by acid treatment and urea,
especially in soil profile from south Sweden.
The change in acid/base status of the soil as characterized by pH and
base saturation was determined at the end of experiment. The change of pH
values (in water suspension) after different acid treatment in the soil
layers of all sites was very small, base saturation was little altered
also. The liming increased markedly the pH-values and base saturation,
particularly in the humus layer.
Zusammenfassung
Die Auswirkung von verschiedenen versauernden Verbindungen und der
Kalkung auf zwei Bodentypen (dystric cambisol and Eisenpodzol) ausgesetzt
zur unterschiedliche saure Deposition wurde durch die Auswaschung in
Kleinlysimeterversuch in drei Jahre gefolgt. Die einmalige Behandlung mit
1% . Schwefel- und Salpetersäure konnte die pH-Werte des Sickerwassers
gaK2 wenig beeinflussen. Dagegen, die kontinuerliche Einwaschung mid
versauertem Wasser zu pH 3 (mid H ? S0.) hat die pH-Werte stark gesenkt.
Die Sulfatauswaschung scheint mehr von geographischer Lage und die
Nitratauswaschung ganz von dem Bodentyp abhängig zu sein. Die Veränderung
von Säure/Basenstatus im Boden was auch sehr wenig von Behandlungen
beeinflüsst.
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CHARACTERIZATION OF SOME FUNCTIONAL GROUPS IN. HUMIC SUBSTANCES
J. M. PORTAL, F. ANDREUX, P. PILLON, B. GERARD, P. JEANSON,
and L. JOCTEUR-MONROZILR
Centre de Pédologie Bioloqique du C.N.R.S.
B.P. 5, 54501 Vandoeuvie-iès-Nancy Cédex, France
METHODOLOGY OF ELEMENTAL ANALYSIS. For y e a r s , C and N in soil organic
natter (SOM) have been measured by oxidation in sulphuric m e d i a , followed
by gravimetry or volumetry of C O . and ammonia evolved. In the last two
decennies, the development of dry combustion, gas chromatography ( G C ) , and
computerization,has provided lesser experimental manipulations, and more
accurate measurements than with older m e t h o d s . Dry
combustion makes
possible complete oxidation reactions, and simultaneous determination of
C , N , and H on the one h a n d , and of S and 0 , on the other hand. Consequent
ly, C/N and H/C ratios, w h i c h are important parameters to soil scientists,
may be calculated on the same organic sample,and without weighing.
The analytical device used on the herein purpose is a "Carlo Erba
1106" autoanalyzer. Organic samples ( < 2 m g ) are packed in C-free silver
or tin c o n t a i n e r s , dropped into a vertical quartz tube heated at temperature
> 1050 °C, and the combustion gases go then through a copper column at 560 °C
N
2 ' c-°2 a n d H 2 ^ f ° r m e d a r e successively eluted on a "Porapak Q S " G C column
at 120 °C, measured with a thermal conductivity detector, and the signals
are computerized (Pella and Colombo, 1 9 7 3 ) . For the purpose of O a n a l y s i s ,
a pyrolysis oven at 1200 °C is used. Ni-charcoal (45 X w / w ) is used as a
catalyst, instead of Pt-charcoal. The elution of CO evolved is optimized
by using a column of molecular sieve saturated with C H C 1 , , which prevents
tailing peaks.
BALANCE-SHEET OF S0M FRACTIONATION. A n immediate application of elemental
analysis is the study of C and N distribution in S0M fractions. Table 1,
which compares the weight distributions ( W ) , C and N c o n t e n t s , and C/N
ratios of particle-size fractions, shows the increasing concentration of
R in SOM from coarse residues (2000-100 p m ) to fine clays (5-0.1 urn and
•J. 1 - 0 u m ) .
Table 1
Fractions in pn

2 ooc
«Noosa. »,
(after Andreux
et Correa. 1981)

u
c
K

C/K
0ETRITAL SEDIMENT
(after Jocteur Monrozler
et »1.. 1983)

FUNCTIONAL

!
H

j! „

100

50

c

0.

5

58 0
13.e
0.45
30.?

7.2
5.<
0.20
19.1

19.7
7.9
0.42
in.?

14.7
27.C
1.44
1.1.B

0.4
25.5
1.74
14.6

«.9
32.4
1.14
28.5

3.C
5.6
0.25
21.5

57.3
1.1
O.Of.
18.0

23.0
2.4
0.2?
3.3

11.0
5.1
0.65
8.0

ANALYSIS OF HUMIC MATERIAL. Almost all reactive groups m a y b e
assessed by specific derivatization m e t h o d s . In a first step, w e applied
the techniques of a m i d a t i o n , o x i m a t i o n , and acetylation, respectively to
carboxyl, carbonyl, and hydroxyl g r o u p s , which may represent the half of
total organic O in humic a c i d s . T h e completion of the reactions, as well
as the absence of residual reagent are controlled by infra red spectroscopy
( I R S ) . The amounts of the respective functional groups are calculated
from elemental composition, as shown in Table 2 .

- 432 Table 2
Initial product
(N X. C/Nj)

Derivative
(C/Md)

Arotdation

. , ^„.,>
n (-C-0H)

. , /»..et.
n (-C-II.,,!

Onimation

n ( CO) - » ( CN-OH) „ . '° "

Acetylatfon

-

. . IC N (C/N|-C/N,i>
n • • „ c / ) 1 ( j . ,j«

(-O-t?™,) r, •

n (-0H)

l0

Wltf'W

" (C/Nd-C/Ni)
24

Samples
P0070L HA

1.78*0.02

29.9*0.7

10.4*0.1

3.6*0.2

2.8

7.1*0.1

«.1*0.2

35.0*0.5

3.8*0.9

REN0ZINA HA

4.29*0.04

11.0*0.1

7.3*0.1

2.9*0.1

2.8

5.5*0.1

3.0t0.l

14.3*0.1

5.940.4

• meq.9-1 HA

DISCUSSION. Sample preparation requires three main conditions: freezedrying and storage under vacuum, in the presence of P^O,, to ensure satisfactory dehydration; pelleting and grinding, to improve homogeneity; weighing
on a microbalance, to three places of decimals in mg, with at least three
replications.
Optimal use of the analyzer is based on the following requirements:
combustion temperature must be as close as possible to quartz deformation
point (1200 °C), by adequate adjustment of the height of the catalyst in the
oven (A cm Co.,0 ; 10 cm Cr.0 ; 26 cm void volume); secondary reduction of N
oxides evolved is carried out at 600 °C on a freshly prepared Cu/Ag catalyst
(the presence of Ag is necessary to avoid adsorption of N_ formed, and of
C 0 _ ) ; temperature of the columns and the detector is set between 105 and 120
°C,' depending on the analyzer.
CONCLUSION. Elemental analysis may be used as a tool to study functionality"
in purified humic materials. In addition to global distribution of elements,
many functional groups may be measured after reaction with a substituant
which suffisantly modifies the C/N, H/C or O/C ratios of the initial material.
Results obtained by calculation aggree with those based on the measurement
of the intensities of specific IRS peaks, or of radioactive substituants.
Carboxyl groups, which represent-from 20 to 30 Z of organic oxygen may be
determined, independently from their pKa values, as a complement to Potentiometrie titration.
Reproducible results indicate that all reactive groups are substituted,
unless part of them are hidden or stericallv hindered. In the case of carboxyl groups, this could explain that^rhis method yields values lower by 10
to 25 Z, with respect to those obtained by potentiomatric titration.
ANDREUX (F.), and CORREA (Adela), 1981. In "Migrations organo-minérales dans
les sols tempérés". C.N.R.S. Int. Meeting n° 303. Editions du C.N.R.S., Paris,
329-339.
JOCTEUR-MONROZIER (L.), BONIJOLY ( M . ) , PILLON (P.), ANDREUX (F.), SOUCHIER
(B.), and PELET ( R . ) , 1983. Advances in Organic Geochemistry, John Wiley &
Sons Ltd, 323-327.
PELLA (E.) and COLOMBO (Bj.19873. Mikrochimica Acta, Springer Verlag, 897-719.

- 433 INDIRECT SPECTROPHOTOMETRY DETERMINATION OF AVAILABLE SULPHATE
IN ACIDIC SOILS WITH CHLOROPHOSPHONAZO III (CPA III)
Qiu Xing-chu
Environmental Science Research Institute of Ganzhou Prefecture,
Jiangxi, P R China
Sulphur is one of the elements which exist as numerous species.
Accordingly, a number of spectrophotometric methods for determining
6ulphur in its various forms have been developed. Among the methods
for sulphur in the form of sulphate, the classical turbidimetric
(BaSOi*) method is the most known one and widely used"' . It is simple and fast, but of rather low precision and sensitivity.
In this paper, a indirect spectrophotometric method for determining micro-amount of sulphate in soil with CPA III is proposed'*' .
The method is based on the precipitation of SO^ with BaClj solution
from sample solution, dissolution of BaSO^ in disodium ethylenediamine tetra - acetate (EDTA) - ammonia solution and spectrophotometric
determination of SO^" by colour reaction between released Bax* and
CPA III.
Optimum conditions for the spectrophotometric determination have
been studied. It was found that the barium - CPA III complex exhibits
an absorption maximum at 660 nm, whereas that of the reagent is at
5^0 to 560 nm.
The effect of pH and reagent concentration on the aboorbance of
the complex have been examined. The absorbance reaches the maximum at
about pH 7 and decreases slightly with decreasing of pH values. And
it rises gradually with the increase of the amount of CPA III added.
Usually, k.0 ml of the reagent is introduced, and it must be conducted very carefully and exactly.
The adherence to Beer's law was verified between
sulphur in a 2-cm cell and between 0.0 and 0.6^ ppm
According to Sandell's expression the sensitivity of
tion is 1.07 ng.cm
, and the molar absorptivity (£
liter, mole . cm*"" at 660 nm_.

0.0 and 0.32 ppm
in a 1-cm cell.
the colour reac) is 3-0 x 10

The recoveries of added standard sulfur were found to be 98-10'*%
and the relative standard deviation for SOjT was < 3-09 % (10 replicates) .
It is evident that this method is more precise and accurate than
turbidimetric (BaSO^) method. Satisfactory results were obtained when
this method was applied for the determination of the S0 # contents in
various type of 60il in Gannan.
The analytical procedure is as follows:
A 10 g of air-dried '•Omesta soil sample are placed in a 150 ml glass - stoppered conical
flask, add 50 ml of extractant (dissolve 2.0^ g of the Ca(HiPOf ),• H,0
in 1 litre of 2 N HAc). Shake the flask for 90 min. then filter a
part of solution through a dry filter paper.
Pipette 10 ml of this solution containing not more than 80 /ig of
sulphur into 3. 10 ml centifuge tube, add 1 ml of 10% Bacl
solution.
Centrifugalize for 5 min., and discard the upper layer clear solution.
Wash the precipitate with 10 ml of water. Centrifugalize it again, and
discard the supernatant liquid. Add k ml of EDTA - ammonia (dissolve 2
g of EDTA in 100 ml of 0.25 N ammonia), and shake the tube slowly to
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dissolve all precipitate. Finally, dilute to the mark with water, and
then mix it completely. Pipette 1.00 ml of the above-mentioned solution into a 25 ml volumetric flask, 1 ml of 0.1 N acetic acid and k ml
of 5 x 10
H CPA III (this solution was prepared by dissolving the
reagent in 95 % ethanol) were added successively. The solution was
then diluted to the mark with water, and shake well. The absorbance
was measured at 660 nm in a 2-cm cell against a reagent blank prepared
in a similar way.
The calibration curve is prepared by using standard solutions containing from 0.0 to 't.O ml of a 20/ig/ml solution of sulphur treated
in the same manner.
REFERENCE
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- 435 Spatial and temporal variability of chemical
characteristics of the soil in temperate forest stands
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Goettingen, FRG
INTRODUCTION
Research on the role of the chemical state of soil in forest
dieback requires information on soil characteristics; i.e., both
the extremes and the average values of key chemical parameters.
Although the chemical characteristics of the surface of the
solid phase may be relatively constant in time, the chemical
composition of the soil solution can vary greatly. This must be
considered when describing stress situations of short duration.
This study describes the spatial and temporal heterogeneity of
key chemical soil characteristics at two stands which differ in
acidification intensity.
METHODS
The research was conducted at two beech (Fagus silvatica) stands
in the highlands of Lower Saxony (FRG). Soils on the first site
are classified as a shallow Rendsina or Terra fusca on Triassic
limestone (area: 3 ha). The second stand (Hils mountains) is
characterized by a podzolic brown earth developed from a mixture
of loess overlying base-poor Cretaceous sandstone (area: 1.5
ha). PH and exchangeable cations (percolation with
In NH4C1)
were measured in the soil. Soil solution was collected with
tension lysimeters and the concentrations of major inorganic
ions determined by standard methods.
RESULTS
The soils developed on the limestone are chemically more
heterogeneous than the podzolic brown earth soils. The range of
pH values is wider (Figures 1 and 2) , as are the equivalent
fractions of Ca and Al on the exchange complex. This
heterogeneity is due to the irregular occurrence of small CaC03stones in the limestone-based soil. The finer soil fractions are
carbonate free. The soil in the vicinity of the limestone
pebbles lies in the carbonate-buffer region (high buffer
capacity) , while the more removed soil is in the silicate-buffer
system. The silicate system has relatively low buffer ability;
increased internal H + production or H + deposition from the
atmosphere can therefore rapidly shift the soil pH into the ionexchange buffer region. The podzolic brown earths, in contrast,
are more heterogeneous with respect to the equivalent fractions
of Fe 3 and H + on the exchange complex.
h
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Fe
and H + are present at the exchange complex.
The measured ranges of these chemical characteristics are important with respect to ecological aspects (for example tree species suitability, danger of toxicity to the root system). For
example, although the pH values and equivalent fractions of Ca
and Al in the podzolic brown earth indicate relatively homogeneous soils, the concentrations and molar ratio of Ca and Al in
the soil solution differ greatly from site to site. This can indicate wide site differences in soil aluminium toxicity to
roots. During the entire 18 month investigation at one soil profile the Ca/Al molar ratio at 80 cm depth ranged between 0.15
and 0.20, indicating a high danger of Al-toxicity to beech root
systems (Figure 3) .
Ca/H L»ot/aoU

Figure 3:
Development of Ca/Al Molar ratio
in soil solution of two profiles of a
podzolic brown earth on Cretaceous sandstone

j'l'uVirrj'i'i'fii'iiJ'rwA'H'j

A second profile in the same soil type, however, shows a much
higher ratio which is out of the toxicity range, although a
sharp decline during the 18 month study period suggests that
this situation might change rapidly in the future.
The importance of regional heterogeneity in key chemical characteristics of the soil must be recognized in forest soil chemical
investigations. Heterogeneity can lead to Al-toxicity and damage
to individual trees while the mean soil chemistry might suggest
levels not yet toxic.
SUMMARY
The frequency distribution of pH and equivalent fractions of Ca
and Al on the cation exchange complex were analyzed in soil associations on limestone and Cretaceous sandstone at two beech
stands in lower Saxony (FRG). Wide site-to-site variability can
exist in the development of the soil solution over time, with
important repercussions for the biology of the forest system.
The variability of single characteristic values at both stands
corresponds to the chemical state of the soils and, in particular, the different buffer systems. The dynamics of the temporal
development of the soil solution can be related to the chemical
status of the exchange complex.
ZUSAMMENFASSUNG
Es wird die statistische Verteilung von pH und Austauscherbelegung in Bodengesellschaften auf Muschelkalk und Kreidesandstein
an zwei Buchenstandorten in Norddeutschland untersucht und exemplarisch der zeitliche Verlauf der chemischen Zusammensetzung
der Bodenlösung dargestellt. Die Größe der Variabilität einzelner Kenngrößen an den beiden Standorten ist mit dem bodenchemischen Zustand in den jeweils unterschiedlichen Pufferbereichen
verbunden. Die Dynamik des zeitlichen Verlaufs der chemischen
Zusammensetzung der Bodenlösung läßt sich der chemischen Charakteristik der Oberfläche der Festphase zuordnen.
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EFFECT OF PARAQUAT AND
ATTRAZIME ON THE CHARACTERISTICS OF SOME CLAY MINERDr. Farida H.Rabie
ALS

Soil Morphology & Mineralogy

This investigations was carried out to elucidate the
effect of some herbicides - which are intensively used
for weed eradication in Egypt - on some properties of
pure clay minerals. Montmorillonite, Kaolimite,
attapulgite and vermiculite were chosen to represent the
predominant clay minerals in the alluvial and calcareous
soils of Egypt. Regarding the herbicides attrazine was
selected to represent the anionic group whilst paraquat
was chosen to represent the cationic one. Result showed
that the ability of the pure minerals to absorb paraquat
followed the order : montmorillonite attapulgite kaolimite.
In case of attrazine they followed the order montmorillonite
kaolimite attapulgite. X-ray diffraction patterns of
paraquat-clay showed a collapse in montmorillonite lattice
o
o
clay from 14 A down to 12.6 A , this collapse remained
even after the desorption of paraquat. Glycerol treatment
failed to re-expand the collapsed lattice of montmorillonite. The basal spacing of other clay minerals i.e.
kaolinite, vermiculite and attapulgite did not alter due
to paraquat adsorption. In respect to attrazine, no change
in the basal spacings was noticed with any of the previously
mentioned minerals.
Determination of C.E.C and «urface area showed that the
CEC of the montmorillonite decreased to one forth of that
of untreated clay. This drop in values of CEC was not
pronounced with vermiculite as the CEC of paraquatvermiculite was four-fifth of the untreated clay. Total
surface area of either montmorillonite or vermiculite
was also affected. The obtained results indicated that
there was a reduction in the total surface area amounted
to about 20% of its original value.
Infrared spectroscopy ascertained some alteration in the
clay minerals as a result of herbicides application.
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AN EXPLANATION OF INFRARED BAND FREQUENCY SHIFTS AT CLAY SURFACES IN
ORGANIC AND OTHER SYSTEMS
M. Raupach
CSIRO Division of Soils, Adelaide

Molecules adsorbed at clay surfaces have frequently been observed to have
the frequencies of their infrared absorption bands altered by the
proximity of clay surfaces. An infrared study of anilinium vermiculite
has given evidence for dipole interaction between the organic cations and
the clay.
Using a simplified theory of mutual dipole induction, it can be shown
that dispersion forces give rise to shifts in relative frequencies which
are proportional to the polarizability of the interacting dipoles and to
the reciprocal of the third power of the distance between them. This
relationship, which is easy to use because of the additive nature of bond
polarizabilities, also has a directional component.
In spite
quantitatively
clay-organic
vermiculite
intercalates)

of its simplicity, this theory is well able to account
for the frequency shifts observed in a number of
systems investigated
in these laboratories
(anilinium
and
dimethyl
sulphoxide
and
selenoxide
kaolinite
as well as in further systems reported in the literature.

- 439 SOME ASPECTS OF SOIL POLLUTION RESEARCH IN ROMANIA
Corneliu Räutä, Stelian Cärstea
R e s e a r c h Institute for Soil Science and Agrochemistry
Though, in Romania, soil scientists have always been, more or l e s s ,
concerned in soil pollution, only since 1974 this has become an institutional problem, when, within the R e s e a r c h Institute for Soil Science and
Agrochemistry, a special department was set up - the R e s e a r c h Laboratory for Soil Pollution Control. At the same time, a new approach of
the problem was adopted, based on the modern, systemic, ecological
conception, having in mind the following basical ideas:
(1) soil pollution means any actions causing physical, chemical or biological deterioration of soil normal function as a support and life medium
(especially for t e r r e s t r a l , high plants), as well as the occurence in
soil of some properties and characteristics reflecting the depreciation
of soil fertility, the d e c r e a s e of soil bioproductive capacity; (2) quantitative and/or qualitative decrease of vegetal production reflects soil
pollution severity which, for the same s o i l , varies in terms of species,
its tolerance and cropping technology; (3) quantitative, economic e x p r e s sion of the resultant soil pollution effect is either the cost of the lost
output or the value of the expenses needed to maintain or recover the
soil productivity at the parameters previous the occurence of soil pollution (Räutä, Cärstea 1979a, 1983). Therefore, in accordance with this
conception, "soil pollution" notion covers all kinds of soil degrading
phenomena and, at the same time, takes into account all the soil pollution implications and consequences in interdependece with other environmental factors (Räutä, Cärstea 1982 a ) .
In the light of this conception, r e s e a r c h has had firstly in view:
1. Definition of main soil pollution categories and establishment
of
priority pollutants in Romania, their sources and a r e a s affected by them,
as well as their translocation from soil into plants.
2 . Adaptation and development of adequate methods and procedures
(biological ones included) to identify and measure soil pollutants, to
know their behaviour in s o i l , their translocation from soil into plants
and their effects on soil fertility and on environment, as well as to p r e vent soil pollution and to reclaim polluted s o i l s , using the most
advanced achievements of science and technology.
3 . Establishing the maximum tolerable limits of different pollutants in
soil taking into account the soil, climate, crop and cropping technology
conditions.
4. Elaboration of principles and c r i t e r i a for identification , c h a r a c t e r i zation, classification and mapping of polluted s o i l s .
5 . Development and implementation of a national soil quality monitoring
system including both the impact and background pollution aspects,with
special subsystems on specific fields as pesticide r e s i d u e s , heavy metals , e t c .
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R e s e a r c h carried out so far revealed many important aspects of soil
pollution. Thus, around some industries and along some highways, especially n e a r the s o u r c e s , relatively high contents of some pollutants
were found (Räu^ä, C a r s t e a 1982b, 1983; Räujä et a l . 1985), as for
example, in soil: up to 3,170 ppm P b , 3,000 ppm Zn, 1,387 ppm Cu,
12 ppm Cd, 4-50 ppm F ; in corn (kernel): up to 6 ppm P b , 144.4 ppm
Zn, 7 ppm Cu, 11 ppm Cd; in potato (tuber): up to 22 ppm P b , 128.6
ppm Zn, 15-8 ppm Cu, 1 ppm Cd; and in alfalfa (leaf): up to 26.2 ppm
P b , 82 ppm Zn, 30 ppm Cu, e t c . Also, r e s e a r c h showed the dependence of translocation or bioaccumulation coefficient of pollutants from
soil into plant on s o i l , climate, plant and technology conditions . T h u s ,
for example, in case of corn (kernel), on v e r t i s o l , the coefficient for
HCH was 0.07 as compared with 2 . 5 on psamosol (Räutä et a l . 1978).
The coefficient values obtained with corn (kernel), on different s o i l s ,
during s e v e r a l y e a r s , ranged from 2 . 6 to 5.8 in the case of HCH r e sidues and from 2 . 7 to 12.6 in the case of DDT r e s i d u e s . T h i s , among
o t h e r s , also reveals a "plant specific affinity" for different pollutants,
which has to be taken into account when the soil pollution has to be
evaluated in relation with a certain plant (species).
As concerns the background soil pollution, six reference a r e a s w e r e
set up where the soil quality dynamics is systematically r e c o r d e d .
Having in mind the importance of soil pollution, special guidelines were
prepared for identification, characterization, classification and mapping
of polluted s o i l s . In this view, the following taxonomie ranks were set
up (Räu^ä, Carstea 1983): class (pollution n a t u r e ) , type (pollution
source) and grade (pollution severity), the last category having the
following divisions:
Code
0
1
2
3
4
5

Significance
Practically non-polluted
Slightly polluted
Moderately polluted
Severely polluted
Very severely polluted
Excessively polluted

Quantitative and/or qualitative
d e c r e a s e of production
< 5%
6 -10%
11 -25%
26 -50%
51 -75%
>75%

In order to know the soil quality dynamics, an experimental national
soil quality monitoring system was implemented using an increasing number of indexes (Räu^ä, Carstea 1982). The obtained data are computerized, and on their basis the agricultural soil quality balance is y e a r l y
a s s e s s e d , emphasizing the soil quality tendency, as well as the measures
needed to prevent and control the harmful phenomena.
The r e s u l t s obtained so far in this field, though of a preliminary
c h a r a c t e r , proved very useful, helping the decision-makers to better
understand the soil pollution control problems which a r e essential for a
modern agriculture and for environmental protection and improvement.
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N i t r o g e n T r a n s f o r m a t i o n In P o n d s
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and
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N o r t h C a r o l i n a AS.T State
Florida, U.S.A.

Nitrogen is the key element that causes eutrophication in ponds,
lakes, and streams.

Nitrogen usually enters into aquatic systems by

surface-subsurface discharges from non-point (faulty family septic
systems or sewage effluent discharges, agricultural drainage, and
cattle-grazing watershed areas) sources.

Nitrogen discharged into

aquatic systems is either in inorganic or_ organic forms.

The physico-

chemical characteristics of underlying sediments of ponds, lakes, and
streams play a significant role in functioning as a source or sink for
external N inputs.

The purposes of this study were to 1) quantita-

tively determine the fate of l^N in microcosm sediment-water columns,
and 2) determine the relative rate of individual processes (mineralization, adsorption, denitrification, and N2 fixation) in the sediments.
A laboratory study was conducted to determine the role of N transformations in microcosm sediment-water columns obtained from the ponds
receiving inorganic N-rich effluents (septic fields, agricultural, and
cattle-grazing watersheds).
with either 15NH^_N

or

Floodwater of the columns was enriched

I5NO3-N.

range of 55-85 mg N m - 2 day - 1 .

Ammonium removal rates were in the
About 23 to 49% of the floodwater

1 5 N H 4 had diffused into the sediment during 22-day incubation and was
recovered in the
and the organic
When

15

15

15

NH4 fraction (6 to 12% of the floodwater

N fraction (14 to 37% of the floodwater

15

15

NH^,-N

NH4-ty.

NC>3-N was added to the floodwater, about 7% was tied up in
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the sediment.

Ponds receiving effluents from septic tanks and cattle-

grazing areas retained less floodwater N in the sediment compared to
the sediments of the ponds receiving runoff from agricultural operations.
A series of batch incubation experiments were conducted to determine the relative rates of mineralization of organic N, adsorption of
NH4, nitrification, denitriflcation, and N2 fixation.

Results of these

studies will be available by the time this paper is presented at the
ISSS meetings.

Rates of individual processes will be used to deter-

mine the role of sediments in functioning as a source or sink for
external N inputs.

- 443 Modelling of physico-chemical processes in alkali soils ameliorated
with gypsum amendment and leaching
M. Rédly and K. Darab
Research Institute for Soil Science and Agricultural Chemistry of the
Hungarian Academy of Sciences, and Horticultural University, Budapest
Hungary
Introduction
Gypsum - as an amendment - is usually either mixed into the soil layer
to be ameliorated, or spread on the soil surface, furthermore it may be
used to improve the quality of irrigation waters. The chemical reclamation
of the soil can be combined with leaching.
In order to select the most effective way of gypsum application in the
case of a given soil, the physico-chemical processes affecting the movement
and distribution of CaSO. in the soil profile must be taken into account.
Material and methods
Soil column experiments were carried out to study the vertical distribution of Ca , Na , and Mg^+ ions in the solid and liquid phases of alkali
soil columns treated with gypsum. Columns - 10 cm in length and 4,65 cm. in
diameterwere filled with 180 g soil /the 0,5-2 mm particle size fraction of
the Bi horizon of an alkali soil/. The following treatments were used: I.
leaching with caljium sulphate saturated solutions; II. the elution of
calcium sulphate mixed into the soil or III. applied on the top of the soil
column. The leaching solutions used were: water and Na^SO. solutions of two
concentrations /marked on Fig.1. as 2,3 and 4, resp./. Ihe ionic concentration and composition of the soil solution and the amount of exchangeable
cations were determined in 1 cm thick sections of the soil columns. Using
the above data and the values of the same parameters measured in the effluent solution, ion balances for each column were calculated and the ion
exchange equilibria due to calcium sulphate dissolution were determined.
Results and discussion
There are differences in the distribution patterns of exchangeable
Na ions in the soil columns after the percolation of gypsum saturated
solutions or when the soil is previously treated with gypsum /Fig.1./. The
distribution pattern depends also on the concentration and on the different
Na + : divalent cation ratio of the leaching solutions.
Gypsum efficiency is also depending on the application method /Table
1./. Although there is no substantial difference in the amounts of gypsum
utilized, the increase of mobile Ca in the columns is much less when gypsum
saturated solution is percolated through the soil than when calcium sulphate
is mixed into, or spread on the soil. This is also true as regards the
amounts of replaced Na + ions. Therefore mixing the amendment into the soil
layer seems to be the most effective treatment. The experimental results
show that Ca2+-Na+ and Ca -Mg^ ion exchange processes are running
simultaneously. The selectivity coefficient of the latter depends on the
Mg saturation of the soil.
Conclusions
The SAR values of the irrigation water may be effectively lovered by gypsum
treatment only if the salt content and the SO?" concentration of the water
are low enough. In the case of chemical soil reclamation, the highest efficiency can be obtained by mixing the amendment into the soil layer to be
ameliorated followed by leaching.
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Figure 1.
Distribution of exchangeable N a + in the case of two different methods
of gypsum application
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Table

1.

Gypsum efficiency as affected by the application method
Treatment
CaSO, !H20
Extent of the increase of Ca
dissolved
g/column %

on the
in the
solid phase solution

%

%

in the
effluent

Exch.
Na
replaced

%

1/2
3
4

2,82
1,32
1,39

31,31
14,57
15,60

9,80
0,87

2,24
0,3O
0,1

19,27
13,40
15,5

48,5
1,55

H/l
2
3
4

1,76
2,92
2,69
2,65

19,50
32,43
29,96
29,39

18,53
26,98
23,56
26,25

0,97
0,72
0,05
0,28

4,73
6,35
2,86

81,0
92,0
90,8
78,7

III/l
2
3
4

1,84
1,71
1,57
1,07

20,42
19,02
17,74
11,92

19,45
16,66
14,40
10,36

0,97
0,80
0,70
1,01

1,52
2,61
0,50

41,6
67,4
63,0
52,0

in % of the oriainal value
Zusammenfassung
Modelexperimente wurden in Bodensäulen für die Schätzung der Effektivität
der verschiedenen Gipsverwendungsverfahren in der Melioration von Alkaliboden durchgeführt. Es wurde festgestellt, dass die Verminderung der SAR
Tiferte des Bewässerungswassers nur in jenem Fall effektiv ist, wenn der
Salzgehalt und die S O ? - kbnzentrazion des Wassers genügend gering ist.
Bei der chemischen Verbesserung der Böden, kann man die höcWte Effektivität
dann erreichen, wenn der Boden mit dem Verbesserungsmittel gründlich
durchgemischt und nachfolgend ausgelaugt wird.

- 445 DENITRIFICATION POTENTIAL OF ORGANIC SOILS
AS A FUNCTION OF SOIL DEPTH AND CHEMICAL PROPERTIES
G. Richter, B. Scheffer, and H. Kuntze
Institute for Applied Soil Science Bremen,
Friedrich-Missler-Str. 46-50, D-2800 Bremen 1
1. INTRODUCTION AND PROBLEM
In low moor soils nitrogen (2-4% D.M.) is easily mineralized
and nitrified at pH >4,0. Plant uptake amounts to 400-500 kg
N/ha-a of the potentially available 600-1200 kg N/ha-a (SCHEFFER
1977; GUTHRIE and DUXBURRY 1978). Denitrification as a possible
sink of nitrogen is studied in the following investigation.
4 acid fen soils from the north west German glacial plain shall
be characterized by their chemical and macroscopic properties
in relation to the denitrification potential. The importance of
organic carbon fractions, hydrolysable C and CO2 is discussed
in respect to denitrification.
2. MATERIALS AND METHODS
Several histosols, pH (CaCl2) 4,0-5,3, under different farming
intensity were selected. Soil samples were taken at 10 cm segments to a depth of 50-70 cm. Bulk density, ash, total carbon,
and total nitrogen content have been determined according to
standard methods. The r-value of peat (non-hydrolysable organic
carbon, KEPPELER 1920), was quantified gravimetrically. The
denitrification potential was measured after 24 hrs of anaerobic
incubation (20*C) of a soil water suspension (200-300% WHC), at
100 ppm NO3 added as KNO3. Applying the Acetylene-InhibitionMethod (3%vol) the total denitrification was determined as N2O
by gaschromatography (PORAPAK Q, 40 ml Ar/Methane, 70*C; ECD,
300*C). Total N2O was corrected for N2O dissolved in water.
Total CO2 evolution was determined in the same sample.
3. RESULTS AND DISCUSSION
The profiles show a characteristic stratification with highest
ash contents (30-50%DM) and bulk densities (350-450 g/1) in the
surface layers due to mineralization and subsidence. Depending
on the utilization (watertable, cover) the interface to the
less decomposed peat substrate is located at 20 cm to £. 40 cm
depth. There ash contents and bulk densities range from 5-10%
DM and 100-180 g/l, respectively. The C/N-ratio is small in
the surface horizons (13-15) and increases with depth up to
> 25. The r-value, is low in the surface (app. 50% afm) and
amounts up to 75% a.f.m. at 50 cm depth.
The denitrification potential reflects the chemical and physical
properties of the profile. Highest denitrification is measured
in the surface horizon (10-20 mg N/l'd), where bulk density is
high and the chemical composition is most favourable for biological activity, as documented by a large CX>2-evolution.
Depending on the profile differentiation, rooting depth, and
intensity, and depth of water table the denitrification potential decreases more or less quickly. A denitrification of
2-4 mg N/l soil'day is characteristic for the less decomposed
reed-sedge peat.
The N 2 0 mole fraction in denitrification is generally high
(80-100%), because of the high N03~concentration used for
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the assay (100 ppm).
Regression analysis (n=23) of the denitrification potential
results in highly significant correlation for several factors
(table 1.). With increasing C/N-ratio and r-value, i.e. nonhydrolysable organic matter, the denitrification decreases,
thus being a good indicator for biological activity.
No dependency could be found for pH and N^.
4. SUMMARY
4 acid histosols profiles are characterized by the denitrification potential measured with the Cjf^-Inhibition-Method.
A strong stratification is found with 10-20 mg N/l soil'd
and 2-4 mg N/l*d denitrified in the sward and less decomposed
subsoil respectively. Highly significant linear correlations
are calculated, especially for biological activity
(C02_evolution) and hydrolysable organic matter.
Zusammenfassung
4 saure Niedermoorprofile werden anhand der DenitrifikationsPotentiale (mittels Acetylen-Inhibierungs-Methode) charakterisiert. Das Profil ist mit 10-20 mg N/1 Boden Tag im Oberboden und 2-4 mg N/l Tag im wenig zersetzten Unterboden stark
differenziert. Zu den Boden-Parametern, insbesondere zur hydrolysierbaren organischen Substanz (r-Wert) und biologischen
Aktivität (CO^-Entwicklung) wird eine hochsignifikante lineare
Korrelation ermittelt.
Table 1 t

Linear recreation of the d e n l t r i f l c a t i o n p o t e n t i a l (24 h Incubation)
vereue aavaral a o i l propartiaa on aoata acid h i a t o a o l p r o f i l e e t
(n - 23)

Soll Proparty

D a n i t r i f I c a t i o n Potential
(y - u • b)

(i)

Bulk danaity
Aeh contant
Total carbon
Total nitrogen
C/H r a t i o
Carbon
Nitrogen
r-valua
pH (caClj)

(

'>,

(ct)
<N t )

(1 a

(.a.)

(t

a

t.m.)

(1 a

(.a.)

0,032«
0.199X
-0.2B3«
-0.965a
-0.99 I
-0,4121
•5,93 I
-0,3931
-0,157a

+

0,4

+

3,9

21.3
10,5
+ 27,1
• 32,3
10,6
+ 34,1
+

+

-

+

8,5

Corral,-Coaff
Cr)
0.875*"
0.724***
0,694***
0,106
0,814***
0,345
0.759***
0.833***
0,011

• ianlMcance l e v e l p-0,001

References:
GUTHRIE, T.F. and J.M. DUXBURRY, 1978; Nitrogen mineralization
and denitrification in organic soils. Soil Sci.Soc. Am.J.
42, 908-912
KEPPELER, G., 1920; Bestimmung des Vertorfungsgrades von Moorund Torfproben, Journ. f. Landwirtsch., 68; (Zersetzungsgrad nach DIN 11542).
SCHEFFER, B., 1977; Zur Frage der Stickstoffumsetzung in Niedermoorböden. Landw. Forschung, Sonderheft 53/II, 20-28.

- 447 THE EFFECT OF AVAILABLE Zn, Cd AND Pb IN SOIL ON THEIR
CONCENTRATIONS IN ORGANS OF ROOT VEGETABLES
Rostislav Richter, Jaroslav Hluäek
University of Agriculture, Brno, Czechoslovakia
In industrial agglomerations the content of some metals in
soils increases significantly due to immissions. For that
reason it is necessary to interrupt the cycle soil-plant-animal not only by means of different substances applied into
soil but also through the reduction of sources of primary
contamination. Zn, Pb and Cd are the most intensively investigated elements. Zn and Cd, also due to the fact that their
ratio is constant (i.e.300-400:1), and immissions from processing plants permanently pollute the neighbouring landscape.
Zn belongs to microbiogenic elements and Pb and Cd in higher
concentrations may be characterized as toxic. This paper investigates the relationship between contents of Zn, Cd and
Pb on the one hand and their accumulation in some vegetables
on the other.
Material and methods
Experiments were carried out in Mitseherlich's vegetation
pots. Soil was sampled from the ploughing layer 0-25 cm and
samples contained increasing amounts of Zn. After drying, the
samples were sifted through a 2 cm sieve and transferred into
vegetation pots (6 kg of air-dried soil). Experiments involved three treatments with increasing doses of Zn. Results of
soil analysis prior to the experiment are presented in Tab.1:
Treatment
1
2
3
4

Zn K
Zn,
Zn 2
Zn 3

„„

pH

7.2
5.8
6.7
6.5

Available
P. MMg,
P
K
g
Egn. KSch.
Sch.
142
70
100
107
96
67
83
130
75
70
161
120

Available (1 M HC 1)
Zn
Pb
Cd
17.4
11.4
0.212
150.0
22.7
0.424
222.5
27.3
0.472
900.0
33.1
0.756

Exchangeable pH was adjusted to 7.0 with CaO. Levels of P,K
and Mg were balanced to the same level (P 0.5 g; K 1.4 g; Mg
0.72 g per pot). P and K were applied in the form of a PK solution, Mg as MgSO.. N was applied in the form of DAM-390
(1 g N per pot for celery and 0.65 N for carrot and parsley).
Each pot contained 1 celery plant and 6 plants of other vegetables. Each combination was established in 3 replications,
including the control. Harvest was carried out in the stage
of market ripeness. Zn, Pb and Cd were estimated separately
in tops and roots after digestion in a p.a.mixture of HNO-,
and HC10.. Zn, Pb and Cd were estimated in an atomic absorption spectrophotometer Varian Techtron AAS-6.
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The c o n t e n t of e l e m e n t s i n f r e s h m a t t e r of v e g e t a b l e s
i s presented in Tab.2
Vegetable
Parsley
Carrot

Celery

Treatment
1 Zn K
2 Zn,
3 Zni
4 Zn^
1 Zn„
2 Zn,
3 ZnJ,
4 Zn^
1 Zn„
2 Zn*
3 Znl
4 Zn^

Zn
9.81
21.37
33.18
52.03
11.08
27.68
52.93
70.37
16.25
53.90
38.74
105.91

Leaves
Pb
1.86
2.48
2.15
2.31
2.70
3.73
3.38
3.03
3.29
3.21
2.88
3.01

Cd
0.048
0.062
0.100
0.150
0.080
0.170
0.230
0.270
0.237
0.519
0.251
0.699

Zn
4.57
6.89
12.18
17.53
1.94
2.71
5.84
7.59
4.52
13.65
10.66
17.74

Roots
Pb
0.00
0.00
0.00
0.00
0.20
0.13
0.21
0.27
0.35
0.35
0.35
0.35

(ppm)

Cd
0.000
0.000
0.033
0.017
0.013
0.016
0.052
0.054
0.039
0.222
0.065
0.242

Conclusions
A direct dependence of concentrations of Zn, Pb and Cd in
plants upon their levels in soil was demonstrated in experiments with growing root vegetables. The highest accumulation
of Zn, Cd and Pb was found in leaves in the sequence celery,
carrot and parsley. In roots, the lowest Zn level was found
in carrot, while considerably higher levels were found in
parsley and celery. Parsley, in contradistinction to carrot
and celery, did not accumulate virtually any Pb in the roots
and the level of Cd was very low.
Zusammenfassung
Bei Untersuchung von Zn-, Pb- und Cd-Gehalt im Boden wurde
beim Anbau von Wurzeigemuse ein direkter Zusammenhang zwischen ihrem Gehalt im Boden und Konzentration in Pflanzen
nachgewiesen. Die Anhäufung von Zn, Cd und Pb ist in Blättern am höchsten, und zwar in der Reihenfolge: Sellerie,
Möhre und Petersilie. In Wurzeln ist der niedrigste Zn-Gehalt
in Möhre und wesentlich höher in Petersilie und Sellerie.
Petersilie im Unterschied von Möhre und Sellerie kumuliert
fast kein Blei und Kadmium nur in geringerer Menge.

- 449 -

THE FATE OF ADDED FUEL OIL IN SOIL AND ITS EFFECT
ON SOIL AGGREGATE STABILITY
David L. Rimmer and Adil A. Al-Khafaji
Department of Soil Science, The University, Newcastle upon Tyne,
NE1 7RU, UK
Preliminary field and laboratory investigations (Al-Khafaji et
al. 1985) indicated that fuel oil added to structurally unstable Iraqi
soils
had
a stabilising effect.
Further investigations have
therefore been undertaken to test the value of fuel oil as a soil
conditioner.
The purpose of the present study was to follow the fate
of added fuel oil and to obtain further information on its mode of
action as a stabilising agent.
A series of incubation experiments
were carried out at 25 C over a period of one year, in which fuel oil
was added to some Iraqi soils of differing clay content and salinity.
The effects on rate of degradation and on aggregate stability of: (a)
different levels of added fuel oil, (b) the quantity and form of
fertiliser nitrogen added, (c) sterilization and (d) waterlogging
treatments were also tested.
During the course of the incubation,
measurements were made of residual fuel oil, C0„ evolved, organic
carbon
accumulated,
in
addition
to
aggregate
stability.
Fractionation of the extracted fuel oil showed which of its components
were being degraded.
The total fuel oil degraded after one year varied from 0.07 to
0.33 of the initial quantity added, depending on the soil used and the
treatments applied.
The rate of loss in all cases was greatest
during the first weeks and months of the incubation.
More than 50%
of
the total amount degraded over the year of incubation was lost in
the first three months.
More than 25% of the total C0„ evolved
during the year was lost in the first four weeks of incubation.
Larger additions of fuel oil led to greater amounts degraded;
but as a proportion of the amount added less fuel oil was degraded
after addition of 6% (by weight) than when only 3% was added.
In
some treatments nitrogenous fertiliser was added, in the form of
either urea, paraffinised urea or a slow-release combination of
melamine and urea (Super 6 0 ) .
The form of fertiliser applied did not
affect the rate of degradation; but the addition of some fertiliser
did significantly increase the quantity degraded compared to soils
with no added fertiliser.
In addition the fertiliser did affect the
amount of CO- evolved compared to organic carbon accumulated.
The
higher the rate of nitrogen application the greater the accumulation
of organic carbon, presumably via microbial biomass, relative to C0_
evolution.
The effect of differences in soil texture was such that the lower
the clay content the lower the quantity of fuel oil degraded, and the
lower the ratio of organic carbon accumulated to C0_ evolved.
The
effect of soil salinity was most pronounced; the quantity of fuel oil
degraded in a saline soil was reduced by a factor of two compared to
non-saline soils and the carbon accumulated to C0_ evolved ratio was
reduced by a factor., of five.
The waterlogging treatment and
sterilization with
Co radiation both reduced the degradation,
although the effect of the latter was only short-lived.
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Thus the biodegradation of the fuel oil was increased by
additions of nitrogen fertiliser and by the presence of clay.
The
presence of salts, waterlogging and sterilization all reduced the
degradation.
Increased degradation was accompanied by increases in
the ratio of organic carbon accumulated (i.e. breakdown products of
the fuel oil) to C0„ evolved.
The residual fuel oil extracted after 3 and 12 months of
incubation
was
fractionated chromatographically into saturates,
aromatics and asphaltics.
Compared to the original fuel oil, the
residual contained less saturates and more asphaltics.
Thus the
saturates are assumed to be the most easily and the alsphaltics the
least easily degraded.
The explanation for this probably lies in the
relatively simple structure and low molecular weight of the saturates
and the more complex structure and high molecular weight of the
asphaltic fraction.
Additions of fuel oil increased soil aggregate stability, as
measured by an ultrasonic dispersion method.
The aggregate stability
was better correlated with the quantity of fuel oil present than with
the amount of organic carbon accumulated.
Subsequent extraction of
the fuel oil reduced the aggregate stability by a factor of three.
This suggests that the fuel oil itself, rather than its breakdown
products, was the primary stabilising agent.

Al-Khafaji, A. A., Askar, S. R. 8 Kasal, S. M. 1985.
Effects of
fuel oil on aggregate stability of a poorly structured soil from
Dalmaj project.
Journal of Agriculture and Water Resources
Research 4, 83-96.

Resumé
La vitesse de la decomposition du mazout applique au sol a mesure
dans une
serie des experiences d'incubation.
La quantité totale
decompose pendant une annle a varié de 0.07 a 0.33 de la quantité
applique, et a été atteint par la tenuer en argile et la tenuer en
salinité, par 1'application d'engrais azote et par les traitments de
1'inondation et de la sterilisation.
Les applications du mazout a
augmente la stabilite' des agregats du sol; cependant la stabilite a
reduit par 1'extraction subséquente du mazout, qui suggére que la
presence de 1'huile, plutot que ses produits de la decomposition, est
plus important pour la stabilisation des agregats.
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ALUMINIUM TOXICITY TO BARLEY IN THE PRESENCE OF FLUORIDE IONS
G.S.P. Ritchie, R.C. Cameron and C. Moore
Soil Science and Plant Nutrition, School of Agriculture,
University of Western Australia, Nedlands, W.A. 6009, Australia
Aluminium (Al) toxicity is a major cause of decreased plant growth in acid
soils. There is increasing evidence that free Al (i.e. A l 3 + ) is the major
toxic species in solution but it is still not clear whether soluble Alcomplexes with inorganic anions are toxic to plants. Fluoride (F) is one
example of an inorganic anion that readily forms complexes with Al. Soils
which have been fertilised on a regular basis with Superphosphate will have
high levels of F because of its presence as an impurity in the fertilizer.
Therefore, the purpose of this work was to establish if Al-F complexes
occurred in soils and the toxicity of Al to seedlings of barley (Hordeum
vulgare cv Beecher) grown in nutrient solutions in the presence of fluoride.
Addition of 25-100 ug of F to an acid soil increased the pH and total concentrations of Al and F in the soil solution whereas A l 3 + levels decreased.
Total F concentration was the limiting factor in Al-F complex formation.
In the plant growth studies, the toxicity of 0-100 ymol dm
Al was studied
in the presence of 0-10 ymol dm" 3 F. Al complexed with fluoride did not
decrease the elongation of roots of barley seedlings . Effects on
root length were correlated with A l 3 + levels rather than with total soluble
Al. (Fig. 1 ) .
This could be one of the reasons why measurements of total soluble Al or
monomeric, inorganic Al species have not always been successful at distinguishing between toxic and non-toxic levels of Al in soils regularly
fertilized with Superphosphate.

1
[Al'*]

1
emol dm"'

Fig. 1. Variation in root length of barley with concentration of Al
the presence of 0 ( T ) , 2.5 ( A ) , 5 (•) and 10 (•) ymol dm" 3 fluoride.

3+

- 452 APPROCHE EXPERIMENTAL IN SITU DE LA DYNAMIQUE DE L'ALUMINIUM
EN MILIEU ACIDE
M. ROBERT 1 et J. RANGER 2
1

Département de Science du Sol, I.N.R.A. 78000 - Versailles (France)

2

Departement de Recherches Forestières, I.N.R.A. Champenoux
54280 - Seichamps (France)

Des échantillons de vermiculite de taille sableuse sont introduits en
sachets poreux dans différents horizons de sols acides (sols bruns, acides ocreux
ou podzols). On caractérisé ä la fois 1'evolution de la C.E.C, et des cations
qui la saturent (ëchangeables par KCl et non échangeables ä un traitement Mehra
et Jackson) et 1'evolution minéralogique concomitante (par diffraction de rayons
X).
Ces études permettent de caractériser la dynamique d'un certain nombre de
cations issus du cycle biologique ou de 1'alteration des minéraux. Les principaux
résultats concernent 1'Al pour lequel la vermiculite se révèle un bon indicateur.
D'une maniere générale, on constate que 1'Al représente une faible proportion du complexe d'échange et surtout des elements libres au rëactif D C B
(Mehra et Jackson) dans les litières et les horizons superficiels (A.) de podzol.
Au contraire, eet element devient predominant sous une forme hydroxylée non
échangeable dans les sols bruns_ acides.
Cette dynamique géochimique est parfaitement vérifiée par les études
mineralogiques qui montrent 1'accumulation d'Al interfoliaire et un comportement
de vermiculite hydroxyalumineuse.
La comparaison de ces résultats obtenus dans Ie milieu naturel avec des
résultats expérimentaux obtenus sur des vermiculites traitées par différents
acides organiques permet de distinguer deux types de mécanismes.
En presence d'acides organiques non complexants Ie phënomène essentiel
consëcutif ä 1'acidification est une accumulation d'Al interfoliaire sous une
forme peu échangeable.
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En presence d'acides organiques complexants, on constate

1'élimination

de 1'Al de la couche i n t e r f o l i a i r e . I I semble y avoir correspondance entre ces
deux types d e v o l u t i o n et les mécanismes mis en jeu avec les résultats obtenus

in

situ.
L'utilisation de résines échangeuses d'ions dans les sols permet de

préciser 1'origine de 1'Al (endoaluminisation ou exoaluminisation des vermiculites'

EXPERIMENTAL STUDY IN SOILS OF ALUMINIUM BEHAVIOUR IN
ACID CONDITION.

acidic

Vermiculite
samples are introduced
into
soil to podzol) and allowed to evolve

acid soil horizons
(Brown
during one year or more.

The study deals with the variation
of exchangeable
(KCl
or non exchangeable cations
(C B D treatment)
and mineralogical
(X R D for Al hydroxy vermiculite
formation).

treatment)
evolution

Two types of evolution
can be obtained in relation
to two
different
mechanisms :
- formation of Al hydroxy vermiculite
when only acidification
is
involved
- desaluminisation
and appearance of Mg or Ca on the CEC when
complexe formation is
involved.
This method is a good indicator
of the present soil
environment
especially
in forest
area.
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DYNAMICS (WATERTABLE, SALINITY, SODICITY)
OF GROUND WATER OF A SEMI-ARID AREA OF
PAKISTAN
G. SAEED KHAN & M. IKRAM
SOIL SURVEY OF PAKISTAN
LAHORE - 1 8 (PAKISTAN)

As groundwater depth and its salt concentration plays a vital role
in salinization and/or sodication of soils of semi-arid and arid a r e a ,
hence the fluctuation of water table depth, its salt concentration and
compositions are considered key elements in the appraisal, monitoring
and amelioration of the salt problem. A study of these elements of the
ground water of a salted soil of such an area was carried out on six
adjoining sites for a period of two y e a r s on monthly b a s i s . The
fluctuation of water table depth was mainly found to depend on
precipitation and evapotranspiration and showed bimodality. Major rise
of water table followed periods of high rainfall, which mainly occurred
during July through August (Monsoon rains) and January through March
(Mediterranean r a i n s ) . The influence of land use was not noticed due to
physiographic variation of these s i t e s .
The groundwater salinity was found to be highly to very highly
saline by all standards. The annual mean values of electrical
conductivity ranged from 3.3 to 8.3 m m h o s / c m . The salinity of ground
water was found to be influenced by profile salinity and/or vice v e r s a .
A general tendency of increase in electrical conductivity was found with
the lowering of water table depth. The recharge of the acquifer, causing
rise of water table, was found to result in the «dlution of the salinity.
The sodicity status expressed as residual sodium carbonate (RSC) was
found to be highly hazardous. The annual mean value of RSC ranged from
9.9 to 51.2 for different sites and was found to be influenced by the
landuse and the redox potential of the solum. The high RSC value (index
of sodium ion concentration) along with the fluctuating water table was
found to be a major contributor to kankar (lime concretion) zone
formation in the profiles.
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Multiple equilibria in metal(II)-humic acia systems
iwaxjan A. iha
DeDartment of Cnemistry, university of North bengal,
jarjeeling, India, /5k ^30.
Importance of the stuaies of metal oinding oy hurr.ic acid has
been felt afresh in recent years for the very complex equilibria
encountered in weak acia (basic) polyelectrolytic yel e.g.,
hu:nic acid, from pnysical-chemical point of view, not to speak
of its very significant role as mineral sinK in soil and aquatic
environment. In the present note we have su;n.nerised our findings
on tne oinding of Divalent Ca,Od,Pb and Cu (metal(II))with soil
humic acid and peat.
ixneri.aental: riumic acid from forest soil of Terrai was extracted oy O.jM i.aOH at room teareerature and from peat was fractionted from the 'Humic acia' of Fluka k.0. The purified samples
contained 43.6$ carbon,5.9^ nitrogen and 56.3;i carbon,1.02$
nitrogen respectively. The Potentiometrie titrations of (20-50mg) numic acid (in total vol. of 50 ml.) have been carried out
at 27+l" C with 0.1M KCri in XA KN0,(X=0.01,0.1,1.0) and in presence of (/+.0-l6.0)X10~Vi bivalent-'Ca.Cd.Pb and Cu nitrates aswell as in their aDsence unaer nitrogen atmosphere. The metal
concentration in the solution phase was measured by respective
ion selective electrodes and pH by glass electrode coupled with
a microprocessor ionanalyser.
Results and discussion: Plot s of pK(app) (=pH-logrf/l-«0 versus
j . ,based on solution pH of the Potentiometrie titrations in pre
sence of XM KNO, yield three separate parallel curves; vertical
separation between the curves at 0.01 ana 0.1 M KNO, is quite
large while that between the latter curve and the curve at 1.0M
KNO, is insignificant. This condition obviously is met when the
water content of the gel is such that the concentration of humic
acia sites (hence K (gel)) approaches 0.1M. From such variation
of Potentiometrie properties with ionic strength we could deduce the concentration of the potential aetermining counter ion
K in the hurnic acid at eL.ch degree of neutralisation and consequently, water content(hence volume) of the humic acid gel was
calculated as 1.1-1.4 ml for the amount of samples under invespH4'<
Cu - Peut
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tigati . The Potentiometrie behaviour of humic acid in presence of metal(II) ions is somewhat different. In addition to a -

- 456 parallel shift, the slope of the curves (pK vs. alkali) at each
ooint differs significantly from that of the original curve,
(..r.amolies observed at nigh p.1 and metal(II) concentrations) .As
a result, slope of the plot of pK(app) vs.«* also differs(keeping same intercept)in an expressive manner indicating a change
in the. Herman-Overbeek electrostatic potential term.Cince K (gel
and K (sol) are equal, extrapolation of the curve at 1.OM KNO,
to get pK(intrinsic) is valia and found to be approximately 4.0.
Amount of ri released on metal(II) binding at a fixed
pH was measured from the horizontal separation between the two
pot. titration curves, one in presence and the other in absence
of metal(II) salts. Isotherms obtained by plotting metal(II) consumed and .1 lioerated against adaed metal concentrations are
similar in nature, .lepresentative curves are shown in fig. The
most striking observation is that each atom of Ca,Cd, and Pb
can set free less than one 'A where as each Cu atom lioerates+approxitns tely two protons. In the following table, number of H
loss per bound metal atom hss oeen given as a function of pH and
ionic strength.
Humic acid

pH

Ionic st.

.JO. of H liberated per bound atom
of Ca
Cd
Pb
Cu
0.1
4.1
0.34 0.83 1.82
S o i l hu m e
4.o
0.1
0.62 0.75 0.85 1.38
acid
6.0
0.1
0.71 J.i+3
4.5
J. 2
0.64 0.83 0-75 1.86
0.1
4.1
0.85 0.59 1.84
H.3
0.1
0.78 0.74 0.35 1.37
Peat
6.0
0. 1
0.68 0.70
4.8
C. 2
0.35 0.34 0.78 1.77
The table cautiously suggestive of the formation of a MA„ type
of complex for Cu and MA type for the rest three metals. To
•pake tnose data more meaningful, amount of free metal(II) and H
in tne humic acid phase were also computed, free metal(II) in
gel was calculated by multiplying the measured concentration in
solution by the square of the ratio of K in the humic and aqueous ohase. This estimate of the free metal(II) concentration in
the humic acid phase then multiplied uy the gel volume estimated
to evaluate that portion of the total metal(II) entering the humic ohase as free ion. This appro ic.h of recalculation of data improves the situation with Cu and H released per atom approaches
more close to 2.0. Vie now oelieve that Ca,Cd and Pt> form outer
complexes through ionic linkages with dissociated sites and Cu
forms inner complexes. A more detail study reveals that at pH
4.3 the species A and at pH 6.0 both A and 3 are formed by the
former group of metals where as Cu forms only species C even at
comparatively lower pH. Strong co-operative effect as well as
variation of binding number at different degrees of metal ,C0O-M"(H 2 O)nN0;

''^^OM/COOH
OH/COOH

/

coo"

\»l'+(H»0V

\
j/f««ii/
\ /^^ « ^OH/COOM^

.COO,

-^^,
^"""O/COO

( v) is evident from tne Scatchard slot viz. v/M
when metal Loading is too low ( 0<v<0'E).

vs. v

-

457

-

ANALYSIS OF VARIABILITY IN A SODIC SOIL
J.S.Samra, V.P.Singh, K.N.S.Sharma* and N.K.Tyagi
Central Soil S a l i n i t y Research I n s t i t u t e ,
Karnal-132001 (Haryana) I n d i a .
Extent of h e t e r o g e n e i t y and i t s i m p l i c a t i o n s on
the
p r e d i c t i o n of s o i l responses to management have been h i g h l i g h t e d
in a review by Beckett and Webster (1971).
In s a l t
affected
s o i l s , v a r i a b i l i t y i s s t i l l of g r e a t e r magnitude which i s
evident from the patchy growth of n a t u r a l or man made v e g e t a t i o n
in such landscapes. These s o i l s a r e agronomically important for
developing c o u n t r i e s where land:man r a t i o i s low.
However,
t h e i r reclamation i s c a p i t a l and energy i n t e n s i v e .
Hence an
attempt has been made to quantify the v a r i a b i l i t y i n order to
improve p r e c i s i o n in t h e i r management. Systematic s o i l sampling
was done a t 12 metre (1 l a g ) i n t e r v a l in a Fine Loamy Natric
Haplustalf in 1.56 h e c t a r e which i s being c u l t i v a t e d for the
l a s t 12 y e a r s . Samples were taken in 0-30, 30-60, 60-90 and
90-120 cm depth. All the analyses were done in l e s s than 2 mm
f r a c t i o n . Soil data were analysed both by conventional as well
a g e o s t a t i s t i c a l approach (Journel and
H u i j b r e g t s , 1978).
C o - e f f i c i e n t of v a r i a t i o n C.V. was high in a l l the depths for
sodium a d s o r p t i o n r a t i o (78-91), CaC03 (60-130), O l s e n ' s - P
(69-120) and DTPA-Zn (37-62%). After a p p r o p r i a t e transformation
of the data sample s i z e s a t 95% l e v e l of p r o b a b i l i t y and to be
with in +5X of mean, were computed. Sample s i z e s for the said
p r e c i s i o n worked out to be as high as 1045, 907, 813 and 167 for
SAR, O l s e n ' s - P, CaC03 and DTPA-Zn, r e s p e c t i v e l y . One of the
reasons of abnormally high sample s i z e may be high C.V.
Other
probable reason could be due to the f a c t t h a t assumptions
implied i n conventional s t a t i s t i c a l procedures do not hold good
because of s p a t i a l dependence in the d i s t r i b u t i o n of s o i l
* S t a t i s t i c i a n , Computer Centre,
I n s t i t u t e , Karnal, Indi.a.
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p r o p e r t i e s . G e o s t a t i s t l c a l a n a l y s i s of Lhe data revealed
that
s t o c h a s t i c a l l y d e t e r m i n i s t i c s p a t i a l l y dependent component i s
g e n e r a l l y predominent over random one. In some of the depths
modelled d e t e r m i n i s t i c component ' s i l l ' was as high as 99, 93,
70 and 46% of t o t a l variance for CaCOo, sodium a d s o r p t i o n r a t i o
(SAR), O l s e n ' s - P and DTPA-Zn, r e s p e c t i v e l y . R e l a t i v e proportion
between random and d e t e r m i n i s t i c component varied as a
function
of depth d i f f e r e n t l y in d i f f e r e n t p r o p e r t i e s s t u d i e d .
Varia b i l i t y was s l i g h t l y d i f f e r e n t in one d i r e c t i o n a t g r e a t e r lags
o n l y . However, t h i s systematic v a r i a t i o n could g e n e r a l l y be
considered i s o t r o p i c for most of the p r a c t i c a l purposes. F i t t i n g
of weighted s p h e r i c a l models accounted for 90-99% v a r i a t i o n in
semi-variances pooled for a l l the e i g h t d i r e c t i o n s .
Range ' a '
i . e . zone of influence or d i s t a n c e w i t h i n which p r o p e r t i e s a r e
a u t o - c o r r e l a t e d , was almost same in d i f f e r e n t depths for SAR
( 5 . 8 - 5 . 9 l a g s ) , CaC03 ( 5 . 0 - 6 . 2 l a g s ) and DTPA-Zn ( 4 . 9 - 6 . 7 l a g s ) .
This i n d i c a t e s t h a t w i t h i n 60-75 m d i s t a n c e in the f i e l d ,
soil
p r o p e r t i e s a r e not independently d i s t r i b u t e d a s assumed while
applying conventional s t a t i s t i c s . Point and block Kriged map of
SAR was prepared for each depth by i n t e r p o l a t i n g by c o n s i d e r i n g
neighbourhood of 16 p o i n t s . Average standard e r r o r (S.E.) of
map increased in d i r e c t proportion to random component of
v a r i a t i o n . Local experimental semi-variograms defined in 4
depths were d i f f e r e n t .
In order to compute a pooled mean q u a s i s t a t i o n a r y model, an i n t r i n s i c s p h e r i c a l function was derived by
d i v i d i n g each semi-variance with corresponding average of SAR.
Proportional f a c t o r was a l s o determined by f i t t i n g a p a r a b o l i c
r e l a t i o n s h i p between variance and mean by l e a s t squares method.
This factor can be used for g e n e r a t i n g semi-variograra
function
from the i n t r i n s i c model for any depth (di) whose mean i s known.

I t i s concluded from the above study t h a t non-uniformity in
sodic s o i l s i s of high o r d e r . In some of the depths and for
some of the p r o p e r t i e s s t r u c t u r e d or s p a t i a l dependent v a r i a t i o n
i s a major component. I t warrants new s t a t i s t i c a l approaches
for experimentation and management of these land r e s o u r c e s .

- 459 INFLUENCE OF SOIL COMPOSITION ON THE ADSORPTION OF PESTICI^
DES: INTERACTION OF TRICHLORFON AND PYRIMICARB WITH MONTMO
RILLONITE.
M.J. Sänchez-Martin, M. Sänchez-Camazano
Centro de Edafologia y Biologia Aplicada C.S.I.C. Salaman
ca, Spain.
Pesticides are employed in growing amounts in agriculture. When these compounds reach the soil they are affected
by complex biological and non-biological processes.
The study of these processes is of great interest for
the purposes controling the biological activity of pesticides
and the risks of contaminating the environment. One of the
processes which profoundly affects their evolution in the soil
is the adsorption by the colloidal fraction. The importance of
the adsorption is because on one hand it can decrease the bioac
tivity of the pesticide and on the other it can delay the compound decomposition, either by microorganisms or by chemical
and photochemical reactions.
According to such circumstances, physicochemical studies
of the interaction of pesticides with soils are of great interest. However, the research carried out on soils is quantitati
vely empirical, in view of their extremely heterogeneous nature. It is thus necessary to conduct preliminary studies on adsorption with the individual active components of the soils,
such as clay minerals and organic matter. The adsorption of pes
ticides by clay minerals requires the study fundamentally of
a) the maximum adsorption capacity and the interaction mechanism by which these compounds are retained; this study is performed in clay-pesticide- organic solvent systems, since generally the compounds are highly water-insoluble, and b) the in
fluence of the clay on the evolution of the compound in the
soil; this study is carried out in clay-pesticide-water systems
The present work examines the adsorption and interaction
mechanism of trichlorfon(0,0-dimethyl (l-hidroxy-2,2,2-trichloroethyl) phosphonate) and pyrimicarb((2-dimethylamino)-5,6-dimethylpyrimidin-4-yl dimethylcarbamate) with montmorillonite
by X-ray diffraction and I.R.spectroscopy. As in known, montmorillonite is a clay mineral with great adsorptive capacity
and a common component of many groups of soils. The pesticides
used in the study are representative of two large groups, the
organophosphorus and the carbamate compounds. Both of them are
widely used at present, trichlorfon in fruits and pyrimicarb
in cereals.
A study was made of the
cess of the following factors:
the organic solvent, immersion
the exchangeable cation of the
alkalines and transition).

influence on the adsorption pro
concentration of pesticide in
time of samples and nature of
silicate (alkalines, earth-

- 460 The X-ray diffraction results show that trichlorfon pe
netrates into the interlayer space of montmorillonite forming
a stable and defined complex with a d(OOl) basal spacing of
15.77 A. The formation of this complex takes place after three
days of treatment and at a concentration equal to or greater
than 10 % in 1,2 dichloroethane. The d(001) spacing of the
complex is independent of the nature of the interlayer cation
of the montmorillonite.
The I.R. spectra of the montmorillonite-trichlorfon com
plexes show that no changes take place in the absorption bands
of the trichlorfon adsorbed by the different samples with respect to the spectrum of trichlorfon in the free state. However,
it should be noted that it is not possible to observe the absorption band corresponding to the stretching vibration of the
P=0 group (1220 cm"1) because it appears in the zone of maximum absorption of the clay (1250-900 cm--'-). This group is poss^
bly the one involved in the interaction of trichlorfon with
the silicate. In other works of the authors on the adsorption
of different organophosphorus pesticides (phosphates) by montmorillonite it was observed that interaction took place through
the P=0 group and the interlayer cations of the silicate. Accor
ding to such considerations and to the results of X-ray diffraction and to the molecular dimensions, the complex formed
must be monolayer.
The X-ray diffraction diagrams of motmorillonite treated with pyrimicarb show that the pesticide penetrates into
the interlayer space of the silicate, forming a stable and de
fined complex with a d(001) basal spacing of 18.54 A, which im
plies an increase of 8.94 A with respect to the value of 9.6
A of dehydrated montmorillonite. The formation of this complex
takes place in the samples saturated with cations of polarizing
power greater than 1.11 (Ca2*, Mg2*, Cu 2 +, Cd2-!-, co2+ and Cr 3 + '
and it is not formed by the samples saturated with cations of
lower polarizing power (K+, Na + , and B a 2 + ) . In all cases the
time of treatment was 7 days and the concentration of pyrimicarb in 1, 2 dichloroethane was 10 %.
In the I.R spectra of the montmorillonite-pyrimicarb
complexes shifts can be seen in the stretching bands of the
C=0 group (1710 cm"1) towards lower frequencies and of the
C-N group (1518 cm -1 ) towards higher frequencies with respect
to those of the pesticide in the free state. These shifts are
a function of the polarizing power of the exchangeable cation
of the samples and of their hydration status. According to
this, the mechanism of interaction of pyrimicarb with montmori
llonite must take place through the C=0 group of the organic
compound and the exchangeable cations of the silicate.
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Andrzej SAPBK, Barbara SAPEK
Institute for Land Reclamation and Grassland Farming
at Falenty, 05-550 Raszyn, Poland
The samples of the material analyzed came from the
north-eastern part of Poland, lying at a great distance from
industrial and municipal agglomerations, sparsely populated,
with weak car traffic over a poor road network. Thus is may
be safely assumed that the soils investigated could not be
directly contaminated with heavy metals, including cadmium.
A distinct accumulation of cadmium has been found in the
upper layer of the peat soils under study. The respective
values varied within 0.5 to 1.4 mg Cd per 1 kg d.m., whereas
this content in deeper peat layers was always less than 0.1
mg Cd per 1 kg d.m. Calculated on the volumetric basis the
cadmium concentration in deeper peat layers is often lower as
0.005 mg/dm-3 ( • 5 ppb), which is comparable with cadmium
concentration in natural water. The coefficient of enrichment in cadmium of the upper soil layer in relation to the
parent material of this soil amounted to 3-8 in case of silted and to 15-50 in case of typical peat soils. Such an enrichment in cadmium of upper soil layers is connected mainly
with the whole-world fallout of solid particles and this contamination amounted, according to calculations, to 0.4-1.0 kg
per hectare.
The selected soil samples taken from the profiles lnvesgated were divided by means of heavy solution into light
fraction enriched in homos substances and heavy fraction enriched in siliceous material. The mixture of carbon tetrachloride and bromoform of the density of 1*6 was applied as
a heavy solution. For dispersion of the soil material the 10minute sonification was applied. The cadmium content in the
light fraction from the superficial layer and deeper layers
was always distinctly higher than that in the heavy fraction«
The cadmium content in the latter was levelled within the limits of 0.1 to 0.2 mg per 1 kg d.m» Thus it may be presumed
that the primary cadmium would be contained In the siliceous
material of soil, whereas the cadmium introduced contamporarllly would be bounded almost exclusively by organic substances of soil. A great part of total cadmium in organic soils
is easyly extracted with dilute acid solution, that is an
additionally evidence for exclusive binding of cadmium with
the organic material of soils In question.
from among three kinds of mucks and peats of a differentiated humification degree the humus substances were isolated
by way of extraction with 0.5 M HaOH solution. They were purified of mineral cations and anions with the use of ion exchangers. The ability of the humus substances Investigated to
complexate cadmium and, for comparison, copper was investigasd by titration of 50 cm3 of 2xlO"4M cadmium or copper solution with solutions of humus substances of pH 5.5. The cad-
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mium compleiation degree was c a l c u l a t e d from t h e value of r a t i o of t o t a l metal content t o t h e content of f r e e m e t a l ( I I )
i o n s . The c o n c e n t r a t i o n of non-complexated oadmium(ll) and
copper(II) ions was measured by means of t h e i o n s e l e c t i v e
e l e c t r o d e . An i n c r e a s e of t h e a b i l i t y of t h e humus s u b s t a n ces i n v e s t i g a t e d t o complexate cadmium, described by t h e
curve of l o g c j a a f(S.H.)c« along with an i n c r e a s e of t h e
degree of n u l l i f i c a t i o n of mucks, both primary and secondery
one, has been found. Cadmium i s , a s compared t o copper, complexated weaker by t h e humus substances i n v e s t i g a t e d .
The cadmium and l e a d content i n peat s o i l p r o f i l e
- Moss peat Wizna c-9 Peat
Cd
Cd
Pb
Pb
Depth
density
mg/kg
mg/kg
mj , /(1nl 3
ma/Am3
cm
0- 5
5 - 10
1 0 - 15
1 5 - 20
95-100
195-200
295-300

g/dm3
0.162

d .m.
1 . 42

0.143
0.129
0.112

0.71
0. 48
0. 17
0.038
0. 015
0. 011

0.095
0.082
0.080

uig/ uia

0.230
0.102
0.062
0.019
0.0037
0.0012
0.0008

d.m.
L03.0
57.7
33.3
18.4
1.3
0.63
0.36

mg/

llul

16.7
8.25
4.30
2.02
0.124
0.052
0.029

The e x t r a c t i o n of cadmium from o r g a n i c s o i l s w i t h n i t r i o a c i d
o f d i f f e r e n t c o n c e n t r a t i o n - i n p e r c e n t o f t o t a l content ConcenSample
tration
Wizna B-6 Wizna C-9 Kuwasy Malinka Dabrowka
of HH03
0.1 M
78. 5
80.1
73.4
52.4
35.5
82 . 3
0.5 H
77.2
80. 6
61.5
47.3
86 . 4
2 . 0 M (25°C)
82.1
64.6
87. 2
57.3
2 . 0 M (105°C)
93 .7
89.6
74.2
94. 5
78.4
The cadmium and l e a d c o n t e n t i n o r g a n i c s o i l s and i n i t s
l i g h t f r a c t i o n ( 1 . 6 g/caK) .- c o n t e n t on dry m a t t e r b a s i s
Soil
light fraction
Sample
Ash
Cd
Pb
% of s o i l
Cd
Pb
mg/kg mg/kg
material
mg/kg mg/kg
%
Wizna B-6
1.42
12.4
57
95.7
1.49
59
Wizna C-9
62
66
18.3
96.3
0.9«
1.03
Kuwasy
58
1.32
90.6
18.5
53
1.45
Malinka
48
34.0
34
0.73
73.7
0.93
Dabrówka
45.6
1.78
44
1.24
69
54.3
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Nature of Zinc Sorption on Clay Pllnerala
and S o i l Clay
Dr. T.G.Sastry and Dr. Deo Pal
D i v i s i o n of S o i l Science & A g r i c u l t u r a l
C h e m i s t r y , I n d i a n A g r i c u l t u r a l Research
I n s t i t u t s , NEU DELHI-110 012 ( I N D I A )
0B3CCTIVE: R e v e r s i b i l i t y o f sxchangs r e a c t i o n s of Zn I n homoionic (Um, K,
Ca, or Pig) pure clays and s o i l clay systems as a f f e c t e d by pre-adsorbed
cations and nature of charge on clay c o l l o i d s was evaluated by the method
of ion d i s t r i b u t i o n on surface employing s e l e c t i v i t y c o e f f i c i e n t s and other
thermodynamic parameters,
Plate r i a l s and Pjsthods: Two clay minerals namely, bentonite and k a o l i n i t e
possessing predominantly negative charge and pH dependent charge r e s p e c t i v e l y , and s i x s o i l clays ( < 2 / ^ ) samples d e r i v e d from V e r t l s o l s ( s m e c t l t l c )
and Oxlsols ( k a o l l n l t l c ) a f t e r removing carbonate, organic m a t t e r , f r e e
I r o n oxides and amorphous m a t e r i a l were included i n t h i s study.
The cleys
were converted to Na, K, Ca, and Pig homoionic clay by s a t u r a t i n g w i t h
respective e l e c t r o l y t e s .
The binary e l e c t r o l y t e solutions used comprised
of Zn-Na, Zn-K, Zn-Ca and Zn-PIg of constant pH 5.5 and t o t a l i o n i c atrength
of C. 025 and 0.0375 for h e t e r o v a l e n t end homovalent exchange, r e s p e c t i v e l y .
The e q u i v a l e n t f r a c t i o n of Zn i n the e l e c t r o l y t i c solutions v a r i e d from
0.002 to 0 . 1 0 5 , 0.002 to 0 . 9 4 1 , 0.1 to 1 . 0 and 0.1 to 1.0 for Zn-Na, Zn-K,
Zn-Ca, and Zn-Wg systems, r e s p e c t i v e l y .
The experiments conducted were of
batch t y p e .
The homoionic clayB ware s a t u r a t e d by e q u i l i b r a t i n g w i t h
stepwise increasing concentrations of Zinc which yielded a complete isotherm
on one clay sample.
Results and Discussion»
C_atlon_ej<change capacity« Zinc was sorbed i n excess of c a t i o n exchange
capacity of clay minerals and s o i l c l a y s , p a r t i c u l a r l y when Zn coverage on
the surface increased.
Increase i n s o r p t i o n of in as percentage of CEC was
s i g n i f i c a n t l y higher i n h e t e r o v a l e n t systems than i n homovalent ones which
suqgests t h a t the excess s o r p t i o n of Zn cannot be ascribed to e o l u t i o n
phase o n l y .
i o n . d i s t r l b u t l o n _ a n d .preferences^ The experimental isotherm I n Na-clay lay
above n o n - p r e f e r e n t i a l isotherm a t a l l the surface compositions, but i t wa»
reverse I n K-clay except when Zn coverage on the surface was low. From t h i s
i t i s I n f e r r e d t h a t p r e f e r e n t i a l sorption of Zn takes place on Na-clay but
I n homovalent s o r p t i o n , Zn
not on K-clay i r r e s p e c t i v e of the mineral t y p e .
was p r e f e r r e d a t a l l the surface compositions i n Pig-clay. However, i n
Ca-clay though the behaviour was akin to Pig-clay of a m e c t l t i c t y p e , on
k a o l l n l t l c minerals Zn was p r e f e r r e d approximately upto 50 par cent
occupancy on the surface beyond which Ca washeld more strongly than Zn.
Selectivi_ty_j S e l e c t i v i t y c o e f f l c i e n t a which measure the r e l a t i v e exchangee b i l i t y of a cation p a i r a t varying surface composition, were c a l c u l a t e d
a f t e r c o r r e c t i n g s o l u t i o n phase a c t i v i t y c o e f f i c i e n t s of b i n a r y e l e c t r o l y t e s
by Harned's r u l e . The s e l e c t i v i t y c o e f f i c i e n t ( * . ) was g r e a t e r than one
i n homovalent sorption and above 2.72 i n h e t e r o v a l e n t s o r p t i o n , thue p r e d i c t ing s e l e c t i v e behaviour of Zn on the s u r f a c e . The values of Kc for Na-Zn
system associated w i t h b e n t o n i t e and s m e c t i t l c s o i l clays ( V e r t l s o l s ) v a r i e d
from 10 to 20 and from 150 to 1000 on k a o l i n l t e and k a o l l n l t l c s o i l clays
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(Oxisols).
The s e l e c t i v i t y of Zn was higher when the Zn was e i t h e r i n
very l a r g e proportions on the s u r f a c f i . Between these two extremes,
s e l e c t i v i t y of Zn in Na-Zn system e i t h e r remained constant or increased
only m a r g i n a l l y , i n d i c a t i n g thereby three types of sorption s i t e s hawing
d i f f e r e n t bonding energies f o r Zn. The s e l e c t i v i t y phenomenon i n K-Zn
system mas very d i f f e r e n t from t h a t i n Na-Zn system. This i n d i c a t e s t h a t
e i t h e r the mechanism of Zn s o r p t i o n was d i f f e r e n t i n the two systems or
the behaviour of K ion v a r i e s s u b s t a n t i a l l y from t h a t of Na i o n . P r e f e r e n ce f o r Zn was l i m i t e d only to low surface coverage of Zn i n K-Zn sorption
as i n d i c a t e d by Kc values of less than 2.72 at more than about 15 per cent
Zn occupancy on the s u r f a c e .
The values of K were more than u n i t y i n a l l
clays i n Ca-Zn system except a t hiqher surface coverage of Zn on k a o l i n l t »
and k a o l l n i t l c s o i l c l a y s .
I n bentonite and smectite s o i l clays the Kc
values decreased at f i r s t then remained constant and f i n a l l y increased
while i n k a o l i n i t e and k a o l l n i t l c s o i l clays the values decreased r e g u l a r ly.
The Kc values which were higher w i t h s m e c t i t i c s o i l clays as compared
with k a o l l n i t l c s o i l clays i n Ca-Zn system u n l i k e i n Na-Zn p a i r , suggested
a low bonding energy of Zn ions on k a o l i n i t e .
The higher values of Kc
i n k a o l l n i t i c s o i l clays I n flg-Zn system on the otherhand point toward»
l a r g e r bonding energy o f Zn ions on k a o l i n i t e .
The analysis of 1n Kc composition functions are g e n e r a l l y made I n
terms o f n o n - i d e a l i t y .
O f l a t e s e l e c t i v i t y of trace elements l i k e Zn i n
clay minerals has been l i n k e d to the charges developed due to broken
bonds. However, i t i s d i f f i c u l t to suggest from the r e s u l t s obtained eny
single mechanism of Zn s o r p t i o n based on nature of charge a l o n e .
From the data obtained i t i s c l e e r t h a t Zn i s p r e f e r r e d to Na by
a f a c t o r o f about 5 i n s m e c t i t i c s o i l clays and i n g e n e r a l , Na among the
four cations o f f e r e d the l e a s t resistance to i t s replacement by Zn ion
on the surface of c l a y s .
The values of thermodynamic e q u i l i b r i u m
constant (K) for Ca-clays v a r i e d from 1.05 to 1.55 in k a o l i n i t i c group
and from 2 . 3 8 to 2.69 i n b e n t o n i t e / s m e c t i t e group. The corresponding
values f o r fig-clays were 2 . 2 8 to 4.76 and 2.27 to 2 . 7 0 .
The order of
r e p l a c e b i l l t y of cations by Zn followed the Na > Hg^Ca > K w i t h s m e c t i t i c
clays and Na> Mg>Cay K with k a o l i n i t i c c l a y s .
The very low values of K
( 0 . 0 7 to 0 . 5 5 ) K-Zn system may be due to the presence of h i g h l y s p e c i f i c
s i t e s f o r K and small h y d r a t i o n volume of K i o n , - t h e higher charge of
Zn ion n o t w i t h s t a n d i n g .
The value for standard free energy {p£°) of Zn sorption were
p o s i t i v e i n case of K-Zn system, which I n d i c a t e d to a non-spontaneous
nature of t h a t r e a c t i o n .
However, the values o f A G ° with the remaining
three systems wer« n e g a t i v e , d i f f e r i n g only I n t h e i r magnitude, i n as
much as the Na-Zn p a i r recording the highest values and Ca-Zn the lowest
f i g u r e s , w i t h Plg-Zn occupying some i n t e r m e d i a t e p o s i t i o n .

- 465 VAPOR-PHASE SORPTION AND DESORPTION OF PHENOLS IN SOILS
B. L. Sawhney
The Connecticut A g r i c u l t u r a l Experiment Station
New Haven, CT 06504 USA
Sorption-desorption reactions of organic compounds, including
phenols, are important in c o n t r o l l i n g t h e i r transport and d i s t r i b u t i o n in
s o i l s and movement to ground water. Phenols can be polymerized on clay
surfaces and consequently held strongly by clays and s o i l s . However,
t h e i r movement is enhanced under saturated! and under anaerobic
conditions 2 . The greater m o b i l i t y may be related to the lack of
polymerization of phenols observed under nitrogen atmosphere in aqueous
solution in clays^ and s o i l s ^ and in vapor phase in c l a y s ' . Roles of
d i f f e r e n t soil components in sorption-desorption reactions are not c l e a r ,
however.
In t h i s r e p o r t , sorption and desorption of phenols by s o i l s with a
wide range of mineral and organic components are described and the
mechanisms of reactions by these components are discussed.
A i r - d r y samples from ten d i f f e r e n t s o i l s , ranging in organic matter
content between 0.04% to 62.84% were placed in glass columns and held in
place with glass wool on both ends. The columns were dried at 100°C to
remove any adsorbed moisture, inserted i n a glass tube manifold, and
phenol vapors passed through the columns in a slow stream of a i r or
n i t r o g e n , as described e a r l i e r ^ . The columns were weighed p e r i o d i c a l l y to
determine phenol sorbed. The columns were then flushed with the c a r r i e r
gas to determine desorption of phenol given by the decrease in weight.
The data can be summarized as follows. One, sorption of phenols is
rapid i n i t i a l l y and then tends to level o f f a f t e r 60 - 80 hours. Two,
sorption is much higher in a i r than in nitrogen. Three, the higher the
organic matter, the greater the sorption. F i n a l l y , phenols sorbed by the
high organic matter soils are largely desorbed. This sorption-desorption
behavior is i l l u s t r a t e d in Figure 1 , using three s o i l s : 1) Ottawa sand,
2) Paxton Ap and 3) Canton Ap, containing 0.04%, 10.4%, and 44.9% organic
matter, respectively. Sorption- of o-methylphenol was carried out
successively by the same sample f i r s t under nitrogen f o r 146 hours and
then in a i r f o r 160 hours.
Less sorption of phenols in nitrogen than in a i r demonstrates c l e a r l y
that under anaerobic conditions, phenol transport through s o i l s to ground
water would be f a c i l i t a t e d . Large sorptions of phenols by s o i l organic
matter and t h e i r almost complete desorption (over 90% in s o i l 3) above
suggest that uptake of phenols, and l i k e l y other organic compounds, by
s o i l organic matter involve a solution mechanism s i m i l a r to d i s s o l u t i o n
in an organic solvent. The lesser sorption by mineral s o i l s and lack of
desorption indicate surface reactions that may also involve phenol
polymerization^.
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by three s o i l s of d i f f e r e n t organic matter content.
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- 467 ALUMINUM SPECIES IN WATER SOLUTIONS OF FOREST SOILS
R. Schierl, P. Gardiner and K. Kreutzer
Lehrstuhl für Bodenkunde der Universität München
ZUSAMMENFASSUNG
Unter Einsatz diverser Untersuchungsmethoden wurden wässrige
Lösungen von Waldböden auf die Bindungsformen von Aluminiumionen untersucht. Es zeigte sich dabei, daß bei Anwesenheit
organischer Komplexbildner die Aluminiumionen zum großen Teil
gebunden werden.
INTRODUCTION
There is a lot of discussions about toxic effects of aluminum
ions, e.g. forest decline, fish dying, agriculture decrease.(1)
In most cases so called "free aluminum" was designated as the
toxic species, although aluminum speciation has not been
studied extensively.
Within the scope of our investigations about acidification and
liming of forest ecosystems we are interested in the speciation of aluminum and heavy metals.
METHODS
We examined water solutions of a acid Parabrownearth under
spruce (78 years old) in the horizons L0f-0h-Ah-15-35cm.We
used ultrafiltration, gelpermeation-chromatography(GPC) ( 2 ) ,
reversed phase HPLC ( 3 ) , cationexchange resins and 27-aluminum
nmr-spectroscopy (4) for speciation experiments and ICP-AES for
total aluminum content.
. RESULTS
Treating a water solution of a Ah-horizon (pH 3.3; Al 2.9mg/l)
with gelpermeation chromatography resulted in fractionation of
two main compounds (fig. 1 ) . The first fraction after 50 min
reflects the organic complexed species, which can be recognized
by the simultaneous detection of organic substances (UV 254nm).
The remaining aluminum was eluted extensively near 90 min retention time. As there is no simultaneous organic fraction we
call it anorganic aluminum.
This results go well together with our findings that fractionation of humus layer solutions lead exclusively to the first,
organically bound peak, whereas mineral soil solutions or
aluminum standard solutions (pH 3.8) showed only the second
one .
Separation of the organic bound species into polaric and less
polaric fractions is possible with reversed phase HPLC.
The anorganic aluminum species consist of small molecular
units, which was indicated by GPC and ultrafiltration experiments. Besides, our cationexchange measurements showed that

- 468 this small molecules are mainly positive charged. Aluminum-27nmr-spectroscopy, which identifies the monomeric aluminum
species suggest that there is no "free aluminum" in LOf, Oh
and Ah solutions but high concentrations in mineral soil (10 40 c m ) .

mm. —•Fig. 1 : GPC (UV 254 nn) and simultaneous measurements of
Al concentrations in a Ah water extract.
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ADVANTAGES AND POSSIBILITIES OF THE INSTRUMENTAL NEUTRON ACTIVATION
ANALYSIS (INAA) METHOD FOR INVESTIGATIONS OF TRACE AND MINOR ELEMENTS
IN SOILS, PLANTS, AND FERTILIZERS
Christian Schnier * and Ewald Schnug *»
*

Institute for Physics, GKSS-Forschungszentrum Geesthacht GmbH,
Max-Planck-Str., D-2061 Geesthacht, FRG
** Institute for Soil Science and Plant Nutrition, Christlan-AlbrechtsUniversity, Olshausenstr. 10, D-2300 Kiel 1, FRG

INTRODUCTION
The technique of neutron activation analysis is a highly sensitive method
for the determination of elements in all kinds of sample material, for example soils, plants, fertilizers etc.. In its purely instrumental form it is a
non-destructive method, i.e. no chemical treatment is required, which permits the simultaneous determination of a large number of elements. This
multielement method can be used in agricultural chemistry to investigate
element patterns in a variety of materials, and is extremely useful in the
evaluation of standard reference materials.
In the present paper the advantages and possibilities of the INAA will be
demonstrated and discussed.
PRINCIPLES
A sample containing various amounts of major-constituent, minor-constituent,
and trace elements is exposed for a period of time to a uniform flux of
so-called thermal neutrons in a nuclear research reactor. Small fractions of
the number of nuclei of the various stable isotopes of all the elements
present capture thermal neutrons. If the product nucleus is a radioisotope
of the element, its subsequent radioactive decay (after the sample irradiation has stopped, and the activated sample ha3 been removed to a suitable
radiation detector, usually a Germanium semiconductor for measuring gamma
radiation) can be used to detect, identify, and measure the amount of the
induced activity.
Knowing the activity and the measurement parameters (sample-detector distance, detector efficiency and the periods of irradiation, decay, and measurement) the weight of every detected element in the sample can be calculated by using the NAA equation. For this purpose one needs also the appropriate nuclear data, which are listed in special publications. Accurate
values of the neutron flux during the irradiation period are determined
with flux monitors consisting of pure element foils of iron, gold, and zirconium.
This NAA procedure is called the "absolute method", because no reference
material of known composition is needed. In every gamma ray 3pectrum all
the elements which can be analyzed by NAA are evaluated, if the characteristic gamma ray peak is detected. In Geesthacht this absolute method is normally used; reference materials are analyzed only for controlling the accuracy.
In the "relative method" of NAA, the sample is irradiated together with a
standard of similar composition, and the measured spectra are compared.
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The calculated detection limits in the absence of interfering activities
(matrix free) after an irradiation period of 3 days in a neutron flux
5 * 1 0 " " cm" 2 sec - 1 are:
10-"* - 1 0 ~ 1 2 g: Sm, Eu, Au; Mn, As, Lu, Re, Ir
1 0 " 1 2 - 1 0 - " g Na, Sc, Ga, Br, Sb, La, Tb, Dy, ïb, Ta, W, Os, U
K T " - 10-'° g Co, Mo, Ru, Cd, Te, J, Cs, Ce, Pr, Gd, Hf, Pt, Hg, Th
i<r'° - 10"' g K, V, Cr, Cu, Zn, Ge, Se, Rb, Ag, Ba, Nd
10"' - 10-" g Cl, Ti, Ni, Sr, Y, Zr, In, Sn
10" s - 10" s g Mg, Al, Fe; Ca, Si, S.
The actual detection limits depend strongly on the sample material (matrix).
Further advantages of the NAA are: no contamination with reagents because
only the radlaoactive isotopes are measured, good absolute accuracy, nearly
no sample pretreatment, and the opportunity for repeated analysis of one
aliquot because the method is non-destructive.
The disadvantages are: long analysis times, if high sensitivities are to be
achieved, and the availability of a nuclear research reactor whith special
laboratories for the handling of radioactive materials.
Soil and plant analysis by INAA enables the determination of trace elements
relevant to plant-nutrition (e.g. Mo, Se) and to toxicology (As, Hg, Br).
An example of the application of INAA in agricultural chemistry Is given by
Schnug and Schnier (1985). This work showed the influence of sulfur-containing N-fertilizers on the micronutrient content (e.g. Mn, Mo) and on the
content of rather toxic elements such as As, Br, Se in celery plants.
A proof of the advantages of NAA In the elemental analysis Is given by
Gladney et al. (1982). The majority of all analytical data of NBS standard
reference materials (SRM) is provided by NAA (12 % in biological and 61 % in
geological SRMs).
The analysis of fertilizers is another field for the application of INAA in
agricultural chemistry. Various phosphate-containing rocks (e.g. Algier,
Florida, Gafsa, Kola, Taiba, Tampa, Volta) differ not only in the concentrations, forms, and solubilities of the phosphates, but also In the trace
element patterns. This is of real importance from the point of view of the
contamination of soils with toxic elements (Sauerbeck, Rietz 1980), and can
also be used to identify phosphate materials of unknown origin. In this
paper a multielement analysis of 29 rock phosphates Is presented. Using
discriminant analysis, a multivariate statistical method, the samples can be
grouped according to similarities in their element patterns (finger-print
technique) in order to attempt to identify their origins.
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- 473 THE CHEMISTRY OF THE "UNKNOWN" SOIL NITROGEN
M. Schnitzer and M. Spiteller
Chemistry and Biology Research Institute, Agriculture Canada,
Ottawa, Ontario, K1A OC6, CANADA
The distribution of total N in a typical agricultural soil of the cooltemperature zone and in humic materials extracted from this soil is: amino
acid-N, 30.0%; amino sugar-N, 3.0%; NH.-N, 23.0%; and "unknown" N (=
unidentified hydrolyzable-N + non-hydrolyzable-N + \ NH,-N), 54.5%. Thus,
about 50% of the total N in this and similar soils has. So far not been
identified. The nature of this form of soil-N is one^the unresolved
problems in soil chemistry. It is likely that a better knowledge of the
chemical make-up of the "unknown" soil-N will allow us to better understand
the soil-N cycle and to use the N in soils more efficiently. While
previous experiments had shown that the biodegradation of soil fractions
rich in "unknown" N produced substantial concentrations of NH., and that
significant portions of the "unknown" N could be degraded by mild chemical
oxidation to NH, and N-containing gases, little is known about the
identities of tne major components of the "unknown" soil-N. Our basic
approach to throw light on this problem was to extract from soils humic and
fulvic acids which contained large portions of the total N and to prepare
from these extracts fractions which were rich in "unknown" N but contained
only small amounts of known N-compounds. This was achieved by first
hydrolyzing the humic materials with hot 6M HCl and then separating the
hydrolyzates, after neutralization, on Sephadex gels of various sizes. In
this manner, several fractions were prepared which contained between 97.5
and 98.6% "unknown" N but only 0.84% amino acid-N, 0% amino sugar-N, and
0.53% NH,-N. These fractions were then hydrolyzed with 2M H^SO., reduced
with NaBH. and acetylated. The resulting acetates were analyzed by
capillary gas chromatography-mass spectrometry and identified by comparing
their mass spectra with those of reference compounds of known structures
and literature data. So far we have identified eighteen heterocyclic
N-compounds which include hydroxy- and oxy-quinoli nes and -isoquinolines,
aminobenzofurans, hydroxy-piperi dines, hydroxy-pyrrolines and
hydroxy-pyrrolidines. Many ofthese compounds were identified in soils for
the first time. The identification of additional N-compounds is under way.
The possible origin and significance of the compounds isolated and
identified will be discussed. In view of the great importance of N in soil
fertility and soil biochemistry, soil chemists need to assign a higher
priority to the chemistry of N in soils and humic materials than has been
the case in the past.

- 474 The following are the chemical structures of the N-compounds which we have
so far isolated and identified in soils and humic materials. Ac stands for
acetyl (COCH,) group.
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TRACE METAL LEACHING AND WEATHERING PROCESSES IN SOILS AFFECTED
BY ASBESTOS RICH SERPENTINITIC ROCKS
H. Schreier
Department of Soil Science, University of British Columbia
Vancouver, B.C. V6T 2A2 Canada
It is the aim of this paper to document the weathering process of asbestos
rich serpentinitic materials. The results are based on a study in
Northwestern Washington State and British Columbia where a landslide in
the Sumas River basin has exposed an asbestos rich serpentinitic rock
formation. This exposed material breaks down rapidly and in 1975, 1983
and 1984 during peak runoff periods the Sumas River inundated several
agricultural fields leaving behind a layer of 20-40 cm of asbestos rich
sediments. These remaining sediments provide a poor media for plant growth
since trace metal concentrations, pH values, and magnesium content are very
high and nitrogen and phosphorus values are very low. It is essential to
revegetate these sites since the asbestos fibres are known to be carcinogenic when inhaled and, given the small size of the fibres (approximately
2 um in length), wind action readily disperses these fibres thus constituting a health hazard to the local farm population. The site of the 1975
inundation has virtually no vegetation cover and native plant invasion has
been inhibited by the toxic conditions. Chemical and mineralogical analysis revealed that chrysotile is the dominant mineral in the sediments
and trace metal concentrations are very high. As shown in Table 1 nickel
concentrations of up to 2000 ug/g-1 and chromium values of up to 650 ug/g-1
are not uncommon. The trace metals appear to be present in the form of
isomorphic substitutions in the asbestos fibres and as contaminations
associated with the magnetic fraction of the sediments. The study was
carried out to examine the weathering processes, to identify the weathering
products, and to provide a better understanding of the long term health
and plant production problems associated with serpentinitic materials.
Chemical analysis, scanning and transmission electron microscope (STEM)
examinations and X-ray analysis were carried out on bedrock, sediment and
soil profile samples at the inundated sites. Artificial weathering
experiments were also carried out in the laboratory in order to simulate
the leaching process. Water, acetic, citric, and oxalic acid solutions
were used in an attempt to chemically alter the serpentinitic materials.
Under alkaline conditions the serpentinitic material was found to be very
stable, but once exposed to an acid environment large quantities of magnesium, chromium, and nickel are removed from the asbestos structure and
the sediments. At the site of the 1975 flood serpentinitic sediment
covered organic rich soils and the leaching of Mg, Ni and Cr could readily
be documented at the sediment/buried original organic surface layer interface. Clear evidence was found that Mg, Ni and Cr are leaching into the
lower profile. In the absence of acids no evidence of leaching was found.
A comparison between the 1975, 1983, and 1984 flood deposited sediment
showed no significant chemical difference.
These results were corroborated on the basis of the artificial weathering
experiments. No Mg, Ni or Cr removal could be observed using a 10-day
sediment extraction in water. Once the extraction takes place in acid
environments very large quantities of these components end up in the
extraction solution. Oxalic and citric acids were found to be very
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effective extraction solutions. Up to 50% of the Ni and Cr content
present in the original sediments were removed with such treatments. STEM
and EDX-analysis revealed that significant portions of the Mg, which makes
up one of the building blocks in the asbestos fibre structure, were
removed, leaving behind a fibre dominated by silica.
X-ray analysis of the inundated soil profile samples revealed that chlorite
and montmorillonite clays were present in those horizons immediately below
the sediment layer. This seems to be appropriate considering that these
horizons have been enriched with Mg.
These findings suggest that in order to convert these sediments into a
better plant growing medium it is essential that acid forming fertilizers
and acid rich organic matter be used with caution. Excessive applications
of such materials might promote the release of very high levels of trace
metals which might be toxic to plants and which might leach into the subsoil and possibly the groundwater resources.
Table 1. Total elemental analysis of soils and sediments affected by
asbestos material
MEAN VALUES IN %

SAMPLE ORIGIN
o JE

^3

3
Serpentine Bedrock
1975 Flood Deposit
5
1983 "
5
1984 "
5
1975 Profile 0-20 cm 6
1975 "
20-40 cm 6
Buried Soil 40-60 cm 6
60-75 cm 2
75-105cm 2
"
105-107cm 2
Normal soil
0-20 cm 1
unaffected 20-40 cm 1
by asbestos

Ca
0.87
0.73
1.77
1.10
0.69
0.89
1.16
1.29
0.75
1.29
1.90
2.00~

Mg
27.0
22.2
18.3
19.4
22.7
21.4
13.1

3.5
2.5
0.4
1.2
1.3

fe

6.0
5.9
5.9
6.1
5.5
5.8
6.1
5.1
3.0
1.6
3.5
3.5

MEAN VALUES IN fjg/g"1

Si

Co

Cr

20.6
21.2
24.4
21.5
19.7
20.1
20.7
22.1
27.8
34.2
30.6
31.1

106
105
92
113
102
103
135
39
27
25
45
31

340
505
648
480
486
448
355
225
19?
13
136
137

Mn

Ni

803 2719
1047
1005
1074

2118
1942
1862
966 1949
1048 1947
1238 1951

750
415
410
661
507

733
475
33
63
64

Resume:
Le sujet de cette presentation est 1'alteration chimique de 1'amiente
qui se présente dans les roches serpentines. La concentration de Ni,
Cr, Co et Mn est eleveë dans cette matière et au milieu acidic la
léssivage de ces metaux est rapide. Pendant 1'argilisation chimique les
argiles de la variété chlorite et montmorillonite seront formées dans les
sols.
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Long-termed Measurements of Input and Output of Heavy Metals
i n Forest S o i l s
R . S c h u l t z + , R.Mayer + , N. König-1-1"
+ Universität Kassel, FB1J, Postf.101380,D-3500 Kassel, FRG
++ Nieders.Forstl.Versuchsanstalt,Grätzelstr.2,D-3400 Göttingen,FRG
In a beech (Fagus sylvatica L.) and a spruce (Picea abies KABST.) forest
of a mountain area in Central Germany (Soiling) measurements of heavy
metal fluxes were carried out since 1972 (SEEKAMP 1976, MATER 1981,
SCHULTZ and MAYER 1985, LAKERSDORF 1985). Heavy metal concentration in
precipitation, litterfall and soil water fluxeg below tree root zone was
determined (HEINRICHS et al. 1985) and total element fluxes were calculated (HEINRICHS an MAYER 1981). Soil input is composed of precipitation
below canopy («fluid) and litterfall (-solid)(see Tab.1). The amount of
metal reaching soil with litterfall depends on plant uptake and on adsorption on leaf surfaces. Release of metals from litter is only possible
by decomposition processes or desorption. To balance the mobile amounts
of metals in soil, throughfall is compared to seepage below root xone
(see Fig.2).
Input of lead with throughfall follows the water flux (Fig.1). Total
soil input of Pb is completely accounted for by atmospheric input. A
decrease of Pb input since 1976, which can be seen in open field precipitation is also visible under spruce. It can be explained by reduction of Pb concentration in gasoline in that year. Only low decrease of
Pb in throughfall under beech can be explained by different processes of
adsorption in the canopy. Output of Pb with seepage under root zone is
negligible small. For Pb soil is a sink with high accumulation in the
organic surface layer.
Contrary to Pb the metals Cu, Cd and Mn are more mobile in the trees
(SCHMIDT and SCHULTZ 1985). Soil input of these elements is not only
affected by atmospheric input but also by the plant cycle. A sudden decrease of the input of copper since 1980 can be explained by the fact
that a nearby emission source of copper is reduced. Output of Cu by seepage under beech reflects the input with throughfall. In cause of plant
uptake vegetation and soil are sinks for Cu.
For cadmium and manganese seepage output is higher than throughfall
although these elements are taken up by the trees. A rapid mobilization
from litter can be assumed. For Cd and Mn the investigated soils have
not more the function of a sink. Especially under spruce soil seems to
be a source for Mn. The increase of the output of Mn under the spruce
stand is also measured for AI (MATZNER et al. 1984). The reasons are
buffering and ion-exchange processes in cause of increasing acidification
of the soil.
Literature
HEINRICHS.H.,KÖNIG,N..SCHULTZ,R.,1985,Ber.d.Forschungszentrums Waldökosysteme/Waldsterben, Bd.8^, Universität Göttingen.
HEINRICHS,H.,MAYER,R.,1980, J.Envir.Qual.2,111-118.
LAMERSDORF,N.,1985, Allg.Forst Zeitschrift 4J..1155-1158.
MATZNER,E.,et al.,1984,Ber.d.FZ W/Waldsterben.Bd £.50-62, Göttingen
MAYER,R.,1981, Göttinger Bodenkundl.Berichte J0,1- 291, Göttingen
SCHMIDT.M.,SCHULTZ,R.,1985,Int.Conf.Heavy Metals in the Envir.,506-508.
SCHULTZ,R.,MAYER,R.,1985, Mitteilgn.Dtsch.Bodenkundl.Gesellsch.^J/i.
SEEKAMP,G. ,1977, Göttinger Bodenkundl.Berichte 46..1-129.
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The interactions of heavy metals in the soil environment determine the
amount of removal and that which remains in the soil solution. Heavy
metals which are present in soil solution are susceptible to movement in
the soil profile and thus represent a potential hazard in contaminating
groundwater supplies.
The ability to predict the behavior of heavy
metals in soils is of considerable value for proper management of land
disposal of wastes. Such prediction capability requires an understanding
of the physical, chemical and biological mechanisms which govern the
retention and mobility of heavy metals in soils profile. The objectives
of the study was to describe the fate of Cr and Cd in several soils. The
approach utilized was that of the batch method. A wide range of initial
concentrations was chosen and reaction (or conact) times varied from few
hours (at initial stages) up to two weeks. In addition a transport study
was conducted using miscible displacement techniques for steady and
water-saturated flow in a soil columns.
A pulse of Cr or Cd was
Introduced to the soil column and was subsequently followed by a solute
free solution. The concentration in the effluent was determined using
radio-isotope methods.
The results from batch experiments indicated a continued decrease of Cr
and Cd with time for all initial heavy metaconcentrations. Such behavior
clearly illustrates that the reaction of these metals are kinetic in
nature.
In addition, for all cases, it appears that a fast (or
instantaneous) type reaction occurred at the early stages of reaction.
This is demonstrated by the rapid decrease of concentration in the first
few hours of contact with the soil. Such a rapid decrease was apparently
followed by slower type reactions.

Cr

Batch

Figure 1
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200
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300

400

- 480 For the purpose of describing Cr and Cd results obtained from th« batch
experiments several models were used. These Included equilibrium type
models such as the linear and nonlinear Freundlich as well as the
Langmuir types. These models failed to describe the retention data for
both Cr and Cd due to the strong kinetic behavior of the retention
mechanisms.
Kinetic type models were also tested.
This included
irreversible first-order reaction aa well as linear and nonlinear fully
reversible type reactions.
Therefore, we may conclude that a »Ingle
type mechanism of either the equilibrium or the kinetic type wa« not
capable of predicting the Cr or Cd retention results.
As a result of these findings, a multiple reaction (or multi-site) model
was developed.
Th« main feature of the model ia that it incorporatee
a«v«r«l
r«actions
of
th«
r«ver«ibl«
«nd
th«
irr«v«r»ibl«
kln«tlc typ«. Th« order of reactions are not restricted to the linear
first order typ« rather reactions can b« of any ord«r aa dealred.
Moreover, the processes considered simulate sequential or simultaneous
type reactions.
Th« model was «uccessful in predicting th« kinetic
r«t«ntion of Cr and Cd over a range of Initial concentration« as ahown in
Figure 1. Here, two nonlinear rev«r«ible reactions and one irrev«r«ibl«
typ« r«action adequately predicted Cr result« for several
initial
concentrations. Both reversible reections were of the nonlinear typ« and
the reaction rate coefficients indicated the possibility of a faat (or
simultaneous) typ« reaction and th« «econd of a «low retention proceaa.
Th« irreversible reaction wa* of th« alow type and lin««r in natur« «nd
could thu» represent «lowly rev«r»ibl« mechanisms.
To further test the multiple reaction proceaae« propo»ed her«, th« model
was incorporated with the convectiv«-disp«r«iv« «quation of «olut«
traneport in «oil«.
Her«, an equilibrium nonlinear Fraundlich type
reaction was also
incorporated
to the kinetic multiple
r«»ction
proc««s«». As indicated by the Cr breakthrough curve« in Figur« 2 »od«l
prediction« «r« in agreement with experimental data for two water flow
velocities. Similar predications were obtained for Cd transport and for
sev«r«l «oils. Thi« gives additional credence to th« validity of th«
•od«l in predicting heavy metal transport and retention in «oil».
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EISTRIBUTION OF AVAILABLE ZINC AND RESPONSE TO APPLIED ZINC IN
SOME INCEPTISOLS AND VERTISOLS OF CHAD BASIN IN NORTH-EASTERN
NIGERIA
U.C. SHUKLA and J . D . KWAHI
Department of S o i l S c i e n c e , U n i v e r s i t y of Maiduguri,
Nigeria.

Haiduguri,

SUMMARY

Information on d i s t r i b u t i o n and responses t o Zn i n I n c e p t l s o l s
and V e r t i e o l s , occupying a large area of Chad Basin i n North-Eastern
part of Nigeria i s not documented i n the l i t e r a t u r e . Therefore, t h i s
i n v e s t i g a t i o n was carried out with the above objectives i n view.
Forty Surface (0-15cm) and subsurface (15-30cm) s o i l samples from
a g r i c u l t u r a l l y important areas were c o l l e c t e d and analysed for
mechanical composition, pH, EC, organic carbon, exchangeable cations
and a v a i l a b l e P (O.^MNaHCOj extractable) and available Zn (0.1N HCl
and 0.01% EDTA extractable Zn). Ten bulk Boil samples were a l s o
c o l l e c t e d , analysed for physico-chemical c h a r a c t e r i s t i c s , and used
for Zn response s t u d i e s . Three plants per pot of wheat (Tritlcum
aestivun L.) CV ' S i e t e Cerros' were grown for 7 weeks i n U kg s o i l
at 0 and 5 mg Zn k g - 1 s o i l . Dry matter y i e l d s were recorded.
0 . 1N HCl-extractable Zn ranged from 1 t o 12.5 and 0 . 5 to 12.5
mg k g - 1 s o i l with mean values of 6.29 and 6.0 mg kg-1 s o i l i n
surface and subsurface s o i l samples, r e s p e c t i v e l y . The content was
p o s i t i v e l y correlated with clay and exchangeable cations i n surface,
and with organic carbon and pH i n subsurface s o i l samples, and was
not r e l a t e d t o any other s o i l property.
0.01% Na2EDTA-extractable Zn ranged from 1.5 t o 9.0 and 1 t o 9
mg kg-1 s o i l with mean values of I4.HI and U.75 mg kg-1 s o i l i n
surface and subsurface s o i l samples, r e s p e c t i v e l y . Except inverse
r e l a t i o n s h i p with a v a i l a b l e P i n s u r f a c e , and with pH i n subsurface
samples, EDTA extractable Zn was not r e l a t e d t o any other s o i l
property.
Using I4.5 mg kg-1 s o i l as c r i t i c a l l i m i t for 0.1H HCl e x t r a c t a b l e
Zn and 3 mg kg-1 s o i l for EDTA-extractable Zn,about 30 to US% of
surface and subsurface samples were found to be low i n a v a i l a b l e Zn.
Zinc response i n wheat varied from -12 t o 26%. A s i g n i f i c a n t
increase i n y i e l d was noted i n three out of 10 s o i l s . There was a
tendency for increase i n y i e l d i n another three s o i l s . The r e s u l t
showed that even under present cropping c o n d i t i o n s , there i s a
considerable p o t e n t i a l for Zn f e r t i l i z a t i o n of wheat. The prediction
made through s o i l analyses on magnitude of Zn deficiency i n s o i l s was
corroborated by plant responses.

- 482 ESTIMATION OF SOIL MICRONUTRIENT STATUS BY PLANT AND/OR SOIL ANALYSIS
M. Sillanpää
Agr. Res. Centre, Inst. Soil Sei., SF-31600 Jokioinen
Soil chemistry
Both plant and soil analyses are used in estimating the micronutrient status
of soils. These methods are, however, based on fundamentally different principles. The process of micronutrient absorption by a plant is governed by
the laws of biochemistry and plant physiology, whereas chemical soil extraction employs the laws of chemistry. Consequently, the same nutrient fractions
are not analysed. Further, many soil factors react differently during the
two processes.
Theoretically, plant analysis is the more reliable technique as it measures the available micronutrients absorbed by plants, while soil analysis
attempts to imitate plants.
The theoretical advantages of plant analysis are diminished by the difficulties of obtaining comparable plant material: the same species and variety;
the same plant part; samples of the same physiological age; minimum contamination and comparable growing conditions. Soil analysis is well suited for
large-scale use provided that the results agree with those of plant analysis
obtained from reliable and comparable plant material. When there is disagreement, i.e. the soil extraction method used fails to take into account the
effect of a soil factor regulating the availability of a micronutrient to a
plant, soil analysis can be calibrated to eliminate these discrepancies if
the responsible factor can be found and its effect quantified. The improvement of soil analysis along the above lines is dealt with in this paper.
Prerequisite to a useful correction coefficient for the results by soil
analysis is that the material on which the calculation is based meets
certain criteria. In addition to the comparability of the plant material
mentioned above, the number of plant/soil sample pairs must be large and the
soil material must consist of soils of widely varying characteristics; soil
material with a pH variation of only one or two units would not be suitable
to make any general conclusions on the effect of pH. The material (3538
wheat/soil sample pairs) from an international study used here can be considered to fill these requirements. In the following, an example on the disturbing effect of pH on Mn is given:
The effects of six soil factors (texture, org. C, CEC, el. conductivity,
CaCO,-equivalent and pH) on the results of plant Mn and soil Mn (extr. by
DTPA and by acid ammonium acetate) were studied. Soil pH was found to be the
key factor causing discrepancies in plant and soil analyses.
As shown in Fig. 1, Graph C, plant Mn is in good negative correlation
with soil pH over the whole pH range from pH 4.0 to 8.5, respectively. On
the contrary, the results of both soil extraction methods (Graphs A and B)
disagree with the results of plant analysis in the acid pH range. The disagreement is less in the case of DTPA (Graph A ) ; i.e. only below pH 5 while
by AAAc-EDTA it ranges to pH 7. Thus, the correlation between the results
of DTPA and plant analysis is relatively good (r = 0,522***) compared to
that between AAAc-EDTA and plant analysis (r = 0,039*).
Discrepancies caused by soil pH can be at least partly eliminated by
correcting the extractable soil Mn values for pH. This can be done by calculating the regression of the plant Mn/soil Mn ratio to soil pH (Graphs A,
and B , ) . The regression lines as such could be used as correction coeffi- '
cients. Huwever, in order to keep the soil Mn values at their original average level pH-correction coefficients including reversion coefficients have
been introduced. These are given in the right hand ordinates (Graphs A, and
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Fig. 1. Relationships of soil Mn
(extracted by two methods) and
plant Hn to soil pH(CaCI),.
Graph A: DTPA extractable Hn as
a function of pH.
Graph B: AAAc-EDTA extr. Mn as
a function of pH.
Graph C: Plant Mn as a function
of pH.
Graph A.: Ratio of plant Mn to
DTPA extr. soil Mn as a function of pH.
Graph B,: Ratio of plant Mn to
AAAc-EDTA extr. Mn as a function of pH.
The regression curves in Graphs
A, and B, also indicate the
respective pH-correction
coefficients for correcting
soil Mn for pH (right-hand
ordinates).
Graph A-: pH-corrected DTPA extr.
Mn as a function of pH.
Graph B-: pH-corrected AAAc-EDTA
extr. Mn as a function of pH.
Columns and points indicate mean
values of each pH class; n val
ues of pH classes (totalling
3538) are given in Graph A.

B J . For more details, see FAO Soils Bull. 48 (Sillanpää 1982). The mathemathical formulas of the pH-correction coefficients for the two extraction
methods are:
0
(DTPA)
k(pH) = 107-06-2.200pH+0.164pH
(AAAc-EDTA)

k(pH) =

108-09-2.275PH+0.152PH'

When all 3538 soil DTPA and AAAc-EDTA values are corrected with the abov>
coefficients the soil Mn/soil pH relationships given in Graph A ? and B ? are
obtained. These are very similar to the plant Mn/pH relationship shown in
Graph C. This is because the effect of pH on the chemical extractability of
soil Mn has been made similar to its effect on its plant availability.
Further, by taking the pH effect into account, the correlations between
the results of soil analysis and plant analysis improved as follows:
DTPA Mn/plant Mn
from r-value 0.522*** to 0.713*** and
AAAc-EDTA Mn/plant Mn from r-value 0.039* to 0.558***.
When the above pH-correction was applied to another large sample material
(1977 timothy-soil sample pairs) the plant Mn/AAAc-EDTA extractable Mn correlation improved from r-value 0.105***to r-value 0.532***, respectively.
This shows that even a poor extraction method may be successfully used if
its special features and its behaviour with respect to various soil characteristics are known and properly taken into account.
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C o n s i d e r a b l e s t u d i e s on the development and p r o s p e c t i v e
use of a good number of c h e m i c a l s and a d d i t i v e s as n i t r i f i c a t i o n r e t a r d B i s , have been made, e s p e c i a l l y since t h e s i x t i e s
w i t h a view t o i n c r e a s i n g t h e n i t r o g e n u t i l i s a t i o n e f f i c i e n c y
of the t y p i c a l N - f e r t i l i z e r s such as u r e a , ammonium s u l p h a t e ,
c a l c i u m ammonium n i t r a t e and the l i k e .
In t h i s c o n t e x t , some
n i t r i c a c i d o x i d i s e d p r o d u c t s o f c o a l such as n i t r o - h u m i c
a c i d s (NHA) as w e l l as w a t e r - s o l u b l e n i t r o - p o l y - c a r b o x y l i c
a c i d s (PCA) r e c e n t l y d e v e l o p e d a t the C e n t r a l F u e l Research
I n s t i t u t e , Dhanbad, I n d i a by t h e p r e s e n t a u t h o r s and t h e i r
c o - w o r k e r s , appears t o be s i g n i f i c a n t and p r o m i s i n g .
The
i n h i b i t o r y f u n c t i o n of t h e s e m a t e r i a l s and t h e i r agronomic
e f f i c i e n c y when used i n c o n j u n c t i o n w i t h urea or o t h e r Nf e r t i l i z e r s , have been r e p o r t e d e a r l i e r .
These a r e c r i t i c a l l y r e v i e w e d and extended by more r e c e n t i n v e s t i g a t i o n s ,
e s p e c i a l l y w i t h NHA and the p o t e n t i a l i t y of t h e same i n a g r o industries indicated.
NHA i s produced by o x i d a t i o n o f c o a l , p r e f e r a b l y l o w e r
r a n k non-caking c o a l s w i t h d i l u t e n i t r i c a c i d .
Complete o x i d a t i o n end d e g r a d a t i o n by s t r o n g e r n i t r i c a c i d of e i t h e r
n i t r o - h u m i c a c i d (NHA) or the o r i g i n a l c o a l i t s e l f , c o n v e r t s
the m a t e r i a l s i n t o w a t e r - s o l u b l e organic acids (PCA), predominantly aromatic i n c h a r a c t e r .
B o t h NHA and PCA a r e p o l y f u n c t i o n a l i n c h a r a c t e r , h a v i n g c o n s i d e r a b l e p r o p o r t i o n of
n i t r o and o x y g e n a t e d groups such as c a r b o x y l , h y d r o x y l and
carbonyl (Table - 1 ) .
B e s i d e s b e i n g a composite of a number
o f a r o m a t i c p o l y c a r b o x y l i c a c i d s , PCA a l s o c o n t a i n s some
s i g n i f i c a n t p r o p o r t i o n of p y r i d i n e c a r b o x y l i c a c i d s .
Incubation studies with s o i l containing d i f f e r e n t prop o r t i o n s of NHA and PCA have i n d i c a t e d t h a t t h e s e r e t a r d the
r a t e o f n i t r i f i c a t i o n of f e r t i l i z e r s l i k e u r e a .
Further,
t h e growth o f m i c r o b i a l p o p u l a t i o n i s phenomenally a c t i v a t e d .
The ebove f i n d i n g s prompted pot t e s t s and f i e l d t r i a l s
o f c o m b i n a t i o n f e r t i l i z e r s c o n t a i n i n g urea i n a d m i x t u r e w i t h
v a r y i n g p r o p o r t i o n s of e i t h e r NHA or PCA.
I t has been found
t h a t 10-20% of t h e s e m a t e r i a l s by w t . of N - f e r t i l i z e r s , g i v e s
t h e optimum e f f e c t i n the way o f g i v i n g 20-30% h i g h e r y i e l d
of c r o p s and 'vegetative growth , compared t o what a r e y i e l d e d
by the a p p l i c a t i o n of the N - f e r t i l i z e r s a l o n e .
Increasing
dosage beyond t h i s p r o p o r t i o n , l e a d s t o d i m i n i s h i n g r e t u r n ,
• S i n c e r e t i r e d end new E m e r i t u s S c i e n t i s t , C e n t r a l Glass and
Ceramic Research I n s t i t u t e , C a l c u t t a - 7 0 0 0 3 2 , I n d i a .
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More r e c e n t work
i n d i c a t e s t h a t NHA, w h i c h i s an i n t e r m e d i a t e p r o d u c t o f
c o m p l e t e o x i d a t i o n o f c o a l t o PCA.-can be as e f f e c t i v e as
PCA.
A c o m p a r a t i v e s t u d y and i n t e r p o l a t i o n o f t h e r e p o r t e d
agronomic e f f i c i e n c i e s of v a r i o u s n i t r i f i c a t i o n r e t a r d e r s
d e v e l o p e d e l s e w h e r e such a s , 'N-SERVE' / 2 - c h l o r o - 6 - ( t r i c h l o r o - m e t h y l ) p y r i d i n e _ 7 , 'AM' (2-amino 4 - c h l o r o - 6 methyl
p y r i m i d i n e ) , D i c y a n d i a m i d e , N i t r o f u r f u r a l ox imp and ' S T '
( s u l p h u r t h i a z o l e ) as w e l l as some s l o w - r e l e a s e f e r t i l i z e r s
v i s - a - v i s t h e same o b s e r v e d w i t h t h e c o a l p r o d u c t s a r e p r e sented.
I t a p p e a r s t h a t NHA and PCA a r e es good as o r p o s s i b l y b e t t e r t h a n many o f t h e w e l l known n i t r i f i c a t i o n
retarders.
Furthermore, the coal products are obviously
much c h e a p e r t h a n most of the e x o t i c and c o s t l y c h e m i c a l s
s u g g e s t e d as n i t r i f i c a t i o n i n h i b i t o r s .
There i s s t i l l a n o t h e r added v i r t u e o f NHA and PCA
namely t h e i x h i g h b a s i c i t y ( 3 5 0 - 7 0 0 m . e . / 1 0 0 gm) w h i c h may
h e l p r e t a i n some o f the f e r t i l i z e r i o n s and a l s o augment
the w a t e r - h o l d i n g c a p a c i t y of s o i l s .
T a b l e 1 - C o m p o s i t i o n of c o a l and c o a l - d e r i v e d
n i t r o - h u m i c and p o l y c a r b o x y l i c a c i d s
C o a l and
Coal-products

% yield
(on o r g a nic basis)

Coal
Nitro-humic
a c i d (NHA)
Polycarboxylic
a c i d s (PCA)

100
80

Composition %
H

N

C00H

m.e./
100g

80.5 5.1

2.1

12.3

0.8

nil

61 .5 3.5

5.5

2'i -i

9.1

300-350

23.0

700-B00

51 . 2 2 . 3 5 . 8

"•

- 486 COMPARISON OP CHEMICAL AND MINERALOGICAL PROPERTIES OF
AN ABANDONED MINE SPOIL BEFORE AND AFTER RECLAMATION
WITH FLY ASH-ROCK PHOSPHATE MIXTURES
R. N. Singh and R. F. Keefer
Division of Plant & Soil Sciences, Box 6108
West Virginia University, Morgantown, WV, 26506 USA
Laboratory, greenhouse, and field studies were conducted to
evaluate fly ash and rock phosphate as amendments to ameliorate toxic conditions in an abandoned mine spoil for the
production of agricultural crops. The other objective of this
study was to determine changes in the physical, chemical, and
mineralogical properties of reclaimed mine spoil with that of
the untreated mine spoil. The study area was located in north
central Preston County, WV, USA in the unglaciated Allegheny
Plateau. Slope ranged from 5 to 10%. The coal from this site
was surface mined about 1970 before the establishment of
regulations which required covering of potentially toxic mine
spoil material with non-toxic overburden. Due to lack of
separation of weathered and unweathered rock material during
mining, high chroma (weathered) sandsone, low chroma (unweathered) sandstone, and carbolithic material were present
throughout the mine spoil profile. Several attempts to revegetate these spoils with lime and fertilizers were unsuccessful. The site showed "wet spots" under dry conditions
indicative of the presence of free acid produced by pyrite
exposed to the atmosphere. This was supported by total S
which varied from 0.2% near the surface to 0.7% at a depth of
50cm. The snoil was also quite high in exchangeable Al (3 to
5 cmol k g "^) and extractable Mn (20 to 35 mg kg 1 ) .
Apparently mixing of low chroma sandstone (pyritic sandstone)
with the other overburden materials resulted in oxidation of
pyrite which produced sulfuric acid. The acid attacked the
primary and secondary minerals and released considerable
amounts of Al, Fe, Mn, and other cations, such as Mg. The
total and free Fe data of the mine jpoil profile coincided
with the distribution of clay. Mineralogical data of the clay
fractions indicated that kaolinite and mica were the dominant
clay minerals with small amounts of vermiculite. Use of 400
and 800 metric tons of fly ash per hectare along with rock
phosphate on this mine spoil resulted in increase in pH,
exchangeable bases, total boron, and decrease in exchangeable
Al and extractable Mn. Alfalfa growth on fly ash-treated mine
spoil was as good as that found on undisturbed soils in WV.
Incorporation of fly ash in the surface of the mine spoil
changed clay, total and free Fe, heavy metal contents of the
spoil, and the mineralogy of the top layer. The microbial
biomass was also increased as revealed by CO2 evolution
measurements.
This was indicative of improved spoil
conditions for microbes and plants.

- 487 The Kn, Cr, Ni, Co, Cu, Zn, Pb and Cd distribution in the
profiles of podzols
Skïodowski Piotr
Institute of Applied Geodesy, Warsaw Technical University,
Poland
In our work 6 podzol profiles were inwestigated, which were
formed from Trias and Devonian sandstones. All the investigated
soils located in the Swi^tokrzyskie Mountains, are overgrown
with forest vegetation. The weathered Trias sandstones contained, as a rule, to less than 5 % of particles below 0,02 mm in
dia, so they are loose sands. Instead, the weathered Devinian
sandstones shoved higher content of particles below 0,02 am in
dia, as a rule, 15-20 %. All the podzols investigated characterized thomselves with strong acid reaction, low saturation
degree with basic cations /under 30 %/ and considerable hydrelytic and exchangeable acidity. Trace elements Mn,Zn,Cu,Co,Ni,
Pb,Cd and Cr were determined by the absorption atomic spectrometry method in solutions obtained by means of treating of soil
samples with perchlovic acid.
The much higher content of trace elements in the podzols
developed from Devonian sandstones than in the podzols developed from Trias sandstones was found. These differences result
from granulometric and mineral composition of parental rocks,
particularly soil colloids content. It does not concern Ao
horizons. In all the analyzed soils, a very distine*t increase
of content of trace elements in the Ao horizons was found, in
comparison with the parent reck horizon. It concerns particularly manganese, copper and zinc, as their accumulation in
these horizons is a dozen or so times bigger. The litter and
humus horizons characterize themselves with much greater varr
iability as regards the content of trace elements, particularly
of manganese, chromium, zine and lead, than the parental materials. On the basis of the obtained results we may suppose
that the biological accumulation ie one of the major factors
influencing the accumulation of trace elements in the Ao horizons of forest soils. In spite of distinct accumulation of
traoe elements in AQ horizons, correlation between the content
of total carbon and concentration of trace elements were not
observed.
Taking into consideration the distribution of trace elements
in the podzol profiles, they can be devided into 3 group«:
1. Chromium, nickel and cobalt, which accumulated in a relatively small degree only in the litter horizons, most probably
as a result of pollution. The content of these elements
depends principally on their concentration in the parental
materials.
2. Manganese, zinc and copper, which accumulated in big gusntitiea, both in litter and humus horizons, as a result of
biological circulation of mineral elements.
3. lead and cadmium, which accumulated considerably especially
in AQ horizons, probably due to the economic activity of
man.
The distribution of trace elements in the podzol profiles
is «onnected with the process of podzolization. The characteri-
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stic attribute of these soils is the obvious impoverishment of
A2 horizons in all the trace elements, as well as the definite
increase of their concentration in the diagnostic horizons BH
as Bg. It concerns particularly such elements as zinc, lead,
copper, cobalt and nickel.
As a result of the process of podzolization from upper horizons, particularly from the A2 horizons, humus compounds, iron,
aluminium and phosphorus as well as such trace elements as
manganese, zinc, lead, copper, cobalt and nickel, are leached
to the B horizons. Presamably humus acids forming in the A 0
horizons in big quantities, and particularly fulvic acids, forn
complex humus - metallic compounds with trace elements and with
proper humitidy they are leached to B H and Bs horizons.
The illuvial horizons - B H - of all the analyzed soils have
shown a statistically proved relationship between the content
of total carbon and the concetration of the majority of tra«e
elements, with the exception of chromium. In these horizons
there were also found a very high correlation coefficients between the content of colloidal clay, Fe203 and the concentration
•f Kn,Ni,Co,Zn,Pb,Cd.

- 489 Influence of calcium on phosphate retention by soils
Smillie,G.W.,: Curtin, D.,1 and Syers, J.K.2
1 University College Dublin, Ireland
2 University of Newcastle-Upon-Tyne, U.K.
There is convincing evidence that the initial reaction between o-phosphate
(P) and variable charge metal oxides involves ligand exchange with hydroxyl
groups and the formation of inner-sphere complexes between P and the
mineral cation to which the hydroxyls had been bound. The sorption of P
by variable charge metal oxides under controlled ionic environments has
been used to model P behaviour in soils. Despite strong evidence that P
retention in soils is associated with oxide components similar to those
used in model systems, these models have had a disappointing impact on
soil fertility management, both in terms of fertilizer practice and the
development of improved soil-testing procedures. It is postulated that
the lack of a labile pool of calcium (Ca), such as provided by exchangeable
Ca in whole soils is a limitation on the suitability of variable charge
metal oxide systems as models of P behaviour in soils.
Phosphorus in a variety of forms was added to two weakly acid soils
low in available P (Tokomaru - low P retention; Egmont - high P retention).
The forms of P ranged from P in solution (KH PO ) through solid, watersoluble P (superphosphate) to insoluble phosphate rock (Chatham Rise
phosphorite, CPR). The P was incorporated uniformly throughout the soils
at a rate of 600 ug/g. Treatments were replicated to allow sacrificial
sampling at intervals over an incubation period of 27 weeks.
The patterns of P release in successive water extractions (1 to 40
soil-water ratio), after different incubation periods, were determined
for the 3 forms of added P, in relation to untreated controls. Highest
initial P concentrations were always found where P had been added in solution (KHpPOjj) but these concentrations dropped rapidly in successive
extractions, falling below those for superphosphate, although they also
decreased over time. CPR-treated samples showed a different pattern, with
solubility increasing towards maximum values over a number of extractions.
Water extractability of P added, in solution and in soluble form declined
during the 27 week incubation period. Washing with dilute NaCl (0.1M)
after the soil samples had undergone a series of water extractions was
found to increase the P concentrations in subsequent water extractions.
The effect was similar where mainly sorbed P (KH2P0i|) and where particulate
P (CPR) would be expected to be the main sources. While total P extracted
in 10 successive water extractions was less after 27 weeks incubation than
after 9 weeks, P extracted in 4 water extractions after NaCl washing was
similar or greater after 27 weeks (Table 1 ) . A further feature of the
extraction procedure used was that when levels of water-extractabie P,
after NaCl washing, declined, they could be stimulated by another NaCl
washing. In an extended sequence of 20 water extractions with 2 intermediate NaCl washings up to 80* of added P was removed from Egmont soil.
When a 2nd NaCl wash was used the Ca concentrations in it were always
higher than in the NaCl wash which preceded water extraction, and where
CPR had been used the increase was considerable.
From the foregoing it can be said that (1) reduction or removal of
exchangeable Ca by NaCl washing results in substantial increases in waterext^actable P, (2) it is possible in this way to remove a much higherproportion of added P than would be possible by direct water extraction,
(>3) the effect of NaCl washing is similar with a variety of forms of added

- 490 Table 1. P removed in 10 successive water extractions prior to NaCl
washing (a); P removed in 4 successive water extractions
after NaCl washing (b); and combined amounts (c); from
soils incubated for 9 and 27 weeks.
P

Soil and
form of
P added

9 Weeks

Tokmaru
Control
Super
CPR
KH2P0i,

3 0
266 3
199 3
235.0

Egmont
Control
Super
L'i'R

5.0
76.0
33.0

KH2P04

90.0

7

Weeks

removed by treatment
b
9

Weeks
27 W e e k s
ug P g -1 soil

9

Weeks

2.6

6.9

7.1

183.5
160.8

125.9
199.6
93.0

128.7
233.1
96.0

9 '
>
392 2
399 2
328 0

40.0
208.8

50.8
226.1
275.2
200.6

'15
281
299
271

159.3

i).8
57.7
27.3
65.6

266.7
184.8

0
8
0
8

27 W e e k s

9
312
393
255

56.6
283.8
302.5
266.2

P, and (4) amounts of P extracted do not decline with time of contact
between soiol and added P as does direct water-extractable P. While it is
reasonable that the reduction or removal of exchangeable Ca would accelerate the dissolution of Ca-phosphate in soils by creating a sink for Ca,
its effect on adsorbed P is less obvious. The evidence that extractability
of P did not vary over time suggests that the effect of NaCl was more than
just the removal of an outer-sphere balancing cation. The magnitude and
speed of the effect was such that it appears unlikely that migration of P
from sub-surface sites could account for it. It is suggested, therefore,
bearing in mind that Ca is not an indifferent ion in systems containing
variable charge oxides that sorption of Ca and P by such entities may be
synergetic or complementary. If adsorbed P and Ca were to enter into some
chemical association, perhaps as a surface complex, then a manifestation
of this could be a change in the equilibrium between sorbed P and P in
solution, and a decline in water-extractable P. A surface complex of Ca-P
could be expected to behave in a similar manner to Ca-phosphate. Hence,
the similarity in behaviour shown by all forms of P added in this study.

- 491 TIS CHAÏTC-3 IH Ii'-ICROSLÏÏ.ÏÏITT CClïTEI.T OF SOILS AS A
R2SULT C7 '••E3IE AiTTIIROFCGENCUS EVOLUTION
A.A.SOBACKKIN, All-Union Research Institute of Fertilizers and Soil Pedology
by D.K.Pryanishnikov, Moscow, USSR
'The nornal cycle of biogenous elements will occur in natural biocenoses. The human activities, howerer, are introducing significant changes into the character of migration and
redistribution of soil elements. The industrial activity, connected with the discharge of gases, flying ash into the atmosphere, the pollution of water, leads to the accumulation of
industrial wastes on large areas and creates anthropogenous
abnormalities with tr.e increased content of a number of microelements in soils. Recently, much attention iias been paid
to the study, of these abnormalities as well as to soil conservation measures. .Vhile the agricultural activity leads,
in a number of cases, to the anthropogenous abnormalities of
specific kind, -che changes in microelement status of soils
due to this are so far less investigated.
The author of the paper has studied the influence of
such long-term permanent crops as rice, tea, coffe, sugar cane,
and other plants on changes in microelement content in tropical and subtropical areas of the USSR, Cuban Republic, Vietnam,
Kenya, Ivory Coast, Birma and others. The total content, mobile and weakly soluble forms of microelements, as well as the
substances tied with iron/and aluminium oxides, organic matter of soil were determined.
Many hundred years cultivation of irrigable rice in
countries of South-East Asia has resulted in that a new group
of soil has appeared, which is classified by some researchers
as an individual taxon of soils changed by cropping of rice.
Long-term submersion of rice paddies radically changes heat/
and water regime of soil, and processes taking place in it.
These soils are loosing the structure, decreasing humus, gleying appears. The long-term cropping of rice changes the most
intensively the upper soil profile, ruining fine fractions.
This process can lead to~a condition that the plow horizon
completely will turn into quartz sand.
If compared to other soils, these have typically low
content of both total and liable forms of microelements(Table I ) .
Insufficiencies of microelements in soils modified by
the long-term cropping of rice is one of the reasons of their
low productivity. Therefore, working the techniques for improving soils changed by rice cropping seeds an urgent goal
of to-day.
Significant changes in micronutrient status also occur
in areas under long-term permanent crops of tea, coffee, citrus and sugar cane. The reason for this is, on one hand, the
permanent removal of micronutrients, and on the other hand,
the distinctive nutrient cycle in plantation euviroment.
Due to the excess amount of mulching material resulting from
leaf and plant debris after cutting and harvesting, the soils
can accumulate the organic matter and micronutrients tied with
it.
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[C2CSL:';;_::.T CCCTS:.'

Soil

3

I.;o

Total Concent
Ancient alluvial
neutral
95
~L,'-j
Ancient alluvial
changed by croppin0
of rice
5O
0.8
Liable forms
Anciem alluvial
0.24
0.12
neutral
Ancient alluvial
changed by cropüing
of rice
0.12
0.05

Cu

Zn

Lin

42

^

12

20

76

2.5

4.0

80.0

0.2

1.8

9.0

510

Go

IG
'A

0.2

0.04

At the sail e time, soils under the plantation crops would
become poor of liable Manganese, Zinc, Molybdenum. The application of micronutrients can correct the deficiency in soils
under plantation crops.

- 493 THERMODYNAMIC ANALYSIS OP HILGARD REACTION OF SODA
FORMATION IN SOILS
E.A.Sokolenko, E.N.Zelichenko
Institute of Soil Science, Kazakh SSR Academy of Sciences
Alma-Ata, USSR
In soil science it has long been a current opinion that
there exists the possibility of formation of soda (JvlaHCÖ« +•
jNi&iCOj) due to interaction of neutral sodium salts with calcium or magnesium carbonates (Hilgard reaction). It was intended by the authors of the present report to determine the
values of the partial pressure of the soil air carbon dioxide
Pec2, in soils with sulfate salinization (thenardite + calcite), at which the soda formation process begins. The investigation was conducted theoretically with the use of the ionic
equilibrium equation. The equation was derived which enabled
determination of the thenardite amount in the soil solution
at a given pressure of carbon dioxide in soil air required
for Hilgard reaction to result in soda formation!

+^,

(1)
e =\025+Ai^Mf:

where K i » Kfc - the first and the second constants of carbonic acid dissociation; Kp- - Henry constanti K 5
- CCLS>(9°
ionic pair dissociation constant; K s i » K s a
" calcite ^
and gypsum solubility products;
X - monovalent ionic activity coefficient; n
- thenardite concentration in soil solution; PcOa, - partial pressure of carbon dioxide in soil
air. Using formula (1) and experimental values of thenardite
activity coefficients (Ryabin et al., 1977), the authors estimated the minimal value of rco% a t which the soda formation
process can be initiated. At the temperature t = 32.4°C when
sodium sulfate solubility is maximal (3.87 mole/1) the soda
formation process begins at 0.15 atm. -^PcOa, • At lower temperatures the soda formation process is still more problematic«
Soda formed in soil solution due to gypsum appearance is termed by the authors "real" soda.
Besides £real" soda the solution contains soda resulting
from CcxSO^ ionic pairs formation (the authors termed it
"ephemeric" soda). The main peculiarity of "ephemeric" soda
is complex dependence of its content in soil on the moisture
regime. Therefore, this excludes the correct determination of
the "ephemeric"soda content based on the water extract analysis data. As the soil dries out "ephemeric soda disappears
being transformed to thenardite and calcite. With thenardite
and calcite present in the soil, "ephemeric" soda exists in
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the "ephemeric" soda content also increases. "Ephemeric" soda
concentration in the soil solution is equal to that of Ca.505
ionic pairs. "Heal" and "ephemeric" soda formed under above
described conditions is largely represented by sodium bicarbonate. Thus, it may be supposed that under sulfate salinization of carbonate soils in case of watering after applying
manure "real" soda can be formed in large amounts. This soda
migrating to neighbouring plots with low partial pressure of
carbon dioxide in the soil air will alkalinize the near-by
lands.
The analysis of Hilgard reaction with chloride-sodium salinization of carbonate soils showed that in this case "real"
soda can be formed at unrealistically high values of PcOz
(more than 100 atm.). "Ephemeric" soda practically is not
formed either, since the Cdd+
ionic pairs concentration is
small.
In conclusion it should be noted that the phase diagram
(thenardite - calcite - gypsum - soda) which can be plotted
with the use of formula (1) and the numerical results produced with the help of this formula are determined to a very
high degree by the ionic activity coefficients. Therefore,
the results reliability will depend on the accuracy of determination (experimental or theoretical) of ionic activity coefficients.
Résumé
En utilisant la methode thermodynamique (les equations des
équilibres ioniques), les auteurs ont entrepris les études de
la reaction de Hilgard sur 1'óventualité de formation du carbonate de sodium lors de la sulfatation des sols carbonates*
On a mis en evidence que le carbonate de sodium "reel" ne
peut se former qu'ä une pression partielle élevée du gaz carbonique dans 1'air tellurique. Outre le carbonate de sodium
"reel", dans la solution du sol il se forme le carbonate de
sodium "ephemere" du ä la formation des paires d'ions de
CctS0°« Le carbonate de sodium "óphémère" peut se former quelle que soit Pcoz» Lors de 1*evaporation de la solution du
sol le carbonate de sodium "éphémère" se transforme en thenardite et en calcite. En cas de sulfatation des sols carbonates,
leur fumage intensif risque de provoquer la formation antropogene du carbonate de sodium en des quantités considerables*
La formule (1) obtenue par les auteurs sur la base des equations des équilibres ioniques, permet de construire le diagramme des phases de la coéxistance des sela thénardite-calcite-gypse-carbonate de sodium ä des valeurs différentes de
Pcoa • La justesse du diagramme dépend de la precision de
determination des coefficients d'activité*
Lors de la salinisation de chlorure de sodium des sols
carbonates, la reaction de Hilgard ne provoque pratiquement
pas la formation du carbonate de sodium.
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AN EVALUATION OF WATER EXTRACTION AS A SOIL-TESTING PROCEDURE FOR
PHOSPHORUS
I1 Sorn-Srivichai, IS Cornforth, JK Syers and RW Tillman
Massey University, Palmerston North, New Zealand

Ideally, chemical tests designed to assess the ability of soils to supply
plants with phosphorus (P) should be independent of the nature of the soil
tested and the types of fertilisers used, should reflect seasonal fluctuations in P availability and should be based on sound theoretical principles: that is, they should directly assess those pools of P known to
contribute to plant requirements. Few tests meet these criteria, most
being highly empirical and requiring wide scale field calibration.
A water-extraction procedure, which is related to a pool of P defined by a
sorption model based on the Langmuir equation,was evaluated as a soil
testing method for P. In a glasshouse experiment, water extraction was
used to predict plant-available P in 20 New Zealand soils varying widely in
P status and anion sorption characteristics. Water-extractable P in the 20
soils was highly correlated with plant uptake of P (r = 0.90**). Unlike
the prediction by the Olsen bicarbonate procedure, the prediction of plantavailable P using water extraction was not improved by inclusion of an
estimate of P-buffering capacity (P retention capacity or the slope of the
desorption isotherm). Because the interpretation of the results obtained
appears to be independent of buffering capacity and soil type, the water
extraction procedure may have advantages over other soil testing procedures
for P, provided a sufficient amount of water extractable P is present in
the soil for routine determination.
The effects of seasonal variation, sampling depth and fertiliser P addition
on water extractable P values and on Olsen P values were investigated in
two field experiments involving soils of contrasting P sorption capacity
under permanent pasture over 12 months. The amounts of water extractable P
in soil were always less than those of Olsen extractable P.
The variability associated with water extractable P at each sampling time
was comparable with that for Olsen extractable P. However, the relative
seasonal variation over 12 months was larger for water extractable P than
for Olsen extractable P. Both extractants showed a seasonal fluctuation
that was closely related to the pattern of pasture P uptake. The amounts
of water and Olsen extractable P were larger in samples taken from the 0-4.0
cm than the 0-7.5 cm sampling depth. Fertiliser P addition resulted in
larger increases in water extractable P in the 0-4.0 cm sampling depth than
in the 0-7.5 cm depth. The relative increase in water extractable P as a
result of fertiliser P addition was larger than that of Olsen extractable P.
Although seasonal variations were observed in both water extractable P and
soil microbial biomass P in unfertilised and fertilised soils, they were
not related. Neither were the seasonal changes in soil microbial biomass P
related to P uptake by plants. Microbial biomass P may be a less sensitive
index of soil P availability than previously thought.
A P sorption model, based on the Langmuir adsorption equation, was used to
predict changes in water extractable P following P addition in a group of
16 soils with a wide range of P sorption capacities. The model has two
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(b). Estimates of K values were considered to be similar in most soils and
average values derived from published data for New Zealand soils were
assumed for the model. Estimates of b values were derived from P retention
test data. Good predictions of changes in water extractable P following P
addition (r = 0.84**) were obtained. In some soils it was found that the
amounts of P extracted by water were still changing rapidly after 1 h, but
that the rate of change became significantly smaller at 24 h. Improved
predictions by the model (r = 0.91**) were obtained with an extraction
period of 24 h, compared to the original 1 h period.
Because it is possible to model changes in wate'r extractable P with time,
the water extraction procedure may be useful for predicting changes in
available soil P as a result of fertiliser P addition.

ZUSAMMENFASSUNG
Eine Wasser-Extraktions-Methode, die spezifisch ist fur einen
PhosphoKPVPool, der durch das auf der I j n g m u i r Gleichung
basierenden Sorptions-Modell definiert wurde, wurde als
Boden-Untersuchungsmethode in Topf- und Feldversuchen getestet.
Wasserextrahierter Phophor war mit der P-Aufnahme von
Weidelgras in einem Topf-Experiment hoch korreliert (r - 0.90**);
diese Beziehung w a r von der P-Püfferkapazilat der untersuchten
BtWen unabhängig. Saisonale Schwankungen von wasserextrahiertem
P waren mit der P-Aufnahme von Weiden in zwei Feldversuchen
eng korreliert, die saisonalen Schwankungen von Biomasse-P des
Bodens jedoch nicht. Ein P-Sorptions-Modell, welches auf dem
I^ngmuir Absorptions-Isotherm basiert, wurde entwickelt. Es
erlaubte gute Schatzwerte (r = 0.84**) für 'Änderungen des
wasserenrahierten P nach P-Zugabe zu BWden mit gegensätzlichen
Sorptions-Eigenschaften. Die Wasser-Extraktions-Methode wird
als eine Methode zur Bestimmung des P-Zustandes des Bodens und
zur Schätzung von zeitlichen 'Änderungen des P-Zustandes nach
Phosphor-Düngergaben vorgeschlagen.

- 497 Determination of Polynuclear Aromatic Hydrocarbons in the soil
environment

Torsten SPITZER and Shozo KUWATSUKA
Faculty of Agriculture, Nagoya University, Furo-cho, Chikusa-ku,
Nagoya 464 , Japan

Polynuclear Aromatic Hydrocarbons (PAHs) have been investigated intensively. Some members of this compound class are considered to be strong
carcinogens, and a great number of reports has been published describing
their occurrence in the environment, such as sediments (1,2) or airparticulate matter (3,4,5). Little information is available about the
occurrence of PAHs in soil. PAHs are initially released into the air from
combustion sources - both natural (e.g. forest fires) or non-natural (e.g.
traffic). Air particulate matter finally settles on the ground, and thus
PAHs should accumulate in soil. Nevertheless, concentrations of PAHs are
normally less than 100 ppb in soil. These very small concentrations require
an efficient analytical method in order to achieve a reproducible determination of such low levels of concentration.
An analytical method which can cope with this challenge has been
developed and is described in Fig. 1. The soil is being dried in a closed
system, and thus any contamination with PAHs from air particulate matter is
being avoided. The drying is carried out to remove the major amount of
water only - soil often contains 50% moisture or more. Small amounts of
residual water do not affect the analytical procedure adversely. Clean-up
of PAHs on XAD-2 was developed originally for air particulate matter (6).
It can also be applied successfully in isolation of PAHs from soil. Crude
extracts from soil can be handled by this one-step clean-up without any
further purification. The PAH-fraction obtained by this clean-up can be
analyzed by glass capillary gas chromatography directly.
Several soil samples were
analyzed by the procedure acSOIL
(Dredried, H t 0
cording to Fig. 1. It was inlot]
tended to investigate the origin
of PAHs found in soil. A sample
PAH-EXTRACTION
of surface soil taken in the City
(Soxhlet-method, toluene/ethanol 21) 1)
of Sapporo (Hokkaido, Japan) contained PAHs at concentrations
CLEAN-UP
ranging from 5 ppb (minor
(XAO-2)
components) to 80 ppb (major
components). The sampling site
was located in a park in the
TOLUENE FRACTION
central area of the City, and
there were several main roads
G U S S CAPILLARY GAS CHROMATOGRAPHY
carrying heavy traffic within
500 m of the sampling site. The
PAH-profile obtained from this
Fig. 1. Analytical procedure for deten
sample contains most PAHs found
of PAHs in soil
in automobile exhaust with the exception of Cyclopenta(cd)pyrene. This
compound is unstable and will be decomposed rapidly after release into the
atmosphere. Pyrene and fluoranthene were found in roughly equivalent amounts, while automobile exhaust contains pyrene in a significantly higher
concentration than fluoranthene. In air particulate matter pyrene and
fluoranthene are also sometimes found at equivalent concentrations in places
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were the major contribution of
PAHs is due to automobile exhaust (7).'" The higher reactivity of pyrene (8) obviously
facilitates a more rapid decomposition of this compound in
the environment when compared
with fluoranthene. The PAHprofile displayed in figure 2
has close similarities to
profiles found in other cities.

-
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Fig.
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P r o f i l e of PAHs in Soil from Sapporo (Hokkaido, Japan

1 phenanthrene, 2 fluoranthene, 3 pyrene,
This confirms the assump6,7 benrofluoranthenes, 8 benza(e)pyrene,
tion that PAHs in such samples
9 benzo(a)pyrene, 10 perylene
have originated from airparticulate matter, and that there are no
contributions from other sources. PAHs are
also released during the decay of organic
matter, and perylene is the compound accumulated in highest concentrations under such
conditions (9). However, we have no data
indicating that this process contributes
significantly to PAH-occurrence in surface
soil. On the other hand young lignite contains PAHs generated exclusively by this
process. In such samples, perylene is exz
JJ
ceeding all other PAHs in abundance greatly.
+ "
This is clearly demonstrated by the profile J*S*T i
=_
Ï Ï
in Fig. 3. Perylene is more reactive than
other PAHs, and its accumulation in young
Fig. 3. P r o f i l e of PAHs in young l i g n i t e
coal might be dependend on a chemical envifrom Tohoku, Japan.
Perylene is the o a j o r component
ronment where its decomposition is inhibited.
This may explain why it is neither found in soil nor in air particulate
matter in high concentrations. Further data on PAH-occurrence in soil and
coal will be represented.
Conclusion
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Two different processes are thought to be responsible for occurrence
of PAHs in soil, and the nature of PAHs originating from these processes is
quite different.
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- 499 Elementdynamik von Braunerden unter Weidfeld und Fichtenforst
an der Bärhalde/Südschwarzwald
Karl Stahr und Heinz W. Zöttl
Institut für Ökologie, Regionale Bodenkunde, Techn.Univ.Berlin (West)
u.Institut f.Bodenkunde u.Waldernährungslehre, Univ.Freiburg i.Br.
Die Untersuchungsstandorte liegen im südlichen Hochschwarzwald in 118o m
über NN an einem flach geneigten Nordost-Oberhang. Im perhumiden Klima
(19oo mm, 5 C) sind die sehr tiefgründigen Böden in mehrschichtigen Frostschuttfließerden aus Granitporphyr entwickelt. Der Bereich der beiden Bodenprofile wurde um 17oo erstmals durch Glashütten abgeholzt. Danach folgte
2oo Jahre Weidfeldnutzung. Um 19oo wurde der westliche Teil mit Fichte aufgeforstet. Danach entwickelte sich der Humusgehalt unter Fichte ungünstiger, so daß heute dort typischer Moder im Vergleich zu moderartigem Mull
auf Weidfeld vorkommt. Die pH-Werte im O-Horizont sanken unter Wald auf
2,7 und nehmen zum C-Horizont auf 3,9 zu. Unter Weide liegen die Werte
bei 3,6 bzw. 4,1. In der Folge der starken Versauerung nahm die Durchwurzelungstiefe unter Wald auf 4 dm gegenüber der Weide 8 dm ab. Beide Böden
sind mechanisch gut durchwurzelbar, haben einen feuchten Wasserhaushalt
und sind sehr gut lurchlüftet (KEILEN 1978).
Für die beiden Böden wurden die Elementvorräte zu Beginn der Bodenentwicklung für 2o Haupt- und Spurenelemente bestimmt. Im Laufe der Bodenentwicklung nahmen die Elementvorräte im Verhältnis zu Zirkon bei allen untersuchten Elementen ab. Die geringsten Verluste sind bei Titan, Silicium
und Eisen zu beobachten, während Alkali und Erdalkalimetalle wie auch
Aluminium hohe Verlustraten aufweisen. Bei den Spurenstoffen treten bei
Mangan, Kobalt und Kupfer in der Langzeitentwicklung hohe Verluste auf,
während bei den anderen Spurenelementen die Bilanz weniger negativ ist.
Einen guten Einblick über die langzeitige Spurenelementdynamik geben auch
die Verteilungen der Elemente auf die verschiedenen Fraktionen des Mineralbodens und auf die Humusauflage sowie die Speicherung in der lebenden Biomasse (RAISCH 1983).
Dynamische Umsatzmessungen an beiden Standorten haben gezeigt, daß sich
kurzfristig durch Immissionseinfluß trotz niedriger Belastungssituation
(MAYER 1981) bei den Spurenstoffen Cadmium, Kobalt, Kupfer, Nickel, Blei
und Zink deutliche Anreicherungstendenzen bemerkbar machen.Bei Beryllium
und Mangan bleibt die Tendenz wegen der hohen Mobilität und der relativ
geringen Einträge mit überwiegen des Austrags erhalten. Weide und Wald
unterscheiden sich bei den Elementeinträgen durch erhöhte Einträge im
Wald, die vor allem durch trockene Deposition bedingt sind. In den Böden
ist die Mobilität der meisten Spurenstoffe unter Wald höher als im Weidfeld, was in erster Linie pH-bedingt ist. Dies führt dazu, daß die Nettoakkumulation der Schwermetalle bei Weide gleich oder höher sein kann
als im Wald.
Unterschiede im Wasserhaushalt und in der Bodentemperatur zwischen Sommerund Winterhalbjahr wirken sich auf die Elementdynamik aus. So treten bei
den Elementen Be, Cu, Ni, Pb, Fe, Na, K, P, Si während der Sommermonate
höhere Konzentrationen in den Bodenlösungen auf, trotzdem sind die Transportraten bei denselben Elementen meist im Winter bei größerer Sickerwassermenge erhöht. Besonders bei den Elementen Ca, AI, weniger bei Zn,
Mn, Co und Cd ist der Austrag sehr stark an die transportierte Wassermenge gebunden, da die Konzentrationen während des Jahres kaum schwanken.
Hier wirkt sich der erhöhte Sickerwasseraustrag unter Weidfeld austragserhöhend aus und kompensiert ganz oder teilweise die erhöhte Mobilität
von Elementen durch pH-Absenkung im Bereich der Fichtenforsten. Bei an-
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- 501 THE EFFECT OF RESTRICTED ACCESS TO MICRO-PORES ON THE SELF-DIFFUSION
OF PHOSPHATE IN SOIL
S. STAUNTON and P.H. NYE
Soil Science Laboratory, Department of Plant Sciences,
Parks Rd, Oxford 0X1 3PF, U.K.
Diffusion is the principal mechanism of phosphate movement in s o i l .
Our
aim was to elucidate some of the factors that influence t h i s process. We
studied s e l f - d i f f u s i o n , that is the d i f f u s i o n of a trace amount of an
isotope in a system otherwise at e q u i l i b r i u m , because both the experimental
techniques and the i n t e r p r e t a t i o n of the results are less complicated than
with bulk d i f f u s i o n .
I t is usually assumed that the s e l f - d i f f u s i o n c o e f f i c i e n t , D, of
phosphate is a constant for a given soil and is largely determined by the
r a t i o of phosphate in the soil solution to that in the exchangeable pool of
the s o l i d .
Detailed experiments, however, indicated that the d i f f u s i o n
process is much more complicated.
A trace amount of P-32 was applied to one face of a c y l i n d r i c a l block
of equilibrated moist s o i l , without changing either the moisture content or
the concentration of phosphate. The soil block was sealed and kept at a
constant temperature for a period of one week or more, then sectioned and
the concentration of isotope in each section measured. The concentration
p r o f i l e suggested that the proportion of the applied phosphate contributing
to d i f f u s i o n along the soil column was not constant along the column.
It
was at a minimum at the face where the isotope was applied, and therefore
where the average period of contact between the isotope and soil was
greatest, and increased as, x, the distance from t h i s face increased, and
the average contact period decreased.
This effect has not been observed
for chloride or sodium. The figures below show typical plots of ln(C»./C,)
where C* is the concentration of isotope having diffused a distance x,
after time, t , for a) Na-22 and b) P-32.

x 2 /4t (m2/s)
0

2
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6 xlO"8

x 2 /4t (m2/s)
0

2
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6 xlO - 1 2

We assumed, as is generally accepted, that phosphate is immobile when
sorbed on the soil surface, and considered the p o s s i b i l i t y that the
observed effect was due to the slow exchange of isotope with phosphate

- 5o2 THE MEASUREMENT OF SOIL ACIDITY AT CONSTANT VALUE OF pH
3. Stewiriski, G. Jozefaciuk and J. Wierzchoé
Institute of Agrophysics P.A.N., Lublin, Poland
The princi pie of the proposed m ethod is bas ed on the automatic titrat ion of the acids rele ased from th e soil by the
neutral salt. Automatic pH-stat 8ys tem lntroduc es to the soil
suspensi on sue h quantiti es of the b ase, that du ring the entire time of the measureme nt, pH valu e is on the conotant level
equal to the i nitiel pH of the soil suspension used. The proposed me thod i s equivelent to the n eutralizatio n of acidity
released by ne utral salt to the buf fer solution having inflnite buf fer ca pacity and pH equal t o the actual pH of the soil
suspensi on. Th e Scheme o f measuring system is p resented in
Figure 1

pH meter
Salt

I

solution

p H - Stat • a u t o m a t i c
biurettel

automatic
biurette2

NaOH

-

1

'

1

soil suspension

combined
electrode

:

iy

•.;;c12.

'

*$k

—-stirrer
-A

Figure 1.
The soil-water suspension is placed in the glass container
A and mixed by the stirrer. When the equ illbrium pH is obteined, the pH-stat system is adjusted to t he equilibrium pH velue, 6hown by the pH meter. Afterwards, the neutral salt solution Is slowly added to the suspension f rom the automatic biurette 2. Any decrease in soil suspension pH due to desorption
of acid forms during salt addition is pr evented by automatic
blurette 1 containing NaOH solution. Thu s the pH of the suspenslon is kept constant at previous equili brium level. Volume of
NaOH added to soil suspension is display ed on the pH-stat systern. Such automatic titration lasts unti 1 all acid forms are
desorbed from the soil surface. The amou nt of soil acidity at

- 503 constant value of pH /ApH/ is equal to the amount of NaOH added to the suspension.
Figure 2 shows several examples of ApH measurements versus
pH for different materials /oxides, soil organic
materials,
loamy soil and strong cation exchanger - Amberlite/. Before
the measurements water suspensions of these materials were tre
ated with NaOH or HCl solutions to obtain different initial
equilibrium pH values.
• meV/0.1g

Figure 2.
On the basis of the results obtained we can suppose that
the estimation of the ApH value may be important both from
theoretical point of view end for practical evaluation of liming requirements of soils.
Zusammenfassung
Bestimmung der Bodenazidität bei konstantem pH
In der Arbeit wurde eine Methode zur Bestimmung desjenigen Anteils der potentiellen Azidität besprochen, der sich
unter Einwirkung des zugesetzen Elektrolytes bei konstantem
pH erfassen lflsst. Es wurden das Schema einer Messanlage und
Musterwerte der Bestimmungen fCJr Baden und einen Kationenaustauscher vorgestellt. Beton wurde, dass die Kenntnis dieses
Merkmals sowohl aus praktischer als auch theoretischer Sicht
von grosser Bedeutung ist.

- 504 HEAVY METAL POLLUTION OF NATURAL SURFACE SOILS FROM LONGRANGE ATMOSPHERIC TRANSPORT
Eiliv Steinnes
Department of Chemistry, University of Trondheim, AVH,
7055 Dragvoll, Norway
The significance of atmospheric supply to the chemical
composition of surface soil has not yet been fully recognized
in soil science. Regarding heavy metal contamination of
soils from airborne material, most published information deals
with areas in the vicinity of some local pollution source
such as a smelter or a highway. The contribution of longrange atmospheric transport to heavy metal pollution of
surface soils has largely been ignored, although it has been
known for many years that a very significant part of the
aerosols released to the atmosphere from high-temperature
processes (fossil-fuel burning, metal smelting, automobile
engines) are dispersed over large areas. In particular
elements such as Pb, Cd, As, etc. forming volatile compounds
tend to be preferentially concentrated on small particles
showing long residence times in the atmosphere.
Norway constitutes an area which is well suited to
demonstrate the impact of long-range atmospheric transport to
surface soils because certain parts of the country are
considerably exposed to long-range transported air pollutants
while others are not. The main evidence of this kind
originates from a study of natural surface soils comprising
about 500 samples regularly distributed over the country.
The HNO,-soluble fractions of these soils, which were mainly
podzols with an organic matter content of 50-90%, were
analyzed with respect to about 25 elements. In most cases,
very distinct geographic distribution trends are evident.
For many elements the trends can be explained from differences
in bedrock geology. The elements Pb, Cd, As, Sb, and partly
Zn, on the other hand show a type of distribution very similar
to that of the atmospheric deposition of long-range transporte
pollutants. For instance the Pb contant of surface soils in
the southernmost areas is consistently high and on average
more than tenfold higher than the corresponding mean value
for districts in the far north. Very similar geographic
distributions are evident for Cd, As and Sb. It is probable
that most of this excess heavy metal burden in the south was
derived from air pollution sources in other parts of Europe.
The significance of atmospheric supply is substantiated
by vertical distribution studies of the elements concerned in
soil profiles from sothernmost Norway as compared to similar
profiles from areas in Central Norway much less affected by
long-range atmospheric transport. In the humus layer the
samples from southernmost Norway show a strong enrichment of
the elements dicussed, while concentration levels in the
C-horizon are similar in both regions.
A further strong indication comes from the study of peat
cores from 21 ombrotrophic bogs distributed throughout the
country. These bogs depend on atmospheric deposition for the
supply of trace elements. The contents of Pb and the

- 5o5 associated elements in surface peat on a regional basis
correspond closely to those of natural surface soils. Vertical
distribution studies add further to the evidence presented
above.
A more detailed survey comprising about 900 natural
surface soils sampled regularly from an area of about 30 000
km in southern Norway is now in progress. Results for Pb in
this material are available, and show an interesting distribution trend on the local scale. "Islands" of high Pb
contents (>200 ppm in the humus layer) are found within a
zone parallel to the coast and at 20-40 km distance from the
coast line. Then "High Pb islands" are found in areas with
little or no local industrial or other human activities,
coinciding very well with the areas receiving the highest
amounts of annual precipitation on the local scale. This
further accentuates the theory of long-range atmospheric
transport being responsible for the excess Pb, Cd, As, etc. in
the surface soil of southernmost .Norway.
The results discussed here show that contribution from
long-range atmospheric transport can increase significantly
the content of certain trace elements even in remote areas.
This applies in particular to soils rich in organic matter.
Many literature data for heavy metals in soils regarded as
"background" values may have been appreciably affected by
atmospheric pollution.

- 506 DYNAMIK VON CHROM UND NICKEL IN SERPENTINBOEDEN

H. Sticher, S. Juchler und U. Gasser
Labor für Bodenkunde, Institut für Lebensmittelwissenschaft,
ETH-Zentrum, CH-8092 Zürich
Mit dem Ziel, das langzeitliche Verhalten von Schwermetallen in kontaminierten Böden abzuschätzen, wurden die Gehalte und die chemische Dynamik
von Chrom und Nickel in Serpentinböden untersucht. Die bearbeiteten Standorte lagen auf dem Schuttkegel des spätglazialen Totalpbergsturzes bei
Davos (Kanton Graubünden, Schweiz). Der Beginn der Bodenentwicklung kann
damit relativ genau datiert werden und dürfte um 14000 Jahre vor heute
liegen. Bei den Böden handelt es sich um saure, schwach podzolierte Serpentin! tbraunerden mit einer dünnen Rohhumusauflage und der Horizontabfolge O-Ae-Bv-BC-C, bestockt mit einem lichten Erica-Bergföhrenwald (EricoPinetum montanae).
Eür die Schwermetallspeziierung wurde die Feinerde horizontweise mit HFHCIO^ total aufgeschlossen und mit verschieden stark wirksamen Extraktionsmitteln (Salpetersäure, Dithionit-Citrat, Oxalat und Pyrophosphat)
behandelt. Aus den skelettreichen Böden wurde mit eigens dafür konstruierten Trichterlysimetern während eines Jahres aus drei verschiedenen Tiefen
Sickerwasser gewonnen. Ausserdem wurden lebende Pflanzen und Streu verascht und auf ihren Schwermetallgehalt untersucht. Die Gehaltsbestimmungen
wurden mittels Atomabsorption (Graphitrohr) und DCP durchgeführt.
Resultate
a) Totalgehalte
Im Muttergestein (C-Horizont) betrug der Gesamtgehalt an Chrom und Nickel
je rund 1800 ppm. In der Feinerde nahm der Nickelgehalt gegen oben kontinuierlich ab und erreichte sein Minimum im Ae-Horizont mit 380 ppm. Chrom
dagegen war gegenüber dem Muttergestein im Ae- und im Bv-Horizont (je 2600
ppm) angereichert.
Obwohl I n der Vegetation der Nickelgehalt im
Durchschnitt 2 bis 15 mal höher lag als jener von Chrom, war letzteres im
Rohhumus gegenüber Nickel angereichert (400 ppm Cr, bzw. 100 ppm Ni).
b) Extrakte
In allen vier Extrakten lag das Chrommaximum im oberen Bereich des BvHorizontes (HNO3 1350 ppm, DCB 550 ppm, Ox 120 ppm, PP 125 ppm). Gegen
unten nahmen die Werte kontinuierlich ab. Da selbst die Werte im Salpetersäureaufschluss kleiner waren als im Totalaufschluss, und im unverwitterten Rückstand, besonders in der Si1tfraktion, sehr hohe Chromgehalte
gefunden wurden (bis 7000 ppm), muss angenommen werden, dass die Chrommineralien (Chromit, Picotit) unter den vorherrschenden Bedingungen sehr
resistent sind und sich daher im Verwitterungshorizont anreicherten.
Der Nickelgehalt nahm in allen Extraktionsmitteln (mit Ausnahme von PP)
von oben nach unten zu und erreichte sein Maximum im C-Horizont (HNO3 1500
ppm, DCB 300 ppm, Ox 200 ppm). Einzig im Pyrophosphatauszug lag das Maximum im Ae-Horizont, was sich mit dessen ziemlich hohem Humusgehalt hinreichend erklären lässt. Es muss angenommen werden, dass Nickel mit zuneh-

- 507 mender Tiefe infolge des damit verbundenen erhöhten pH-Wertes in steigendem Masse an Eisenhydroxide adsorbiert wurde.
Das durch die Extrakte gewonnene Bild wurde durch die Sickerwasseranalysen
und durch Modellversuche und Modellrechnungen ergänzt und bestätigt. Im
Sickerwasser nahm der Nickelgehalt von oben nach unten kontinuierlich zu
und erreichte im Mittel über die Sommermonate sein Maximum unterhalb des
BC-Horizontes mit 90 jug/Liter. Der Chromgehalt war unterhalb des BvHorizontes am grössten (50 ^g/Liter) und blieb nach unten konstant. Die
Dialyse der Sickerwässer zeigte, dass Nickel eher gelöst (als Aquakomplex
und NiS0 4 °), Chrom dagegen zur Hauptsache partikulär (als Cr(0H)3/Fe(0H)3)
verlagert wi rd.
Trotz der geringen Gehalte im Oberboden wird Ni infolge seiner höheren
Mobilität von den Pflanzen bedeutend leichter aufgenommen als das schwerlösliche Chrom.
DYNAMICS OF CHROMIUM AND NICKEL IN SERPENTINITIC SOILS
Of the two heavy metals present in serpentinite nickel is rather mobile,
and it is therefore leached out into the subsoil where, due to the increased pH, it is adsorbed mainly onto the surface of iron hydroxides.
Chromium which is present in its trivalent form in minerals like chromite
and picotite, is accumulated in the Bv horizon because of the stability of
these minerals. The small amount of chromium which is liberated by the
weathering processes is precipitated immediately in the weathering crust
resulting in a further accumulation with respect to nickel. Whereas nickel
is percolated in the soil solution mainly as aquacomplex and nickel
sulfate, chromium is transported in dispersed form as hydroxide together
with iron.
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Fig. 2: Cr/Ni-Verhältnis in vier Extrakten einer Serpentinitbraunerde
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THE SCIENTIFIC BASIS OF TRACE-ELEMENT USE IK BULGARIA'S
AGRICULTURE
D.Stoyanov
N.Poushkarov Institute of Soil Science and Yield Prediction,
Sofia, Bulgaria
Trace-element fertilizer application is an important component of the
process of intensive chemicalization of Bulgaria's agriculture. Agricultural crops are demanding more and more trace-element fertilizers for a
number of reasons: cultivation of high-productive varieties and hybrids
which are sensitive to trace-element deficiency, use of high levels of
major nutrient fertilizing and intensive technologies requiring extra
applications of phosphorus and potassium, presence of soils with low levels
of trace-elements (acid forest soils and calcareous chernozems), insufficient supply of trace-elements from organic fertilizers, expansion of irrigated areas, etc.
In Bulgaria, crop demands of boron, zinc and molybdenum fertilizers are
determined by using mathematical models and computer facilities. The soils
of the country have been arranged in 11 agricultural soil groups. The contents of mobile trace-elements are estimated by representative soil tests
calibrated to match the particular features of Bulgaria's agriculture: a
water-soluble hot water extract for boron determination, an EDTA chelate
extract with pH 8.6 for zinc determination and an oxalate extract with
pH 3.3 for molybdenum determination. No areas or crops on which manganese
or copper are efficacious have been found to date. The models fix the
fertilizer rate on the basis of classification schemes. This rate may be
increased or lowered,if required by the particular factors of soil management and climate. Data on the highest possible concentration have been fed
into the computer to avoid toxic trace-element applications.
Trace-element application solves important problems of Bulgaria's agriculture such as the protein problem of livestock breeding, quality improvement
of some crops(tobacco, tomatoes, grapes, apples), nitrate content reduction
in vegetable crops, raising the coefficient of major nutrient recovery
from fertilizers, increasing crop resistance to unfavourable climatic conditions (low winter temperatures, continuous periods of excessive dryness
in summer), control of crop diseases, increasing the fertility of low-productive lands and obtaining higher yields of seed production crop stands.
The mathematical models are also used far determining the percentage area
requiring boron, zinc and molybdenum fertilization for individual crops,
on the basis of which trace-element fertilizer planning and distribution
between regions and farms is effected.
The degree of trace-element deficiency in the soil determines the method
of trace-element application: seed treatment, crop spraying at precisely
identified critical phases using aircraft or ground—based sprayers and
soil application through a trace-element-enriched major nutrient fertilizer.
Trace-element application has emerged as one of the most efficacious
measures of intensive agriculture.

- 509 CHEMICAL PROPERTIES OF SOILS BELOW BARREN ROCK SLOPES
Arne O. Stuanes, Gunnar Abrahamsen and Aud Stormoen
Norwegian Forest Research Institute, P.O. Box 61,
N-1432 As-NLH, Norway
In Norway there is a gradient in the deposition of air
pollutants from south to the north. This pattern makes it
possible to examine effects of air pollutants by gradient
studies.
The intention with the present study was to examine the
effect of acid deposition on soil acidity. This was done by
studying soil below barren rock surfaces where large amounts
of rainwater flow into the soil. It is known that below rock
surfaces of granite and gneiss runoff water is little
influenced by reactions with the rock (1). Due to the
variation in the load of pollutants in precipitation it is to
expect that soil acidity below a rock surface is different in
southern Norway compared to similar sites further to the
north.
To check this hypothesis six soil plots below bare granite or
gneiss slopes located along a north-south gradient were
investigated. In the southernmost part of the country (the
Storgama and Drangedal I & II plots) the deposition of total
SO4 2 " is about 27 mmol m - 2 yr~l with about 26 mmol m - 2 yr" 1
as excess SO,}2".
The mean annual weighed pH of
the
precipitation is 4.3.
Going north
to
the next plot
2(Langtjern) the deposition of total S04
is about 23 mmol
m~ 2 yr~l with roughly all SO^j2- as excess. The mean annual
weighed pH is 4.2. The deposition of total S O ^ " at the
northernmost plots (Äfjord I & II) is about 20 mmol m~ 2 yr"l
with about 12 mmol m~ 2 yr"l as excess. The mean annual
weighed pH is 5.1. For the Drangedal I & II and Äfjord I &
II plots soil samples were taken at depths 0-3, 3-6, 6-9,
9-12 and 12+ cm at distances 0.1, 0.5, 1.5, 3.0, 5.0 and 7.5
m (the latter only for Drangedal) from the transition between
barren rock and soil. Fifty subsamples were taken from each
distance and pooled by depth.
The Storgama and Langtjern
plots were 22 and 13 m long, respectively, and 8 eqvidistant
lines were placed parallel to the transition between rock and
soil.
Twenty-five subsamples were taken along each line and
pooled by the depths 0-2, 2-4, 4-6, 8-10 and 12-14 cm. The
width of the plots varied between 3 and 12 m.
The soil was
dried and passed through a 2 mm sieve and analyzed by
standard methods (2).
The pH increased with increasing distance from the bare rock
in Storgama and Langtjern (Fig. 1). From the deposition data
we should expect the same trend in Drangedal, but there the
highest pH was nearest to the rock surface. In Äfjord, with
a precipitation low in excess S O ^ - and a relatively high pH,
no clear trend with distance from the rock surface was found.
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amounts of excess S G ^ - .
This was not the case, but the
amount of adsorbed S C ^ " was slightly lower at Afjord than at
the other plots.
Neither for total nitrogen nor base
saturation was a clear trend
found, but the amount
of
total N was slightly lower at
Afjord
than at the other
plots.
The percentage base
saturation
varied
considerably
from
the
different plots, between 1 to
6% at Storgama to 5 to 60% at
Afjord.
It is quite clear that even
in
the
small
plots
investigated the variation in
soil
properties
is
considerable. The amount of
water running into the soil
has not been measured and can
therefore differ from plot to
plot. But emphasis was given
to find plots where large
amounts of water converge.
From this study it is not
possible
to quantify
the
effect
on
soil
chemical
properties of large amounts
of runoff from barren rock
surfaces in comparison with
natural soil variability.

Relative distance

Figure 1. Variation in
soil pH with soil depth
and with distance from
barren rock surfaces.

1. Abrahamsen, G., Stuanes, A. & Bjor, K. 1979. Interaction
between simulated rain and barren rock surface. Water,
Air, Soil Poll. 11:191-200.
2. Ogner, G, Haugen, A., Opem, M., Sjptveit, G. & Stfrlie, B.
1984. The chemical analysis program at The Norwegian
Forest Research Institute, 1984.
Norwegian Forest
Research Institute, Aas, Norway. 27 pp.

- 511 Adsorption,desorptlon and movement of Zinc,lb and Cd in a forest
soil
1
2
2
Anand Swarup, P. Beese AND B. Ulrich
1. Central Soil Salinity Research Institute.Karnal,India; 2.
Institut für Bodenkunde und Waldernährung,Qeorg-August
Universität,Btlsgenweg 2.D-3400 (Jöt tingen, BRD
Batch equilibration studies for Zinc,Pb and Cd were conduoted to
determine the sorbing and desorblng properties for these metals
on 0-5, 5-10, 10-20 and 20-30 cm of a forest soil (Terra Fusoa
Rendzlna). Major cations were added to equilibrating solution in
order to match the catlonlc composition of soil solution of the
forest soil. Adsorption of these metals was described by the
Freundlich relationship,S-KC where C- concentration of the heavy
metal in solution at equilibrium (mg/l), S-nmount of heavy metal
adsorbed per gram of the soil(ug/g),K and N are empirical constants
characteristics of the soil. Essentially all of the Zinc was
adsorbed by 20-30 cm soil at low Initial zinc concentrations(0.5
and 1 ppm). Freundlich constants (K) were higher for 0-5 and
20-30 cm soil than other soil depths indicating the dominant role
played by high organic matter of the former and high pH of the
latter soil depth in the adsorption of these metals. Desorptlon of
these metals by equilibrating solution showed that auch lower amounts
could be desArbed from 20-30 cm soil as compared to other soil depths.
Laboratory experiments were also carried out with undisturbed
soil columns to study the movement of applied Zn.Pb and Cd under
steady state unsaturated flow conditions (1.0 cm/day). The effluent
of five columns was collected and pH and Zn,Ib and Cd concentrations
were measured. Though there was no clear breakthrough in either of
the trace metals in affluents but their contents reached a peak
value when four pore volumes were replaced and then again declined.
At the end of experiment(90 days), the amount of trace metals in
leachates remained more or less similar to the original values or
slightly higher. Soil analysis Indicated that most of the applied
heavy metals were retained In top 10 cm of the soil and this
resulted in the lower recovery of heavy metals In the leachates
(Zn 12.6#, Pb 6.0* and Cd 8.390. The results suggest that surface
depth in a forest soil would be very Important in terms of binding
cationic heavy metals coming through industrial dust/acid precipitation.
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M. A. Tabatabai
Iowa State University, Ames, Iowa
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Research in the area of ion chromatography, a liquid chromatographic
method based upon ion-exchange reactions, has made significant advances
in refining the technique of ion separation and analysis in the past ten
years. Since its introduction in 1975, IC has become a rapid and
sensitive technique for separating and analyzing solutions containing
mixtures of ions.
Although the IC technique should be very useful for analysis of soils,
plant materials, and natural waters, it has received little attention to
date. The IC unit used in the work reported here consisted of the
following components: (i) eluent reservoir, (li) pumps, (iii) injection
valve, (iv) columns (separator and suppressor columns), (v) conductivity
detector, and (vi) chart recorder or integrator. In determination of
anions (e.g., F", CI", NO^, NCC, S0?~, and PO?~), the IC is equipped with
a separator column packed with Dionex low-capacity, anion-exchange
agglomerated resin in the HCOï form, and the suppressor column contains
a strong acid, high-capacity cation-exchange resin in the H form. The
eluent used was 3.0 mM NaHC0 3 + 1.8 mM Na2C0.,. In this technique, the
anions are separated and converted to their strong acids in a background
of H2CO3, which has low conductivity. The presence of strong acids in
H2C0-, is measured by a conductivity cell and reported as peaks on a
stripchart recorder.
In determination of the alkali metals (K, Na, Rb, Li, and C s ) , the
separator column is Dionex low-capacity, cation-exchange agglomerated
resin in the H form, and the suppressor column contains a strong base,
high-capacity anion-exchange resin in the 0H~ form. The eluent is 5 mM
HCl. The alkali metals are separated and converted to their hydroxides
in a background of H2O. The conductivity of the metal hydroxides is
measured by a conductivity cell and reported as peaks as described
above. The separation and detection of the alkaline earth metals (Ca,
Mg, Sr, and Ba) are similar to those of the alkali metals except that a
mixture of 2.5 mM HCl + 2.5 mM m-phenylenediamine dihydrochloride is
used as the eluent.
Analytical methods developed in the author's laboratories for determination of inorganic S in soils, total S in plant materials, exchangeable
bases in soils, and total K, Na, Ca, and Mg in plant materials will be
described. Results showed that the values obtained for sulfate S in
soils and total S in plant materials by the IC method were similar to
those obtained by the methylene blue method. The results of exchangeable
bases in soils and total K, Na, Ca, and Mg in plant materials by the IC
method were in close agreement with those obtained by flame photometry
for K and Na and by atomic absorption spectrophotometry for K, Na, Ca,
and Mg. The IC technique is readily applicable to analysis of natural
waters. The advantages and limitations of the IC technique for determination of various ions in soils and plant materials will be discussed.

- 513 ROLE OF HUMIC ACID IN ALUMINUM TOLERANCE OF CORN PLANTS
K. H. TAN and A. BINGER
Agronomy Dept., University of Georgia, Athens, GA, USA

Aluminum toxicity is considered a serious problem in crop production
in acid soils of the eastern USA, Canada and tropical regions. In general
it occurs in soils with pH < 5.5, and increases in severity when soil pH
decreases below 5.0. At these pH values, the soils contain soluble and
exchangeable Al in amounts toxic to plants. To decrease the solubility of
Al, thereby improving crop performance, these soils are usually limed to
pH 5.5-6.0. However, indications are available that organic matter, especially humic acids, may be capable of also lowering the Al concentration
by complex formation or chelation. Therefore, this research was initiated
to study the regulatory effect of soil humic acid (HA) on Al toxicity.
Greenhouse experiments were conducted with corn (Zea mays L."Funks G4507")
as indicator plants, grown in sand containing a Hoagland-Arnon solution
as the growth medium. Treatments, replicated three times, were 0, 20 and
50 mg Al/kg sand, and 0, 100 and 350 mg HA/kg sand (pH 4.8). The pot mixtures, containing 2 kg sand and the various treatments, were incubated
at field capacity for 5 days, before 8 corn seeds per pot were planted.
Five days after germination, the number of seedlings was thinned to 4
plants/pot. At 32 days, leaves were harvested for dry weight determination,
after which they were ground with a Wiley mill, dry ashed and digested.
Aluminum and K concentrations were determined in the digest by atomic
absorption spectroscopy. Phosphorus was measured colorimetrically using
the molybdo-phosphoric acid blue color method. Aluminum activity values
were computed by multiplying the Al concentrations in the growth medium
with the activity coefficient. The latter was obtained with the DebeyHuckel formula after the ionic strength of the solution in the sand medium
has been determined. Regression analyses were performed to study correlation between treatments. The results showed that in the absence of humic
acid, increased rates of Al treatments had a harmful effect on the growth
of corn seedlings. Total dry weight was reduced from 6.8 g/4 plants at
0 Al to 4.0 g/4 plants at 50 mg Al/kg and the negative correlation obtained
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between dry matter and Al treatments agreed with that noted earlier in
lime and Al toxicity studies in corn in Nigeria. The concentrations of
20 and 50 rag Al/kg correspond to an Al activity of 0.39 x 10~ 3 and 0.82
x 10~3 mol, respectively. It was reported in the literature that toxicity
would appear above 0.11 x 10~3 mol AI activity. Some scientists believed
that Al activity values were good indices for Al toxicity, which exhibited
the same threshold values for all soils. However, data in the literature,
showing values ranging from 0.005 x 10~ 3 to 4.0 x 10 _ ° mol A I , were not
in support of the above contention. In addition to the sharp decrease in
dry matter production, plants grown at 50 mg Al/kg (without HA) also
developed Al toxicity symptoms. These symptoms appeared as marginal chlorosis and necrosis, similar to those reported in the literature for toxicity of Al in coffee seedlings grown in nutrient solutions. The addition
of HA to pots containing Al increased dry matter production by 32.5 to
42.5% over that at 0 HA treatment, and the plants appeared healthy and
green. The beneficial effect of HA was also reflected in the Al and P
contents of the corn leaves. Leaf-Al concentrations increased linearly
with increased Al treatments at 0 HA. From a high of 86.6 ug Al/g at a
treatment of 50 Al and 0 HA, it decreased to 60.5 and 57.4 yg Al/g by
treatments with 100 and 350 mg HA/kg, respectively. These figures were
close to threshold values of 62-100 yg/g for coffee leaf-Al concentrations
reported in the literature. Leaf-P concentration decreased as a result of
increasing Al stress, but addition of HA also suppressed the sharp decline
in leaf-P concentration. The regression coefficient was reduced from -2.5
at 0 HA to -0.69 at 100 mg HA/kg. Potassium concentration in leaves was
only slightly affected by both Al and HA treatments, and the differences
observed were statistically nonsignificant.
The above results suggest that corn plants can tolerate high concentrations of Al in the growth medium when humic acid is present.

Zusammenfassung
Um die Wirkung von Humus-Saeure (Humic Acid = HA) auf Mais-Saatkoerner
zu ermitteln, Treibhaus-Versuche wurden angestellt in Sandboden welcher
mit 0 bis 50 mg Al/kg und mit 0 bis 350 mg HA/kg angereichert war.
Ohne HA fuehrte Aluminium Anreicherung zu stark reduzierter Trockensubstanz-Produktion, und bei 50 mg Al/kg entwickelten die Pflanzen schwere
Aluminium Vergiftungserscheinungen. Durch Zufuegung von HA wurde die
Trockensubstanz-Produktion um 32,5 bis 42,5% gegenueber dem HA-freien
Boden erhoeht, und die Pflanzen erschienen gesund und gruen. Aluminium
Konzentration in Blaettern war linear abhaengig von der AI Konzentration
im Boden, nahm aber bei Zufuegung von HA ab. Die Ergebnisse lassen darauf
schliessen, dass Maispflanzen bei gleichzeitiger Anwesenheit von HA hohe
Konzentration von Aluminium im Boden tolerieren koennen.

- 515 -

A MECHANISM FOR THE FORMATION OF
HYDROXY COMPLEXES MOBILISED IN SOILS

SOLUBLE

Fe(III)-Al

AND

Si-Al

R.M. Taylor
CSIRO Division of Soils, Adelaide South Australia

Evidence has been given in the last few years to suggest that podzol
genesis may partly be explained by migration of Si, Al and Fe in mixed
inorganic sols rather than being completely dependent on transportation
involving organic ligands.
The ability of these inorganic sols to
explain some of the observable features in soils has been previously
demonstrated in the laboratory by other workers.
This present work enables the reactions involved to be quantified so
that the effects of variations in the environment on this mobilisation
can be studied. This technique involves the chemical process of
Induced
Hydrolysis
developed in this laboratory.
Fully hydrolysed Fe(III) as
flocculant precipitate (ferrihydrite) reacts at pH values 4-4.2 with Al
hydroxy species in solution at this same pH.
A yellow-brown sol is
formed which is stable against precipitation at this pH for long periods
(>6 months), even in the presence of 1 molar NaCl. Thus the precipitated
Fe(III) phase is peptised and is therefore mobile. On extrapolation to a
soil, this phenomena can explain the transportation of Fe(III) within a
profile at pH values where it is normally precipitated.
A similar effect occurs with Si and Al. Si precipitated as silicic
acid at a pH around 4-4.2 can react with Al in solution at the same pH
causing the formation of a mobile, mixed Si-Al hydroxy species. When the
correct Si/Al ratio is used, proto-imogolite is formed.
In both cases cited above, the Al in solution is hydrolysed when the
fully hydrolysed second species is added at the same pH, and the rate of
alkali addition necessary to maintain the initial preset pH gives a
measure of the rate of the reaction. This information extends further
our knowledge of the inorganic processes involved in pedogenesis.
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CHARACTERISATION OF HUMIC ACIDS FROM COMPOSTING MUNICIPAL REFUSE
BY SOLID-STATE CARBON-13 NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY
B.K.G. Theng*, R.H. Newman** and Z. Filip***
*N.Z. Soil Bureau and **Chemistry Division, DSIR (New Zealand)
*** Bundesgesundheitsamt, Langen, Federal Republic of Germany
Municipal refuse was allowed to decompose in a simulated landfill over a
period of 20 months. Three different composting systems were
investigated:
(1) Where the refuse by itself was compacted, (2) where the refuse was
mixed with sewage sludge and left uncompacted, and (3) where the refuse
was mixed with sewage sludge and compacted. After 2, 6, 12, and 20 months
of decomposition, the humic substances were extracted with 0.1 M Napyrophosphate/hydroxide. The humic acids were precipitated by acidifying
the extracts with HCl, redissolved in NaOH, then dialysed sequentially
against water, dilute HF, and water. A humic acid from a podzolised soil
was obtained similarly. A portion of the air-dried humic acids was
analysed for C, H and N while another portion (100 mg) was packed in
Kel-F rotors and spun at 2.S kHz in the "magic-angle" spinning probe of a
Varian XL-200 spectrometer for carbon-13 NMR at 50.3 MHz.
A method was developed to correct signal areas for signals from spinning
side bands. This enables the total carbon in each sample to be divided
into four categories (a to d) each of which has a chemical shift (6)
range of 50 ppm:
(a)

Centrebands with <5 of 160-210 ppm, assigned to all functional groups
containing C=0 bonds, associated with secondary amide links (as in
peptides and proteins) and carboxylic acids;

(b)

Centrebands with 6 of 110-160 ppm, assigned to carbon in aromatic
rings and in C=C bonds, including phenols;

(c)

Centrebands with 6 of 60-110 ppm, assigned to carbon in C-0 bonds
(except for methoxyl) associated with carbohydrate structures;

(d)

Centrebands with 6 of 10-60 ppm.
These are assigned to carbon in
methyl, methylene, methine, and quaternary structures occurring in
methoxyl, lipids and protein side-chains.

The percentage carbon in category "a", characterised by a prominent signal
at 174 ppm, increased between 6 and 12 months of decomposition, and then
declined.
This trend was particularly noticeable in the sewage sludgeenriched systems.
Apparently there was an initial release of proteinaceous substances, associated with a phase of intense microbial activity,
followed by a phase of peptide bond cleavage.
That the signal at 174 ppm
is due more to secondary amide linkages than to carboxylic acids is
supported by the correlation between signal intensity and nitrogen content
of the humic acids.
Category "b" carbon showed an initial slight fall but rose sharply after
6 months of decomposition.
Thus, after a relatively brief period of
composting, the aromaticity (6 = 123-131 ppm) of the samples tended to
increase.
This was paralleled by an increase in methoxyl (<5 • 56 ppm)
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and phenolic (<$ ^ 149 ppm) contents.
These changes were very pronounced
in the sludge-enriched, uncompacted system and could be explained in
terms of the aerobic microbial degradation of lignin.
On the other hand, the percentage of category "c" carbon due to carbohydrates (6 ^ 73 and 105 ppm), did not change much over the whole period
of composting.
The reason for the apparent biostability of these
structures is not obvious although conformational and steric factors may
affect their accessibility to microbial enzymes.
Category "d" carbon tended to decline as decomposition progressed.
This
may be ascribed to the oxidative degradation of polymethylene structures
(6 ^ 31 ppm) in lipids and amino acid side-chains since the trend was
particularly evident in the uncompacted system.
The spectrum of the soil humic acid showed all of the signals found in the
spectra of its refuse counterparts but the bands were not as well
resolved.
This indicates that the humic acid from soil has a relatively
wider diversity of structural modifications in keeping with its greater
age.

- 518 ACCUMULATION OF ORGANIC AND
TOTAL NITROGEN AND THE COMPOSITION OF HUMUS COMPOUNDS IN GRANULOMETRIC FRACTIONS OF ARABLE LOESS
AND SANDY SOILS
Uziak S.

Materials and Methods
Studies were carried out on 5 profiles three of which were of arable
soils formed from loess in the Lublin Upland- 1/ pseudopodzolic,
2/ leached brown soil, 3/ degraded chernozem, and two of arable soils
formed from sands of old accumulation t e r r a c e s /one from the Mazovian
Lowland and the other from the Sandomierz Basin/- 4/ acid brown soil
from medium sand and, 5/ from coarse sand without a distinct typology.
Granulometric fractions l a r g e r than 0. 002 mm or 0. 001 mm were
separated by the sedimentation method, smaller ones by using a centrifuge.
Organic carbon was determined by Tiurin' s and total nitrogen by
Kjeldahl' s method the group composition of humus compounds according to Boratynski and Wilk /by using pyrophosphate and soda l y e / .
Results
Accumulation of both organic carbon and total nitrogen in the soils
studied depends on the size of granulometric fractions, but tt is not connected with the soil typeor with the kind of the parent rock. The largest
amounts a r e contained in fractions below 2 um / c 2, < 1. 2-0. 2 and
<C 0. 2 /im/ a s well as in 0. 005-0. 002 mm fractions.
The group composition of humus compounds is different in the particular soils and also in the granulometric fractions of the same soil.
Relatively largest amounts of humic and fulvic acids were extracted
by 0. 1 N Na P 0 7 solution and then by 0. 1 N NaOH^-jtfaough in several
cases it was r e v e r s e .
The total of humic acids /extracted byO. 1 N N a . P O and 0. 1 N NaOH
before and after hydrolysis with 0. 5 N H SO./ was generally higher than
that of fulvic acids in the chernozem /in 3 horizons/. In fractions above
2 jum of the brown loess soil and in both sandy soils, humic acids also
predominated. However, in fractions above 2 um of the pseudopodzolic
soil the amounts of humic and fulvic acids were similar. In the fractions
smaller than 2 um of the pseudopodzolic and brown loess soil as well a s
of both sandy soils the total fulvic acids predominated over that of humic
ones.
Humins and ulthins also appear as a differential group of compounds
with regard to their content. They constitute about 1/3 of all humus
compounds in the chernozem and brown loess soil /in horizon A . / C of
chernozem they a r e 1/5-1/3 of total humus/ and about 1/ 4 of humus in
the pseudopodzolic soil. In fractions 0. 02-0. 005 mm and l a r g e r of the
sandy soils they constitute 40-50 % and 30 % infractions smaller than
2 urn of the loamy sand and about 20 % and l e s s in the same fractions
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The content of bitumins is more differentiated in loess soils / 0 - 2 2 % /
than in sands / l - " % / i
It is not easy to elucidate the differences in the group composition of
humus in the particular soils and granulometric fractions. They may be
connected with the period and intensity of soil cultivation and partially
with water relationships.
Zusammenfassung
Akkumulation des organischen Kohlenstoffes und des Gesamtstickstoffes
und die Zusammensetzung der Humusvirbindungen in Kornfraktionen von
L ö s s - und Sandackerböden
Die Akkumulation des organischen Kohlenstoffes und des Gesamtstickstoffes ist mit der Grösse der Korn frak t ionen /die grössten in Fraktionen unter 2 um und auch 0. 005-0. 002 mm/ verbunden sie ha'ngt aber
nicht von dem Typus und des Muttergesteines der Böden ah. Die Gruppenzusammensetzung der Humusverbindungen ist verschieden in den einzelnen Böden und auch in den Kornfraktionen desselben Bodens.

- 520 INFLUENCE OF ACETYLENE ON THE ANAEROBIC NITRATE REDUCTION
RATE AND SOIL RESPIRATION
0. Van Cleemput, S. Aboud and L. Baert
Faculty of Agriculture, University of Ghent, Coupure 653,
9000 Ghent, Belgium
For more than 10 years acetylene has been used as blocking
agent of the last step in the denitrification chain, the reduction of N O (Federova et al., 1973; Yoshinari & Knowles, 1976).
More recently, it was found that acetylene also influences the
nitrification process (Mosier, 1980; Walter et al., 1979). Less
information is available on its influence on the nitrate reduction rate. Concerning the soil respiration, both stimulation
and inhibition were reported (Klemedtsson et al., 1977; Islam,
1981) .
The purpose of the present paper was to examine the effect
of acetylene on the reduction rate of nitrate under anaerobic
conditions and on the 0„ consumption and C0„ production under
waterlogged soil conditions.
Three soils with different characteristics were used: a
sandy soil (pH=5.8; %C=0.98), a loamy soil (pH=7.04; %C=1.32)
and a clayey soil (pH=7.73; %C=0.98). These soils were incubated in closed 150 ml bottles under waterlogged conditions
(30 g soil/60 ml H O ) at 25°C. The headspace at zero time was
either air, nitrogen gas, air + 1% acetylene or nitrogen gas +
1% acetylene. One series was carried out in the presence of
100 mg N0„-N kg--'- soil and one series in the presence of 400
mg N0~-N tcg-1 soil. As a function_of time 0 ? , C0„ and N ? 0 were
determined in the gasphase and N0_-N, N0„-N and NH.-N were
determined in the soil extract.
Concerning the nitrate reduction rate in the different
treatments, it was observed that acetylene stimulated the denitrification rate differently in the three soils. At low nitrate level, the stimulation was most pronounced in the soil
with the lowest reduction-rate. In the soil with a high reduction rate, almost no stimulation was observed. The following
sequence of stimulation was found: sandy soil>clayey soil>loamy
soil, as opposed to their reduction rate. At high nitrate level
the stimulation of the reduction rate was more pronounced also
in the treatment were a high rate was observed. The reason for
the accelerating effect of acetylene on denitrification can be
due to adaptation to acetylene and consequently serving as additional carbon source, or by a complex chemical interference
resulting in an increased nitrate reduction rate.
.
In all treatments a high N0~-N content (up to 10 mg kg )
was observed at the beginning of the incubation. However, the
presence or absence of acetylene did not give markedly different results. Similar information was obtained for NH+-N. Only
in the treatment with air in the headspace and at high N0„-N
level, NH*-N did not accumulate and was nitrified. In all
other treatments acetylene prevented nitrification.
In all treatments, acetylene showed a slightly negative
influence on the 0 ? consumption rate. The influence was highest
in the loamy soil, followed by the clayey soil and by the sandy

- 521 soil, in which almost no difference was noted. In general, the
higher the 0 ? consumption rate, the more pronounced the influence of acetylene was. Combining this information with the
information on the nitrate reduction rate, it was found that
acetylene acted differently on the aerobic microflora than on
the anaerobic microflora. In coincidence with the decreased
Op consumption, also a slight decrease of C0„ production was
found. Literature information on the influence of acetylene on
soil respiration is rather conflicting. Klemedtsson et al.
(1977) found an accelerated production of C 0 ? of up to 13% by
addition of 0.1 atm acetylene, while Islam T1981) found a
markedly negative effect especially in soils incubated in the
presence of energy-rich material. Our results were between the
results obtained by Islam (1981) and those obtained by Ryden
et al. (1979), who found that the rate and extend of C 0 ? production was unaffected by the presence of up to 5% acetylene
irrespective of the nitrate level.
The results on the N,0 production in the presence of acetylene also indicated that the duration of the acetylene activity depended very much on the type of soil.
It should be concluded that acetylene not only influences
the NpO reduction but also a lot of other soil processes.
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COMPARISON OF CATALYTIC POWER OF NONTRONITE AND KAOLINITE IN
POLYCONDENSATION OF PYROGALLOL AND GLYCINE AND THE ASSOCIATED
REACTIONS
M.C. Wang and P.M. Huang
Department of S o i l S c i e n c e , U n i v e r s i t y of Saskatchewan, Saskatoon,
Saskatchewan, Canada, S7N OWO
The c a t a l y t i c power of the 0.2-2 um C a - n o n t r o n i t e and C a - k a o l l n i t e
in promoting t h e polycondensation of p y r o g a l l o l and g l y c i n e , r i n g c l e a vage of p y r o g a l l o l and deamination as well as decarboxylation of g l y c i n e
was s t u d i e d . An a p p a r a t u s was designed t o determine t h e l i b e r a t i o n of
C02 and NH3 in t h e r e a c t i o n systems. All the r e a c t i o n s observed p r o ceeded a b i o t i c a l l y , s i n c e microbial growth was not e v i d e n t in t h e systems
s t u d i e d . At the end of a 90-h r e a c t i o n p e r i o d , t h e C02 l i b e r a t i o n i n t h e

nontronite-pyrogallol and kaolinite-pyrogallol systems were 6.1 and 5.5
times, respectively, higher than that in the pyrogallol system, showing
the catalytic role of nontronite and kaolinite in the ring cleavage of
pyrogallol (Table 1). There was no great difference in the C02 liberation from the glycine-pyrogallol and pyrogallol solutions between the
nontronite and kaolinite systems. On the other hand, the absorbances of
the supernatants of the nontronite-glycine-pyrogallol and nontronitepyrogallol systems were 3-5 and 1.8 times at 472 nm and 6.8 and 2.2 times
at 661 nm, respectively, higher than those of kaolinite-glycine-pyrogallol and kaolinite-pyrogallol systems. The liberation of NH, from the
nontronite-glycine-pyrogallol system was 2.5 times higher than that from
the kaolinite-glycine-pyrogallol system (Table 2). The conversion of
glycine-N to polymei—N in the nontronite-glycine-pyrogallol system was
very substantially higher than that of the kaolinite-glycine-pyrogallol
system. The yields of the resultant humic polymers formed in the nontronite-glycine-pyrogallol and nontronite-pyrogallol systems were very
substantially higher than those of the kaolinite-glycine-pyrogallol and
kaolinite-pyrogallol systems. All data show that the catalytic power of
nontronite in the polycondensation of glycine and pyrogallol and the
deamination of glycine is significantly higher than that of kaolinite.
The IR and ESR spectra of humic and fulvic acids (MW>1000) formed through
the polycondensation of pyrogallol and glycine and polymerization of
pyrogallol were similar to those of natural humic substances.
The data obtained in t h i s study indicate that the catalytic power
of kaolinite and especially nontronite in the polycondensation of phenols
and amino acids and the subsequent formation of humic polymers and in the
N transformations including mineralization via an abiotic process in soil
environments merit attention. The data also indicate that ring cleavage
of phenols as catalyzed by nontronite and kaolinite can be a new pathway
of C turnover and a mechanism contributing to aliphatic nature of humic
substances in s o i l s .
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Table 1. Absorbance of the supernatants and liberation of carbon dioxide
in the nontronite-glycine-pyrogallol and kaolinite-glycine-pyrogallol
systems at the end of a 90-h reaction period
Absorbance

Reaction condition

H72nm

66<4nm

CO. liberation

Nontroni te

13.61±0.06b

3.53±0.02

1)1 0±H

Nontronite

2.60±0.04

0.^3±0.02

233±3

Kaolinite

3.86±0.03

0.52±0.02

382±2

Kaolinite

1.H6±0.02

0.20±0.01

209±3

No catalyst

1.99±0.0t

0.15±0.01

19±1

No catalyst

0.88±0.02

0.0t±0.01

38±7

Catalyst

Glycine

Pyrogallol

ymol

I n t h e presence

The average deviation from the mean
In the absence

Table 2. Distribution of the converted glycine-N to NH„, NH3 and
N-polymers in the nontronite-glyclne-pyrogallol and kaolinite-glycine
pyrogallol systems at the end of a 90-h reaction period
Reaction condition
Catalyst

Glycine

Pyrogallol

NH;

Nontronite

151±7 b

Nontronite

K.8±0.t

NH,

N -polymers

0.6±0

180±12

N.D. d

N.D.

Sum

635±19
M.8±0.1

Kaolinite

62±1

0.t±0

200±1)

262±8

Kaolinite

N.D.

N.D.

N.D.

N.D.

No catalyst

27±1

0.3±0

118±9

1M5±10

No catalyst

N.D.

N.D.

N.D.

N.D.

In the presence
The average deviation from the mean
In the absence
Not detectable

- 524 Bodenversauerung und Grundwassergefährdung
durch schwefelhaltige Immissionen und Kraftwerksaschen
von Hans Werner und Günther Heide
Geologisches Landesamt Nordrhein-Westfalen, 4150 Krefeld,
Bundesrepublik Deutschland
Das Problem der Bodenversauerung durch säurehaltige Niederschläge wird seit geraumer Zeit in der Öffentlichkeit stark
diskutiert. Dieser anthropogen ausgelöste Prozeß wird überwiegend auf die Immission S02-haltiger Niederschläge zurückgeführt,
die bei der Verbrennung schwefelhaltiger fossiler Brennstoffe
entstehen, insbesondere von Steinkohle, Braunkohle und Erdoel.
Bei den Kraftwerken auf Braunkohlenbasis wird etwa die Hälfte
des in der Kohle enthaltenen Schwefels emittiert, während die
andere Hälfte als Sulfat in der Asche verbleibt und in dieser
Form eine unmittelbare Gefahr für das Grundwasser darstellt.
Für das chemische und physikalische Verhalten der Kraftwerksasche ist ihr Gehalt an Calcium von entscheidender Bedeutung.
Dieses liegt vor als Calcium-Oxid, -Ferrit und -Sulfat; ein
weiterer Teil des Sulfats ist an Magnesium, Kalium und Natrium
gebunden. Der Gesamt-Sulfatgehalt der Kraftwerksasche liegt im
Durchschnitt bei 7 %. Die aufgrund dieser Zusammensetzung gegebene hohe Reaktionsfähigkeit wird durch die Feinkörnigkeit der
Asche und ihre große innere Oberfläche noch verstärkt.
Wenn die Kraftwerksasche mit Wasser in Berührung kommt, wird
zunächst das an Kalium, Natrium und Magnesium gebundene Sulfat
gelöst, wobei anfangs Gehalte von mehreren 10 000 mg SO4/I auftreten können. Später geht nur noch das an Calcium gebundene
Sulfat (Anhydrit) in Lösung (etwa 1 000 mg/1). Zur Verhinderung
einer Verunreinigung des Grundwassers ist es erforderlich, die
Aschekippen allseitig mit Ton oder Folien abzudichten, was mit
immensen Kosten verbunden wäre.
Nach umfangreichen Labor- und Geländeuntersuchungen wurde ein
Verfahren entwickelt, das -ein Herauslösen der Sulfate weitgehend verhindert. Es beruht darauf, daß die Kraftwerksasche bei
der Verkippung mit etwa 20 bis 40 % Wasser - bis zur breiartigen Konsistenz - versetzt und intensiv vermischt wird. Dieses
Asche-Wasser-Gemisch verfestigt sich nach kurzer Zeit infolge
von chemischen Umsetzungen, die unter Wärmeentwicklung und Volumenzunahme vor sich gehen. Dabei wird auch die Wasserdurchlässigkeit drastisch verringert: Während die bisherigen Aschekippen Werte von durchschnittlich Kf = 5 x 10~5 m/s aufweisen,
gehen sie bei nach dem neuen Verfahren angelegten Aschedeponien
auf Kf •<1 x 10~8 m/s zurück. Das Grundwasser wird folglich die
kompakten Aschekörper nur noch umströmen und somit kaum Sulfate
aufnehmen können. Eine relevante Beeinträchtigung des Grundwassers und der im Bereich der Aschedeponien anfallenden Sickerwässer ist somit nicht zu besorgen. Auf weitere aufwendige Maßnahmen zum Schutz des Grundwassers und der Oberflächengewässer,
die bei dem bisherigen Verfahren der Verkippung von Kraftwerksasche künftig unvermeidbar gewesen wären, kann infolgedessen
verzichtet werden.
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stehen geblieben. Mit der großtechnischen Anwendung unseres
Verfahrens, d.h. gezielte Wasserzugabe und Vermischung mit der
Asche auf dem Absetzer, ist bereits im Mai 1980 im Tagebau
Frimmersdorf begonnen worden. Seitdem wird die gesamte dort anfallende Asche auf diese Weise verkippt (bisher mehrere Mio t ) .
Dabei zeigte sich die vorausgesagte starke Verringerung der
Wasserdurchlässigkeit auf Werte von K f < 1 x 10~8 m/s.
Bei der Anwendung des von uns entwickelten Verfahrens in der
bergbaulichen Praxis entstehen somit große monolithische Blöcke
mit einer um den Faktor 1 000 bis 10 000 verringerten Wasserdurchlässigkeit. Das Problem einer schadlosen Beseitigung der
z.Zt. in den Kraftwerken auf Braunkohlenbasis anfallenden Rückstände ist somit wissenschaftlich und auch technisch gelöst.
HEIDE, G. & WERNER, H. (1981): Verfahren zur schadlosen Deponierung von sulfathaltigen Kraftwerksaschen im rheinischen
Braunkohlenrevier.- Braunkohle, 3_3: 7 - 1 1 , 3 Abb., 1 Tab.;
Düsseldorf.
HEIDE, G. & WERNER, H.: Verfahren zur Aufbereitung von wasserlösliche Sulfate enthaltender Braunkohlenasche für die Deponie.- Deutsches Bundespatent Nr. 29 25 882 vom 22.10.1985.
Soil Acidification and Detriment of Groundwater caused by
Sulphuric Immissions and Power Plant Ashes
The nowadays much discussed soil acidification can be mainly
deduced from the immission of S02_bearing precipitation which
in return stems from the burning of suphur-bearing fossil
fuels. The lignite power plants emit half of the coal's sulphur
as SO2 whereas the other half remains as SO4 with the ashes.
The Rhenish Lignite District's production of 8 Mio t per year
of power plant ashes holds in average 7 % of more or less
water-soluble sulphates. These ashes were dumped into abandoned
sections of the open pits. Their rate of water permeablility
(Kf = 5 x 10 - 5 m/s) equals the one of the surrounding gravels.
After the termination of the lowering of the groundwater table
due to mining, the groundwater percolates through the ash dumps
reaching initial SC>4-levels of several 10 000 mg/1. This
results in a considerable detriment of the groundwater quality
in extended areas of the District.
After extensive laboratory and field tests, in 1979 a process
was developed which guarantees an undetrimental dumping of
powerplant ashes. It is based on the fact that during dumping
the ashes are intensely mixed with 20 to 40 % of water until a
slurry is achieved. The subsequent reactions result mainly in a
lowering of the water permeability rate by the factor 1 000 to
10 000.
Since 1980, this method proved to be successful in large scale
mining application. Ash dumps of the new kind turned out to be
so impermeable (Kf« 1 x 10 - 8 m/s) that water practically
cannot seep through them.

- 526 THE DESORPTION KINETICS OF SURFACE-ADSÜR3ED FOTASSIUM IN
UN EXTERNAL ELECTRIC FIELD
Yan Fend and Xue Jiahua
Nanjing Agricultural University, Nanjing, China
Some authors related the amount of potassium removed from
the soil during electrodialysis to those converted from nonexchangeable form to readily available form during cropping
around 1950'?-1 3y the time of early 1970s, the method of eiectroultra-filtration (EUF) was improved and used in soil test to
cnaracterize tne nutrient status by Nemeth? Grimme has confirmed
that the desorption of soil potassium in a constant electric
field can be described by the second order rate law1!1 More recently, Sparks shows that tne desorption of potassium from the
soil conformed to the first order kinetics1?1 The purpose of the
present study is to investigate the desorption kinetics of adsorbed potassium in a constant electric field.
Three soil and four mineral samples were studied, they are
red earth, black soil, yellow brown earth, kaolinite, montmorillonite, vermiculite and muscovite. Prior to kinetic measurements, the samples were air-dried and saturated with potassium
by leaching with IN KCl solution. A suspension of 3 g K-saturated soil or mineral in 100 ml of deionized water was introduced
into the middle compartment of the electrodialyzer. 100 ml of
deionized water was added into the cathode and anode compartment respectively. The soil potassium was extracted under a
field strength of 60 volt/cm. At the end of each 5 "lin interval,
the cathode solution was collected and analyzed for potassium
by atomic absorption spectrophotometry. Then, a new portion of
100 ml deionized water was introduced into the cathode compartment. The extraction was conducted successively for 200 min at
2 ? C and 150 min at k^C.
From the concentration of the cathode
solution, the mean desorption rate was calculated.
The surface-adsorbed potassium extracted by electrodialysis
is approximately equal to that extracted by IN ammonium acetate
for soil samples, and is higher than the later quantity for mineral samples. Vermiculite has an exceptionally high value, i.e.
tne potassium extracted in 200 min is nearly 1.? times as many
as the exchangeable potassium. This implies tnat some of the
nonexchangeable potassium has desorbed under these conditions.
In comparing the data obtained at 25*C and ^5*C, it is apparent
that raising the temperature favors the release of nonexchangeable potassium.
According to the desorption-adsorption kinetics, the desorption rate VH can be expressed by_the equation

Vd = K-5"
where

,
K= k-exp(-Ed/RT) , n=l*ï/RT , k is a proportional constant, E^j is the initial activation energy, if is a parameter depends on the surface characteristics, R is the gas constant and
T the temperature.Expressing the equation in logarithmic form
gives:
_
_
log Vd = nlog S + Log K
Vjj and S are relative desorption rate and average value of
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against logS should be a straignt line. The experimental results show tnat, tne relationsnip Detween logVd and logS is a
straight line in nearly tne whole saturation range for red
earth, yellow brown earth and kaolinite, and breaks into two
or three segments at certain saturation ranges for montmorillonite, vermiculite, muscovite and black soil samples, m i s .nay
be attributed to tne netrogeneity in adsorption activity of the
sample surface1.'
The parameter n ana K can be evaluated by linear regression
from the experimental data. K is the apparent desorption rate
constant from which the initial activation energy E£ can be
calculated using tne equation
2.303-R-T, T, l,Q K,
F?3, ( T - T, )
g X2
where K,and Kj are apparent desorption rate constants at temperature T, and T^ respectively .
Values of n, K and E d for soils and minerals
E
n
K
d
298K
318K
298K
318K (KJ/mol)
red earth
1.58
1.26
0.242
0.157
17.0
0.102
0.152
black soil
0.0342 0.0479
13.3
1.16
0.836
0.0437 O.I33
yellow brown earth
43.9
1.26
0.0479 0.0912
1.15
25.4
kaolinite
1.01
0.0245 0.0661
1.26
39.1
montmorillonite
2.65
2.28
13.2
0.0851 0.119
vermiculite
2.00
0.146
1.64
13.7
muscovite
0.103
* EH is calculated using tne value of K at high saturation for
black soil, montmorillonite, vermiculite and muscovite samples.
The activation energies for potassium desorption ranged
from 13.2 to 43.9 KJ-mor.'

Sample
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ii. ii. Ya.' ihvili, A. £. .lonitashvili
flio uoor^iaa ocicntifio uecearch Institute of Soil
ocionco Agrochemistry and Melioration, Tbilisi, UoüK
A co.aprohonaive atudy of tue genesis of mountain and high
-mountain 00II3 of the Greater Caucasus employing modern methods of research acquires urgent importance as it enables a
purposeful dovelOiiment of these soils allowing for their farming conditions»
Uur studios wore carried out in bvoneti, which is geographically a unique medium-high and high-mountain region occupying rather a high hypsometric position - altitudes ranging
f ran 500a to 3<*X)ia above sea level.
iJountain-moadow, secondary mountain-meadow and brown forest soils have been investigated. There is a contrasting diffurenoe between the soils as to the bioollmatlo conditions
under which they are formed, which determine the difference)
in morphology, micro-morphology and ohemioal properties. Common to all these soils is an intensive effloresoenoo of original minerals, predominance of crude humus, .nobility of clay
intensified in tho lower part of the profile, ferruginous new
formations.
?he comparison of mountain-meadow, soddy (secondary) and
brown forest soils reveals the difference in increasing tho
soil profile from 40-50 cm in mountain-meadow soils to 80-110 om in soddy and 00-130 cm in brown forest soils with a
clear differentiation of soil horizons and well-expressed
ooil profile, the appearance of more coagulated humus forms,
the increased content of the optically oriented clay and its
increased mobility, the reduood content of ferruginous new
formations. In the sequence of the comparison the content of
tho humus increases, it gradually decreases with tho growing
deapth, the degroe of proportion between humic acid and fulvic acid content decreases, the pil of the soils becomes less
acid and changes from 5,2 in mountain-meadow soils to 5,0 in
brown forest (duroaiom) soils. The soils ore richer in bases.
All these changes reflect the law of vertical aonality clearly manifest in high-mountain soils of the ureator Caucasus.
liumio acids have been isolated propu.rutively from hor. A
(0 - 20 am) employing commonly adopted methods (Orlov and
others, 1968). Ash content of the preparations obtained did
not exceed 2,'i.
ify tho data of element content (atom %) the humic acids
of mountain soils have a specifically low content of aarbon
atoms (Jo,4 - 37,4 at %) and a somewhat increased percentage
of nitrogen atoms (2,7 - 3»3 at ,•»). According to the degree
of oxidation humic aoids belong the reduced compounds.
The total amount of acid functional groups varies between
575 mg and o10 ng equivalent units per 100 gram.
r.lectronio spectrums of absorption in UV zone form curves
with an expressed maximum in the range of 280 f.e., the intensity of which Incroasos in the high-altitude sequence of

- 529 the aoila studied.
i.'iie spectrums of uu3orytion iu the visible runge of the
spectrum ia defined by clear .aa:u\..ui..ia at 460 and 370 f.e.,
the intensity of which i3 aojeuiiut diminished in tüo hlghaltitude sequence of aoil distribution.
rhc presence in absorption cnectruoo of maximums at 280,
4^0 and 370 f. e. indicates tiio presence of H-type humio aoid
(Green huoic acid) fraction in the aoils studied.
fho apeotru-is of humic acid ab3orytion in the infra-rod
i;ono indicate a complex structuro of iiuuic acida. In all the
3pectruma wo can ace intenoivo atripes of absorption at 3300,
2880-2980, 1740-1830, 1230 and 1030 cm-1. A comparative study
of IK apeotruas of humio acida in soils at different altitudes roveal3 a common structure of their moleoulea. The differencea mainly coming *o a difforent number of aromatic rings
in the nucleus and aliphatic (peripheral) radicals.
This ia indicated by the appearance of the absorption
otripe at 1080 our1 and the increase of its intensity at
10^0 an""' caused by tie deformation variations of alcohol
Croups.
The study of thermode3truction of humic acids aimed at
finding the differences between humic aoids in aoils of different origin confirmed the double-constituent structure of
their molecules. All the acids show a clear division of thermoeffeots into three groups: endothermic effect at 9O-10O°C
and the two exothermic effects, the low temperature one (300-310°J; and the high temperature one (470-520°0). Despite the
common character of the reactions at the thermodestruction of
humic acids by the DTA. curves, the comparison of thermograms
reveal certain differences. While the aromatic part of the
humic acid from the brown forest (burasiom) soil is destroyed
at 320°J and the humic acid from the secondary mountain-meadow aoil is destroyed at 490°0, the oyclio part of the humic
acid from the mountain-meadow soil disitegrates at 470°0.
A sinilar pattorn is evident during the thermodestruotion
of the aliphatic part of "the molecules in the series of soils
considered. This indicates the deorease in thermoresistance
of the humic aoids in a vortical order of the aoils as a
v/hole and thoir separate fragments of molecules. Besides, the
peripheral part of their molecules is more diverified in its
composition, which leads to the difforenoiation of the therlaooffecta and the increase in the number of reactions on the
DJU curves.
The decrease of the destruction temperature of the oyclio
part of the molecules and the Increase in the difforenoiation
of effects in the peripheral part of the humio aoid molecules
aeparated from soils arranged in a auocession at various altitudes indicate the accumulation of fresh vegetable waste
which hasn't yet been humified, which leads to the accumulation of the newly-formed humic acids and the enrichment of
high-mountain soils by the slightly humificated components.
This is in accordance with the commonly accepted biochemical
nature of the nullification process, the direction and the rate of which ia determined by the biochemical activity of
soils.
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Boden westlichen Teile der gro'sen Kauk&a
K.I. Iasehwili, A.F. lanitaschvili
Georgische wissenschaftliches Forsehungfl-lnstitut dar
Bodenkunde, Agrochemie und Melioration st. ïbili ssi, Und SSR
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Sie huminaüre Saure den hoehgebirgen Boden Kaukasus und
gehöre* zu der huminauren Sauren.
Ks ist festgestellt Vorhandensein Traktions huminarener
Sauren fi-Tinus. Vergrößerung gradverschiederunge alifatisehen
Komponenten und Schwache Kondensation des Kerns huminauren Sa'i
ran ia die Reihe wertikaliamhen Zonen den Boden Zaugt T O B dar
Bereicherung den Boden mit schwach humlfitiraachen Komponentei
deren Richtung und Schnelligkeit mit bvoehemiaeher Aktivität
dar hoehgebirgen Boden.
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ELECTRO-VLTRAFILTRATION-ABSORBABILITY (EUF-Ï.)
— A NE'.V RELIABLE INDEX FOR CHARACTERIZING THE
AVAILABILITY OF NITROGEN
ïi Xiaolin and Li Youkai
Agricultural Anaysis
Recently.there have been many reports on applying EUF-technique to
study nitrogen availability of soil and recommending nitrogen fertilization, they are in agreement on that EUF-N is a better index of available nitrogen of soil.
The EUF-N includes NK,^,NO, and part of the low-nolecular nitrogen
compounds in soil. During the process of EUF extraction,NO, and the
greater part of above-mentioned organic nitrogen compounds a-e dissolve.'
/desorpted into anode filtrates,and the desorpted NHjinto cathode filtrates simultaneously .As the components of the"£UF-N extracted at 20' C
and 2C0V(0-J0 min.) is mainly mineral nitrogen.and that extracted at 80 J
and »OOV(33<*-35i''in.) is mainly organic nitrogen. The two cnt-gorieo of
E'JF-N: re;;reo*-nt •readilyjivailable nitrogen and reserved nitrogen of soil
respectively. It is obvious that the EUF-N of upland,soil should exist
in fractions of anode filtrates.Then we can intrrpretate nitrogen dynamics and nitrogen- supplying capicity in soil by the EUF-N values of
anode fractions.
As the concentration of NO'and soluble.organic matter in the anode
filtrate of EUF extraction of mineral soil is low,the routine analytical
method are not suitable for analysis of a number of samples.
By a series of experimental investigations,we found the method of EUF
-absorbability method is a simple,rapid and sensitive new method for
evaluating the nitrogen availability of upland soil.
It has beon proved that the UV spectra of soil humic solution whirh
originate from different nmterialo ara remarkably similar without Individual characteristic,and that the relationship between the absorbance
at a particular wavelength of UV region and the concentration of the
organic matter is fairly constant for most mineral 3oil extracts.The
organic C/NJrations of the water soluble organic matter extracted by water
(80 C,30^iin.) from the soils in the suburbs of Beijing were all about
10,and it proves that the organic C/N ration of the water soluble organi:
matter was relatively constant. A nearly constant ratio of organic C/N
should be also existed in the EUF-extract, because it is a water extract
of soil.
A.1 Lot of experimental studies showed that NO, ( NOj and organic matter
intensively absorb UV radiation at 210 »m, while the other inorganic
salts in the soil extract have hardly absorbance at 210nm. Therefore,
the UV absorbance of EUF extract at 210nm is closely correlated with
the concentration of NO", NO,and organic matter and it is expected that
the UV absorbance value will characterize the content of total (inorganic
and organic) available nitragen.in upland soil. In adition, as the absorbance of EUF extract at a particular wavelength is .directly concened in
the volume-.of the exstract diluted and with the optical path length, it
is necessary to quote "absorbabillty"(Q) to represent the content of EUFN in soil rather than use of "absorbance" only. ">.e absorb-ability is
defind as follows.
The absorbahility(Q) at a particular wavelength is the product of the
abnorbanceOA) and the Volu"ie(V) of the extract when the path length(i)
is 1cm,
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Q = A V/l
(1)
The unit of Q absorbability( q) or milliabsorbability(mq) when the V in
liters or in milliters rescectively. Then.
EUF-Q
of soil = A
. V - l ~ (mq/lOOg soil)
(2)
where SUF-Q . =Eli^-absorbability of soil at 210nm, called EUF-Q for short;
AJ

0

=• absorbance of noil extract at 210nm, called A for -short;

I
* path length, 1cm in general
W
= sample weight of soil used ia EUF extraction, 5g i-igeneral
Within a certain range, the values of EUF-Q possess additive property.
If the NOj in the EUF extract is reduced to NH,*by copperized zinc in
acidic medium, the UV absorbance at 210nm of the resultihg extract, and
then the corresponding absorbahility of the soil, will characterize the
organic available nitrogen in upland soil.
two aliquots in the same volume of the EUF anods extract are acidified
with diluted H,SOj. Several granules of copperized zinc are aided into
one of the aliquots,and the other aliquot is not added. Allow they to
stand overnight.Then the absorbance of both aliquots are measured simultaneously at 210nm and record as A m d A r M for the original and reduced
aliquotsjrespectively. Here A_ is the total absorbar.ce-of NOj,NO_. and
organic matter in the extract (NOj content in-upland soil is extremely
low and may be neglected), and A n „ is the absorbability of organic matter
only in the extract. The difference of the two values is the absorbance
of NO,(AN^-) in the extract .From these absorbances, the relevant EUFabsorbabillties of soil (EUF-QT -Q-„ and *Q„_- »
.
, . , „ , .
^1,
OM,
NO,) can be calculated by
the equation« These absorbabilities reflect the EUF-total H, -organic N,
»nd -NO,-N of soil respectively .Adding up the EUF-Q values of all RUF fraction», ft« obtain 1^ total EUF-Q of the soil extracted in the whole
extraction period, denoted as EUF-Q„ „,.
0-J5 min.
The EUF-QT - ,_ .
values of 10 soil samples collected from the
suburb« of Beijing were closely correlated with EUF-K.-N determined
by Kjeldahl method (r= 0.990, P < 0 . 0 1 , •> 10 ) . It is^Sbvious that the
siol EUF-Q values can be used to characterize accurately and precisely
the status of soil EUF-N.
In 1981-1982 and 1983-198't, thirty-three soils were collected fron the
suburbs of J3eiling and the EUF-Q values and organic matter and total N
contents of these soils were analyeed. In the meantime, the pot experiments
were conducted on these soils with winter wheat, and"the relative N—uptake
of wheat plants at jointing snd mature stages of pots receiving no nitrogen
(N-uptake of PK pot/N-uptake of NPK pot) were calculated. Table 1 and
.:•.
show the correlations between the EUF-Q- and relative N-uptake of
wheat plants.
The results clearly showed that the soil EUF-Q,^
,_ .
.'Values were
well correlated with the relative N-uptake of winter *neal in pot experiments carried over two years. Therefore, it can reliable characterize
the status of available nitrogen in soil to crops and might be used for
the recommendation of crop rational fertilization.
Table 1 also shows that the correlation coefficients between the alkaline
hydrolizable-N are remarkly lower than that with the EUF-Q^ _ ,.
Throv.gh the statistical test of the abovementioned J correlation coef- .'. .: '
ficient6 (r ) by the "t" test , the correlation between the EUF-Q 0*5-4,.
of soils and the relative \H-uptake of winter wheat is aignificantly
Frior to that of the K -N and the alkaline hydrolizable-N of soil (pio.Ol).

Table 1 Coefficients between the STJF-Q„, of Soil and the Relative N-uptake of Winter
Äheat as well as the Available^ Values Measured by Chemical Method

W

Correlation factors

--T.0-J5 o f

fractions -I-il
timeimin.J 0-30
relative N-uptake of winter
at jointing stage (.%)
198-.-19S2
n =
1983-1984
n =
1981-82, 1933-8'+
n =

K .-N of soil
0

soil

111
30-35

0-35

alkaline hydrolizable-N
of soil

wheat
0.921**'
0.8l8***
0.370***

0.656" 0.919*"
0.625" 0.811***
0.662"* O . 8 7 T "

C.597*
0.564«
0.543**'

0.494
0.726"*
0.555"*

relative N-uptake of winter wheat
at mature stage (%)
1981-198?
a » 15
1983-1981+
n = 18
19 81-82, 1983-84
n = 33

0.958***
0.813***
0.871***

0.800*** 0.967*"
0.809*"
0.555*
0.667"* 0.874***

0.675"
0.430
0.458**

0.543*
0.716*"
0.437"

K.-N of soil
1981-1982
1982-1983
1983-1984
1931-1984

15
12
18
45

0.708**
0.715**
0.602**
0.476***

0.831"*
0.638*
0.923*"
Ó.725*"

0.724**
O.708**
0.650"
0.504***

organic matter content of soil
1981-1982
n = 15
1982-1983
n = 12
n - 18
1983-1984
1981-1984
n = 45

0.764"*
0.803"
0.367
0.514***

0.943***
0.833"*
0.846"*
0.820*"

O.785*"
0.823'"
0.425*
0.547*"

n
n
n
n

=
=
=

15
18
33
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SOME NEW KT EC^CCHSMICAI METHODS IN SOU AND
'VATEP PSIPEAPCH IN THE FIET D
T.Ü. Yu
(Institute of Soil Science, Academia Sinica,
Nanjing, China)

In recent years, some new electrochemical methods for
soil and water research in the field have been devised in the
department of Soil Electrochemistry of the Institute of Soil
Science, ^hese include:
Measurement of lime potential with two ion-selective
electrodes
^he soil sample just taken from the field is added with
water to get a paste. A flat-type pH glass electrode and a
PVC-type calcium-selective electrode are put into the paste,
and then tne potential difference between the two electrodes
is measured, ^he lime potential (p!I-0.5pCa) is calculated
through known E values of the respective electrodes. Water to
soil ratio within a wide range did not affect the results.
^termination of soil pH in situ
If the soil is not too hard, a sr.ear-type pH glass electrode reinforced in the interior with a solid material and
an Ag-AgCl reference electrode are inserted into the soil.
Wait for 3-5 min. before measurement to get a nearly steady
pH reading, ^he pH value measured in this way did not deviate
from the equilibrium value by more than 0.2 unit for soils
usually encountered in the field. Alternatively, several drops
of water are added to the soil around the glass electrode, and
wait for 1-2 min. before measurement. In this case the water
regime of the soil is equivalent to that in which the surplus
water has been drained after raining.
Determination of the mean activity of NaCl in situ
A spear-type sodium-selective electrode and a spear-type
chloride-selective electrode are inserted into the soil. Wait
for 3-5 min. before the measurement of the potential difference between the two electrodes. The mean activity of NaCl
is obtained by calculation or by comparison with a calibration
curve. Tne measured value represents the true NaCl activity of
the soil solution which is the real ion environment of plant
roots in the field. If the soil is too dry, several drops of
water are added to the soil around the electrodes 1-2 min.
before the measurement.
Determination of hydrogen sulfide with a HnS-sensor
The HpS-sensor consists essentially o f a sulfide-selective electrode and an Ag-AgCl reference electrode in a plastic tubing fitted with a thin Teflon membrane at its lower end
and containing a 0.1 M sodium citrate solution of pH 5 and
0.01 M with respect to NaCl. When used, the sensor is put into
the submerged soil or water, and sufficient time is allowed
td elapse to get a steady potential reading. The pH->S value of
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constructed with standard 'TpR solutions. Tn,: measured pH?S
values are in good agreement with those calculated from the
pS ~ and pH values measured separately.
Measurement of JSh_by_ a de polarization curve method
A platinum electrode and a~ïarge-area Ag-ÄgOl auxiliary
electrode are inserted into the soil, and the platinum electrode is polarized anodically through the application of an
external voltage of +600 mV for 1 min. Then, the change in
electrode potential with time as a result of depolarization
caused by redox systems of the soil is monitored against a
calomel electrode for 10 min. A cathodic polarization and the
subsequent depolarization is performed in the same way. Two
depolarization curves are drawn, and the electrode potential
corresponding to the intersection of the two extrapolated
lines is taken as the redox potential of the soil, which deviates from the true ^h value by less than 10 mV.
Voltammetric metr.od for reducing substances and COD
A graphite electrode and a large-area Ag-AgCl electrode is
inserted into the soil. If the soil is very dry, add several
drops of water near the tip of the graphite electrode to provide a good contact. A voltage of +0.7 V is applied to the
graphite electrode, and the diffusion current is read after 2
min. The current is proportional to the concentration of reduejng substances in the soil, which is expressed as moles of
'•'n or Fe
per liter,and can be found by comparison with a
standard solution of "'nSO, or Y, Fe(CN)/-.
The COD of water can oe determined in a similar way.
Direct current method for electrical conductance
Four copper electrodes are inserted into the soil surface
positioned along a straight line and with a distance between
two adjacent electrodes equalling the depth of the soil to be
measured. A constant current (A) is applied to the two outer
electrodes to get a potential difference (V) of 20-100 mV between the two inner electrodes. The resistance between the
inner electrodes is calculated from Ohm's law. The specific
conductance (T) of the soil is obtained from the equation:
I. = 1/2raR
where a is the distance between two adjacent electrodes.
"'hen the electrical conductance of water is determined,
the sample is filled in a specially constructed cell in which
two platinum outer electrodes and two Ag-AgCl inner electrodes
are used.
Flectrochemical multimeter
For the study of the soil or water in the field by the
above methods and some other methods not included in this paper, a portable electrochemical multimeter has been constructed. The meter is essentially a high-impedance mV-meter with
auxiliary parts. Tne constant current source in conductance
measurement and constant voltage source in voltammetric measurement is made of a FFT. The output is displayed digitally.
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Dynamics of Iodine in the soil and Plant System of the World
YUITA kouichi
National Institute of Agro-Environmental Sciences (NIAES), Japan
In this report, the average content of iodine in soils and plants not
only of Japan but also of various another countries were made clear and the
environmental factors causing the excessive absorption of the natural
iodine accumulated in the soils at high level by crop plants was clarified.
Soils and plant leaves of the upland fields, grasslands, tree gardens,
forests and paddy fields not only in Japan but also in the Soviet Union,
Canada, Malaysia, Indonesia and Brazil were collected, and the total iodine
contents of these samples were determined by the neutron activation
analysis. As a result, the iodine contents in soils of Japan (the central
district of the Main Island) were 45 ppm on an average (in A horizon and
surface horizon) except the paddy soils and higher than for the average
content of 5 ppm in the soils throughout the world by Bowen et al by as
much as about 10 times. Differences of the iodine content amoung the soil
types was small, but only the soil of the paddy field was markedly low and
the content was only 1.7 ppm on an average.
Among the soils of another countries, Oxisol(Latosole) of the tropics
was highest and the value was 30 ppm on an average, which was rather lower
than that of soils in Japan. In other soils, almostly the iodine content
were limited in a range of 1 to 10 ppm.
With respect to the iodine contents in plant leaves, the average value
of the wild plants in Japan was 0.48 ppm and that of crop plants was 0.74
ppm, while in Oxisol of Malaysia or the like, both of the wild and crop
plants were about 1.0 ppm, and these values were slightly higher level as
compared with the average value of 0.42 ppm throughout the world by Bowen
et al.
The effect of the environmental factors(soil moisture, PH and
temperature) on the rate of the dissolution of the natural iodine from the
soil was examined by the incubation experiments. The soil moisture was the
greatest environmental factor affecting the dissolution rate. The
dissolution rate of the natural iodine from the soil was lowest at the
upland soil moisture conditions which moisture saturation degree was 40 to
60% and the values were only 0.005 to 0.007%.
But the dissolution rate the extraordinarily increased to a high rate
of 5.4 to 52.6% under the submerged condition. Furthermore, the iodine
dissolution rate was increased dramatically to the vicinity of this level
within 2 to 3 days after the submergence of the soil.
Under the air-dry condition, the dissolution rate was 0.06 to 2.8%,
which were 10 to 100 times higher than that under the upland moisture
condition.
To clarify the relationships between the dissolution rate of the natural
iodine in the soils and the iodine content of the crop plants, rice plants
were grown under the submerged and the upland soil moistur condition in the
a/5000 pot using the natural iodine accumulated soils to compare the
absorption quantities of iodine by the rice plant. As a result, the average
content of the iodine in the leaves of the rice plants grown under the
upland moisture condition was 0.37 ppm and almost as low as that of the
upland and wild plants, whereas the average iodine content of the rice
plants grown under the submerged condition was 290 ppm and even the symptom
of the dark reddish tint spots on the leaf blades caused by the excessive
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absorption of iodine were violently outbroken.
From the field inspection on the physiological disease of the rice
plants "Akagare" caused by the excessive absorption of iodine outbroken on
the paddy fieldsO to 4 yrs. after farmland consolidation) in Toyama
Prefecture, we could get the result that the soil iodine was toxic at
concentrations greater than 2.8 to 22 ppm (ave. 15 ppm) to the rice plant.
Not only in the greater part of soils in Japan or Oxisol of the tropics
except that of . the aged paddy fields but also in not a few soils
throughout the world, "Akagare" disease will outbreak to the rice plant
grown in these soils under the submerged condition.
That is, when the upland fields and the uncultivated land is converted
to the paddy fields or the soils of these were carried in the plow horizon
of the paddy field, the natural soil iodine will dissolve into the
irrigated water rapidly under the submerged condition and be absorbed by
the rice plant excessively.
However, if 3 to 5 years have elapsed, the most of the natural iodine
in these soils will be dissolved into the irrigated water and removed from
the soil except a poor drainage paddy field and, therefore, the iodine
content will be lowered to several ppm or less and the "Akagare" disease
will disappear.

- 538 NATURE Aï:B DISTRIBUTION OP CARBON AND PHOSPHORUS SPECIES
IN A SPODOSOL WITH RAWHUMUS UNDER BEECH AS REVEALED BY
mm SPECTROSCOPY
Wolfgang Zech, S'rank Ziehier and Helmut Alt
University of Bayreuth, 3RD
Introduction: NUR spectroscopy is a suitable technique for
obtaining valuable information about carbon and phosphorus
species in soils. This report gives CPMAS13C NMR and liquidstate 31P NMR data for the different layers of a spodosol.
ilaterials and Methods: The soil under investigation is a
Eutric Fragiorthod derived from granite in the i'ichtelgebirge,
NS Bavaria. Below Pagus silvfitica rawhumus has developed. The
main horizons are: 1(11tter, 3cm), Of(fermentation layer, 4
cm), Ch(humic layer, amorphous, 2cm), Ahe(eluvial horizon,
12cm), Bhs(1lluvial horizon, 17cm), 3v(oambic horizon, 1 1 gm),
Cv(weathered parent material). Samples were air-dried (25 c)
and sieved (2mm): pH » s measured in CaCl 0 (soil: solutions
1:2.5 and 1:25 for"organic layers), Corg After dry combustion,
Pt colorimetrically with molybdeniumblun method ; fter dissolution in Hi1.
The CPMA313C iJl-lil spectra were run on a Bruker CXP 300 spectrometer, the 31P NMR spectra in the HaOH extracts (0.5n) on a
multinuclei fourier-transform NMR spectrometer Jeol PX ^0 Q.
Peak areas were measured with an integrator. Only horizons
rich in organic materials (=1 ,0,Ahe and 3hs) were studied.
Results: The peaks near 70 and 105ppm in the solid-state 13C
NUR spectra (fig 1) are due to polysaccharides. Their contents
decrease from 58> in the L to 31JJ in the ßhs (tab.1). At the
s me time ccrboxyl-C and aliphatic 0 with signals near 175
;rnd 30ppm increase from 6to11;J and from 20to43;i. It is assumed that stabile aliphatic compounds like cutine or lipids of
microbial origine will accumulate. Aliphatic substances like
fatty tcids are also formed by destruction of lignine during
litter decomposition and humification (I to Oh). This is confirmed by reduction of the methoxy-peak at 56ppm. In the Oh
and mainly in the Ahe some aliphatic substances might be released because of destruction of branched alkylated aromatic
and phenolic structures due to podzolisation. The corresponding perks with chemical 3hifts of 130 and 150ppm «re clearly
reduced in the Oh and Ahe and the bleached Ahe"has the lowest
aromaticity (9',;) at all. In the illuvirl 3hs .'-romatie C
slightly increases again to 15i'J
NaOII extracts of the mineral and organic soil layers rre rich
in orthophosphate monoesters. Their contents decrease from
69;') in the L to 32>1 in the Ahe; then a slight increase to 44;J
in the Bhs follows.^ Inorganic orthophosphate increases from
14>;ó in the L to 49/J in the Bhs. The orthophosphate diesters
show a maximum in the Oh (19^) and two minima in the L (7'/)
end Bhs (7;-J). In addition pyrophosphate (I,Of,Oh,Ahe), phosphonates (Oh,Ahe) and polyphosphates (Ah.) could be identified. About 27-55,« of?t could be examined by this method.
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- 540 BIODEGRAfATION OF OIL-PALM
STRAW AND THEIR ROLE IN SOIL FERTILITY
N. 0. AISUENI
SOIL MICROBIOLOGY

SUMMARY
OIL-PALM STRAW NAMELY FRONDS (i.e. RACHIS AND LEAFLETS),
OUTER AND INNER TRUNK, MALE INFLORESCENCE AND FRUIT - BUNCH
REFUSE WERE CONSIDERABLY DEGRADED BY SOIL MICRO-ORGANISMS
WITH THE CARBOHYDRATE CONTENT OF THE STRAW SERVING AS THE
ENERGY SUBSTRATE FOR MICROBIAL ACTIVITY. BUNCH REFUSE WAS
MOST SUSCEPTIBLE TO DEGRADATION WHILE OUTER TRUNK WAS LEAST
SUSCEPTIBLE.
THESE DEGRADATION PROCESSES RESULTED IN LTHE MINERALIZATION
AND/OR SOLUBILIZATION OF LARGE AMOUNTS OF PLANT NUTRIENTS,
INCREASES IN TOTAL N AND P OF PLANT RESIDUE AND SIGNIFICANT
ENHANCEMENT OF SOIL FERTILITY WHEN THE STRAW WERE USED AS
SOIL AMENDMENTS.

- 541 NITROGENASE ACTIVITIES AND '^N
FIXATION BY MICROBIAL ISOLATES FROM THE RHIZOSPHERE AND
PHYLLOSPHERE OF THE OIL PALM (Elaels guineensls Jack)
N.O. Aisueni*, C.T.I. Odu** and D.O. Ataga*
Department of Agronomy, University of Ibadan, Ibadan,
NIGERIA** AND Nig. Inst, for Oll Palm Res. Benin,NIGERIA*
ABSTRACT
Microorganisms capable of nitrogenase activity measured
by the acetylene reduction method were isolated from different parts of the oil palm i.e. fresh leaves, dry hanging
leaves, bark scrapings, decomposing organic matter in trunks,
actively growing roots and from the rhizosphere. The
organisms isolated capable of nitrogenase activity were the
bacteria Pseudomonas aeruginosa, Pseudomonas sp.,
Enterobacter aerogenes. E. clocae. Enterobacter sp.,
Bacillus subtilis. B.~cereus and the blue-green algae
riioeocapsa S P . . N O S T O C llncitla, Anabaena splroldes, and
Plectonema sp. The bacteria isolated were widely
distributed in the different plant parts and all the Nfixing bacteria Isolated from the fresh leaves were also
found in bark scrapings and in the rhizosphere but the
blue-green algae were confined to Just the trunk and
rhizosphere of the oil-palm.
1 "5
N-fixation determined by the -^N technique confirmed
the ability of the above isolates in fixing nitrogen and
on the basis of nitrogen fixed per g of cell material the
blue-green algae Anaebaena spiroides and Nostoc llnckia
were found to be much more efficient than the bacteria
Enterobacter aerogenes and Pseudomonas aeruginosa which
fixed significant amounts. The results obtained explain
the poor response of mature oil-palms to nitrogenous
fertilizer application.

- 542 JFF3CT OP LASSE -RAY TREATMENT Ol THi PRODUCTIVITY
AND RHI30SPHÜEIC MICROFLORA OF WH3AT CEOWH OH TWO
SOIL TYP3S
R.Altimirska, V.Ilieva, K.3orissova
N.Poushlir.rov Institute of Soil Science and Yield Prediction,
Sofia, Bulgaria.
Recent years have seen the success of the application of physical tools
(laser, gamma rays, magnetic field, etc.) in treating biological objects
for agricultural purposes.
The objective of the present study was to establish the effect of preplant
laser and gamma ray treatment of seeds on the productiveness of wheat
(Pliska variety) as well as to see what changes this treatment induced in
the microflora and in the intensity of some biological processes occurring
in the rhizospheric zone. To this end pot and field experiments were carried
out with two soil types: a leached chernozem (45$ physical clay, 2.33 to
2.62$ humus, low total N content, medium total P content and a slightly
acid reaction) and a leached chernozem-smolnitza (up to 78$ physical clay,
up to 62$ clay, medium N content, low available P content, about 4*5$ humus
and pH 5.7 to 6.9). N in the pot experiment was applied at two rates: 200 ng
N/kg soil (N..) and 400 mg N/kg soil (N„). In addition, each pot received
P and K-r a uniform treatment. The seed treatment was made with two doses of
laser irradiation (S.-120 sec and S?«300 seo) of a density of 2.5 mW/ca and
two doses of gamma irradiation (f.« 1000 H and jf • I50O R ) . Bach pot held
3 kg soil. Six replications were used. The field experiment was conducted
according to the block method in four replications. The area of the experimental plot was 32m and the area of the production plot 12 • . Two levels
of mineral fertilizers were used - N ] ? Q P 1 0 0 and N1gJ>1Qf.. Three irradiation
doses were applied - S.(single irradiation), S„ ( Inree^irradiationa) and
S, (five irradiations). A He^le laser Lvovo 1 Instrument with an output
power of 20 mW was used.
Samples for analysis were taken at tillering and earing. The study was carried out on some major groups of microorganisms and some biological processes occurring in the rhizospheric zone of wheat. Bioaetrical measurements
and structural analyses were performed on the yields. The obtained data were
statistically processed.
The results of the pot experiment showed a positive effect of preplant seed
treatment on the majority of the studied indicators. This effect was more
pronounced at the earlier stage of wheat growth, i.e. tillering. Table 1
shows that the differences in the irradiation treatment resulted in different
numbers of the studied microorganisms. The laser treatment had greater stimulation effect at the lower rate of mineral fertilizing (N.). The growth
of soil microscopic fungi was depressed.
Various degrees of stimulation were observed in cellulose-decomposing microorganism development as well as in the development of Azotobacter. The in»
tensity of ammenification and nitrification became higher. All these changes
led to a higher intensity of mineralization processes and favoured the intake of more available nutrients by wheat rhizosphere. A positive correlation
was also found far grain yield (table 1). The highest increase was noted for
the preplant seed treatment with gamma rays and the lowest one was observed
with the S- laser treatment.
The most significant stimulation of the studied microorganisms in the field
experiment was found with the three irradiation treatments of the seeds
(especially obvious in the number of ammonifying bacteria, cellulose-decomposing microorganisms, Azotobacter, etc.). This stimulation was more pro-
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three irradiation treatment of the seeds produced a considerable increase
in the yield(fig.l).
ïhe obtained results give us grounds to think that similar studies are fruitful as they help find the most suitable irradiation doses and mineral fertilizing rates that result in higher yields and protect the soil from pollution.
Tablel - Changes in some groups of microorganisms and in yield ($ of the
control
Treatment
Microscopic
Ammonifying
Actinomycetes
Yield
fungi
bacteria
100.0
154.2
132.3
116.7
75.0
100.0
62.1
35.1
60.5
62.1

1.NPK
2..N'PK
3 ..N'PK
4 ..N'PK
5 ..N'PK 2
6.•NIPK s
7.N"
S
8JC
2

z

9*~
10.

100.0
107.3
121.3
80.3
94.4
100.0
132.8
71.6
76.1
95.3

100.0

95.5
90.9
100.0
109.1
100.0
100.0
71.1
47.4
44.7
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/
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en

/

24-

/

\

-

32-

d
-c

/

/

•

\

200

1

1

s„ s<
£;t.i

\
1

100.0
98.8
113.7
133.4
105.1
100.0
103.1
119.8
138.5
130.1

- 544 Relations between growth, colonization by a vesicular-arbuscular
mycorrhizal fungus and soluble carbohydrates in roots of leek
(Allium porrum L.) as affected by soil phosphorus.
F. Amijee, D.P. Stribley and P.B. Tinker
Soils Division, Rothamsted Experimental Station, Harpenden,
Herts., U.K.
Introduction
It is well established that in most species of plant the fraction of
the root colonized by vesicular-arbuscular (VA) fungi is severely reduced
at high concentrations of phosphorus in soil but detailed observations on
the physiological effects of phosphorus supply on host and endophyte are
few. Same et_ al^. (1983) and Jasper et_ al. (1979) have presented evidence
that plants deficient in phosphorus contain high concentrations of
carbohydrates in their roots which in turn promote infection.
The aim of the present study was to infer, from detailed observation
of effects of a wide range of soil P concentrations on growth of roots and
rates of colonization by a VA fungus, which specific processes were most
sensitive to phosphorus supply. The possibility that concentration of
soluble carbohydrates in roots are related to infection was also
investigated.
Materials and Methods
Plants of leek (Allium porrum L. cv. Musselburgh) inoculated (M) with
the vesicular-arbuscular mycorrhizal fungus Glomus mosseae or not (NM) were
grown in long plastic tubes on irradiated soil containing 22 (PO), 75 (P1),
140 (P2), 208 (P3), 276 (P4) and 344 (P5) mg P kg
soil (bicarbonate
soluble P) respectively. Growth of shoots and roots, the length of
internal infection, concentration of P in shoots and ethanol soluble
carbohydrate (by gas liquid chromatography) were measured at five
sequential harvests over a time-course of 52 days from transplanting.
Results and Discussion
In M and NM plants at 52 days, added P increased dry weight per plant
up to P3, followed by a decline at P4 and P5. Mycorrhizal infection
increased plant weight at PO, P1 and P2 but at P3 and P4 it decreased the
plant weight. In NM plants increased soil phosphorus markedly increased
the rate of initiation of adventitious roots and their rate of branching,
and therefore increased total root length (Lt), though it had little
effect on rate of extension of root apices. Root length or branching of M
plants was little affected by phosphorus. The length of infected root per
plant (Li) increased with soil phosphorus up to treatment P2 but thereafter declined sharply; because Lt was little affected by phosphorus,
fractional infection (Li/Lt) changed in the same way. The marked effect
of P on Li resulted mainly from a decrease in the rate of extension of
infection along the root cortex, with, at the highest levels of P (P4, P 5 ) ,
a larger delay in establishing infection.
The only ethanol soluble carbohydrates found in roots of both M and NM
treatments were sucrose, glucose and fructose with the concentration of
sucrose being higher than that of either of the hexoses. In NM plants
concentrations of carbohydrates in the roots initially increased with
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P supply. Mycorrhizal infection increased the concentrations of
carbohydrates in the roots, probably because it also improved the P
nutrition of the hosts. However, in both M and NM plants there was a
decline in the carbohydrate concentrations in the roots at very high levels
soil P (P4 and P5) where mycorrhizal infection did not increase plant
growth and P nutrition. It is important to note that the decline in the
root carbohydrate concentration did not occur at the same P level as the
sharp decline in Li with soil phosphorus. The maximum concentration of
carbohydrates in 52 day old M plants (30 m moles per gram fresh root
weight at P3) was greater than that attained at any level of phosphorus
in non-mycorrhizal plants. Roots of M plants contained high concentrations
of carbohydrates than did roots of NM plants with a similar percentage of
phosphorus (to dry matter) in the shoot.
We conclude:
1.
Increased supply of phosphorus resulting from either increased P
concentration in the soil or from mycorrhizal infection increases the
concentration of carbohydrates, chiefly sucrose in the roots of leek.
2.
The concentration of carbohydrates in roots of mycorrhizal plants is
unexpectedly high and cannot be wholly explained in terms of phosphorus
concentration in the plant.
3.
Contrary to Same e_t a_l. (1983) and Jasper et al. (1979) we conclude
that concentrations of carbohydrates in roots do not control infection,
rather they are increased by it in a way analogous to the increase in
carbohydrates produced locally by many biotrophic fungal infections
(Whipps 4 Lewis, 1981).
4.
An alternative explanation must be sought for the decrease in rate of
lateral extension of the VA fungi through the cortex and increased delay
in establishment of internal infection observed in roots exposed to high
concentrations of phosphorus in soil.
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THE PHYSICOCHEMICAL CHARACTERISTICS OF SOIL AFFECT THE
TOXICITY OF HEAVY METALS AND ACID RAIN TO MICROBES:
POTENTIAL FOR AMELIORATION OF POLLUTED SOILS
H. Babich, R.J.F. Bewley, and G. Stotzky
Department of Biology, New York University, New York, NY 10003, USA
Microbes are the key components in the biogeochemical cycling of elements
and are the main agents of waste reduction and of maintaining the fertility of
soil. Furthermore, the responses of microbes to environmental pollutants are
similar to those of plants and animals, and therefore, microbes can be used as
indicator systems with which to study the effects of such pollutants on plants and
animals.
The toxicity of many pollutants, especially of heavy metals, is a function of
their speciation form (used herein in the broadest sense to refer to all possible
chemical forms of a pollutant in soil). The prevailing speciation form, in turn, is
determined largely by the physicochemical characteristics of the recipient soil.
Such abiotic characteristics include pH, E n , inorganic ionic composition, clay
minerals, hydrous metal oxides, and particulate and soluble organic matter. These
characteristics, which vary from one soil to another and which affect different
pollutants differently, must be considered when establishing tolerable levels for
environmental pollutants, as uniform standards and criteria for such pollutants
will be underprotective for some soils and overprotective for others.
Furthermore, clarification of the mechanisms by which various
physicochemical factors of soil mediate the toxicity of different pollutants may
indicate inexpensive and efficient means with which to ameliorate toxicity and,
thereby, reclaim soils already polluted with a toxicant. For example, the
incorporation of clay minerals or sewage sludge compost into soils contaminated
with heavy metals or exposed to acid rain markedly reduced the toxicity of these
polutants to microbe-mediated ecologie processes. Other examples will be
presented.

- 547 EFFECT OF SOIL AMD IT MICROFLORA ON PESTICIDE DEGRADATION
D.I.Bakalivanov
HJouskarov Institute of SUQ.Science and Yield Programming
Sofia.Bulgaria
Pesticide degradation depends on different factorB in soils
but most important are the soil type and the soil microorganisms.They produce enzymes degradating pesticides in soil and
in such a way they contribute to their disapearence from soil,
very important for the soil fertility and avoidance pollution
of environment.
Zeazine anda,herbazine produced by Agria, Bulgaria,afalon ,
produced by Hoesh, Germany and patoran produced by Ciba Geigl,
Switzerland , all herbicides, were used in a rate of 250g/dk
of active substance in field and laboratory experiments on
different soils in Bulgaria! Chernoaems,Chromic Luvisoils (cinamonic forest soils).Ortic Luvisoils (grey forest soils).Planosoils (pseudopodzolic), Fluvisoils (alluvial meadow soils),
Vertisoils (smolnitza), Cambisoils (brown forest soils) and
Rendzinas (humus carbonate soils). The analyses on soil microorganisms were carried out trough inoculation of diluted soil
suspensions on nutrient medial meat pepton agar for soil bacteria, starch ammonium agar for actinomyces, the medium of
Czapek for microscopic fungi. The total bilogical activity of
soil ( soil respiration) was studied by Carl Zeiss interferometer trough CO., release from soil samples composed of glucose and ammonium sulfate, incubating under 27 C for 20 hours.
The determination of the residual quantities of pesticides
was assessed by a Pye Unicam gas Chromatograph, 90 days after
treatments of the soils by the preperations.
Biogenic soil such as Vermi-calcic Chernozems (carbonate
and typic chernozems). Chromic Luvisoils (cinamonic soils),
Fluvisoils (alluvial meadow soils),that characterized by a
greater amount of microflora (9-12 million bacteria, 6-7 million actinomyces, 90 thousand fungi in 1 g soil and with a
soil respiraton of about 5-6 ag C0~ per 100 g soil) are all
characterized by a rapid detoxicatfon of pesticides, too, and
smaller residual amounts (e.g. zeazine 33,2-39,2%, herbazine
3 9,0-^4 ^ a f a l o n 25,3-27,0%, patoran 25,0-28,3%).The risk of
pesticide accumulation in these soils and the longterm pollution respectively is smaller.
The Orthic Luvisoils (grey forest soils), Planosoils (pseudopodzolic), the eroded soils, etc. are poor in microorgania»
and have lower total biological activities.They have 3,5-3.9
million bacteria and 2,3-2,5 million actinomyces.The quantity
of fungi is biger (140-195 thousand), because of the lower ph
of these soils.The low respirations(2,9-3,4 mg COp) also show
weak microbiological activity in these soils.That is why the
residual amounts of the pesticides are biger(Zeazine 40,3-44,1
herbazine 45,4-4-9,1%, afalon 31 /»-33,9%,patoran 30,0-32,6% ) .
The possibilities of these soils to be polluted by pesticides
are much greater.Therefore, lower rates of pesticides should
be practised with such soils.
The light-textured soils such as FluvisoilsCalluvial meadow)
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the main part of the pesticides is quickly attacked by the
destructive enzymes of soil microorganisms. These soils have
6,4-7,4 million bacteria, 4,5-6,1 million actinomyces and 80100 thousand fungi, with a soil respiration of 4.3-5,3 mg COp
and lower residual amounts of zeazine(26,5-35,3%J»herbazine
(36,4-42,3%),afalon (23,6-32,1%) and patoran(23,0-30,3%).As a
result the danger of pollution of light-textured soils is comparatively smaller.
The heavy textured soils as Vertisoils (smolnitza),heavy
chernozems etc. are characterised by strong adsorption properties as regard pesticides. They are respectively blocked for
varios period of time in the space between adjacent plates of
clay minerals (monmorilonite and others) and create conditio»
for a long-term pollution of those soils.The quantity of soil
microflora is relatively big (bacteria 5»7-8|3 million,actinomyces 3,6-5,3 million, fungi 75-100 thousand^.The soil respiration is also relatively higher ( 4,8-6,3 mg C 0 2 ) . But in
spite of that the destructive enzymes of microorganisms can't
reach adsorbed pesticides in the clay minerals of soils and
to decomposed them. That is why the residual quantity of the
pesticides studied are relatively higher ( zeazine 43,6-43,8%
herbazine 48,2-51,3%, afalon 37.1-37,2%, patoran 35,6-36,0%)
The soils that have a high content of humus such as Humbi
Cambisoils (dark brawn forest soils), Rendsloss (humus carbonate soils) etc. also manifest a strong adsorption as regards
pesticides.But the later being rather biogenic
with numerous and active microflora ( bacteria 0,6-9,0 million,actinomyces 0,7-5,9 million, fungi 75-240 thousand, aftd soil respiration rate 4,7-6,25 mg C0„). That is why the decomposition
of pesticides is more or less balanced and the residual qnentitis of pesticides have normally average value in these cases ( zeazine 30,6-37,0%, herbazine 41,0-44,2%,afalon 23,030,1%, patoran 22,0-30,7% ) .
Zusammenfassung
Es wurde der Einfluss der wichtigsten Bodenarten bzw.-typen
in Bulgarien auf die Zersetzung der Pestiaide Zeazin.Herbazin
Afalon und Patoran untersucht und festgestellt, dass die Zerzetznng in den biogenen Boden##wie Chernozems ( Vermi-calcic
Chernozems)fczimtfarbene Waldböden ( Chromic Luvisoils) und,
alluviale Boden (ïluvisoils), die eine aktivere und in grosseren Mengen vorhandene Microflora besitzen, schneller verlauft
Bei ihnen ist die Gefahr einer langfristigen Verunreinigung
durch Pestiside geringer. In den an Mikroorganismen ärmeren
Boden, wie graue Waldbóden (Ort^c Luvisoils), Pseudosole (8tonosoils),erodirte und schwere Boden (Vertisoils), 1st die Gefahr einer Verunreinigung grösser, da eine starke Adsojcfcfcion
von Pestizide erfolgt und am meisten in geringen Mengen vorhandene Mikroflora nicht genug tätig ist.
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In our experiment we examined in six different soils originated from
various parts of Hungary and characteristic of the Hungarian soils
generally, how the different nitrogen, phosphorus and potassium levels
influence the Rhizobium inoculation, the dry matter production composition value and acetylene reduction in lucerne test plants.
The first const ituent is the mentioned six soil samples.
The second constituent is the nitrogen. Four different levels of
nitrogen were used, these were supplied in the form of ammonium
nitrate.
Variant N 1 was without nitrogen
Variant N 2 means 60 kg
Variant N 3 means 180 kg
Variant N 4 means 540 kg effective nitrogen ingredient per ha.
The third constituent is the phosphorus and potassium. The PK 1
variants were not supplied with phosphorus and potassium, in the PK 2
variants 500 kg phosphorus-penta-oxide/ha and 500 kg potassium-oxide/ha
were applied in the form of KH-PO. and KHCO,.
The inoculated variant and the non-inoculated constituent was the
fourth. As inoculant the SOM 5/7 Rhizobium meliloti strain was used .
This originated from the culture collection of Phylaxia has a high
activity and is used in the Hungarian inoculant production.
In the experiment 16 treatments per soil samples with four replications were used. This means 384 pots.
The results of the experiment after repeated measurements were
evaluated with variance and co-variance analysis based on the BMDP 2V
- statistical package.
The green weight of the 5 harvests were calculated on the base of one
hundred plants.
The mathematical evaluation proved that the soil constituents and
the PK fertilizers significantly influenced the dry weight product of
lucerne in each case.
On Rhizobium inoculation with added phosphorus and potassium the dry
weight production composition value and acetylene-reducing values
proved to increase in five samples.
The nitrogen fertilization did not influence significantly the
acetylene-reduction, similarly to the dry weight production and
composition value. Moreover the increased rates of nitrogen diminished
the rates of acetylene reduction.
Summary
A pot experiment has been set up using lucerne test plant on
various Hungarian soil types for studying the correlations between
efficiency of Rhizobium inoculation, soil properties, composition
value of plants as well as fertilization.
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'fhe quantitative, composition the acetylene reduction activity as
well as the results of the lucerne dry matter obtained in the experiment
have been evaluated by computer based on the BMDP 2 V programme,
applying analyses of variances and covariances.
In five out of the six soils examined Rhizobium inoculation
jointly with PK fertilization were found to increase dry matter
production as well as acetylene reduction activity. By rising the rate
of N, efficiency of Rhizobium inoculation proved to decrease.
Conclusion: In view of the effectivences of lucerne growing and
of Rhizobium inoculation a balanced PK nutrient status as well as a
low N level are factors of prime importance.
Zusammenfassung
Es wurde ein Gefässversuch mit Testpflanze Luzerne in verschiedenen
ungarischen Bodentypen eingestellt um die Zusammenhänge zwischen der
Mineraldüngung, dem Innengehalt der Pflanzen, der Bodeneigenschaften
und der Wirksamkeit der Rhizobien-Impfung zu untersuchen.
Die Azetylenreduktionsergebnisse bezüglich des Innengehalts und der
Menge der Luzernetrockenmasse wurden auf Grund mit Komputertechnik,
Programm BMDP 2V, durch Varianz und Covarianz Analysis erreicht.
Die Rhizobien-Impfung mit PK-Düngung steigerte die Trockenmassenproduktion und auch die Azetylenreduktionsaktivität bei 5, von 6
untersuchten Böden. Mit der Steigerung der N-Dozis sank die Wirkung
der Rhizobien-Impfung.
Ergebnisse: Zwecks eines guten Rhizobien-Impfungsresultats bei
der Luzerne, ist es sehr wichtig die ausgeglichenePK-NühiBtoff-Versorgung und das niedrige N-Nlveaii bei den verschiedenen Bodentypen
zu gewährleisten.
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THE USE OF A NITROGEN FIXING BACILLUS IN SPRING WHEAT CULTIVATION
0. BERGE*, T. HEULIN*, Z. RAFIDISON*, J. BALANDREAU*, A. GUCKERT**
and D. BALLAND***
*Centre de Pédologie Biologique, C.N.R.S.
B.P. 5, 54501 Vandoeuvre-les-Nancy Cedex, France.
Most abundant nitrogen-fixing bacteria were isolated from the rhizosphere of wheat seedlings (Cv. CASTAN) growing on four different soils.
Irrespective of soil type, dominant bacteria belonged either to the Bacillus or to the Enterobacter genus. Twelve isolates were compared for their
nitrogen fixation efficiency (acetylene reduction) when associated with
wheat seedlings under monoxenic conditions.
The most efficient strain, Bacillus polymyxa CF 43, was further used
for a field inoculation trial. In a completely randomized block layout,
spring wheat (cv. CASTAN) was cultivated under three different rates of
N fertilizer (0.60 and 120 kg N.ha~' as ammonium nitrate) and two levels
of inoculation (live and killed bacteria).
Grain yields ranged from 4 to 7 tons per ha and were increased by
inoculation (p < 0.10). Maximum increase (+ 18 %) was observed at maximum
N fertilizer rate (120 kg N.ha - ').
For a yield level of 6 tons.ha~1, inoculation was equivalent to 30 kg
of N fertilizer.
A non significant decrease ofv-'N values following inoculation was
observed pointing to a possible effect of N 2 fixation.

Present address : ** Ecole Nationale Supérieure d'Agronomie et des Industries Alimentaires (E.N.S.A.I.A.), 2 avenue de la Forêt de Haye,
54500 Vandoeuvre-les-Nancy, France.
*** Compagnie Francaise de 1'Azote (COFAZ), 46 rue Jacques Dulud,
92200 Neuilly-sur)Seine, France.
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EFFECT OF WHEAT ROTATIONS AND FERTILIZATION ON MIROORGANISMS AND B I O CHEMICAL PROPERTIES OF A BROWN LOAM IN SASKATCHEWAN
1
V.O. B i e d e r b e c k

1
, C.A. C a m p b e l l

2
and M.

Research Branch, A g r i c u l t u r e Canada,
Ottawa, Ontario.
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E f f e c t s of r o t a t i o n l e n g t h , summer f a l l o w i n g , and N and P f e r t i l i z e r
on some m i c r o b i o l o g i c a l and b i o c h e m i c a l c h a r a c t e r i s t i c s of a Brown C h e r n o zemic loam i n s o u t h w e s t e r n S a s k a t c h e w a n w e r e d e t e r m i n e d by s a m p l i n g a
t o t a l of s e v e n r o t a t i o n - y e a r s from f a l l o w - w h e a t ( F - W ) , f a l l o w - w h e a t - w h e a t
(F-W-W) and c o n t i n u o u s wheat r o t a t i o n s i n l a t e f a l l of y e a r 1 7 , s p r i n g of
y e a r 18 and mid-summer of y e a r 19 of a l o n g - t e r m r o t a t i o n s t u d y .
Composi t e s o i l s a m p l e s ( 0 - t o 7 . 5 - c m , 7 . 5 - t o 15-cm and 1 5 - t o 30-cm d e p t h ) from
e a c h of t h r e e r e p l i c a t e p l o t s p e r r o t a t i o n - y e a r t r e a t m e n t w e r e s i e v e d (< 2
mm) and s t o r e d f i e l d m o i s t a t 0°C u n t i l a n a l y z e d f o r a e r o b i c h e t e r o t r o p h i c
bacteria,
sporeforming
bacteria,
actinomycetes,
filamentous
fungi
and
y e a s t s by d i l u t i o n p l a t e c o u n t m e t h o d s and f o r e n u m e r a t i o n o f d e n i t r i f i e r s
and n i t r i f i e r s b y m u l t i p l e t u b e f e r m e n t a t i o n MPN m e t h o d s .
Microbial
b i o r a a s s was d e t e r m i n e d by t h e c h l o r o f o r m f u m i g a t i o n - i n c u b a t i o n t e c h n i q u e .
R e s p i r a t i o n r a t e s were m e a s u r e d b y c o l l e c t i o n of C0_ e v o l v e d d u r i n g i n c u b a t i o n in biometer f l a s k s .
D e h y d r o g e n a s e and p h o s p h a t a s e a c t i v i t i e s w e r e
d e t e r m i n e d b y f o r m a z a n and p - n i t r o p h e n o l r e l e a s e , r e s p e c t i v e l y , d u r i n g
i n c u b a t i o n of s u b s t r a t e - a m e n d e d s a m p l e s .
NH.-N, NO.-N, and s o i l o r g a n i c C
and N were d e t e r m i n e d b y s t a n d a r d m e t h o d s .
Amino a c i d s and amino s u g a r s
w e r e a n a l y z e d a f t e r s o i l h y d r o l y s i s w i t h 6N H C l .
As m i c r o b i a l a c t i v i t y i s g r e a t e s t a t t h e s o i l s u r f a c e t h e t o p 7.5 cm
were a n a l y z e d in more d e t a i l t h a n were d e e p e r l a y e r s .
In t h i s s e g m e n t ,
p o p u l a t i o n s of h e t e r o t r o p h i c b a c t e r i a were a l w a y s l o w e s t i n t h e f a l l o w
p h a s e of t h e F-W r o t a t i o n and i n c r e a s e d c o n s i d e r a b l y u n d e r w h e a t and w i t h
extended c r o p p i n g , thus r e f l e c t i n g t h e d i r e c t dependence of h e t e r o t r o p h s
on p l a n t g r o w t h and a c o n t i n u o u s s u p p l y o f o r g a n i c s u b s t r a t e s .
However,
p o p u l a t i o n l e v e l s u n d e r c o n t i n u o u s wheat w e r e n o t s i g n i f i c a n t l y h i g h e r
t h a n t h o s e u n d e r s t u b b l e w h e a t i n F-W-W r o t a t i o n s .
Numbers of t o t a l b a c t e r i a were r e l a t i v e l y u n a f f e c t e d by f e r t i l i z a t i o n .
Numbers o f a c t i n o m y c e t e s c h a n g e d v e r y l i t t l e with" i n c r e a s i n g r o t a t i o n l e n g t h o r w i t h f e r t i l i z a t i o n , b u t t h e p r o p o r t i o n of a c t i n o m y c e t e s w i t h i n t h e t o t a l p r o c a r y o t i c
p o p u l a t i o n d e c r e a s e d m a r k e d l y with r o t a t i o n l e n g t h as i n d i c a t e d by i n c r e a s e s i n b a c t e r i a / a c t i n o m y c e t e r a t i o s from a low of a b o u t 2 i n f a l l o w o f
F-W t o a h i g h of a b o u t 6 i n F-W-W and i n c o n t i n u o u s w h e a t .
This trend
i n d i c a t e s marked q u a l i t a t i v e m i c r o b i a l c h a n g e s i n r e s p o n s e t o l o n g - t e r m
d i f f e r e n c e s in s u b s t r a t e a v a i l a b i l i t y .
By c o m p a r i s o n , n u m b e r s o f a e r o b i c
s p o r e f o r m i n g b a c t e r i a ( B a c i l l u s s p p . ) were v e r y low and were n e i t h e r
aff e c t e d by r o t a t i o n l e n g t h n o r by f e r t i l i z a t i o n .
P o p u l a t i o n s of f i l a m e n t o u s f u n g i and y e a s t s w e r e , a s e x p e c t e d , g e n e r a l l y low i n f a l l o w e d s o i l and
i n c r e a s e d with extended c r o p p i n g , but in c o n t r a s t to the p r o c a r y o t i c popul a t i o n , n u m b e r s of b o t h t y p e s of f u n g i were u s u a l l y h i g h e r i n N - f e r t i l i z e d
r o t a t i o n s t h a n i n s i m i l a r r o t a t i o n s w i t h o u t added N.
This i n c r e a s e in
f u n g i was m o s t e v i d e n t when c o m p a r i n g p o p u l a t i o n s i n c o n t i n u o u s w h e a t
r e c e i v i n g an a v e r a g e 32 kg N / h a / y r and a d e q u a t e P w i t h t h o s e i n c o n t i n u o u s
wheat r e c e i v i n g o n l y P.
Fungal p o p u l a t i o n changes near the s o i l s u r f a c e
a p p e a r e d t o r e f l e c t i n c r e a s e s i n wheat p r o d u c t i o n and c r o p r e s i d u e a v a i l a b i l i t y r e s u l t i n g from N f e r t i l i z a t i o n .
Numbers

of

denitrifiers

were

always

much

lower

in

cropped

than

in
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In F-W-W rotations and in continuous
wheat receiving N fertilizer the denitrifier populations were severalfold
greater than in similar rotations without N amendment. Thus, presence of
higher nitrate levels near the surface, due to absence of plant uptake in
fallow and due to N fertilization in cropped soil, apparently led to
strong and lasting stimulation of denitrifying organisms. The nitrifier
population tended to follow a similar trend as observed for denitrifïers,
but population differences due to fallowing and N fertilization were much
less pronounced.
Microbial biomass C in the 7 rotation-year treatments generally reflected the pattern observed for numbers of viable soil heterotrophs.
Thus biomass was always lowest in fallow (i.e., 210-220 pg C/g soil) of
the F-W rotation. It increased markedly with cropping and rotation length
and always peaked in continuous wheat receiving only P (i.e., 350-420 pg
C/g soil).
N fertilization seemed to reduce microbial biomass because
biomass C was generally greater in F-W-W and continuous wheat rotations
receiving only P than in those receiving N and P.
There were also some
marked changes in biomass C/N ratios suggesting qualitative microbial
shifts between different rotations. In vitro respiration rates of surface
soils were consistently low under fallow, increased with rotation length
and were greatest in continuous wheat receiving adequate N and P. Similarly, dehydrogenase activity was always very low under fallow but it increased considerably more with rotation length peaking under continuous
wheat at a level about fivefold that under fallow. In all 7 rotation-year
treatments the activity of acid phosphatase (pH 6.5) was consistently
higher than the activity of alkaline phosphatase (pH 8.5). However, levels of both phosphatases followed a very similar pattern being relatively
high under fallow and among similar rotations they tended to be greater in
N-fertilized rotations.
Analyses for N-distribution after acid hydrolysis of surface soil
showed that the total quantity of amino acids was highly significantly
(p.01) affected by rotation length and fertilization and increased from
F-W to F-W-W and to continuous wheat and also increased with N fertilization. However, there were no qualitative differences in amino acid distribution in soils from different rotations or fertilizer treatments. Total amounts of amino sugar-N also tended to increase with longer rotations.
Humic acids extracted from these soils were practically identical in elemental composition and were very similar in total acidity, aromaticity and
functional groups. The results of various analyses suggest that although
rotation and fertilization had little effect on composition of humic acids
more of the total soil organic N is hydrolyzable and is more bioavailable
under extended and N-fertilized wheat rotations.
In conclusion, our results show that soil biological responses to
different agronomic practices are extensive and persistent near the surface, that they abate sharply with depth and that differences are depressed by adverse weather such as the severe drought conditions that prevailed
in 1984 and 1985. Summer fallowing effected serious reductions in quantity
and quality of soil organic matter and microflora. However, this decline
can be reversed as proven by the observed increase in amino-N and in numbers, mass and activity of heterotrophs with increasing rotation length
and adequate fertilization. Effects of N fertilization were emphasized by
differences in biomass, hydrolyzable N, microbial and enzyme activities
between continuous wheat with and without added N. The evidence suggests
that the larger microbial biomass under N-starved continuous wheat is metabolically less active and has a longer turnover time than the biomass
under well-fertilized continuous wheat.

- 554 Characterizing Root and Shoot Growth by the Porous
Membrane-root Culture Technique.
D. A. Brown and Anwar-Ul-Haq
Agronomy Department, University of Arkansas,
Fayetteville, AR 72701
One of the prime needs of biological scientists has
been the ability to measure environmental effects within
the rhizosphere upon root growth and its subsequent effect
upon plant metabolism and growth of the shoot. This
relationship has been studied primarily through controlled
environmental growth chambers where plant response to
specific environmental conditions are controlled. Such
methods have yielded valuable data; however, they have
serious limitations, Including quantitative measurement of
root growth and chemical analysis, the inability to
reproduce field environment condition and the transfer of
such data to field conditions. A great need has existed
for a field method that permits precise evaluation of
environmental effects on root growth and at the same time
permit measurement on the intact root system along with
the shoot at selected stages of growth. In 1984 the
authors described a porous membrane-root culture technique
for growing plants under controlled-soll conditions
(SSSAJ; 84-692). The method is based upon the growth of
plants in the field with their entire root system restricted within a porous membrane envelope measuring 35 cm
wide and up to 10 m in length. The membrane envelope was
buried horizontally 1n the soil at a 20 cm depth with the
open end above ground to permit transplanting of a young
plant into the membrane (Figure 1 ) . Root growth within
the membrane received the required nutrients, water, and
oxygen for normal and continuous growth to plant maturity. The entire plant, including soil-free roots was
harvested at 6 stages of growth. Roots and shoots were
quantitatively measured and analyzed chemically.
Four separate field experiments utilizing this
technique to measure the effect of varied soil conditions,
plant density, rhlzobium 1nnoculat1on on soybean growth
will be reported. Also the use of this technique to
measure the growth of corn, cotton, grain sorghum, and
rice will be reported.
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vaporous membrane envelope
~3m length.

3 micron pore size

Figure 1. Porous membrane-root culture technique for
growing plants in the field under controlled soil conditions.

- 556 A Simulation Model of Nitrogen Transformations and
Transport in Acid Savanna Soils: Model Development
Imo W. BUTTLER and Susan J. RIHA
Cornell University, Ithaca, New York

Most m o d e l s s i m u l a t i n g n i t r o g e n t r a n s p o r t and
t r a n s f o r m a t i o n s have been developed and t e s t e d on nitrogen
f e r t i l i z e r s t u d i e s c o n d u c t e d in s o i l s of t h e t e m p e r a t e
climates of the Northern hemisphere. This p r o j e c t s draws upon
s e v e r a l s t a t e - o f - t h e - a r t r e s e a r c h - t y p e m o d e l s of
t r a n s f o r m a t i o n a l and t r a n s p o r t p r o c e s s e s in t h e
soil-plant-atmosphere continuum t o develop a model applicable
t o t h e s o i l and c l i m a t i c c o n s t r a i n t s of t h e a c i d savanna
environment.
Model development i s p r e s e n t e d as an i n t e r a c t i v e and
c y c l i c a l process, in which model o b j e c t i v e s , a v a i l a b i l i t y of
d a t a , and p r e v i o u s models i n f l u e n c e model s t r u c t u r e and
conceptualization.
Formulating model o b j e c t i v e s , specifying
i m p o r t a n t m e c h a n i s m s , a n d d e c i d i n g upon u n d e r l y i n g
assumptions, are a l l necessary s t e p s in t h e conceptualization
phase of model development. Concurrent documentation of each
phase of model development f a c i l i t a t e s u n d e r s t a n d i n g and
e v a l u a t i o n of t h e model by o t h e r s and h e l p s t o implement
changes or l o c a t e e r r o r s .
A comprehensive d e s c r i p t i o n of nitrogen transformations
and t r a n s p o r t processes in cropped acid savanna s o i l s of the
Cerrado r e g i o n of B r a z i l in simulation model form i s being
developed. Major objectives of t h e model are t o guide in t h e
i n t e r p r e t a t i o n of p r e v i o u s s t u d i e s and i n t h e d e s i g n of
f u r t h e r f i e l d e x p e r i m e n t s t o i n c r e a s e understanding of the
processes influencing the f a t e of nitrogen in Cerrado s o i l s .
The model i s e x p e c t e d t o be u s e f u l i n g u i d i n g n i t r o g e n
management i n acid savanna s o i l s . Some s p e c i f i c aspects of
nitrogen management t h a t w i l l be addressed with the model are
the a v a i l a b i l i t y t o the crop of f e r t i l i z e r nitrogen t h a t has
been l e a c h e d t o t h e lower portion of the root zone and the
e f f e c t of management p r a c t i c e s and the s o i l environment on the
r a t e of nitrogen m i n e r a l i z a t i o n from p l a n t r e s i d u e s .
Models a r e i n c r e a s i n g l y used t o i d e n t i f y gaps in our
knowledge of q u a n t i t a t i v e d e s c r i p t i o n of the nitrogen c y c l e .
E f f i c i e n t communication of model s t r u c t u r e , concepts, and
o b j e c t i v e s can be improved by adequate documentation of the
model development process. The e l u c i d a t i o n of t h e process of
model development h e l p s t o assure successful implementation
and p o t e n t i a l u s e a b i l i t y of the model by o t h e r s .
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G. A. Buyanovsky, G. H. Wagner
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Columbia, Missouri 65211
USA
Cultivated lands occupy about 10% of the total continental area of the
world, but carbon flux to the atmosphere from agricultural systems was
estimated as 40% of net loss from all terrestrial ecosystems and decay
pools (moore et al., 1981). Because annual crops have a relatively short
life cycle in association with their single species character and they
generally receive fertilizers and other amendments, net production of
agroecosystems is optimized. The carbon content in the soil compartment
of agroecosystems however, is much lower than in their natural counterparts.
Under conventional treatment, tillage intensifies oxidation processes,
resulting in low carbon storage in arable soils. For each gram of carbon
produced by plants during the growing period, cultivated soils have only
1.5 g stored, versus 20 g in forests and 3 g in grasslands (Whittaker and
Likens, 1973).
The generalized data presume very high rates of carbon exchange, and yet
information on carbon dynamics in cultivated soils is incomplete. There
are quantitative gaps in our understanding of turnover of crop residues,
relative size of carbon pools and mean residence time at important storage
sites in managed ecosystem. Detailed compartmental analysis of carbon flow
and storage characteristics of cultivated systems can be of great importance in agricultural management as well as for studies of the global carbon
balance.
The rate of carbon transfer through the system and the amounts deposited
in the soil profile are functionally related to biological productivity
and decomposition potentials. In our studies with winter wheat, special
attention was directed to plant development and to accumulation of biomass,
including roots, that serves as the sole energy source for heterotropic
soil populations.
The work employed lllC in a long-term field experiment. Winter wheat was
labeled in the field during the early summer period of intense photosynthesizing activity. The growing plants were exposed to an atmosphere of
'"COa three times during a 2 week period. The labelling scheme was designed to allow subsequent partitioning of 11*C02 evolved during root and straw
decomposition. For this purpose, aboveground biomass from the unlabelled
plot immediately after harvest was transferred to one of the plots with
labelled plants, from which straw had been removed. This allowed the study
of decomposition dynamics of labelled roots in the presence of unlabelled
straw. The labelled straw was placed on the plot with unlabelled roots.
Plant biomass accumulated by winter wheat was estimated during several
successive years. The total quantity of residues available for decomposing
organisms after harvest was determined to be 1,111±59 g-m"2. Estimated
directly, root biomass (524 g-m"2) appeared to be slightly less than the
weight of straw (563 g-m" 2 ). From lhC decomposition in the soil, however,
it was assumed that the total production of root carbon including exudates
and sloughed-off material was approximately 25-30% greater than the yields
obtained by washing over a sieve at the time of plant maturity. The
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where 90% were found, with 75% in the upper 10 cm.
We have drafted a generalized model of carbon flux by giving consideration
to the following major pathways of carbon which has been accumulated in
plant biomass by the end of the growing period; 1) mineralization of C 0 2 ,
2) transfer to litter and 3) transfer to soil organic matter.
The dynamics of the specific activity of C0 2 evolved in the course of
decomposition of labelled residues showed that there was a flush of root
decomposition immediately after harvest, in July. High radioactivity of
evolved C0 2 continued through September and then decreased progressively
with the steady decline of soil temperature in November. Evolution of '"*C
from straw was significant in July, when the straw first came into contact
with the soil surface, then it diminished in August, and increased again
in September after tillage had incorporated the straw into the soil.
Decomposing activity was found to be essentially nil at the end of
November. By the end of the first year, roots lost 57% of their labelled
carbon through evolution as C0 2 . Straw had a lower rate of decomposition,
especially during July and August and lost less than one-half of its carbon.
Total activity of llfC remaining in the soil by the end of the first year
corresponded approximately to 260-280 g of plant carbon per m 2 . This
includes undecomposed litter and carbon transferred to soil organic matter.
Alkaline extraction with subsequent estimation of radioactivity of humic
and fulvic acids and of insoluble humins showed that total transfer of " C
into all three components corresponded to 110 g-m"2 of '"'C in soil humus,
40 g came from tops and 70 g from roots. These amounts have been taken as
annual replacement of stable soil organic matter mineralized and replaced
by fresh carbon. The other 150 g of 1J*C remaining in the soil at the end
of the first year presumably was in the form of undecomposed litter (about
90 g-m -2 of carbon from tops and 60 g-m"2 from roots).
The percentage distribution of carbon from post-harvest wheat residues at
the end of the year when plants were labelled, is shown below.
Mineral ized
to C02

Undecomposed
residues

Transferred
to S0M

Straw

45-50

35-38

12-15

Roots

55-60

25-30

15-20

During spring and early summer of the year following '''C labelling, high
rates of mineralization were registered, and about 30% of labelled carbon
from roots and 35% from straw was mineralized. A decomposition rateconstant for a period of 12 months after labelling was 0.75 for aboveground residues and 0.82 for underground litter. Comparison with an
adjacent tall grass prairie or natural ecosystem studied by C. Kucera and
his group, suggests that the managed ecosystems have a higher respiratory
factor and less carbon remains in the system as a basis for building soil
organic matter.

- 559 THE MINERALIZATION OF NITROGEN AS A MESURE OF BIOLOGICAL DEGRADATION
IN SOILS
CARBALLAS, T., GONZALEZ PRIETO, S.J., ACEA ESCRICH, M.J., VILLAR, M.C.
DIAZ RAVINA, M., CARBALLAS, M.
Instituto de Investigaciones Agrobiológicas de Galicia (C.S.I.C.)
Apartado 122. Santiago de Compostela (Spain).
The soils of N.W. Spain, which are generally acid and unsaturated, possess large quantities of organic matter and little clay. Their productivity
is therefore heavily dependent on the mineralization of the organic matter,
which controls the rate at which nutrients, N and P especially, are made
available. In certain of these soils it has been shown that in spite of
their low C/N ratio net mineralization is low and organic matter accumulates
(Jacquin et al., 1978), with a consequent loss of productivity. In accordance with the F.A.O. (1980) definition of degradation as "a process reducing
the present or potential capacity of the soil for the production of goods or
services", this fenomenon may be regarded as a process of biological degrada
tion of the soils affected: in such cases (Newbould, 1980) degradation invol
ves, not the reduction of humus content, but the accumulation of organic matter as the result of its slow mineralization. In order to discover the extent of this problem in N.W. Spain, we studied the mineralization of N in
the A or A 0 horizons of 33 natural or cultivated soils chosen as representative of the kinds of profile developed over the parent material most prevalent in the region. Mineralization rates were measured by two- and six-week
incubations in an oven as per Stanford et al. (1972), and the influence of
thirty physical, chemical and biological characteristics of the soils was de
termined by principal components analysis (PCA).
The mean rate of mineralization of N after two weeks was 1.99 & 1.27% for
the 33 soils, which is lower than the normal rate of about 3.5% in humid-tern
perate zone soils (Duchaufour, 1984; Vlassak, 1970), expressed as % of the
organic N. For the sixteen natural soils the mean was 1.71 ± 0.88%, with extremes of 4.04% in a soil developed over acid schists and 0.36% in a soil de
veloped over gabbros. For the seventeen cultivated soils the mean was higher
(2.26 * 1.52%), with extremes of 5.50% in a granitic soil and 0.61% in a
soil developed over basic schists.
Principal components analysis distinguished the natural from the cultivated soils on the basis of the latter's greater content of N, P and K, higher
total microflora levels and larger numbers of Nitrobacter. Within the natural and cultivated subgroups, the soils differed as regard their content of
organic C and N and exchange hydrogen, their percentage humidity and the degree of mineralization of their N content. The natural soils fell into three
groups corresponding to different kinds of parent material: A) soils developed over basic and ultrabasic rock; B) soils developed over micacites; and
C) soils developed over acid rocks. Group A was characterized by high values
of available Na and loam content; group B by high levels of organic C and N,
exchange H and AI, Fe gels and sand; and group C by the high degree of N mineralization, high Nitrobacter counts and low percentage humidity. All three
groups exhibited low turnover of N, the percentages of N mineralized being
0.73 ± 0.32% in group A, 1.23 ± 0.09% in group B and 2.34 ± 0.80% in group C
The mineralization of N was found to be associated with several factors,
though the only positive correlation was with the sand content of the soils,
high sand content possibly facilitating mineralization by improving aeration. The negative correlation with organic C content (-0.66) and organic N
content (-0.75) reflect the accumulation of organic matter commented on inicially. Negative correlations were likewise observed with exchange H (-0.64)
which indicates the degree of desaturation of the soil; Al gels (-0.59), who
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(1979) to the stabilization of the organic matter by complexation; available
Na (-0.59); exchange Na (-0.59) and loam content (-0.41).
The effect of loam, which has also been reported by Adu et al. (1978)
among others, is probably due to its giving rise to excessive retention of
water or to its bringing about physical stabilization of the organic matter
in the micropores of the soil. More surprising are the negative effects of
available and exchange Na, since all the soils studied exhibit low values of
these variables. The PCA results were nevertheless confirmed by those of an
experiment in which three soils with very similar Na contents but differing
widely as regards loam content were incubated after enrichement with doses
of Na of up to 1 mEq/100 g of soil. With the lowest dose (0.25 mEq/100 g) mi
neralization decreased in all three soils by 9-20% with respect to its level
in the untreated soil, and with the highest dose the decrease was 12-24 %,
though further increasing the quantity of sodium added produced no correspon
ding decrease in mineralization. The mechanism by which sodium acts to reduce mineralization is unknown as yet, but it has been shown that it is not
due to its causing the displacement from the exchange complex of any ion
with toxic effects or which might alter the cation balance and prevent its
absorption. Given the correlation between loam content and Na (0.63) and the
fact that the effect of Na is greater the greater the loam content, it is po
ssible that the two effects are interdependent.
Another noteworthy feature of the results is the lack of significant correlation between the mineralization of N and either the total microflora
count, the Nitrobacter count or the C/N ratio, the latter of which is significantly correlated with both the total microflora (-0.37) and Nitrobacter
(-0.56) counts. The absence of correlation between mineralization and microflora levels was confirmed by incubating 11 of the 33 soils for six weeks
with weekly microbiological monitoring of the mineralization process, which
showed that in most of the soils the mineralization of N was accompanied by
no parallel increase in the microflora. Furthermore, the increase in microflora levels after two weeks * incubation was insufficient to give rise to
appreciable immobilization of N by its incorporation in the microbial biomass. The inference must therefore be drawn that the organic N of these
soils is present in forms that are intractable to biodegradation.
In conclusion, the present study has confirmed that in the soils of N.W.
Spain nitrogen turnover is generally slow, especially in the natural soils,
and that this biological degradation is attributable to the physical or chemical stabilization of part of the soil's organic nitrogen content rather
than to its biological immobilization.
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DYNAMICS OF SOIL ORGANIC MATTER IN A SUGAR CANE AGROSYSTEM (BRAZIL)
STUDIED BY 13C AND FLUX MEASUREMENTS.
Cerri C.C.*, Balesdent J.**, Feller Ch.*** and Volkoff B. ***
(*CENA, Brazil j ** INRA, France ; *** ORSTOM, France).

The sugar cane has a great economic importance in Brazil since the governement has decided to develop the alcohol utilization as a car fuel. The
problem of sugar cane profitability will not be solved if the soil productivity, particularly its fertility, is not checked. So it is necessary to
better know the soil organic matter, which is an essential factor of soil
fertility.
Studies about dynamics of organic matter, in soils cultivaded with sugar
cane, were carried out in Piracicaba (Sao Paulo State), one of the most
important area of sugar cane cultivation. In this region it had been
found, on a similar Red Latosol, two fields continously and exclusively
cultivated with sugar cane, one during 12 years, another one during
50 years, and nearby a soil covered with tropical forest. Under these
conditions, 13C is a very good tracer for soil organic matter evolution
(Cerri and al., 1985). Sugar cane is a C4 plant with high 13C content
(613C » -14 %o ) , whereas forest vegetation (C3 plants) and soil organic
•atter
developed
from
this
vegetation
have
a
lower
S13C
value
(613C - -26 Z. ) .
Table 1.Analytical results

Soil orga nie car bon

Time
of

Sand-Si zed fractions

Bulk Soil

Cultivation

(200 - 2 000 u)
years
0

Total
t.ha-'

S13C
/ oo

Cdfc
t.ha

Cdff

Total

t.ha-1

t.ha"'.

813C
/ oo

72

-25.5

0

72

8.7

-26.5

12

44.5

-22.8

8.6

35.9

5.4

-21.3

50

38.5

-20.2

17.5

21.0

1.6

-15.4

613C values vs. PDB
In the first twenty centimeters of the soil the total amount of organic
carbon decreases with the time of cultivation (table 1 ) . Carbon 13
measurements showed that the carbon derived from sugar cane (Cdfc)
increases with the time of cultivation while the initial forest soil carbon (Cdff) decreases. The carbon mineralization of the initial forest
is rapid during the first years. This decomposition can be best described thanks to a model with two compartments : the amount of the first one,
non decomposable, was found to be about 21t/ha ; the second one, 51 t/ha
under forest, decreased with a shorter residence time evaluated at
10 years. Such a model indicates that soil organic matter nearly
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reached a stable equilibrium after 50 years of cultivation (one half
derived from initial forest, another half derived from sugar cane).
The distinct annual carbon imput from sugar cane crop residues (tops,
ash, roots and exsudates) was measured separately. The total represents
4.72 t/ha/year. By means of the carbon-13 measurements and a simple model, it was possible to calculate that : i) from this total imput
3.76 tC/ha is lost by mineralization before one year. So 0.96 tC/ha remains annually in the soil ; ii) from the amount remaining in the soil
0.36 t/ha/year goes to 200-2000U sand soil fraction and, the equivalent
carbon quantity, stored in this compartment, is rapidly mineralized ;
iii) the other part remaining (0.60 tC/ha/year) enters in the < 200u
fraction where it is slowly mineralized.
Figure 1 shows the carbon flux of the first 20 cm of a cultivated soil
soil for a theoretical time (25 years).

Input

Soil Organic Hatter

3.7
roots
0.74 tops
0.25 excudates
0.04 ashes

4.7

Mineralization

.4.1

humification
4.8

C02

-• 0.3

-• 0.4

21
Fig.1

stable

Annual carbon flux through the top soil : soil cultivated
sugar cane during 25 years after forest clearning.

with

In conclusion, under intensive cultivation with sugar cane the stock of
a Red Latosol from Sao Paulo State is composed of 50 % of stable carbon.
The other part is formed by a biodegradable carbon proceeding from a sugar cane residues imput. From this imput, 80 % are rapidly
mineralized
and 20 % incorporated annually into the soil. The part annually incorporatedd into the soil is distributed in two main fractions that are also
degraded with different speeds : the sand-sized fraction (1/3 of the carbon incorporation) has a small residence time (some years). The remaining
2/3 are decomposed with an approximate residence time of 20 years.
Reference.
Cerri C., Feller Ch., Balesdent J., Victoria R. and Plenecassagne A -1985
Application du trasage isotopique naturel en 13C è 1'étude de la dynamique de la matière organique dans les sols. C.R. Ac. Sc. Paris t. 300
série II, n° 9, pp. 423-428.
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Decomposition of the Carbohydrates of Ryegrass and Straw in soil
M.V. Cheshire, R.H.E. Inkson and C M . Mundie
The Macaulay Institute for Soil Research, Aberdeen, Scotland.

Uniformly 1'*C labelled straw and ryegrass leaf were mixed with soil
moistened to field capacity and incubated at 12°C in the dark. Samples
were taken every few days initially and thereafter at increasing intervals
of time up to 880 days for leaf and up to 1827 days for straw.
The samples were freeze-dried and hydrolysed by heating 1g with 25ml
2.5M H2S0i, under reflux for 20 minutes. This treatment releases most
sugars, but not glucose in cellulose-like combination for which a further
treatment was applied. The residue, recovered by centrifuging, was
treated with 2.5ml 12M H2S0\ at ambient temperature for 16 hours before
dilution to 0.5P1 and heating at 100°C for 5 hours. The two hydrolysates
were analysed separately for the amounts and specific radioactivities of
the various monosaccharides present.
Total 1I*C contents of the soil were obtained by oxidation and
trapping of the released C 0 2 for liquid scintillation counting.
Radioactivity in acid hydrolysates was also determined by liquid
scintillation counting.
Over a period of five years, 75% of the straw-carbon was oxidised
to C 0 2 . The decomposition of the ryegrass appeared to be faster with
84% of the 2.5M acid hydrolysable 1I*C component being lost after 2.5
years. The straw had only lost about 64% hydrolysable 1I'C at that stage.
The decomposition rate of the straw and leaf as measured by total
C activity in the 2.5P1 hydrolysates was best expressed by three part
exponential functions of the form
ll,

..
-bit-b?t
~bit
Y - aie
+ 82e
+ 83e
,
where Y is the percentage of the component remaining after time t and the
a coefficients are the percentages decaying exponentially at the rates
represented by the b coefficients. In the 12M/0.5ff hydrolysate, two
part functions provided an adequate fit to the data. With the four most
strongly labelled sugars, arabinose, xylose, galactose and glucose
released by the 2.5M acid, the decomposition rates were best expressed
by two part functions in both straw and green grass leaf except for
arabinose from the straw far which a three part function gave a
significantly better fit to the data.
With the green leaf incubation, three approximately equal
proportions of material from the 2.5M hydrolysate contributed to the
functions, whereas with the straw the most slowly decaying material was
the largest portion (51%) with the second slowest being only 12%. In
the case of 12N acid hydrolysis, the faster decomposing fraction comprized
80 - 90% of the green leaf substrate released, and for 66% of that in the
straw.

- 564 In both the straw and the green leaf the proportion of sugars
decomposing at the faster rate was greater for arabinose and xylose than
for galactose and glucose and this effect was most marked for the straw.
Whether the rate of decomposition of a particular component is
best expressed as a two or three part function may relate to the precision
with which it may be measured.
Incubation studies with other substrates under similar conditions
have shown that very little synthesis of arabinose or xylose occurs. The
decomposition of most naturally occurring substances also involves some
synthesis by the microflora but in the present work the amounts of these
sugars present at any one time appear to be solely the result of
catabolism.
With other sugars, such as rhamnose, the pattern of decomposition is
not well expressed by an exponential function and this is presumably
because of the anabolism known to occur.
Recent models of decomposition recognize that parts of the organic
matter have different stabilities. The present results, which show
varying rates of decomposition for similar carbohydrate components, support
the idea that a rather non-specific physical protection is involved.
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s t r u c t u r e of ~oli9rr.bo1.an community in r e l a t i o n
to .rharactor of :;i ;;e in ry-ij and a l f a l f a agrocenoses
\dam J . Caarnecki
Dept. of animal Ecology, University of N.Copernicus
37-100 Torun, Poland
An agrocenosis only r a r e l y i s s i t u a t e d on an area with equal i z e d s o i l and water conditions. I t o.iangin/r often accordingly
to sculpture of the e a r t h ' s surface which i s very d i v e r s i f i e d
in northern Poland. The aim of t h i s work was to e s t a b l i s h differences between collembolan communities occupying various
s o i l s i t e s within one agrocenosis.
I n v e s t i g a t i o n s were carried out at RZD Koniczynka Experimen t a l Station, s i t u a t e d 7 km north of Toruri, from 1983 to 1985.
Two rye and a l f a l f a crop f i e l d s on easy slope, about 20 ha
each were chosen. On f i e l d s two d i f f e r e n t s i t e s were e s t a b l i shed. There were s i m i l a r in respect to brown e a r t h s in higher
and black earths in lowering p a r t s of f i e l d s and on average
thickness of s o i l l a y e r r e s p e c t i v e l y 50 and 80 cm.
Collembola were extracted by modified Tullgren apparatus
off the s o i l cores taken separately from arable and other
p a r t s of the s o i l l a y e r . Thereafter density, biomass, d i v e r s i t y
of collembolan communities were counted / T a b . l / .
Results obtained from a l f a l f a crop field show t h a t Collembol a were more abundant and a l a r g e r number of species was p r e sent in brown e a r t h s . On the contrary under rye crop f i e l d the
density and biomass as well as Collembola d i v e r s i t y i n d i c a t e s
g r e a t e r values in black e a r t h s .
Next was noted t h a t Collembola dispersion in the whole
s o i l p r o f i l e was dependent on contents of organic m a t t e r . Beneath arable soil l a y e r abundance of Collembola reached up to
40?< in black e a r t h s and up to 10;Ó in brown e a r t h s .
Remarks mentioned above r e f l e c t not only the differences
in plant p r o d u c t i v i t y and. management of elements stored i n
s o i l as '.veil.
Tab. 1. Chosen c h a r a c t e r i s t i c s of s o i l s i t e s and collembolan
communities in arable s o i l l a y e r .
agrocenosis
site
parameters
contents C /-,'J
contents M /%/
average density^
/thous. ind. m /

rye
black
ear tils

brown
earths

black
earths

0,83
0,10

0,70
0,08

1,06
0,13

0,60
0,07

63,0 X

21,1

18,4 X

35,1

- s.i<*nificance level 0,01

alfalfa
brown
earths

- 566 MODIFICATION OF THE MINERALIZATION OF NITROGEN IN SOIL BY CATTLE
SLURRY FRACTIONS
DIAZ-FIERROS, F., VILLAR CELORIO, M.C., GIL SOTRES, F., CARBALLAS, M.,
LEIROS, M.C., CARBALLAS, T., CABANEIRO, A.
Instituto de Investigaciones Agrobiológicas de Galicia (C.S.I.C.)
Apartado 122. Santiago de Compostela (Spain).
The mineralization kinetics of nitrogen in acid soils and their modification by the addition of an organic fertilizer (cattle slurry) have been
studied by incubating a humic cambisol (Table 1) for 36 weeks using the method described by Stanford et al. (1972).
Table 1.- Characteristics of the soil used
O.M.

pH

%
4.65

2.91

N

C/N

V

%
0.146

12

P

%

2°5

28

15.40

K 0
CaO
mg/100 g

MgO

Clay

7. 98

8.87

10

44. 74

Previous studies (Leirós et al., 1983) had shown that the complex composition of cattle slurry is reflected in its effect on the mineralization
of nitrogen, and in the present study physical separation {Carballas et al.,
1984) was accordingly employed to obtain three slurry fractions of clearly
different chemical compositions (Table 2 ) , each of which was separately incorporated in soil samples in proportions equivalent to 8.70 mg of total N
per gram of soil. Fraction Fl (the coarse fraction) was defined as the material retained on a 1 mm sieve, which may be identified with the slurry
fraction naturally retained on the soil surface, and contained 1 3 . 6 % of the
dry matter of the slurry. Fraction F3 (the liquid fraction) was defined as
the material passing through a 24 nm membrane under pressure. This fraction,
which accounted for 16.8 % of the total dry matter of the slurry, may be
assumed to have great mobility within the soil profile. The intermediate
fraction F2, which was a semiliquid substance with presumably a certain limi
ted mobility in the profile, made up 69.6% of the slurry's total dry matter.
Table 2.- Chemical composition c f the three slurry fractions (% D.M.)
Fraction

Total N

Fl
F2
F3

0.98
3.23
18.30

Inorg. N

P2°5

K

o.oi -

0.44
1.68
1.43

0. 30
0.56
25.50

0.16
7.90

2°

CaO

MgO

C/N

0.43
1.49
4.70

0.20
0.65
2.60

44
lb
1

The cumulative curve of the quantity of nitrogen mineralized in unferti
lized soil (Fig. 1) departs significantly from Stanford's theoretical model,
which predicts linear dependence of N mineralized on \/t, The discrepancies
are similar to those reported without explanation by Addiscott (1983), and
the observed kinetics are interpreted as due to the superposition of two
mineralization processes involving different substrates (Molina et al., 1979;
Jones, 1984). The change in slope exhibited after 60 days•incubation by the
curve representing the relative proportions of ammoniacal and nitric nitrogen (Fig. 1) is assumed to mark the point at which the more easily mineralized substrate was exhausted.
The cumulative mineralized nitrogen curves for soil samples enriched
with the various slurry fractions (Fig. 2) likewise reflect complex kinetics
involving at least two main substrates. Consideration of the net mineralized
nitrogen (defined as the difference between the total quantity of nitrogen
mineralized after a given time in the enriched soil and the quantity mineralized after the same time in the unenriched soil) shows that Fl, the frac-

- 567 tion with the highest C/N ratio, clearly induced immobilization of nitrogen
during the first 130 days of incubation, and analisys of the NO3/NH4 ratio
suggest that this immobilization was probably at the expense of the nitric
forms. F3 induced first a brief period of mineralization and then stabilized
nitrogen levels, giving rise to a reduction in net mineralized nitrogen, in
this case at the expense of the ammoniacal forms. The addition of F2 to the
soil produced results intermediate between those of the other two fractions.
The above findings suggest that under incubation in the laboratory the
mineralization of nitrogen in soil enriched with whole slurry would proceed
as follows. On day 0 the availability of nitrogen would depend basically on
F3 (Table 3 ) . During the first 40 days of incubation the mineralizing effect
of F2 and F3 would be offset by the immobilization due to Fl, but between
days 40 and 120 the mineralizing effect of F3 would disappear and Fl begin
to undergo appreciable mineralization, while the mineralization activity of
F2 would maintain its former level. Between days 120 and 250 all three fractions would exhibit quite similar rates of net mineralization. Extrapolating
to the field on a degree-days basis, the processes observed during the first
40 days of incubation would take place over about 4 months in the field, and
the whole 250-day incubation process would correspond to a period of rather
more than 2 years.
In conclusion, the inTable 3. Variation of inorganic N (mg/100 g) in crease in inorganic nitroS"ri£t?EË_2D<i_ï2enE!ict!Sd_s2il5_<iy!-in8 incubation gen in the soil after addit (days7 " 0
O - 4 Ö " "4Ö-I2Ö
" 120-250 t i o n ° f C a t t l e s l u r r y d e "
pends in the short-term on
Soil
2.9
3.0
4.2
6.1
the liquid and semi-liquid
Soil + F 1
2.4
0.0
7.4
7.8
fractions, whereas long4.5
5.0
7.8
term effects involve both
Soil + F2 3.2
-2ii_i_E2__i°J.2
5-_°__
__ii2
_ 6^8 _ the stabler residues ofthese fract
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Rita Dreessen and Karel Vlassak
K.U. Leuven, Faculty of Agricultural Sciences
Laboratory of Soil Fertility and Soil Biology
Kard. Mercierlaan 92. B-3030 Leuven, Belgium. Tel. (INT) 016/220931
Inoculation studies in greenhouse and field conditions concentrate on
testing the beneficial effects of the Azospirlllum-plantroot association.
And although the presence of the organism after inoculation is of basic
importance in explaining these effects, only few studies evaluate this,
generally
using
counting
techniques
(MPN) and
nitrogen
fixation
measurements (ARA). The specificity for Azospirillum of these methods is
debatable. Analysing subsequent samples throughout the growing season of
winter what plants, inoculated with Azospirillum brasilense strain Sp Br
14, was
used
to
establish
a methodology
for
re-isolation
and
identification of the inoculated organism.
The method is a combination of :
1. an enrichment procedure in semi-solid N-free medium and growth on
agarose plates under microaerophillic conditions in order to isolate
nitrogen fixers;
2. growth in petri dishes on modified N-free medium in order to
distinguish Azospirillum sp.;
3. serological testing of purified Azospirillum cultures with strain
specific antiserum in order to characterize the strain used for
inoculation.
Growth of nitrogen fixing organisms was observed in both inoculated and
non-inoculated samples. Of the non-inoculated isolates none could be
demonstrated to be an Azospirillum, while 39 Z of the inoculated isolates
were
identified
as
typical Azospiralla.
92 % of these
isolates
serologically seemed to be identical to strain Sp Br 14.
Our combined method has proven to be, although time and energy consuming,
a reliable technique to identify inoculated Azospirilla to be strain
level.
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(PLAST RSSIDUE PROTEINS, HUMUS COMPOUNDS, L I 3 N I N )
DECOMPOSITION BT ANAEROBIC BACTERIA, ISOLATED FROM
DIFFERENT ZONAL SOILS
V.T.Emtsev

Department of Microbiology, Tlmirjazev Agricultural
Academy, Moscow, U S S R
She processes of organic matter decomposition play an important
part in the life of the soil and its fertility, since they are connac ted with the supplay of plants with nutrients. The participation
of aerobic microorganisms in the decomposition of soil organic
substances has been studied quite intensively, while the role of
anaerobic grouping of soil microorganisms has not so far been
cleared up (the available data are rather contradictory). That is
why our task is to study the role of anaerobes of the genus
Clostridium in decomposition of different organic substances
(protein-containing substances, humus compounds, lignin). The objects of investigations were pure cultures of different physiological subgroups (saccharolytic, proteolytic, purinolytic; of the
genus Clostridium isolated from virgin and cultivated samples of
different soil types.
The proteolytic activity of the cultures Clostridium was
measured by the amount of tyrosine produced from casein and hemoglobin. The decomposition of protein by Clostridia was studied by
electrophoresis in Polyacrylamide gel. Volatile products of protein fermentation (fatty acids and alcohols) were determined by
gas chromatography.
Humus substances were extracted from soday-podzolic sandy
loam soil by sodium pyrophosphate and fractioned according to their
molecular masses by the method of gelfiltration on molselects 6-10
and 6-50 as well as on sephadex 6-75» the range of molecular masses
being from 400 to 100.000. Purification of humus compounds was done
by removing bitumen fraction, by alcohol-benzole extraction, by
passing through ion-exchange resin and by electrodialysis. By this
method five fractions having molecular masses: 520, 2100, 4900,
9200 and 27000, were isolated from humus. According to the data of
the element analysis the first three fractions belong to fulvic
acids, the last two to humic acids.
The dynamics of the mineralization process of humus compounds
by anaerobes was studied is a liquid medium under conditions of
long term laboratory tests (30, 90 and 180 days).
The content of C, H, N, 0 of humus compounds and lignin was
determined with the help of an automatic CHN analyser of gas
Chromatograph.
Carboxyl groups (-COOH) were determined by chemosorption
method with calcium acetate, the total number of carboxyl groups
and phenole oxides (-COOH and -OH phenole) - by chemosorption
method with barium oxide, methoxyl groups (-OCH3) - by titrometric
method. The number of carbonyl groups (-C«0) was determined by
oxymilation method.
Decomposition of the protein-containing substances (native
protein preparations, plant residue proteins, as well as protein
components of organic fertilizer-manure) by proteolytic bacteria
(Cl.sporogenes, Cl.bifermentans) was accompanied by formation of
N-NH4 nitrogen, free amino acids, volatile fatty acide, by change
of soil pH and by fluctuations of proteolytic Clostridium number.

- 570 Intensity of hydrolysis of soil protein substances increases froa
North to South; the weakest protein hydrolysis occur in soddy-podaolic soil, the strongest in light-chestnut one.
The process of the decomposition of clover protein substances
in the soil is chargeteriaed by their anunonification, the intensity
of the decomposition of the above compounds by proteolytic Clostridia being dependent on the type of the soil they were isolated
froa. The cultures isolated from soddy-podaolic soil and chernoaem
had the lowest proteolytic activity, while those isolated from
light-chestnut soil and sierozem had the highest proteolytic activity.
It has also been determined that saccharolytic, proteolytic
and purinolytic anaerobes take part in the decomposition of humus
compounds.
The most intensive decomposition of the humus substances was
affected by purinolytic anaerobes (Gl. sartagoformum, CI. paraputrificun) with decompose not only aliphatic but also nuclear part
of the molecules.
Their high activity is likely to be due the presence of
pectine-methyl-esterase enayme system, that is, to their ability
to hydrolysis of complex ether ties. Less activity was shown by
proteolytic anaerobes (CI. lentoputrescens, CI. putrificum) and
by saccharolytic anaerobes (CI. pasteurianum, CI. butyricum)
decomposing only peripheral part of humus molecules without breaking
its aromatic nucleus. The anaerobes isolated take an active part in
decomposing different fractions of humus compounds, the intensity
of their decomposition being different. More labile fulvoacid
fractions are mineralized more intensively and easier than fractions of humic acids. Humus fractions are used by anaerobes first
of all as the source of nitrogen nutrition. It is found that being
transformed by the anaerobes of the genus Clostridium humus substances undergo changes of oxidation-hydrolytic type. In this case
the portion of the peripheral part of humus macromolecules decreases. While its carbonization, acidulation and aroma increase.
The intensity of humus substances decomposition varied not
only with the fermentative activity of different kinds of physiological subgroups of anaerobes, but also to a considerable
extent, with the type of the soil from which the Clostridia were
isolated. Humus substances were most actively decomposed by
anaerobic bacteria isolated from southern sierozem and krasnozem soils, less actively by those isolated froa soddy-podzolic
soil. So, the transformation ability of the bacteria mentioned
increased from North to South.
It has been found that the anaerobic bacteria of the genus
Clostridium are able to transform lignin. The process of transformation is accompaned by carboxylation and hydroxylation of
lignin molecules, by the increase in the content of carbonyl
groups and decrease in methoxyls in the composition of lignin.
These data as well as slight change of element composition (except
nitrogen) show that the alyphatic part of the lignin molecules is
first of all decomposed by microbes, while the aromatic fragments
are slightly attacked. The change of the functional composition
of lignin shows that the process is a directed one, that is, its
transformation proceeds towards humification.
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(PLANT RESIDUE PKOTBINS, HUMUS COMPOUNDS, LIGNIN) DECOMPOSITION
BT ANAEROBIC BACTERIA, ISOLATED PROM DIFFERENT ZONAL SOILS
V.T.Emtsev
Department of M i c r o b i o l o g y , T i m i r j a z e v A g r i c u l t u r a l
Academy-, Moscow, U S S R
The a b i l i t y of d i f f e r e n t p h y s i o l o g i c a l s u b g r o u p s ( s a c c h a r o l y t i c , p r o t e o l y t i C j p u r i n o l y t i c ) a n a e r o b i c b a c t e r i a o f t h e genua
C l o s t r i d i u m i s o l a t e d f r o m v i r g i n and c u l t i v a t e d s a m p l e s of d i f f e r e n t s o i l t y p e s t o decompose d i f f e r e n t o r g a n i c s u b t a n c e s h a s
b e e n s t u d i e d u n d e r e x p e r i m e n t a l c o n d i t i o n s . The p r o c e s s of t h e
d e c o m p o s i t i o n o f p r o t e i n s u b s t a n c e s i s c h a r a c t e r i s e d by t h e i r
a m m o n i f i c a t i o n , t h e i n t e n s i t y o f t h e d e c o m p o s i t i o n of t h e above
compounds by C l o s t r i d i u m b e i n g d e p e n d e n t on t h e t y p e of t h e s o i l
t h e y were i s o l a t e d f r o m . The c u l t u r e s i s o l a t e d from s o d d y - p o d z o l i c
s o i l and chernozem had t h e l o w e s t p r o t e o l y t i c a c t i v i t y , w h i l e t h o s e
I s o l a t e d from l i g h t - c h a s t n s r f c s o £ l and s i e r o a e m had t h e h i g h e s t
p r o t e o l y t i c a c t i v i t y . Humus s u b s t a n c e s were most a c t i v e l y decomposed by a n a e r o b i c b a c t e r i a i s o l a t e d from s o u t h e r n e i e r o s e m and
krasnoeem s o i l s , l e s s a c t i v e l y by t h o s e i s o l a t e d from s o d d y - p o d « o l i c s o i l . S o , t h e t r a n s f o r m a t i o n a b i l i t y of t h e b a c t e r i a
m e n t i o n e d i n c r e a s e d from N o r t h t o S o u t h . I t h a s b e e n found t h a t
t h e a n a e r o b i c b a c t e r i a of t h e g e n u s C l o s t r i d i u m a r e a b l e t o t r a n s form l i g n i n .

CERTAINS ASPECTS DS LA BIOCHIMIS DE DSC0MP0SITION DES SUBSTANCES
ORGANIQUBS (PROTElN.ES DES RÄSIDUS VJÜGÉTAUX, COMPOSES HUMIQUES,
LIGNINE) PAR DES BACTÉRIES ANAEROBIES ISOLDS DES SOLS DE DIVERS
ZONES
V.T.Emtsev
C h a i r e de M i c r o b i o l o g i e , Académie d ' A g r i c u l t u r e T i m i r i a z e w ,
Moscoü, URSS
La c a p a c i t é de
flifferents
sousgroupes physiologlques
( s a c c h a r o l y t i q u e s , p r o t e o l y t i q u e s , p u r i n o l y t i q u e s ) des b a c t é r i e s
a n a e r o b i e s du g e n r e C l o s t r i d i u m , i s o l é e s d e s s o l s v i e r g e s e t
c u l t i v é s de d i f f é r e n t s t y p e s a e t é é t u d i e ' au l a b o r a t o i r e . Le
p r o c e s s u s de l a d e c o m p o s i t i o n d e s s u b s t a n c e s p r o t é i q u e s e s t
c a r a c t é r i s é p a r l e u r a m m o n i f i c a t i o n , 1 ' i n t e n s i t e de d e c o m p o s i t i o n
d e s ^ s u b s t a n c e s s i - d e s s u s p a r ^ C l o s t r i d i u m ' d e p e n d du t y p e . de s o l
d'ou ces b a c t é r i e s sont i s o l é e s . L ' a c t i v i t é p r o t é o l y t i q u e des
c u l t u r e s i s o l é e s du s o l p o d z o l - g a z o n n é e e t du t c h e r n o s i g m a é t é
l a p l u s b a s s e e t c e l l e d e s c u l t u r e s i s o l é e s des s o l s c h a t a i n e t
g r i s - l a p l u s h a u t e . Les b a c t é r i e s a n a e r o b i e s i s o l é e s d e s s o l s
g r i s e t rouge meridionaux décomposaient p l u s activement l e s s u b s t a n c e s ^humiques que c e s m i c r o o r g a n i s m e s i s o l é e s du s o l p o d z o l - g a z o n n é e . A i n s i l a f a c u l t é de t r a n s f o r m a t i o n d e s b a c t é r i e s
augmente du Nord au S u d . On a d é c o u v e r t l a c a p a c i t é des b a c t é r i e s
a n a e r o b i e s du g e n r e C l o s t r i d i u m de t r a n s f o r m e r l a l i g n i n e .

- 572 A COMPETITION BETWEEN FAST- AND SLOW-GROWING SOYBEAN RHIZOBIA
FOR NODULATION AND OCCURENCE FREQUENCY OF THE FAST-GROWING SOYBEAN RHIZOBIA IN THE FIELD OF CHINA
Ge Cheng, Fan Hui, Xu Lingmei,
Soil and Fert. Inst., CAAS, Beijing, China
Wu Gangfan, Zhan Renshuang, Fu Lianshun
Tieling Agr. Sei. Inst., Liaoning province, China
Recently, Keyser et al reported the isolation of fast-growing soybean rhizobia from root nodules and 60il collected in China"-', These
isolates reportedly have mean doubling times of 2 to 't h and lower
the pH of YEM culture medium"'In order to clarify competition ability
on nodulation of fast-growing soybean nodulating bacteria in soybean
cultivars and distribution in fields of China, under condition of laboratory pot culture in 1984, soybean cultivars were inoculated with
mixed fast- and slow-growing soybean rhizobia in certain ratio. The
nodule numbers of fast- and slow-grower on taproot and branched lateral roots were determined. Nodulation ratio of fast-growing strains
were investigated from 24 soybean field locations in 8 provinces and
autonomous regions.
Materials and Methods
.
Strains of soybean rhizobia: Slow-growing soybean rhizobia 2028 #
Fast-growing soybean rhizobia 2048.
Inoculum preparation: Cultures, after 5 (faster) and 7 (slower)
days growth at 28 C on YEM, were suspended in water and mixed by 10:1,
1:1 and 1:10, and viable counts were immediately made. Bacteria numbers of mixed in suspended liquid were 7-4 x 10' -66 x 10* . Proportion of quantity of fast- and slow-growing soybean rhizobia was 1:3,
1:30 and 1:300, respectively.
Nodule collection: Soybean nodules were collected randomly from
fields at various locations of 8 provinces and autonomous regions. A
total of 4251 nodules were obtained from same 24 locations in the same
provinces and autonomous regions.
Nodule determination: Nodules from pot culture and field were
collected and tested serologically i n agglutination. Each nodule was
tested against fi v e antisera.
Results
1. Results of nodules ratio of taproot and lateral roots by fastand slow-growing soybean rhizobia showed that the nodulation ratio increased with the increasing of fast-grower number in the mixed inocula
(from 32.2 to 79-4%), whereas nodulation proportion of slow-grower decreased progressively (from 66.6 to 20.5%)- It was similar for the
trend of nodulation proportion of fast- and 6low-growing soybean rhizobia on the two soybean cultivars tested.
2. Results obtained by using serological technique also showed that
nodules formed by fast-growing soybean rhizobia accounted for 1-37.9 %
of the total nodules sollected from 39 cultivars among 47 soybean cultivars at 24 locations in the 8 provinces and autonomous regions of
China. The frequencies in different provinces and autonomous regions
was distinct. The difference might be related to indigenous rhizobia
microflora in a field soil. The five serogroups ratio in soybean nodules was significantly different.
Among all nodules tested 470 out of 4251 nodules were formed by
fast-grower.
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Growth of Indigenous Rhizobia in Soils Amended with Organic
Nutrients
J.J. Germida

Department of S o i l S c i e n c e , U n i v e r s i t y of Saskatchewan, Saskatoon,
Saskatchewan, Canada S7N 0W0
Indigenous s o i l r h i z o b i a must compete with o t h e r s o i l microorganisms
and maintain a population base if t h e y a r e t o n o d u l a t e host legumes. The
reasons some r h i z o b i a s u r v i v e in s o i l whereas other s t r a i n s d i e - o u t a r e
not completely understood. The a b i l i t y t o use o r g a n i c compounds found in
r o o t exudates as growth s u b s t r a t e s would be a competitive advantage.
Rhizobium spp. u t i l i z e a v a r i e t y of organic compounds as carbon sources
during growth as pure c u l t u r e s (Stowers, 1985). However, l i t t l e i s known
concerning the growth response of r h i z o b i a t o such compounds in s o i l .
The o b j e c t i v e of t h i s s t u d y was t o a s s e s s t h e a b i l i t y of indigenous s o i l
r h i z o b i a t o u t i l i z e organic compounds as growth s u b s t r a t e s .
An i n d i r e c t bacteriophage a n a l y s i s procedure (Germida and Casida,
1983) was used t o d e t e c t and follow the growth of indigenous r h i z o b i a in
s o i l . The s o i l was amended with organic n u t r i e n t s so t h a t t h e r h i z o b i a
c e l l s n a t u r a l l y p r e s e n t in s o i l would m u l t i p l y In response t o the n u t r i e n t s . The n a t u r a l bacteriophage development which ensued a g a i n s t t h e s e
m u l t i p l y i n g r h i z o b i a was then monitored by n o t i n g plaques which developed
when s o i l e x t r a c t s were p l a t e d with i n d i c a t o r s t r a i n s of r h i z o b i a on
l a b o r a t o r y media. These i n d i c a t o r s t r a i n s were R. legumlnosarum 128C52
and LPNI-2, and R. m e l i l o t i ATCC 9930. Seventeen o r g a n i c compounds were
t e s t e d I n d i v i d u a l l y as growth s u b s t r a t e s In t h r e e chernozemlc s o i l s . The
s u b s t r a t e s included the carbohydrates g l u c o s e , g a l a c t o s e , a r a b l n o 3 e ,
r l b o s e , x y l o s e , m a n n i t o l , g l y c e r o l , sucrose and c e l l o b i o s e ; t h e amino
a c i d s a l a n i n e , g l y c i n e , glutamic a c i d , a s p a r t i c a c i d and p h e n y l a l a n i n e ;
and t h e organic acid3 s u c c i n a t e , c i t r a t e and m a l a t e . All compounds were
t e s t e d a t 1000 ug per g of s o i l and some compounds were a l s o t e s t e d a t 10
and 100 ug. The amended s o i l was incubated 2*1 h a t 27 C and then b a c t e r i o p h a g e populations enumerated.
Based on i n d i r e c t bacteriophage a n a l y s i s , a l l t h r e e s o i l s contained
indigenous r h i z o b i a s i m i l a r in phage s u s c e p t a b i l l t y t o t h e i n d i c a t o r
s t r a i n s . All seventeen o r g a n i c compounds s t i m u l a t e d growth of t h e s e
indigenous r h i z o b i a causing them t o m u l t i p l y and allowing development of
a d e t e c t a b l e bacteriophage p o p u l a t i o n . The growth response v a r i e d for
each r h i z o b i a l s t r a i n depending on t h e n u t r i e n t and s o i l . Growth on an
organic amendment was r a p i d as the bacteriophage response reached a maximum within 24 t o H8 h . This response depended on t h e n u t r i e n t c o n c e n t r a t i o n and increased 30-fold when t h e n u t r i e n t l e v e l was increased from 100
t o 1000 ug per g of s o i l ; l i t t l e if any response was d e t e c t e d following a
10 ug amendment. In g e n e r a l , t h e indigenous r h i z o b i a r e a d i l y u t i l i z e d
a l l o r g a n i c compounds except p h e n y l a l a n i n e , g l y c i n e and a s p a r t i c a c i d
which were poor growth s u b s t r a t e s .
This study demonstrates t h a t indigenous s o i l r h i z o b i a u t i l i z e a wide
range of organic compounds as growth s u b s t r a t e s In s i t u , and t h a t t h e
a b i l i t y t o use t h e s e compounds v a r i e s from one s t r a i n t o a n o t h e r . These
r e s u l t s a l s o support t h e concept (Germida and Caslda, 1983) of monitoring
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the a c t i v i t y of indigenous s o i l b a c t e r i a v i a an i n d i r e c t
analysis procedure.

bacteriophage

Stowers, M.D. (1985) Ann. Rev. M i c r o b i o l . 39:89-108.
Germida, J . J . and Casida, L.E., J r . (1983) Appl. Environ. Microbiol. 15:
1380-1388.

- 576 THE 5'JC OF SOIL ORGANIC CARBON AS INDICATOR OF ECOSYSTEM CHANGES
AND OF THE ORGANIC MATTER TURNOVER
B. GUILLET, A. MARIOTTI, J. BALESDENT, P. FAIVRE, D. SCHWARTZ
Centre de Pédologie Biologique, C.N.R.S.
B.P. 5, 54501 Vandoeuvre-les-Nancy Cédex (France)
The carbon isotope composition of plants is known to vary with the
type of photosynthetic cycle. As a general rule, trees and crops of the
temperate and cold regions, using C3 photosynthesis have a lesser ^^C incorporation than plants with a C4 photosynthetic cycle. These latter plants
are essentially gramineae of the tropical regions, even those, as Corn (Zea
mays), cropped in temperate regions. C3 type plants have a 6^'c varying
between -25 to -28 %„ (vs. PDB), whereas in C4 - type plants, the values varies between -13 to -15 %o (figure 1 ) .
As soil organic matter has a carbon isotopic composition comparable to that of the parent plant material from which it is formed, it can be
assumed that every change in vegetation between C3 - and C4 - types will
lead to a similar change in the '^C value of the soil organic matter.
Using the assumption it is possible to identify the type of the
past parent vegetation which gave rise to organic matter present in soil,
and to study the organic matter turnover in soil cultivated intensively with
C4 type plants following long term C3 type crops. Examples are given.
In intertropical area, ó'->C measurements of organic matter are
used to verify hypotheses on vegetational changes.

In the Popular Republic of Congo, soils on the Batéké sands have
Afl horizon organic matters which give UC/'^C ratios similar to those found
in the present savanna vegetation. In forest ecosystem, ratios are typical
of C3 plants (fi13c = -26.6 to -28.8 %<,) whereas those of savannas indicate
C4 plant origin. Moreover, the ó'-^C of horizons of a giant-podzol (figure
2) show that the present grass vegetation does not take part in the podzolization process. The ó'^c of the organic matter in the spodic Bh horizon
(-27.5 7.o) demonstrates that such humic enrichment occurred under forest
vegetation, dated of 30 000 Yrs at least.

- 577 The Guasca valley, near the Sabana of Bogota in the Colombian
eastern cordillera, is an open landscape, which was considered as the resuit of human forest degradatio n. The soils are distributed as a function
of altitude : planosols occur i n lowest and dryest zones of the valley whereas ferrisols and andosols occ ur at higher altitude. By '3c/'2c ratios of
the soil organic matter, it was shown that in no part of the valley, a pure andean forest had developped For example, the organic matter of planosols and ferrisols, '^C dated of 10000 yrs and less, has ó'3c varying
from -20 to -17 7.0. These high values do not confirm forest conditions but
rather the existence of open ve getation formed by a mixture of C3 plants
(herbs, shrubs and some trees) a nd of tropical grasses with C4 photosynthesis pathway.
In temperate regions, a method for measuring the long - and medium - term turnover of soil organic matter can be deduced from repeated
crops of Corn (6'3C • -13 % 0 ) on a soil which has never carried such plant.
By turning vegetation from C3 type into C4 type, changing the '3c content
of the organic inputs to the soil is equivalent to a true labelling in
situ of the organic matter.
Two cases of continuous corn cultivation on soils whose organic
matter had initial average 6'3c of -26 Z, were studied. The quantity of organic carbon originating from corn, that is the quantity which had turnedover ßince the beginning of the continuous cultivation was estimated using
the '3c natural abundance date. After 13 yrs of continuous cultivation, the
organic matter 6'3c is found equal to -23 %o (figure 3 ) , that corresponds to
?? Z of total organic carbon which had turned-over.
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Figure 3

Particle size fractionations show that fractions coarser than 50 um
and smaller than 0.2 contain the youngest organic matter (figure A ) . The
turnover rate of the silt fraction was the lowest.

- 578 CHARACTERIZATION OF A METALLOPROTEINASE COMPONENT
EXTRACTED FROM A SOIL
K. HAYANO , E. ICHISHIMA
and M. TAKEUCHI**
* National Institute of Agro-Environmental Sciences,
Ibaraki, 305 and ** Tokyo Noko University, Tokyo 183
Japan
Proteolytic enzymes are commonly present in soil.
They
help in the hydrolysis of the biomass protein to amino acid.
The hydrolysis is an important process in soil fertility as
well as ammonification and nitrification.
However, there are
insufficient information about the properties of soil protease.
We investigated the properties of the proteolytic enzyme in a
soil extract from an Andosol under tomato field.
A metalloproteinase was found to be main component of the
protease in the phosphate buffer extract from the soil.
The
protease had a pH optimum at 7 for benzyloxycarbonyl-L-phenylalanyl-L-tyrosyl-L-leucine. Tyrosyl leucine was main product
from the substrate.
The K value for the substrate was 0.4
mM.
The activity was inhiëited by EDTA but not by pepstatin,
p-chloromercuribenzoate and phenylmethane sulfonyl fluoride.
After the EDTA was removed from the inactivated enzyme by
dialysis, addition of metal ions, Zn , Mn
and Fe
,
recovered its activity.
The apparent isoelectric points of
the metalloproteinase components were estimated to be 4.9, 4.5
and 4.1 by isoelectric focusing.
A fraction with apparent
isoelectric point 4.9 was main component.
The apparent
molecular weight of the main protease component was estimated
to be 4.7 x 10 by gelfiltration on Sephadex G-150.
The
enzyme hydrolyzed a natural polypeptide, proangiotensin (AspArg-Val-Tyr-Ile-His-Pro-Phe-His-Leu)(Fig. 1 ) . Six peptides
were detected as the reaction products from the substrate by
high-performance liquid chromatography.
Main split sites in
The former was
the peptide were -Tyr -lie - and -Pro -Phe -.
more sensitive site to the soil metalloproteinase.
The
protease seems to hydrolyze preferentially the bond between
hydrophobic amino acid residues of the substrate.

1.0

0.55

Asp1-Arg2-Val3-Tyr4-Ile5-His6-Pro7-Phe8-His9-Leu10
(.54) (.73) (1.7) (2.9) (3.0) (.50) (2.6) (2.7) (.50) (2.4)
Fig. 1.
Summary of the cleavage sites of the proangiotensin by a metalloproteinase-active soil extract.
Arrows indicate the bonds splitted.
The values above
the arrows show relative hydrolytic activity. The values
in parentheses show hydrophobicities of side chain of
amino acid residues, Agt(kcal/mol)(Tanford, 1962).
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Zusammenfassung
In dem Extrakt von Andosol unter einem
Tomatenfeld wurde Metalloproteinase als Hauptbestandteil der
Protease gefunden.
Die Protease hat ein pH-Optimum bei 7
fur Benzyloxykarbonyl-L-Phenylalanyl-L-Tyrosyl-L-Leucin.
Tyrosyl-Leucin war das Hauptprodukt des Untergrunds.
Der
K -Wert fur den Untergrund war 0.4 mM.
Die Aktivität wurde
durch EDTA gehemmt, aber nicht durch Pepstatin, p-Chloromercuribenzoat und Phenylmetansulfonylfluorid.
Nach Entfernung des EDTA aus dem deaktivierten Enzym durch Dialyse
und Zugabe der Metallionen Zn , Mn
und Fe
wurde die
Aktivität zurückgewonnen.
Das scheinbare Molekulargewicht
des Hauptproteasebestandteils wurde durch Gelfiltrierung an
Sephadex G-150 auf 4.7 x 10 geschätzt.
Das Enzym hydrolisierte ein naturliches Polypeptid, Proangiotonin (Asp-ArgVal-Tyr-Ile-His-Pro-Phe-His-Leu).? Die Hauptspaltungsorte im
Peptid waren -Tyr -lie - und -Pro -Phe -. Der erstere Ort war
empfindlicher in Bezug auf Bodenmetalloproteinase.

- 58o MINERALISATION DES DECHETS ORGANIQUES DANS UN SOL CALCAIRE.
Hernandez, T.; Costa, F.; Lax, A. et Cegarra, J.
Centro de Edafologia y Biologia Aplicada de! Segura. Murcia. Espana.

L'utilisation des nouvelles sources de mati&re organique dans 1'agri^
culture, telles que les ordures ménagères, les boues d'épuration d'eaux usées
urbaines ou des déchets agricoles, fait indispensable une meilleure connaissance de leurs effets sur Ie sol. Pour cette raison on étude ici, la degradation des matériels de cette nature dans un sol calcaire.
MATERIEL ET METHODES
On a étudié, sur un sol calcaire, de texture limono-argileuse et de
teneur faible en matière organique, les transformations de six matériels organiques (une mélange de tourbe et mare du raisin, un furnier de porc et un
autre de volaille.des ordures ménagères, et deux boues résiduaires, 1'un aérobie et 1'autre anaérobie). On a ajouté ces matériels au sol de maniere a
obtenir une teneur en carbone oxidable voisine de 1,5 %. La moitié des essais
a étë humifié pendant six mois (série A ) . Après ce temps on a préparé 1'autre
moitié (série B) et on a cultivé successivement, sur les deux séries, du maTs
et de 1'orge. On a determine les teneurs en carbone et en azote et la mineralisation du carbone aux trois moments de 1'experience: avant la culture et
après chaque rëcolte.
RESULTATS ET DISCUSSION
Mineralisation du carbone. Les données obtenues dans 1'experience de minérali_
sation des matériels ont montrées comme ils sont bien différents au point de
vue de leur biodégradation. Le furnier de volaille et les ordures ménagères
sont les matériels les plus minéralisables tandis que le furnier de porc et la
tourbe son les moins biodégradables. D'un autre c6té, le furnier de porc a une
degradation tres graduelle, tandis que les autres matériels sont degrades plus
rapidement pendant les six premiers mois de 1'experience. Après cette période
de temps, il reste un residu beaucoup moins biodegradable le quel est encore
moins mineralisable après la première et deuxième récolte.
Si Ton étude les resultats concernantes au flux de C0 2 dégagé par les
différents essais durant une incubation de 38 jours, on peut observer deux
étapes dans tous les cas: une étape initiale avec des valeurs les plus élevés, qui traduit une active degradation des composes plus labiles par les mi^
croorganismes.et une autre étape finale avec des dégagements journaliers de
CO2 inferieurs et presque constants.ee qui montre une disminution de 1'activité microbiologique étant donné que les résidus ont perdu leurs composes
plus biodégradables. Les valeurs du flux de CO2 dégagé qu'on a mesure dans
les differentes mélanges de la série B sont inferieurs a ceux de la série A.
Considerant les resultats de la mineralisation globale et complémentaire de ces matériels, on peut les classer dans trois groupes bien différer^
ciés: le premier groupe étant constitué par les ordures ménagères et le furnier de volaille, avec des valeurs de mineralisation globale et complémenta^
re élevées, le deuxième groupe étant formé par les boues résiduaires, qui ont
des valeurs moyennes, et le troisième groupe avec des valeurs assez faibles
oQ se trouvent la tourbe et le furnier de porc. Cettes differences ont mon-trées que mfttie des materiels d'origin similaire ont une degradation bien di£
ferente. Les fumiers de porc et de volaille sont produis par 1'intermediaire

- 581 de la digestion animal, mais ils se trouvent dans des groupes avec valeurs
différentes. Par contre, les boues résiduaires,soit aérobie ou anaérobie se
trouvent dand Ie meine groupe ,des valeurs tres prochaines. Tel que 1'on pu-vait supposer les valeurs de mineralisation globale et complémentaire des
ordures ménageres sont élevées.étant donné que sa matière organique est tres
labile. De la même facon, on pouvait espérer que la tourbe, qui est un materiel profondément transformé, bien enrichi en composes tres stables, se troi^
ve dans Ie groupe des valeurs les plus basses.
Evolution du carbone et azote. Pendant les six mois d'humification, on obser
ve une diminution des teneurs en toutes les fractions de carbone (oxidable,
extractible, des acides humiques et fulviques) dans les essais aveclefumier
de volaille, les ordures ménageres et la boue aérobie.
[.'importance de cette diminution est différente selon le materiel or
ganique. Les essais avec de la tourbe, dufumier de pore et de la boue anaé™
bie.présentent des faibles diminutions des leurs teneurs en carbone,qui sont
observées seulement dans certaines de ses fractions. Dans cette période, la
matière organique du temoin ne change pas.
Il faut noter que pour un même materiel, les différentes fractions de
carbone ne diminuent pas dans la même proportion. La fraction d'acides fulvi_
ques est toujours celle qui présente le pourcentage de diminution le plus éle_
Si on étude les données obtenus des series A et B après les récoltes
de mafs et 1'orge, on peut observer une diminution assez importante de la teneur en les différentes fractions de carbone dans tous les essais de la série A pendant la première culture. Cettes valeurs demeurent stables ou ils
changent tres peu après la deuxiême culture. Dans la série qui a subie une
humification pendant six mois avant la culture, les variations des valeurs
du carbone sont tres faibles ou bien ils n'existent pas durant les cultures.
Ceci indique qu'après leur incorporation au sol, les matériels organiques
etudiés subissent les plus grandes transformations pendant les premiers six
mois, soit en presence ou en absence de plantes.
Le rapport AH/AF augmente après la période d'humification et Sla fin
de 1'experience. Ceci permet supposer que cette matière organique a une certaine tendence ä se polimeriser et/ou qu'il y a une degradation élevé de ses
acides fulviques.
En ce qui concerne les teneurs en azote total, on observe une augmen^
tation importante de la teneur en azote organique du sol après 1'apport des
matériels organiques. Les ordures ménageres exceptés, tous les matériels au£
mentent aussi les teneurs en azote extractible du sol. Pendant la période de
1'humification, ces dernieres teneurs augmentent, la tourbe et le furnier de
porc exceptés.
Le rapport C/N demeure stable dans les essais peu minéralisables
(échantillon avec de la tourbe et du furnier de porc) pendant la période d'hu
mification.et diminue dans le sol temoin et les autres essais. Dans le sol
avec de la boue anaérobie, ce rapport augmente pendant cette période. Après
la deuxiême récolte le rapport C/N demeure stable dans les essais avec de la
tourbe et avec de la boue anaérobie et il diminue sensiblement dans les autres échantillons.
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The reguratory factors of the soil microbial activities in the lower
plowing layer
Shuji Higashida and Akira Nishimune
Hokkaido Prefectural Tokachi Agricultural Experiment Station,
Memuro-cho, Kasai-gun, Hokkaido, 082 Japan
Soil raicroorgamisms beleived to
play a very important role in the
plant nutrient flow relationships in soil. In the grassland soil, clear
microbial differenciation was observed within rather shallower soil horizon
(0-15cm depth), as well as chemical and physical one. Microbial population
in the lower plowing layer is thought to bear the mineralization of plant
nutrient elements from native organic matter, while that in the uppermost
layer appeared to be designated the role of recycling plant residues. In
current studies, soil microbial activities were usually measured under a
regular atmosphere, after sampling and disturbing soil. Such method should
overestimate soil microbial activities especially in the lower soil layer
where microorganisms in situ
are disposed to
soil air which might have
lower oxgen tention. So simulated in situ
C02 evolution in the lower plowing layer of 11 diverse soils was studied mainly in comparison with that of
uppermost soils. The soils examined were divided into two type of soil.
One is Tenpoku heavy clay soil; other is Tokachi volucanic ash soil. Soil
samples were taken with cylindrical core sampler (hight 50mm, diameter 51
mm) made from stainless steal from the 0 to 5cm, 5 to 10cm and 10 to 15cm
depths. In order to simulate field soil air condition, the lower side of
core sample from 0 to 5cm depth (=0-5cra sample) was combined to the upper
side of that from the 5 to 10cm depth with adhesive vinyl belt (=0-10cm
sample), and furthermore the samples piled on the core samples from the 10
to 15cm depth by the same manner. Bottoms of these samples were tightly
closed with stainless steel covers. These samples were allowed to settled
for 10 days to equilibrate the soil air condition to the field one. After
soil water condition was adjusted to the field one, each samples was
incubated in a 1100ml insulated glass bottle with test-tube containing 0.5
N NaOH as a CO2 absorbent for 5 days at 30C°. Simulated in situ
CO2 evolution of 10 to 15cm depth was estimated as the difference between COi evolution of the 0-10cm sample and that of the 0-15cm sample.
Simulated in situ
COi evolution (.=in situ
CQz evolution) in the 10 to
15cm depth was significantly lower than that of the 0 to 5cm depth. This
was partly due to the lower amount of microbial substrates there and the
depressed microbial activities which clearly reduced with grassland ages
after rejuvenation.
The ratio of in situ
COj evolution to microbial
substrates in the 10 to 15cm depth was narrower than that of the 0 to 5cm
depth. And in situ
CO* evolution was not related to the microbial
substrates in the 10 to 15cm depth, whereas there was a significanct
correlation between them in the 0 to 5cm depth. This finding suggested that
some factors other than substrate supply were involved in the depression
of in situ
COi evolution in the 10 to 15cm depth. That was well contrast to
the 0 to 5cra depth where substrate supply was the major factor which govern
in
the CO2 evolution in the 0 to 5cm depth. Then in the 10 to 15cm depth
situ
CO2 evolution : microbial substrates ratio of heavy clay soils was
narrower than that of volucanic ash soils, which had smaller solid phase
and i. larger gaseous phase. Furthermore, the ratio of in situ
CO2 evolution to microbial substrates had a linear relationship with gaseous phase
which might control 0* tension of soil air. The flow of oxgen, that must
be affected by quality and quantity of gaseous phase, to soil microbs might
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was the most important variable which control the rate of microbial
decomposition in the 10 to 15cm depth. These results indicated the
pausity of oxgen to soil microbs are considered to restrict the decomposi-.
tion process occurring in lower layer especially in the heavy clay soil of
the Tenpoku district.

5cm

Table 1. Microbial substrates
and 10 to 15cm soil depth.

and in situ

0 to 5cm depth
Soil

Micri
Microbial
in situ
substrates
CO2
evolution
(mg-C/core (mg-C/core
/day)
/day)
(A)
(B)

C02 evolution of the 0 to
10 to 15cm depth

.

Microbial in situ
substrates CO2
evolution
(mg-C/core (mg-C/core
/day)
/day)
(C)
(D)

.

I!
E
F
G

6.18
6.43
2.81
5.05
5.25
1.12
4.15

2.47
2.69
2.28
2.85
3.18
0.46
1.29

0.44
0.24
0.81
0.56
0.61
0.41
0.31

1.66
1.80
1.54
1.38
3.03
1.58
4.06

0.53
0.58
0.62
0.17
1.12
0.39
0.28

0.32
0.32
0.40
0.12
0.37
0.25
0.07

H
I
J
K

2.38
1.98
1.01
0.89

1.60
1.69
0.38
0.67

0.67
0.85
0.38
0.75

0.99
0.94
0.80
1.27

0.50
0.37
0.27
0.48

0.51
0.39
0.34
0.35

Means
F-test
LSD

1.39

1.80

0.55

1.73

0.48

0.37

**

**

**

**

0.53

0.31

*
**

0.26

0.22

*
-

*
-

*
-

A
B

('.

Soil (1) **
T-test Depth(2) *

*
**

F-test; ** indicates
significance at \Z level.
LSD; least significant difference at 5% level of probability.
T-test; * and ** indicate that the difference of means are significant at 5% and 1% level, respectively, in comparison between (1) heavy
c clay soils and volucanic ash soil; (2) the 0 to 5cm and the 10 to 15cm
soil depth.
Soil A-G; Tenpoku heavy clay soil, Soil H-K; Tokachi volucanic ash
soil.
1

- 584 Influence of the earthworms Lumbricus rubellus and L. terrestris on
soil processes when feeding on birch litter in raw humus soil: a
laboratory experiment
V. Huhta, J. Haimi & H. Setälä
Department of Biology, University of Jyväskylä

1. Introduction. Several species of earthworms feed on deciduous litter,
remove it from the soil surface, and after passage through the gut incorporate it into humus. Soil animals have been shown to enhance mobilization of nutrients. Higher pH has been measured in earthworm castings
than in the surrounding soil. On the other hand, soil pH is a limiting
factor for the occurrence of earthworms, and palatable litter is necessary
as their food. Coniferous trees increase soil acidity and produce unpalatable litter, which is the main reason for low numbers of earthworms in
raw humus soils.
Two species of birch are among the commonest pioneer trees after clearcutting in northern coniferous forests, and not without economic value.
Acid precipitation is considered to be a severe threat to forest productivity even at our latitudes, and growing birch intentionally together
with conifers has a potential to counteract acidification.
The aim of our preliminary study was to make out whether presence of
birch litter and litter-feeding earthworms would exert a beneficial
influence on raw humus.
2. Material and methods. A layer of alcathene beads was spread on bottom
of 16 plastic vessels, 0,85 m in area. Fine nylon mesh baskets (0,07 mm
mesh) were then placed in the vessels, and 176 g (d.w.) homogenized humus
from a spruce stand was spread in each vessel. A coarser mesh (5 mm) was
placed on the humus, and 25 g birch litter, overwintered under snow, was
added on this mesh. 15 half- to fullgrown Lumbricus (total fresh weight
11 to 17 g) were introduced into each vessel. All specimens were aimed to
be L. rubellus, but it appeared later that several of them were L.
terrestris. The vessels were covered loosely with perforated plastic,
kept moist by spraying at times with distilled water, and incubated at

+16°C.
Evolution of CO- from the vessels was monitored weekly between weeks 5
and 16. closing the vessels air-tightly, and taking air samples with an
injection syringe through rubber septa in the lids; CO« content was
measured with an infrared carbon analyzer (URAS 7N). At weeks 5, 10 and
15 the vessels were watered with equal amounts of distilled water, and NH,
N0„, total N, total C and pH were analyzed from the percolated water. At
weeks 6 and 16 half of the vessels were removed and their contents were
analyzed for numbers and biomasses of worms, weight loss or increase of
litter and humus, and several physical and chemical parameters. At week
12, 10 g more litter was added because the worms had eaten almost all the
original one.
3. Results. The worms removed effectively litter from the soil surface.
By week 6 about 60 X of the weight of leaves has disappeared in the
presence of worms, while the weight loss in the wormless vessels was only
11.5 %. The corresponding weight loss after 16 weeks (note that more
litter had been added) was 78 X with worms and 24 % in the controls. At
the same time, however, the weight of humus had even increased in the
presence of worms because of incorporation of material from the surface.
Towards the end of experiment there was an increasing variation between
replicates because of different mortality of worms and contamination of
the control samples with Sciarid larvae (Diptera). We have therefore
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omitted data from one replicate with severe mortality, and those from one
control sample with the worst contamination. In other replicates there
was only little mortality, and the total biomass of worms had remained
virtually the same.
Between weeks 5 and 12 the CO production was higher in the samples
with worms, the difference ranging from 4 to 59 Z.
Only at the last
recording (week 15) the situation was the opposite, probably due to contamination. There was a small but significant difference in total weight
loss (final dry weight 183+2.4 g with worms, 192.5+2.5 without, loss
13.4 and 8.8 %, respectively). Content of total carbon in the leaching
water was higher from vessels with worms (difference 85 and 47 % at weeks
10 and 15, respectively).
Significantly more all forms of nitrogen were leached with the artificial precipitation from the samples with worms. At week 10, the
leaching NO -N was 5-fold, NH -N 3-fold, and total N 2-fold from vessels
with earthworms. At week 15 the difference was of the same order of
magnitude, if the "failed" replicates are omitted. Three irrigations
yielded cumulatively 112 ^g nitrate-N, 4.88 g NH -N, and 9.6 g total N
per sample with worms, versus 33 ^ g , 2.86 g and 7.0 g in the controls,
respectively. However, amounts of KCl-soluble nitrogen were not higher
in the soil with earthworms.
The soil with earthworms, as well as the water percolating through that
soil, had constantly higher pH values than that without worms. The difference varied between 0.5 and 0.7 units, and showed only little variation
independently of mortality of worms or contamination with Sciaridae. The
mean values were: humus 5.3 with worms at week 9 (control 4.85), 5.5 at
week 14 (control 4.9); water with worms 5.8 at week 10 (control 5.1), 5.6
at week 15 (control 5.1).
4. Discussion. There was nothing new in the observation that earthworms
feed on deciduous litter; even the rate of consumption has been estimated
rather reliably. The effect of earthworms on soil structure has been
known from the time of Darwin or even longer (Satchell 1983). The amount
of litter taken for our experiments corresponds roughly the annual input
in^productive deciduous forests. The earthworm biomass was about 30 g
d.w. m , which equals to an exceptionally dense, but not an unnatural
field population. Theoretical calculations of nitrogen metabolism of
earthworm populations have been done, and their potential to change the
pH of their environment has also been documented (see Satchell 1983). The
present study is an attempt to find out the potential for exploiting the
beneficial influence of earthworms on the soil properties in practical
scale in forestry.
It seems obvious that the population density of L. rubellus is more
regulated by the amount of palatable litter than by fertility and acidity,
at least to a certain limit. It remains to be solved whether, in the long
run, supply of deciduous litter per se would be enough to affect the soil
pH during its decomposition, independently of the presence of earthworms.
If earthworms do play an essential role in reducing acitity, the question
arises how this knowledge could be applied to forest management.
References. Satchell, J. E. (ed.), 1983: Earthworm Ecology.
Hall, 495 pp.
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- 586 NEW APPROACHES TO QUANTIFICATION OF
DECOMPOSABLE ORGANIC MATTER IN PADDY SOILS
Kazuyuki INUBUSHI, Hidenori WADA, and Yasuo TAKAI
(Faculty of Agriculture, The University of Tokyo)
Decomposable organic matter (DOM) has been intensively studied
for a long time by many scientists, be.cause it has been believed
that DOM is closely related to fertility of paddy soils. However,
DOM is still vague concept and poorly quantified. To thoroughly
understand DOM, we made three experiments: 1) kinetics of decomposition of DOM, 2) relation between DOM content and total organic
nitrogen content, and 3) chlorophyll-type compounds and DOM.
1) Mathematical formulation of N-mineralization is an essential
prerequisite to quantify DOM. Thirteen Japanese soils including
manured and unmanured soils from long-term experimental plots of
several Agric. Stns. (28-53 years) and 4 Philippine soils were
used in this experiment with or without air-drying pretreatment.
These soil samples were incubated anaerobically at 15, 20,30, and
40°C for 12 weeks.
N-mineralization could be expressed by the following formula
which was composed of two first-order reactions. The first term
is a quick reaction (q) and the second a slow reaction (s).
JV = JVoq [1 - exp(-kq-t)] + JVos [1 - exp(-ks*t)]
where N is the amount of mineralized nitrogen, t is time of incubation, No is the amount of nitrogen in DOM, and k is rate constant.
In the soils without air-drying, the N-mineralization at below
40°C only involved the slow reaction.
Both Noq and JVos were correlated with total content of soil
organic nitrogen (TN), their regression lines being different.
In addition, iVoq and JVos were increased by manuring, kq and ks
were correlated with clay content and also with type of clays.
Nos (without air-drying) and JVoq as well as kq increased with
rising temperature in accordance with Arrhenius' equation. In
contrast, Nos (with air-drying) and ks were not sensitive to
temperature. Philippine soils differed from Japanese soils in
having much higher kq and ks. Thus, DOM is divided into two:
DOMq and DOMs. Their sizes and rate constants can be estimated
from TN, type and content of clay minerals, and temperature.
2) Relationship between DOM content and TN content: As mentioned
above, manuring enhanced N-mineralization. To examine this phenonmenon more carefully, TN-JV diagram was drawn as Fig.1. In this
diagram, the effect of manuring is expressed by lines which connect paired points of manured and unmanured soils. In the early
period (phase I), following formula was found: N=v(TN - a) where
a is a constant specific for a certain soil type, and v is a variable increasing with time of incubation. In the later period
(phase n ) , such formula could not be recognized. Since the quick
reaction terminated in phase I, this formula should hold for the
quick reaction and DOMq must be proportional to (TN - a ) .
The boundary between phases I and n corresponded to mineralizable N (MN), which is determined by incubating air-dried soil
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found that for mineralizable N, v of the formula [MN=v(TN-a)]
became almost the same among different soil types (Fig.2). This
should be resulted from the fact that DOMq was proportional to
(TN-a). We can imagine that soil organic matter can be divided
into two fractions. One is stable and its amount is specific for
each soil type. The other is unstable and its amount changed by
soil management such as manuring. The latter fraction must be
quite similar in nature for any kind of soil, probably because
it is composed of well-decomposed plant debris.
3) Chlorophyll-type compounds and DOM:
Many scientists have
believed that accumulation of algal debris is one of the reasons
for higher content of DOM in paddy soils compared with upland
soils. To confirm this consideration, we investigated annual
changes in the content of chlorophyll-type compounds (Chi), estimated their sources and examined a relation between Chi and DOM.
Soil samples and various plant debris were collected from the
long-term experimental plots and were extracted with 90% acetone
to measure Chi content colorimetrically.
Chi was always higher in the uppermost part (0-1 cm) of the
plough layer than in the lower part. Chi in the upper part fluctuated rather widely, while Chi in the lower part remained more
or less constant. Green algae flourishing in flood water was the
main source of Chi in paddy soils comparing with other plants.
A linear relationship was recognized between Chi and MN for all
the soil samples except the upper part of plough layer. That is,
the ratio of MN to Chi (MN/Chl) in most of the part of the plough
layer is constant irrespective of soil types and much higher than
that in the uppermost part of the plough layer.
These facts suggest that Chi and other organic constituents of
plant debris including green algae are transformed in soil according to two successive stages. In the first stage, plant debris
is actively attacked by microorganisms and modified to relatively
stable compounds. This process is rapid and predominant near
soil surface where algal debris is continuously supplied. In the
second stage, the relatively stable compounds, which probably
correspond to DOM, are more slowly utilized by soil microorganisms.
In conclusion, DOM could be divided into DOMq and DOMs, and
their quantifications became possible by our experiments.
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- 588 EFFECT OF SEED BACTERIZATION AND PHOSPHATE SUPPLEMENTATION ON
WHEAT YIELD AND MYCORRHIZAL DEVELOPMENT
Y.Z.ISHAC.M.E.EL-HADDAD.M.I.
EL-KHERBAWY*,E.A.SALEH,M.A.EL-BROLLOSY AND
M.E.EL-DEMERDASH*
UNIT OF BIO-FERTILIZERS,FAC.AGRIC.,AIN-SHAMS UNIV., CAIRO.
*DEPT. OF SOIL SCIENCES, FAC.AGRIC..CAIRO UNIV., GIZA.EGiFT.
A field experiment was conducted to evaluate the effect
of seed bacterization with Azotobacter, Azospirilium or
both and application of different sources of phosphate
on the yield of wheat.

Inoculated seeds were sown in

soil amended with maize stalks and fertilized with calcium amnonium nitrate in addition to rock, super phosphate or triple phosphate. At harvest, the dry matter,
nitrogen and phosphorus contents were determined in
grain and straw yields. Mycorrhizal infection(%) in
root systems and available phosphorus in the soil were
also measured.
The results of this study showed that seed bacterization and phosphorus fertilization significantly
increased the dry matter and nitrogen contents of grains
and straw as compared with the un-treated controls.
Application of Azotobacter singly or mixed with
Azospirilium conjugated with rock phosphate were the
most effective treatments. This was also accompanied
by high percentage mycorrhizal infections. On the other
hand, no significant differences in nitrogen and phosphorus percentage were recorded in straw from fertilized
and non-fertilized plants. At the soil level, triple
phosphate was superior among fertilizers used in maintaining high levels of available phosphorus.

- 589 THE EFFECTS OF PETROLEUM DRILLING MUD
ADDITIVES (CHROME LIGNITE, XP-20) ON SOIL MICROBIAL POPULATION AND BIOCHEMICAL OXYGEN DEMAND OF SURFACE WATERS
N.S. ISINGUZO AND C.T.I. ODU
Department of Agronomy,
University of Ibadan, Ibadan, Nigeria.

ABSTRACT
Petroleum prospecting in Nigeria has brought with it
environmental hazards and in combating such hazards it
became necessary to acquire some baseline data against
which environmental pollutants emanating from the oil industrial activities can be assessed. One such Area of
interest is the effect of drilling mud additives on the
environment with particular emphasis on the biochemical
activities in soil and surface waters.
The effect of chrome lignite (XP-20) a drilling mud
additive on the microbial population in soil and on the
biochemical oxygen demand (BOD) of surface waters was
determined by subjecting soil and water samples to
different concentrations (0, 50 and 1,000 ppm) of XP-20
under laboratory conditions. Bacterial populations were
found to increase to a peak at 14 days and decreased
thereafter while fungal populations were depressed at the
two concentrations of XP-20. The BOD increased with
increasing concentrations of XP-20 up to 4000 ppm after
which increases in the concentration of XP-20 up to 16,000
ppm showed little additional increase in BOD.
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L'ACIDE NON DISTILLABLE PRESENTS DANS DEUX SOLS LORRAINS
F. JACQUIN - I. KABIBOU - 0. REISINGER - P.C. VONG
F. JACQUIN

-

Service Sciences du Sol K.N.S.A.I.A.-I.N.P.L.
2, av. de la Foret de Haye - 54500 NANCY BRABOIS

OBJECTIF ET METHODOLOGIE
Dans le cadre de 1'étude de la matière organique des sols cultivés, il
apparaït que le compartiment privilégiant les potentialitës agronomiques
correspond ä 1'humine de néosynthèse microbienne.
.Jius avons compare , d'une part 1'evolution saisonnière des densités
bactériennes et actinomycétales ä celle de la biomasse microbienne globale
estimée selon la methode de JENKINSON et POWLSON (1976) adaptée par
CHAUSSOD et N1C0LARD0T (1980), d'autre part nous avons étudié les
variations de la fraction azotée soluble dans 1'acide et non distillable
(NSAND) (VONG et JACQUIN, 1981).
Les études se sont déroulées au cours des années culturales 1980-81, 83-84
sur deux sols lorrains : un pélosol contenant environ 5,0 % d'arglle et ä
complexe absorbant saturé et un sol brun lessivé a pH voisin de 6. Les
recherches ont été réalisées sur deux écosystèmes : une monoculture de maïs
et une forêt adulte de chênes.
Les prélèvements ont été effectués suivant les Saisons è des périodes
caractéristiques du climat semi-continental et ceci ä raison de vingt-cinq
échantillons par prélèvement (KABIBOU, 1982 et 1986).
RESULTATS ET DISCUSSION
a) Evolution de la biomasse microbienne
Nous Constatons quelques soient les années, deux maxima classiques lies aux
conditions favorables du printemps et de 1'automne. Il existe une relation
positive entre les valeurs de la biomasse globale et les teneurs en carbone
organique des sols.

Sol brun lessivé' sous
forêt

culture
Saisons
. Bioiasse Microbienne
mg/lOOg.sol.sec
. Bioaasse nicrobienne
X du carbone total
. Density bactérienne
. Densité actinonycétale
. NSAND •g/100g.sol.sec
. NSAND * de N total
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E
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A

H
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E

forlt

A
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E

A

83 117 97 125 66 132 115 137 166 246 206 272
4

5.5 4.7 5.8 3.7 5.6

5

6

3.3 4.6

7.7 80 49 69 13 139 67 110 11 115 33 87 19
0.6 9
1 13 5.5 23 2.2
5 16 1.4 17 14 33
70 104 86 106 78 111 92 119 76 113 95 116 112
37 55 45 53 33 41 37 47 30 43 37 45 28

219
28
160
39

4

5.2

81
19
131
32

188
63
162
40

Comparaison entre evolutions saisonnières, densités bactérienne
et actinomycétale,biomasse microbienne, et azote soluble
dans 1'acide non distillable
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L'amplitude des variations saisonnières exprimée par Ie rapport moyen de
ces densités entre celle observée ä chaque saison et la période de latence
hivernale, est assez proche pour les deux sols quelque soit la couverture
végétale. On constate respectivement les rapports ci-dessous :

Printenps

Et<

Bactéries

11

5

9

Actinonycètes

13

9

26

Il faut done noter
sécheresse.

la resistance

de

Automne

la microflore

actimomycétale

ä

la

c) Cojmparaison entre evolution de la biomasse microbienne globale et la
fraction NSAND
L'étude comparative aux champs et sous forëts pendant deux années montre
statistiquement une bonne correlation (P > 95%) entre ces deux determinations, 1'une biologique, 1'autre chimique ; ce coefficient dépendrait du
type de sol et de son mode d'occupation mais serait pratiquement stable
avec les saisons. Il deviendrait done possible de suivre par une analyse de
laboratoire les fluctuations de la biomasse microbienne voire même
d'envisager une codification de 1'activité biologique pour différents
écosystèmes.

SOW^IBE
Au cours de plusieurs années, sous deux écosystèmes (forestier et cultivé),
il a été compare la biomasse microbienne et les densités bactériennes et
actinomycétales en liaison avec la determination au laboratoire de 1'azote
hydrolysable mais non distillable.
On note les fluctuations saisonnières classiques et on observe une bonne
correlation entre les determinations biologiques et 1'analyse chimique pour
suivre 1'evolution de la biomasse microbienne pour un sol donné sous un
écosystème determine.
SIEMARY
Microbial biomass was estimated for several years, in a forest and an
cultivated soil, using fumigation-incubation technic, and compared with the
number of bacteria and actinomycetes and with the hydrolysalbe organic soil
nitrogen. In each ecosystem the biological and chemical analysis are
correlated.
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SEASONAL CHANGES OF THE NUMBERS, BIOMASS AND
ACTIVITIES OF MICROORGANISMS IN PADDY SOILS
UNDER DIFFERENT FERTILIZER MANAGEMENT
Shinjiro KANAZAWA
Faculty of Agriculture, The University of
Tokyo, Bunkyo-Ku, 113 Tokyo, JAPAN
Soil microorganisms have a dual role in soil : the agent
of material transformation in soil and the reservoir of nutrients for plants,
The seasonal changes of the numbers, biomass
and activities of microorganisms under the different fertilizing management of rice paddy soils were investigated.
Sites of investigation were selected at 3 long term (since
1927) fertilizer experimental plots of paddy fields at Central
Agric, Exp. Stn., Konosu City, Japan. . They were the non fertilizer plot (NF plot), the chemical fertilizer plot (CF plot)
and the organic manure plot (OM plot),
At first, the size and number of core samplers necessary
for obtaining statistically meaningful data of microbial numbers and activity in the field were decided upon, and the minimum number of samples was collected in the core samplers (Volume 500 ml, high 1Q cm, diameter 8 cm s approximate 1 'Sg of
wet soil).
Under the 20 % precision level, 3-6 samples for
bacteria, 4-11 for actinomycetes, 3-9 samples for fungi and 26 samples for phosphatase were necessary.
Immediately after collection, soil samples were analyzed
for numbers of aerobic (total and dye—tolerant aerobic bacteria , actinomycetes, fungi) and anaerobic (total and dye-tolerant anaerobic bacteria, sulfate-reducing bacteria) microorganisms, microbial biomass (ATP content) and enzyme activities
(/J-glucosidase, ^-racetylglucosaminidase, phosphatase).
RESULTS
1, Seasonal changes.
As shown in Fig,l, all the iteme examined exhibited remarkable seasonal changes in all 3 plots.
The number of anaerobic microorganisms and microbial biomass during the waterlogged period of growth of rice increased with the progress in
the reduction processes and decreased after drainage (harvest).
In contrast, the number of aerobic microorganisms and enzyme
activities decreased with the progress in the reduction processes and increased after drainage.
2. Effect of the difference in fertilizer management.
As shown in Fig,2, the numbers of aerobic and anaerobic microorganisms, and microbial biomass and enzyme activities increased in response to the long term application of chemical
fertilizer and organic manure in comarison to the NF plot; particulally in the OM plot.
On the other hand, the number of
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with the other 2 plots.
The reason for this considered to be
that sulfate as a nitrogen source and potassium sulfate as a
potassium source have been used to cause a large amount of sulfide to exist in the soil.
3. The relationship between microbial numbers and biomass.
A significant correlation was found between the total number
of anaerobic bacteria and microbial biomass during the waterlogged period.
This obserbation suggests that during the
growth period of rice, anaerobic bacteria in rice paddy soils
may play an important role in microbial activity.
CONCLUSION
On the basis of the above results, it can be said that anaerobic microorganisms serve as a reservoir of nutrients for
the rice plant and both fertilization and manuring contribute
to increasing this reservoir.
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Effect of drainage on soil saccharides and microbial
activities in ooorlv drained oaddy fields
Bunzaenon Kanke and Shinjiro Kanazawa
Fukushima Prefecture Agr. E X D . Stn. Korivarr,a>Japan
»The University of Tokvo, Tokyo, Japan
The decomnosition of soil organic matter was very slow in
the poorly drained oaddv field (drainage rates were below 0.5
cm/day) due to anaerobic condition. Through improved drainage,
after 16 years the drainage rates became 2.5 to 3.0 cm/day, a
qley horizon disanpered and the decomposition of soil organic
r.atter was promoted in these drained fields.
The effect of drainage in the poorly drained paddy fields
was studied with respect to saccharides and microbial activities to elucidate the metabolism of saccharides in the soils.
Methods
Hexose and pentose were measured by anthron with glucose
standard and orcinol ferric chloride with xylose standard
respectively after hydrolysis with acids. And neutral sugar
comDOsition was determined by HPLC.
Microbial numbers (bacteria, actinomycetes and fungi) were
determined by the dilution agar plate method using glucose or
xvlose as sugar substrates.
Microbial respiration was measured by adding glucose ar
xylose to these soils.
Enzymes activities were determined using artificial substr
rates.
Results
The rates of decomposition of saccharides were different
significantly with components. As shown in Table 1, pentose
in the hemicellulose (2% HCl extraction) remarkably decreased,
while the cellulose (80"' H SO extraction) did not change.
Table 1. Effects of drainage on the amounts of
total carbon and saccharides
Saccharides (ms/lOOf?)
Hot v.'ater
Hemicellulose Cellulose
Hexose
Pentose Hexose
Hexöse

Plots

T-C(r»)

Control

3.55

28.8

289.6

3S0.0

241.7

910.1

Drained

2.56

23.5

136.6

298.7

22S.4

683.3

NPKM Control

3.80

38.8

27y.9

350.0

294.9

963.6

Drained

2.89

38.7

193.2

320.0

318.7

870.6

NPKS Control

3.88

37.4

yyy.y

404.1

340.4

1104.8

Drained

2.93

41.8

160.5

337.3

337.5

877.1

NPK

Total

The amounts of xylose and arabinose decreased by the improvement of drainage, but that of glucose did not change.
This results indicated that there was a different transformation in saccharides, especially pentose in hemicellulose,
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soils.
It was considered that microbial activities concerned with
the metabolism of saccharides differed with these soil conditions, therefore the effect of drainage on microbial numbers
and the enzymes concerned with the metabolism of saccharides
were investigated in the next experiments.
Microbial numbers were apoarently higher in the medium
containing glucose than that containing xylose in all plots.
Fungi in xylose medium occured in lower numbers in the control
soils than the drained soils, while the numbers of bacteria and
actinomycetes fluctuated v/ith plots.
On the other hand, microbial respiration v/as higher in the
glucose added soils than that of xylose added soils. However
no difference v/as observed between the control and the drained
soils in the case of adding the same sugar.
Table 2 shows the effects of drainage on the enzymes concerned with the metabolism of saccharides. Enzymes activities
except for xylanase were higher in the control soils than the
drained soils in the case of the same treatment of fertilizers
with a correlation to the amounts of saccharides. But the
result in xylanase v/as reverse, although the content of xylose
and pentose in the hemicellulose were higher in the control
soils than the drained soils in all plots.
Table 2. Effects of drainage on the enzyme activities
(n mol/g soil/mln.30'C1
ß-Glucoside compounds
ß-Glucosidase Cellulase

Plots^4^»
^^\
NPK

Control

Mav
7.99

ß-Xyloside compounds
ß-Xylosidase Xylanase

Oct.
16.9

Oct.
0.215

Mav
2.32

Oct.
4.65

Oct.
0.326

Drained

6.69

14.0

0.174

2.21

3.31

0.419

NPKH Control

10.34

21.3"

0.314

4.08

6.25

0.612

Drained

8.55

15.4

0.318

3.55

5.32

0.716

NPKS Control

13.49

27.1

0.385

4.70

8.71

0.752

Drained

10.57

20.4

0.350

3.93

6.90

1.248

From above results, it was suggested that tlrer-decomposition
of ß-glucoside compounds and ß-xyloside conroounds except for
xylan were not so different between the control and the
drained soils. However, the decomposition of xylan was
especially retarded in poorly drained condition.
This reason was considered that the activity of fungi
concerned with secretion of xylanase was suppresed under
poorly drained condition.
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EXPERIENCES WITH THE BACTERIAL REDUCTION METHOD FOR
NITRATE ANALYSIS IN SOILS, PLANTS AND WATERS
M. Kücke and E. Przemeck
Institut für Agrikulturchemie der Georg-August-Universität,
von SiebDld-Str. 6, D-3400 Göttingen, Fed. Rep. Germany
A microbiological nitrate determination method was started uith
good succes, which is practicable for soils as well as for
plant and water samples. The basis of the method is the guantitative reduction of nitrate to nitrite by intact cells of the
bacterium E. coli, which were induced to have nitrate reductase activity, but are not able to reduce nitrite. Nitrite is
determined colorimetrically in the very common way as a coloured complex formed with NEDC. This method goes back to a publication of LOWE and GILLESPIE in 1975. The central point of that
analytical procedure is to manage the bacteria of a stock suspension to have nitrate reductase activity by cultivating it
anaerobically with nitrate as oxigen source.
In systematic investigations it was tested whether the microbiological method is applicable to current sample materials investigated in an agricultural chemistry laboratory. According
to water samples there is no relevant difference to the commonly used salicylate method (Y ,. , = 1.06 + 0.97x; r =
salicvl
0.989), but it works easier and more"efficient in the routine analysis. The detectability of nitrate in the test solution starts with 0.01
ppm N0,-N.
Recovery analysis of added nitrate to watery extracts of more
than 30 different plant species proved the nearly unlimited
applicability of the method to all tested substances. There
were only a few varieties, where nitrate was not recovered in
a satisfying rate (extracts of amaryllis onions, rubber tree
and oil p m leaves, pine needles). Parallel nitrate determinations at different plant extracts e.g. with a N0,-selctive
rhenium method brought about congruent results (Y
= 0.005
+ 1.Q69x; r = 0.99B).
men.
The UV-method for the analysis of nitrate in soil extracts
(N . ) gave corresponding values ( Y y u = 0.03 + 1.02x; r=0.998).
But the UV method needs more time for the nitrate reduction.
The nitrate test has a high sensitivity and a good reproducibility. An important advantage is, that the expenses for laboratory equipment and chemicals are low and that the required
time per analysis is short.
Zusammenfassung
Erfahrungen mit der bakteriellen Reduktionsmethode für Nitratbestimmungen in Böden, Pflanzen und Wässern.
Die Nitratbestimmung mit Hilfe bakterieller Nitratreduktion
liefert sowohl für Pflanzen- als auch für Boden- und Wasserproben gut reproduzierbare Analysenergebnisse. Zugesetztes Nitrat wird vollständig wiedergefunden. Die Vorteile dieses Verfahrens sind seine technisch einfache und schnelle Durchführbarkeit, seine hohe Empfindlichkeit sowie seine Anwendbarkeit
bei unterschiedlichem Probenmaterial.
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A fie-d ~yrcrirent in Santé ~osa rlurr orchard was
conducted ie 1Q°° and loa* f 0 evaluate the effects of
variouc soil rranare^ent practices viz clean cultivation,
herbicide ,green manuring, intercrossing and mulching plus
herbicide at fö'u? "ove 1 r of nitrogen vi? ?OO,ifOO,f0»
60C and kOOg N(l/2 applied -is calcium ammonium nitrate
+ 1/? applied as ^arrr Yard N'anure ) rer A ree on roi 1
microflora.
Significantly higher br^-teria porulation was observed
under herbicide xanagerr.ent during li°?.However,during
1? ? the highest ropulation was observed with inter cropping. Actincmycetes -io-ulation was pignificantly
higher in intercrossing.Intercropping, in 1°^? and
mulching p n us herbicide during 1 Q ° Z resulted in the
highe.-t population of funji.Increasing the level of
nitrogen increased + h n population of bacteria,
actinomyceter and fungi.
Interaction between soil rr.anagement practices and
nitrogen levels showed f hat treatment combination
herbicide vith '-00g N resulted in the highest population
of of bacteria during both the vears .V'hereas, the highest
copulation of actinomycetes was observed with
intercropping at 600 gN.The highest fungi population
was observed with treatment corrbination of intercropping
at N, during l°°>? and mulching plus herbicide at 400g N
du-iftg 19^3.

- 598 RICE PLANT-ASSOCIATED N FIXATION AS AFFECTED BY GENOTYPE,
INORGANIC N FERTILIZER AND ORGANIC MANURE
J. K. Ladha, Agnes C. Tirol, Gloria Caldo, and I. Watanabe
The International Rice Research Institute, P.O. Box 933, Manila,
Philippines
Significant rice varietal differences in their ability to support
bacterial associative N„ fixation were found. Exogenous supply of inorganic
N fertilizer, or different organic manure stimulated N„ fixation by rice
plant. There were differences in varietal response to these treatments.
Des differences variétales de 1'intensité de la fixation associative
de 1'azote ont été mise en evidence in-situ chez le riz. Des differences
varietales ont également été observées dans 1'augmentation de 1'activité
fixatrice de N- causée par 1'apport d'engrais azote ou organique.
Among various non-leguminous crop ecosystems, the wetland rice
ecosystem, because of its aquatic nature, is a more suitable environment
for maintaining and multiplying N„-fixing autotrophs and heterotrophs
(Roger and Watanabe, 1986). Nitrogen fixed by free-living microorganisms
in a wetland rice ecosystem normally enters the soil N pool after the
microorganisms die. However, a part of N fixed by bacteria associated
with rice plant is immediately available.
Rice plant plays an important role in supporting bacterial associative
N~ fixation by supplying some of its photosynthates to the submerged part
of the plant. Therefore factors that affect plant growth also affect the
associative N„ fixation process (Dommergues and Rinaudo, 1979). Varietal
differences, inorganic N fertilization, and the exogenous supply of
organic matter were studied in the field.
Results of four experiments in the irrigated farm at the International
Rice Research Institute (IRRI), during wet season 1984 and dry season 1985
with at least three replications, are presented. Experiment 1. Planted
50 rice varieties. Experiment 2. Two rice varieties grown with
with
four N fertilizer (urea) treatments: 1) no nitrogen, 2) 60 kg N/ha basal
application, 3) split application of 40 kg N/ha basal plus 20 kg N/ha
topdressing at panicle initiation (PI), and 4) split application of 70 kg
N/ha basal plus 30 kg N/ha at PI. Experiment 3. Two varieties grown with
and without 5 t/ha chopped rice straw incorporated and surface applied 10
days before transplanting. Experiment 4. Four green manure crops
1) Sesbania aculeata, 2) Crotolaria juncea, 3) Dolichos lablab, and
4) Vigna radiata were grown for 60 days in the field and incorporated
1 wk before transplanting. Control plot treatments were 1) weed free,
2) weedy fallow, and 3) weedy fallow plus 70 kg N/ha. Rice plant-associated N 9 fixation was measured using a modified simple and rapid acetylenereduction (AR) assay (Barraquio et al, 1985).
There were significant differences in the capacity of several rice
varieties to support N_ fixation. Sampling the plants at heading stage
for 3 consecutive days was suitable for determining varietal differences
in N.-fixation measured by acetylene-reduction ability (ARA). Sampling
at heading stage gave least variation in ARA among blocks compared to
earlier stages. Significant differences in ARA were found per plant and
unit plant dry weight among varieties of short, medium, and long duration
groups. Plant ARA significantly correlated with root, shoot, total plant

- 599 biomass at heading, and total plant biomass at harvest. Generally the
higher the plant biomass the higher the ARA with some exceptions, such as
IR50, which is a short duration variety with lower biomass, showed ARA
similar to some of the long duration varieties of high biomass and a very
high specific activity. 1R42, a long duration variety, was highest in
associative
N~ fixation.
Application of rice straw and inorganic N fertilizer to the rice field
significantly increased plant-associated ARA on a plant basis. There were
differences in varietal response to these treatments. Some varieties
showed significantly higher specific AR activity (ARA per gram plant dry
weight) with straw amendment.
The basal application of inorganic N fertilizer stimulated the ARA
per plant in rice varieties 1R50 and IR54. However, the topdressing
produced different effects on IR50 and IR54. ARA was inhibited in IR50
and stimulated in IR54. Specific ARA of IR50 was not significantly
different at different growth stages with or without inorganic N fertilizer.
In IR54 it tended to increase from early growth stages to the heading
stage. In IR54, the specific activity was higher in no N treatment than
with inorganic N treatments.
Different green manure crops grown in the rice fields and incorporated
before rice, also stimulated rice plant-associated N . fixation on per
plant and per unit weight of plant biomass. Vigna radiata and Crotolaria
juncea incorporated resulted in the higher ARA over control.
Inorganic N fertilizer earlier had been shown to repress rice plantassociated N. fixation. However, present results with the basal application of N fertilizer in the field do not support this. Inorganic N does
not remain around the rice rhizosphere for a longer period because it is
immediately taken up by the rice plant and other photosynthetic biomass,
and also partly it is lost. Afterwards there is ARA stimulation due to
the plant's better growth. However, the N~ fixation per unit weight of
plant biomass was higher in treatment without N in IR54. Similarly the
application of organic matter in the form of straw or green manure may
enhance plant-associated N- fixation in two ways: 1) the rice plant
utilizes nutrients from applied organic matter for its own growth and in
return may supply more exudates to support N„ fixation, and 2) rhizospheric
microflora may directly utilize organic matter as source of energy.
N~ fixation in close association with rice plant is more advantageous
because 1) fixed N can be available to the plant immediately, and 2) most
of the fixed N is microbially bound and not readily available for loss
processes. It is possible to enhance plant-associated N„ fixation on a
per plant and per unit weight of plant biomass through plant manipulation.
Barraquio, W. L., M. L. Daroy, A. C. Tirol, J. K. Ladha, and I. Watanabe.
1985. Laboratory acetylene reduction assay for relative measurement
of N~-fixing activities associated with field-grown wetland rice
plants. Plant and Soil (in press).
Dommergues, Y. R. and G. Rinaudo. 1979. Factors affecting N_ fixation in
the rice rhizosphere. In Nitrogen and Rice, pp. 241-26Z, The International Rice Research Institute, Los Bafios, Philippines.
Roger, P. A. and I. Watanabe. 1986. Technologies for utilizing biological
nitrogen fixation in wetland rice: Potentialities, current usage, and
limiting factors. Fertilizer Review (in press).
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HOW CLAY MINERALS INFLUENCE THE GEOGRAPHIC DISTRIBUTION
OF Histoplasma capsulatum, A MYCOPATHOGEN OF HUMANS, IN SOIL
S. Lavie and G. Stotzky
Department of Biology, New York University, New York, NY 10003, USA
Histoplasma capsulatum, a highly infectious pathogen of humans and a soilborne fungus, is endemic in many areas throughout the world, but its distribution
is restricted. This discrete geographic distribution of H. capsulatum appears to be
related to the clay mineral composition of the soil. The absence of a crystalline,
three-layer, hydrous aluminosilicate with X-ray diffraction characteristics of
montmorillonite (smectite) was highly correlated with the presence of the fungus
in soil, a relation not apparent with other types of clay minerals. Montmorillonite
was not present in essentially all soils (more than 100) from which H. capsulatum
was isolated.
To determine the mechanisms responsible for this correlation, the
respiration (CO2 evolution) of three phenotypes of H_. capsulatum in the presence
of different clay minerals was studied. Respiration was markedly reduced by low
concentrations of montmorillonite but was reduced less by even higher
concentrations of kaolinite or attapulgite (palygorskite). The reduction in
respiration followed a pattern that suggested saturation-type kinetics: an initial
sharp reduction with low concentrations of clay (0.01 to 0.5%, w/v), followed by a
more gradual reduction with higher concentrations (1 to 8%). Increases in
viscosity (which could impair the movement of O«) caused by the clays were not
responsible for the reduction in respiration, and the clays did not interfere with
the availability of energy sources. Scanning electron microscopy showed that the
clay particles were tightly bound to the hyphae, suggesting that the clays reduced
the rate of respiration by interfering with the transmembrane movement of
nutrients, metabolites, and gases. However, adhesion of the clays did not explain
the differences in the amount of reduction in respiration caused by the same
concentrations of different clays, as the amounts of these clays bound to the
hyphae appeared to be similar.
Like many fungi, _H. capsulatum requires siderophores for the transport of
iron into the cell, suggesting that the clays differentially bound its trihydroxamic
siderophore (deferricoprogen B). The addition of various siderophores, including a
commercial siderophore, Desferal Mesylate (deferrioxamine mesylate, DFOM),
reversed, in part, the inhibition of respiration caused by montmorillonite but not
that caused by kaolinite and attapulgite. The reversal increased with increasing
concentrations of DFOM, but the amount of respiration restored never exceeded
40% of the reduction caused by montmorillonite.
The reduction in respiration caused by montmorillonite was apparently the
result of both the adhesion of the clay to the hyphae and the adsorption of the
fungal siderophore, which interfered with iron nutrition. In contrast, the
reduction caused by kaolinite and attapulgite was the result of only the adhesion
of these clays to the hyphae. Because of the low cation exchange capacity and
specific surface area of the kaolinite used, not much siderophore was adsorbed,
and even though the cation exchange capacity and specific surface area of the
attapulgite was higher, adsorption sites in this fibrous clay may have been
inaccessible.
These observations suggest mechanisms, in addition to the stimulation by
montmorillonite of bacteria in soil, that may explain the discrete geographic
distribution of II. capsulatum and its isolation essentially only from soils that do
not contain nontmorillonite.

- 601 INTERACTIONS BETWEEN PLANTS-MYCORRHIZAL FUNGI AND BACTERIA :
EFFECT ON RHIZOSPHERIC WEATHERING AND HUMIFICATION
C. LEYVAL, F. LAHEURTE, M. CHAKLY, J. BERTHELIN
Centre de Pédologie Biiologique du C.N.R.S.
B.P. 5, 54501 Vandoeuvre-les-Nancy Cédex, France
Different experimental devices (t) (3) (4) were used to cultivate different plants (maize, pine) in axenic conditions. Roots were maintained sterile or were inoculated by endo- or ectomycorrhizal fungi or by
bacteria or by both microorganisms. Such devices have been used to study
the interactions between bacteria and mycorrhiza but also their effect on
solubilization of mineral elements (K, P ) , plant growth, element uptake and
production and transformation of root exudates.
The plants alone are able to use K from a mica (biotite) and P
from rocks or organic phosphates. But depending on environmental conditions
(in particular content in soluble P and K) non symbiotic microflora (bacteria) can modify mycorrhizal root infection (1) (2) (4). Depending also
on plant growth conditions, V.A. mycorrhiza (Glomus)
and non symbiotic
microflora can promote maize growth and solubilization of potassium and
iron from biotite (1) (2).
An ectomycorrhizal fungi and a phosphate solubilizing bacteria
have also increased pine growth and solubilization of phosphorus from mineral and organic phosphates (3).
Cumulative but also competitive effects can be observed due to
interactions between mycorrhizal fungi, bacteria and plant.
Rhizobacteria and mycorrhizal fungi can modify the total amount
of
soluble
and insoluble compounds released by roots. But larger modifications concern qualitative modifications in particular in the production of carbohydrates, amino-acids and aliphatic acids. Rhizospheric microorganisms also increased amounts of insoluble root excretions (4) (5).
All these results point out the importance of the interactions
between roots and microorganisms in the rhizospheric weathering of minerals and humification.
References :
(1) BERTHELIN J. and LEYVAL C. (1982). Plant and Soil, 68, 369-377.
(2) LEYVAL C. and BERTHELIN J. (1982). Science du Sol, ]_, 3-14.
(3) CHAKLY M. and BERTHELIN J. (1982). Les mycorhizes. Biologie et utilisation. I.N.R.A. Publ., 215-220.
(4) LAHEURTE F. and BERTHELIN J. (1985). Proceedings of the 1 s t European
Symposium on Mycorrhiza.
(5) LAHEURTE F. (1985). Recherches sur quelques mécanismes d'interactions
rhizosphériques en modèles expérimentaux : Alteration microbienne et
racinaire, exsudation et humification. Doctoral Thesis, Université de
Nancy I.

- 602 Rhizobium Numbers and Their Distribution in Soil in
Relation to Nodule Occupancy
Li Fudi, Chen Huakui, Wang Fusheng
Huazhong Agricultural UniversityCompetitive nodulation occurs very often in the soil among
rhizobial strains. The mechanisms that confer competitiveness
of a strain and the reasons why indigenous rhizobia are
more competitive in nodulation are poorly understood. The
purpose of the work reported in this paper was to study the
influence of inoculum density and its distribution in soil on
nodule occupancy in competition with indigenous rhizobia.
MATERIALS AND METHODS
Rhizobia. Two strains of Bradvrhizobium iaponicum were used:
inoculation strain PRC005 and strain PRC27wu isolated in
this Work.
Plant. The local soybean cultivar Aijlaozao was used.
Field Experiment. The experiment was conducted on an alfjlsol
soil at the farm of Huazhong Agricultural University. A
randomized plot design with four treatments replicated four
times was adopted. Peat-based inoculum of strain PRC005 was
mixed with top soil of about 1Ocm depth. After inoculation
cell numbers of strain PRC005 in respective treatments were
4.7, 23.4, 173 and 586 times of indigenous rhizobia.
Pot Experiment. Earthen pots of 10cm diameter and 20cm high
were used, each of which contained 3.6kg soil. Six treatments
were included, among them five were inoculated in different
depths of soil with peat-based inoculum, and one was none of
inculum as a control.
Examination of Nodule Occupancy. The immunofluorescent antibody technique was used to identify the nodule occupants.
For the field experiment nodules were sampled at seedling and
flowering stages. The pot -experiment was sampled only once,
35 days after sowing. Nodules of upper(0-5cm), middle(0-10cm),
and lower(l0-20cm) parts of roots were collected separatly,
10 nodules from each part, i.e., altogather 30 nodules per
replicate.
RESULTS
(1) Influence of inoculum density on nodule occupancy.
Results of the field experiment showed that the percentage
of nodule occupation by strains PRC005 increased with the
raising of inoculum rate. The nodule percentages of PRC005
were 60.8# and 92.4% at the seedling and flowering stages
respectively, when the number of inoculum rhizobia was 173
times that of the resident rhizobia.
(2) Relationship of nodule occupancy and the spatial distribution of inoculum rhizobia in soil.
There was a strong location effect of applying inoculum. When
inoculum was applied to the seed, strain PRC005 formed nodules
mainly on the upper part(0-5cm) of root, far fewer formed
on5-IOcm root, and none below 10cm, i.e., all nodules below
10cm were formed by indigenous rhizobia. In the treatment
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a few nodules were formed by strain PRC005 below 10cm. These
results implied that inoculum rhizobia moved insignificantly
in soil during plant growth. In the treatment where inoculum
was mixed with all the soil in the pot, strain PRC005 formed
nodules all over the root system, and the nodule occupancies
of upper, middle and lower parts of root system were roughly
the same. When comparison of nodule occupancy in terms of
whole roots was made between different treatments, it showed
clearly that the more dispersive strain PRC005 was in soil,
the higher nodule occupancy was achieved (Table 1).
Table 1. Total nodule occupancy of PR0005
in different treatments
Inoculation treatment
Nodule occupancy
On seed surface
14.2 C
At 5cm layer of soil
19.6 B
In 0-1Ocm depth of soil
40.0 A
In 10-20cm depth of soil
17.1 BC
In 0-20cm depth of soil
45.8 A
(3) Competition nodulation by pure cultures of strains PEC005
and PRC27wu in sterilized pots.
Results showed that the nodule occupancies of the two strains
were not significantly different when nearly equal numbers of
both strains were present in the mixed culture. Nodule occupancy of one strain increased with the increase of its relative dominance in the mixture. The result meant that the
competitive abilities of both strains were about equal. Although the competitive ability of strain PRC27wu will not be
the same as that of all indigenous rhizobia in soil, it is
representative of them to some extent. The result also indicates that the lower efficiency of strain PRC005 in nodule
occupation was not because of its competitive ability but
because of the influence of ecolopical factors.
CONCLUSIONS
The results showed that indigenous rhizobia in soil conditions
had the dominance in competitive nodulation. By increasing
the inoculum rate the nodule occupancy of inoculum strain
could be increased. If the inoculum strain is to overwhelm
the indigenous rhizobia and become the predominant occupant,
it has to become distributed throughout all soil microniches
so as to have every chance to infect the root hairs of the
host plant at all stages of root growth.
REFERENCES
(1) Schmidt,E.L. 1974. Soil Sei. 118(3):141-149.
(2) Wang P. et al. 1985. «X. Huazhong Agricultural College,
4(3):38-47.
..
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(3) Weaver.R.W., and L.R. Frederick. 1977. Agron. J.66(2):
233-235.
(4) Yao H. et al. 1983. Acta Pedologica Sinica, 20(1):85-91.

- 604 A STUDY ON SOIL NITHOGEN MINERALIZATION POTENTIAL AS AN INDEX
OF SOIL NITHOGEN AVAILABILITY
Li Shengxiu
Department of Soil Science and AgrochemiGtry, Northwestern
University of Agriculture, Shaanxi, China.
Modern research has demonstrated that the capacities of soil
supplying nitrogen to plants are not related with 6oil total
nitrogen, but with mineralizable part of soil organic nitrogen.
Optimal use of fertilizer N can be achieved, and loss of
nitrogen from soil as well as environmental pollution due to
exceeding application of N fertilizers can be avoided only when
the N supplying capacity of soil is assessed and taken into
account in making fertilizer recommendations.
Numerous biological and chemical methods of measuring soil
capacity of supplying nitrogen have been published, but none of
them is accepted as a common one for general practical use. The
deterrent seems that all these methods only measure one form or
certain forms of nitrogen existing in soils, and no method
reflects soil nitrogen dynamics during a plant growth period.
Moreover, the values determined by these methods are not always
, even not at all, in accordance with crop response.
In order to know if the soil nitrogen mineralization
potential(No) and mineralized N during plant growth periods
estimated from a short-term incubation can reflect 6oil N
dynamics and be used as an index of the availability of soil N
, and also to compare a chemical method of extracting potentially mineralizable N with the short-term incubation method,
a pot and an incubation experiments were carried out with 12
soils covering a range of textures, organic matter, total N
and C:N ratios. Perennial ryegrass and barley were used as
indication plants. The ryegrass was harvested on 4 occasions,
and the barley was harvested when milk stage was reached. All
the herbage and ryegrass roots were analysed for N by Kjedahl
method. The incubation was conducted for 2 weeks following
preliminary incubation of 1 week. The potentially mineralizable
N in soils was extracted with 1 M boiling KCl. The ammonium-N
and nitrate-H in the leached solution from the incubation and
in the filtrate from KCl extract were determined by continuous
flow analysis.
The results obtained are summarized as follows:
1. Significant^positive correlations existed between N
uptake by plants and N mineralized after a 2-week incubation.
The pairings of variables were nearly in straight lines except
one soil, which gave anomalous results. If this 60il was
excluded from analysis, the correlation coefficients were 0.90
for barley and 0.93 for ryegrass. This indicates that the short
-term incubation method is of significance in determining N
supplying capacities of 60ile.
2. Close relationship was found between N uptake by plants
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N during plant growth periods was obtained by multiplying the
soil N mineralization potential, which was calculated from the
expression, No=9.77 Nt( Nt=N mineralized in 2 weeks),with mineralization rates of the periods. In order to estimate the rates
, the weekly rate constant, k, was adjusted on averaße weekly
temperature recorded using the expression, log k = 7.7'-2758
(1/T), where T = absolute temperature. Although the mineralized
N during plant growth periods was estimated from N mineralized
in 2 weeks, plant uptake N was more correlated with the former
than with the latter. This further shows that the mineralized
N during plant growth periods, and hence No, have a considerable potential as a nitrogen availability index of soils.
3. Stable ratios of mineralized N during plant growth
periods to N uptake by plants were found. For many
years-j
soil scientists have tried to find out a quantitative and more
applicable approach for estimating the amounts of soil N made
available to crops through mineralization, but no good result
has been obtained. In the experiments there was still no such
relationship between mineralized N during plant growth periods
and N uptake by plants: the amounts between the pairingB in
different soils were neither equal nor approximate. However,
the regression coefficient for barley(OÓ'*) similar to that for
ryegrass(0.37) indicates that there was a stable relatioship
between them. Furthermore, the > ratios of N mineralized
during plant growth periods to N uptake by the two crops were
very close in different soils and even equal or approximately "
equal in same soil with a few exceptions. Taking an average,
the ratio was 2.2^ for barley and 2.12 for ryegrass, both
approximating to 2:1. The discrepancies of the ratios between
soils might reflect the nutrient holding capacities of soils,
the extent to which plant roots grew, and the easiness with
which plants took up nutrients from Boils. The fact that the
average ratios of different soils approximated to 2:1 seems to
indicate that nitrogen uptake by plants might be about half of
the mineralized N during plant growth periods. If the fact
exists, it may be used as a rational basis for quantitatively
predicting N amount usable^ by a plant during a certain period
of growth.
if. The amounts of N mineralized during 2-week incubations
had a high correlation with those extracted with 1 M boiling
KCl. When N was expressed in term ofytig per gram dry soil, the
regression equation was Y = 0.93 X - 6.97 ( Y and X denote N
obtained from the incubation and extracted with boiling KCl
, respectively ) , and the correlation coefficient between the ,
pairing of variables was 0.95 ( P<0.01 ) . When N was expressed
in term of mg per pot, the regression equation was Y = 0.98 X
- 11.3'», and the coefficient, 0.93 ( P<0.01 ) . In addition,
the regression coefficients of the two equations approximated
to I..
This indicates that the two methods have same value
in determining mineralized N , and the KCl method may provide
an easy, rapid technique for estimating No and mineralized N
during a plant growth season, simply by using a regression
equation.

- 606 NITROGEN FIXATION OF AZOLLA AND ITS UTILIZATION
Liu Chung-chu
Azolla Research Center, Fujian Academy of Agri. Sei. China
The Azolla-Anabaena azollae symbiosis is a N2~fixing association
between a eukaryotic fern and a prokaryotic algae. In China, Azolla
has been used as a green manure and asa fodder for over several centuries. Since 1976,the amount of N fixed and excreted by Azolla pinnata, A. caroliniana, A. filiculoides and A. microphylla has been
estimated by using 0 2 ^ - 0 2 ^ reduction method, Kjeldahl method and
" N dilution technique respectively. The results suggested that the
amount of N fixed by Azolla is more than 160 kg/ha. year, and the
amount of N excreted is 2.6-^.8% of that fixed N(2). The daily and
seasonal change of nitrogen fixation activity (NFA)(^) and the effect of combined N on NFA of Azolla have been determined ^'.Practices demonstrated that using double wide-narrow spacing techique
and selecting A. caroliniana which possesses multi-tolerance characteristics can further improve the potential of Np-fixing of Azolla
in paddy field * . In recent years, a rice-Azolla-fish system has
been developed under field condition. Usually, in this system the
grain yield increased 8.^ % than that in the traditional system, and
the fish products is nearly 1 ton/ha, which is 50-100 % higher than
that in the traditional rice-fish system. Moreover, dose of pesticide and fertilizer needed are decreased, thus the economic and ecological benefits are raised. Since 1979, an attempt of reinfecting
algae-free Azolla with the algae isolated from the leaf cavities of
same or different species of Azolla has been made in our laboratory,
and the rate of successful recombination was nearly hj) %.
Using cell fusion technique, we have established hybridoma cell
line (F16) secreting monoclonal antibody (McAb) to the Anabaena
azollae isolated from Azolla caroliniana. The fluorescence antibody
(FA) titers of this McAb in culture medium is up to 160 and in mouse
ascitic fluid is from 102^0 to 20<+80. The McAb-Fl6 belonged to IgGl
subclass, and reacted with Anabaena azollae isolated from A. caroliniana, A filiculoides and A. rubra, did not react with that from A.
mexicana, A. nilotica and A. pinnata. The direct immunofluorescent
test using Anabaena azollae with fluorescien isothiocyanate isomer
labelled McAb-Fl6 was conducted. The titers against Anabaena azollae
isolated from A. caroliniana, A. Filiculoides and A. rubra were 1280,
6^0 and GkO respectively, it did not react with that from other Azolla species. The results showed that McAb may serve a powerful reagent for the classification of Anabaena azollae.
REFERENCES
(1) Liu Chung-chu, et al. 1981. Plant Physiology. 7 (2): 97-101*
(in Chinese).
(2) Liu Chung-chu, et al. 1981. Chinese Agricultural Science. No. 't:
59-'+3 (in Chinese).
(3) Wei Weng-xiong, et al. 1984. Fujian Agricultural Science. No. 5,
2-5 (in Chinese)
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- 607 BINDING OF XENOBIOTICS TO HUMUS CONSTITUENTS
Shu-Yen Liu and Jean-Marc Bol lag
Department of Agronomy
The Pennsylvania State University
University Park, PA 16802, U.S.A.
Xenobiotic compounds entering the environment can be i n c o r p o r a t e d
into s o i l organic matter through b i o l o g i c a l or abiotic processes . The
environmental consequences of such bound residues are of e c o l o g i c a l
concern. Numerous studies have dealt with bound residues, but due to the
complex n a t u r e of humus m a t e r i a l s , knowledge of t h e c h e m i c a l
c h a r a c t e r i z a t i o n and other aspects of the bound residues is r a t h e r
limited.
Oxidative cross coupling reactions between xenobiotics and n a t u r a l l y
occurring phenols mediated by phenoloxidases play a s i g n i f i c a n t r o l e in
the formation of the bound residues. In a d d i t i o n , a v a r i e t y of inorganic
components of aquatic and s o i l environments such as c l a y , m i n e r a l s ,
t r a n s i t i o n metal oxides, free r a d i c a l s , etc. are a b i o t i c c a t a l y s t s that
can a l s o promote the c o p o l y m e r i z a t i o n of anthropogenic compounds w i t h
humic m a t e r i a l .
In our laboratory, a series of investigations have been carried out
on the cross c o u p l i n g r e a c t i o n s between x e n o b i o t i c s and n a t u r a l l y
o c c u r r i n g phenols using enzymes or a b i o t i c c a t a l y s t s . Based on a wide
v a r i e t y of model polymers synthesized in j_n v i t r o systems, we were able
to elucidate the s i t e and type of bindings, and also determine the extent
of some copolymerization reactions.
N a t u r a l l y occurring phenols were incubated together with a l k y l - and
h a l o g e n - s u b s t i t u t e d phenols or aromatic amines in the presence of
laccase, peroxidase or a s o i l - w a t e r s l u r r y . Substrates which represent
important monomeric constituents of humic r r a t e r i a l s , namely caffeic acid,
f e r u l i c a c i d , g a l l i c a c i d , protocatechu"c a c i d , o r c i n o l , r e s o r c i n o l ,
r e s o r c y l i c a c i d , s y r i n g i c a c i d , s a l i c y l i c a c i d , v a n i l l i c a c i d , and
v a n i l l i n were included in these studies. The r e s u l t i n g hybrid-oligomers
were separated by t h i n - l a y e r and high performance l i q u i d chromatography
and characterized by mass spectrometric analysis. Certain products were
i d e n t i f i e d by additional t e c h n i q u e s , such as u l t r a v i o l e t absorbance,
nuclear magnetic resonance, and infrared spectrometry.
When c h l o r i n a t e d p h e n o l s ( 4 - c h 1 o r o p h e n o 1 , 2 , 4 - and 2 , 6 d i c h 1 o r o p h e n o 1 , 2 , 3 . 6 - and 2 , 4 , 5 - t r i c h 1 o r p h e n o 1 ,
2,3,5,6tetrachlorophenol and pentachlorophenol} were i n d i v i d u a l l y incubated with
syringic acid and a laccase of Rhizoctonia p r a t i c o l a , two types of hybrid
oligomers (dimers to pentamers) were formed: (1) quinonoid oligomers in
which the chlorophenols were bound through ether linkages to orthoquinone
products of s y r i n g i c a c i d ; and (2) p h e n o l i c oligomers in which the
ch1orophenols were bound through ether l i n k a g e s to decarboxy1ated
products of syringic acid. Mass spectra of the hybrid oligomers showed
t y p i c a l c h l o r i n e isotope p a t t e r n s which were i d e n t i c a l to t h e i r
r e s p e c t i v e c h l o r o p h e n o l monomers. T h e r e f o r e , we concluded t h a t a l l

- 608 hybrid products contained only one halogenated phenol molecule and that
no dehalogenation took place.
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Enzymatic copolymerization of pesticide-derived aromatic amines (4chloroani1ine, 3,4-dichloroani1ine and 2 , 6 - d i e t h y l a n i l i n e ) with phenolic
humus c o n s t i t u e n t s r e s u l t e d in the f o r m a t i o n of a number of h y b r i d
dimers, t r i m e r s and t e t r a m e r s . The a n i l i n e s were bound v i a an imine
linkage or through a nitrogen-carbon single bond to a quinone o r i g i n a t i n g
from v a r i o u s humic a c i d c o n s t i t u e n t s .
We also investigated the c a t a l y t i c effect of a soil-water s l u r r y on
the copolymerization of 2 , 6 - d i e t h y l a n i l i n e and syringic acid. After one
day incubation, more than 60% of the applied chemical could be recovered
as a mono-imine type h y b r i d dimer whose mass and n.m.r. s p e c t r o m e t r i c
data were i d e n t i c a l to that of a hybrid dimer (N-2,6-diethylphenyl)-2,6dimethoxy-£-benzoquinone imine) p r e v i o u s l y obtained from the enzyme
assay.
Copolymerization reactions depend l a r g e l y on the chemical r e a c t i v i t y
of the substrates involved. Certain phenolic humus constituents, such as
s y r i n g i c or f e r u l i c a c i d , are h i g h l y r e a c t i v e towards phenol oxidases.
When such a r e a c t i v e compound was incubated in the presence of a
phenol oxidase w i t h less or n o n - r e a c t i v e p h e n o l s , a n i l i n e s or other
chemicals, a synergistic reaction took place, which led to the enhanced
or previously nonexistent r e a c t i v i t y of these compounds.
Our r e s u l t s p r o v i d e d c l e a r evidence t h a t c o v a l e n t b i n d i n g of
x e n o b i o t i c s to humus c o n s t i t u e n t s occurred r e a d i l y in the presence o f
f u n g a l l a c c a s e s , peroxidases, as w e l l as in a s o i l - w a t e r s l u r r y . The
b i n d i n g mechanisms d e t e r m i n e d from a v a r i e t y of model polymers
demonstrated in the present s t u d y , may h e l p to e x p l a i n the nature of
bound r e s i d u e s .
Furthermore,
t h e method o f e m p l o y i n g t h e
c o p o l y m e r i z a t i o n r e a c t i o n s as a process f o r c o n t a i n i n g or removing
hazardous chemicals i n an aquatic or t e r r e s t r i a l environment might be
useful in p o l l u t i o n c o n t r o l .
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Soil m i c r o b i o l o g i c a l a c t i v i t y and n i t r o g e n u p t a k e
ganically grown s p r i n g - w h e a t with c l o v e r - g r a s s .
M.
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Maag

State taboratory
Denmark.
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Soil
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The n i t r o g e n n u t r i t i o n of crops grown on solely organic fertilized soil is highly d e p e n d i n g on soil m i c r o b i a l a c t i v i t y .
In o r g a n i c a l l y farmed s o i l , which a v o i d s m i n e r a l f e r t i l i z e r s
and p e s t i c i d e s , the n i t r o g e n n u t r i t i o n of the crops is also
a f f e c t e d by the c o m p e t i t i v e N - u p t a k e by w e e d s . This study was
u n d e r t a k e n : (I) to m e a s u r e n i t r o g e n uptake of w h e a t , c l o v e r grass and weeds in a mixed c r o p , and (II) to e x a m i n e the r e l a t i o n s h i p b e t w e e n m i c r o b i a l b i o m a s s and - a c t i v i t y with m i n e ral n i t r o g e n p o o l s .
The a b o v e - g r o u n d a c c u m u l a t i o n of n i t r o g e n (N) in a o r g a n i c a l ly farmed s o i l , with and w i t h o u t m a n u r e , was m e a s u r e d in a
field e x p e r i m e n t .
Grain yield when no m a n u r e was added was 3200 kg d . w . / h a ; it
increased by 31 % when 80 kg NH.-N was added as liguid and
solid m a n u r e . N - u p t a k e rates were low but e n d u r i n g in both
soils.
R e c o v e r y of added N was c a l c u l a t e d to 54 % of NH.-N and 18 %
of total N.
The amount of N i w e e d s was e s t i m a t e d to A % of total N in
plant b i o m a s s at h a r v e s t .
D e h y d r o g e n a s e a c t i v i t y , r e s p i r a t i o n - r a t e and b i o m a s s of m i c r o o r g a n i s m s were higher in m a n u r e d than u n m a n u r e d s o i l . U n til D e c e m b e r only few s e a s o n a l v a r i a t i o n s were seen in r e c o r dings of respirat ion-rate and p l a t e c o u n t s of b a c t e r i a . The
v a l u e s of b i o m a s s of m i c r o o r g a n i s m s and r e s p i r a t i o n - r a t e s
were higher than n o r m a l l y found in c o n v e n t i o n a l c u l t i v a t e d
s o i l . The r e l a t i o n s h i p b e t w e e n the soil m i c r o f l o r a and the
N - p o o l s is d i s c u s s e d .

- 610 STUDIES ON SULPHUR OXIDIZING R A C T ^ I A TN SOTL, PHIZOSPH'sP'1;
AND PHIZOPLANE OF SUGARCANE. Occurrence of certain microorganisms.
By
S.Z.Mahmoud, M.Abdel-Nasser, V.S.\.Safwat, A.R.Abdallah, M.
x

Abdel-Hakim

Abstract

A green-house

experiment was conducted to study the occurr»-ence

of certain soil microflora in non-rhizosphere, rhizosphere soils
and rhizoplane samples of two varieties of sugarcane, namely
Natal Coimbatore 310 (N.Co.310) and Coimbatore 28l (Co.2fil)
grown in either unamended or in soil amended with sulphur,
during different growth phases (until 210 d a y s ) .
In both, unamended and amended soils, counts of bacteria, sporeformers, phosphate dissolvers, Azotobacter, Azospirilium and
Thiobacilli were generally higher in rhizosphere soils of the
two varieties of sugarcane as compared with counts in nonrhizosphere soils resulting in positive rhizosphere effects.
In soil amended with sulphur counts of these microorganisms in
rhizosphere soils and rhizoplane samples of the two varieties of
sugarcane were generally higher as compared with counts in the
unamended soil. Generally, the counts differed according to the
variety and growth phase of sugarcane and type/and physiological
properties of microorganisms under study.
The rhizoplane samples of the two varieties of sugarcane grown
in either unamended or amended soils contained high numbers of
heterotrophic microorganisms i.e. bacteria, phosphate dissolvers
and Azospirillum, while lower counts of Azotobacter were recorded.
On the other hand, counts of autotrophic microorganisms (Thiobacilli) were much lower as compared with heterotrophic microorganisms .
Regarding to chemical analysis, soil amended with sulphur contained appreciable amounts of sulphate, total nitrogen, total
phosphours and organic matter as compared with unamended soils.
Lower pH values in the amended soil were also recorded.
x Prof.Dr.S.Z.Mahmoud,Fac. Agric.Ain Shams Univ.Cairo. Prof.Dr.
M.Abdel-Nasser and Prof.Dr.M.S.A t Safwat, Associate Prof.Dr.
A.R. Abdallah, M.Abdel-Hakim,M.Sc. Dept t of Microbiology,
Fac. A g r i c , Minia U^iv. Egypt.
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pH(H20) 3.9-4.1 to 6.5 and 7.0 by liming with CaCO.. , respectively.

Mineralization of C and N from the treated soils

were accelerated after liming and their mineralized amounts
during 20 days were larger in the soundly limed soil (adjusted to pH 7.0) than in the soil adjusted to pH 6.5.
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- 612 PHOSPHORUS FLUXES IN THE RHIZOSPHERE
M,J. McLaughlin, A.M. Alston and J.K. Martin
Waite Agricultural Research Institute, Glen Osmond, South Australia
Recent developments in procedures for fractionating soil phosphorus
(P) x have allowed a better understanding of the transformations which P
undergoes in soils. The role of the microbial biomass as a source, sink
and pathway for redistribution of P in soils can now be evaluated using
techniques which directly measure P held in this pool 2 . The objective of
this study was to quantify the fluxes of P occurring in the rhizosphere
both to and from the plant and association microorganisms, and between the
various chemical pools in soil.
A disadvantage of the fumigation technique commonly used to measure
microbial P in soils is interference of live root material 3 . While the
bulk of the roots can be removed by hand there remains an undefined amount
of fine root which may lead to overestimates of microbial P. Removal of
roots also removes a large population of microorganisms present in the
soil adhering to the root surface 4 . In studies of the rhizosphere where
rooting densities are, by definition, always high this is a significant
problem.
To overcome the problem we used a modification of the porous
membrane root culture technique5.
The roots were physically separated
from the soil medium by growing them within porous membrane envelopes
centrally located in soil in plexiglass boxes (see diagram below). Each
box contained 120 g soil amended with 3 2 P labelled fertiliser (38.5 mg 3 1 P
kg* 1 , 2.6 MBq 3 2 P k g " 1 ) .
After the soil was incubated for 7 days at 20°C
and -66 kPa water potential germinated wheat seeds were planted within the
membrane envelope. The seedlings were labelled with 3 3 P (carrier free) by
foliar application at 9 and 13 days after planting, and by injection into
the stem at 19 and 21 days to give a total application of 250 kBq 3 3 P
plant" 1 at harvest.

33

P labelled tops (by injection)

33

P labelled roots (by translocation)

5 pm diameter pore membrane

32

6;urn

P labelled soil

- 613 The plants were harvested after 22 days and 3 1 P , 3 2 P and 3 3 P in the
tops, roots and soil fractions were determined.
Tops of plants in a
second series of boxes were harvested after 22 days and the soil
(including intact roots) was dried a 50°C (48 h ) , rewetted to -66 kPa
water potential and incubated for 48 h before analysis as above.
Net flux of 3 3 P out of the growing roots was minimal (0.9-4.6% of
total root P ) .
Of this 64.8 + 5.4% could be found in the NaHC0 3
extractable fraction with the remainder being in the HCl fraction.
Although a large pool of microbial P (22.6 pg 3 l P g*1 soil) formed,
microbial uptake of P derived from the roots was insignificant. On drying
and rewetting the soil an additional 25.4% root P was released into the
soil.
Soil microbial P values fell to 7.0 (Jg 3 1 P g - 1 soil, indicating
that the organisms had not recovered from the induced water stress even
after 48 h incubation.
Of the P added in the 3 2 P labelled fertiliser 7.1 ± 1.8% was
recovered in tops and 4.4 ± 0.7% in the roots of the non-moisture stressed
plants, whereas 13.6 ± 1.8% was present in the microbial biomass. (A K
factor of 0.4 was determined separately using 3 1 P . )
Thus although the biomass was a small portion of total soil P
(5.2 ± 0.6%) it had taken up relatively large quantities of fertiliser P
in the 22 day growth period. The roots may have provided an energy source
for the organisms through exudation or sloughing of cells, but the absence
of 3 3 P in the biomass showed that they did not supply P.
1.
2.
3.
4.
5.

Hedley, M.J., Stewart, J.W.B. and Chauhan, B.S. 1982. Soil Sei. Soc.
Amer. J. 46, 970-976.
Brookes, P.C., Powlson, D.S. and Jenkinson, D.S. 1982. Soil Biol.
Biochem. 14, 319-329.
McLaughlin, M.J. and Alston, A.M.
1985.
Soil Biol. Biochem.
17, 271-274.
Martin, J.K. and Foster, R.C. 1985. Soil Biol. Biochem. 17, 261-269.
Brown, D.A. and Anwar-Ul-Hat. 1984.
Soil Sei. Soc. Amer. J.
48, 692-695.

Resumé
Les flux de P dans Ie rhizosphère ont été étudiés en utilisant une
variante de la "root membrane" technique5 avec des plantes marquees au 3 3 P
et un sol marqué au 3 2 P .
Le flux net de 3 3 P provenant des racines
intactes encroissance était faible (0.9-4.6%) mais augumentait de 25.4% a
la suite d'une récolte et d'un cycle de dessèchment et réhumidification.
A partir de 1'engrais marqué au 3 2 P ajouté au sol, 7.1 ± 1.8% du P a été
retrouvé dans les parties aériennes des plantes, 4.4 ± 0.7% dans les
racines et 13.6 ± 1.8% dans la biomasse microbienne.
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Soil enzyme activities and soil fertility
Min Jiukang, Guan Songyin, Shen Guinin, Men Zhaopeng
Yao Zaohua.
Soils and Fertilizers Institute CAAS

The paper reported the relationship between the activities of
soil enzymes and soil fertility in different soils in China.
1. The activities of invertase, urease, protease, polyphenol
oxidase, catalase and phosphatase in the surface soils were different in the various soil types of China, such as cultivated fluvosoil, brown earth, black soil, planosol, castanozem, cinnamon soil,
yellow brown earth, yellow earth, red earth, purplish soil, calcareous soil and paddy soil. Among the enzymes in tested, activity
of polyphenol oxidase in above soils had greatest difference, which
was in the range of 0.33--5.0 0.01 N I ml/g soil. The next was
phosphatase, followed by protease, urease, invertase and catalase,
which were in the range of 1.16--4.87 phenol mg/g soil, 0.18—0.62
NHj-N mg/g soil, 0.11—O.74NH3-N mg/g soil, 10—kO glucose mg/g
soil and 11--17 0.1N KMnO^ ml/g soil respectively.
2. The invertase activity was increased with the application
of manure and fertilizers. The degree of influence varied with
the different treatments. Generally speaking, the combination of
manure and fertilizers showed the greatest influence, follow by
the treatment with manure alone. The treatments with fertilizers
showed smaller effect on the invertase activity. For example, the
invertase activity in the cheek V B E 16.9 glucose mg/g soil, while
the activities in the treatments of manure plus fertilizers, manure alone and N fertilizer were 32.0, 2^.6 and 19-8 glucose mg/g
soil respectively.
3. Various substrates, such as manure, wheat straw, green manure (vetch), starch and glucose, could increase the activities
of invertase and urease. With time, the urease activity increased
and reached a maximum (I.38NHJ-N mg/g soil), then it gradually
decresed to the original level (0.82NHT-N mg/g soil), whereas the
invertase activity showed continuously increase from k6.0 to 60.0
glucose mg/g soil during the experiment.
*+. There were so*« differences among enzyme activities in different fertility soils of the same 60il type. Generally speaking,
the activities of invertase, urease, protease and phosphatase were
high in the soils rieh in organic matter, total-N, hydrolyzable-N
available-P, organic-P and total-P. Therefore, the activities of
some enzymes, such as invertase and urease might be used as an important measurement for evaluation of soil fertility.
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SYMBIOTIC NITROGEN FIXATION BY TWO LENTIL CULTIVARS
IN RELATION TO RHIZOBIUM STRAIN, COMPETITION
AND IRRIGATION RATES
By
H. Moawad, S.MS. Badr El-Din and MJi. Khalfallah
Soil Microbiology Lab., National Research Centre,
Cairo,

Dokki,

Egypt.

SUMMARY
Two Rhizobium
were

studied

leguminosarum

in their

relation

to

STRAINS'
fix

TAL

atmospheric

638 and Nitragin 92 A3
nitrogen

with

two

lentil

c u l t i v a r s . The experiment was conducted in a Delta N i l e clay loam soil using
two rates of
lentil

with

irrigation.

Regardles«

these strains

either

the i r r i g a t i o n regimes, the inoculation of

singly or in combination induced

significant

increase in plant dry w e i g h t , n i t r o g e n f i x a t i o n and seed yield. Giza 370 c u l t i v a r
in symbioses

w i t h any of

the strains

was superior

in nitrogen

accumulation

and seed yield than Giza 9 c u l t i v a r . However, the strain X variety i n t e r a c t i o n
was not significant.

The nitrogen f i x a t i o n and the yield of both l e n t i l cultivars were s i g n i f i cantly

a f f e c t e d by w a t e r

regime.

The frequent

irrigation resulted in higher

plant dry weight, N accumulation and seed yield w i t h both cultivars.

The inoculum s t r a i n o u t c o m p e t e d the resident rhizobia. Between 72-92%
of

nodules

were occupied

by the strains used as single inoculum. In double

strain inocula, R. leguminosarum strains, TAL 638 and N i t . 92 A3 were equally
c o m p e t i t i v e on both c u l t i v a r s under the two i r r i g a t i o n regimes. The incidence
of double strain occupancy w i t h i n t h e nodules collected f r o m t h e double s t r a i n
inocula ranged between 0 to 38%.

- 616 Modellierung des Mikroorganismen-Wachstums in Bodenaggregaten
Modelling of microbial growth in spherical soil
aggregates
H. N i e t f e l d
und
F. B e e s e
Institut für Bodenkunde und Waldernährung,
Büsgenweg 2, D-3400 Goettingen

Böden bestehen aus einer Matrix von räumlich angeordneten
Partikeln und bilden ein komplex geformtes Porensystem.
Daraus ergeben sich für die im Boden lebenden Mikroorganismen Lebensbedingungen, die sich von denen in homogenisierten Bodenproben und in Kulturlösungen stark unterscheiden.
In den bisherigen Modellsätzen zur Beschreibung des
Stoffumsar.zes und des Mikroorganismen-Wachstums in Böden
wurde diese Besonderheit nicht hinreichend berücksichtigt.
Strukturbedingte bodenspezifische Kenngrößen (z.B. Größe
der Aggregate, effektiver Diffusionskoeffizient, Adsorptionsparameter) bestimmen die Raten des Umsatzes von applizierten Stoffen und die an Energie und Nährstoffe gebundenen Wachstumsraten der Mikroorganismen. Muster des Organismenwachstums und der metabolischen Aktivität, wie sie in
Böden gefunden werden, lassen sich zum Teil auf die räumliche Anordnung von Energieträgern und Salzen sowie der Mikroorganismenpopulation zurückführen. Aufgrund der methodischen Schwierigkeiten der Erfassung solcher Verteilungen,
werden die Reaktionen gegenwärtig fast ausschließlich auf
enzymatische oder populationsbedinge Anpassungen zurückgeführt. Mit Hilfe von mechanistischen Modellen soll demonstriert werden, daß die räumliche Anordnung der Bodenaggregate einen maßgeblichen Einfluß auf die Raten des StoffUmsatzes und des Organismenwachstums hat.
Die hier vorgestellten Modelle beschreiben den Stofftransport durch Diffusion, den Substratverbrauch und das Wachstum von Mikroorganismen in kugelförmigen Bodenaggregaten.
Dabei wird die Modellvorstellung zugrundegelegt, daß das
Bodenaggregat mit Mikroorganismen besetzt und von einem
Substratmantel mit konstantem Volumen umgeben ist.
In Modell I wird der Einfluß eines Stoffes (hier Glucose)
beschrieben, der nicht mit der Bodenmatrix reagiert:

(1)

|| =

L(C )

(2)

d_M
d t

(

=

AI

'

_

- A^M

e

' y) • M

+

e • M0
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In Modell II wird das Mikroorganismen-Wachstum neben dem
Energieträger Glucose (Modell I) durch das Vorhandensein
einer N-Quelle gesteuert. Dafür wurde NH 4 +
gewählt, das
als Kation dem Ionenaustausch unterworfen ist und damit ein
anderes Transportverhalten als die Glucose aufweist:

(3) ^_S
dt

+

AI
= L {Z) - £^»
dt
' y

Das Wachstum der Mikroorganismen wird in diesem Falle durch
zwei Monod-Raten festgelegt. Die Randbedingungen in beiden
Modellen geben die Endlichkeit des vorhandenen Substrats
wieder.
S y m b o l e :
L ^
^
C(C), S, M

•
=

Diffusionsoperator
Konzentrationen [wg/g Boden] an freilöslichen und adsorbierten Substrat und mikrobieller Biomasse (MQ Anfangskonzentration)
spezielle Erhaltungsrate- 1 [h -1 ]

e ^

=

/t./T

= Monod-Wachstumsraten [ h ]

y

=

Ertragskoeffizient

Die numerische Lösung dieser beiden Modelle erfolgte mit
Hilfe des total-impliziten Differenzenverfahrens. Die dadurch erhaltenen nichtlineraren Gleichungssysteme wurden
durch das Newton-Raphson-Verfahren gelöst.
In Modellrechnungen wurden zunächst für die Parameter Literaturangaben verwendet. Die Simulationsexperimente zeigten,
daß die zeitliche Entwicklung der gesamten Biomasse innerhalb des Aggregates maßgeblich durch den Interaktionsprozeß
Stofftransport-Kinetik des StoffVerbrauchs beeinflußt wird,
welches bei größeren Strukturen durch das Auftreten einer
äußeren Wachstumszone an der äußeren Peripherie der Aggregate gekennzeichnet wurde. Ebenso konnten durch nichtkonstante Mikroorganismen-Anfangskonzentrationen verschiedene Muster der Biomasse-Entwicklung festgestellt werden.
Zur Verifikation der Modelle wurden mikrokalorimetrische
Thermogramme und Messungen der
C02-Produktion herangezogen.

- 618 Eiolcgical ni trcger.-f ixa tion in s;r,e Hungarian
forestrial ecosystem

ïatyar.a Fäntcs-Derimcva. Syërgy F&atoa
University of Forestry and Timber Industry
Chair for Soil Science
Sopron

Investigations have teen carried out in the following ecosystems: 1/ 116 years old spruce nixed with
larch /Ficeetum excelsae cultum/ plantation forest
on acidic, ncr.-podzolic brown forest soil; 2/ brushwocd-type 77 years old chestnut-putescent-Turkey
oak /Crr.c-Quercetum pubescenti-Cerris/ on rendzina
soil; 3/ naturallike, thinned and unthir.ned, 1C4years old beech on brown forest soil with washed-in
clay /Fagetum silvaticae/.
The N„-fixing activity has been determined by
the acetylene reduction method. This method is based
on the impeding effect of acetylene on the nitrcgenaze-enzym system's N~-fixing.
In order to determine the quantity of N„ actually
fixed in the soil, it is insufficient to know the
actual N_-fixing activity. The former depends namely
on the »eight of the litter cover and of the root mass,
on the thickness and volume mass of the genetic levels
and of the studied layers of the soil, further on the
depth of the profile.
The quantity of N 2 fixed in the profile during
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the vegetation period »as highest in the urtr ir.r.ed teech
stand with €.742 kg N^/ha. In a decreasing order followed the unthinned teech stand, »here this value was
5.874 kg Np/he, then in the chestr.ut-putescent-Turkey
oak stand with 4.979 kg/ha, and lastly the spruce
stand mixed with larch, where it was only 1.319 kg
N 2 /ha.
When evaluating these values the very different
depths of the soil types of these ecosystems should
he considered. Thus e.g. the N~-fixing activity and
the actually fixed Np-quantity was highest in the 50
c.T deep A-level of the rer.dzina-soi 1. It was further
fojnd that in the acidic non-podzolic brcwn forest
soil below the spruce stand nixed with larch the fixed Np-values were very lew as studied till depths
of 120 en. This can te explained ty the very high
acidity /pH J.2 - 3.7 measured in KCl/ and by the
relatively slcwer trar.sf orrration of fallen conifercus
litter. Further it nay be supposed that root discharges contain also small quantities of C-sources
utilizable for the N?-fixing microorganisms. It may
happen that there are microbic species among the
population of the rhizosphere which are antagonistic
to end hamper the activity of the ni trogenase-enzymic
system of the non-symbiotic N„-fixing microorganisms.

- 620 EXTRACTION OF HUMIC FRACTIONS WITH CATALASE ACTIVITY
FROM SOIL.
PEREZ MATEOS, M.; GONZALEZ CARCEDO, S. AND BUSTO NUNEZ, M.D.
D e p a r t m e n t of B i o l o g y . U n i v e r s i t y
2 3 1 . 09071 B U R G O S . ( S p a i n ) .

of V a l l a d o l i d .

CUI. Aptdo.

The extraction of enzymes from soil is a neccessary step when their
origin, location and persistence in soil are studied. The type of extraction can give a useful information about the state of enzymes which are relea
sed and remain stabilized on soil colloids.
The aim of this abstract is to present a sequential method to extract
soil fractions which contain catalase (EC 1.11.1.6), an intracellular enzyme
that may retain its activity outside microorganisms by becoming stabilized
on colloidal particles (Stotzky, 1974). This method implies the successive
treatment of soil with sodium tetraborate, sodium pyrophosphate and sodium
hydroxide. Tetraborate has been successfully used to extract organic matter
bounded to soil matrix by electrostatic attachments (Greenland, 1965). Pyro
phosphate was proposed by Bremner and Lees (1949) for extraction of organic
matter and has been used to isolate soil fractions with enzyme activity.
This solution releases organomineral compounds which are "immobilized" as
coordination complexes by metal bridges to clays (Bruckert, 1979). Sodium
hydroxide has a strong action of hydrolysis because it can break covalent
bounds which link organic matter to soil.
Sodium pyrophosphate was used to search for the best experimental
conditions for extraction of fractions with catalase activity. Time of extraction, number of successive treatments with the same sample, pyrophospha
te/soil ratio, pyrophosphate concentration and pH of the final medium were
studied. Table 1 shows the percentage of catalase activity obtained in the
TABLE 1. EXTRACTION OF CATALASE ACTIVITY FROM SOIL
TIME
(h)

CONCENTR.
(M)

RATIO No.
2.66
2.66
3.00
4.09
6.01
6.01

O.b
1
5
9
18
24

1/5

1
2

3.84
0.96

3

1.15

4
0.55
TOTAL 6.50

0.20
0.10
0.05
0.01

pH
6.15
10.89
16.40
31.20

5.22
6.18
6.80
7.36
8.20
9.62

3.33
4.79
4.87
5.43
4.50
3.38

5.80
2.79
(IV)
(III)
1.54
0.76
(ID
TOTAL 10.89
IT] pH-7.1; 0.1 M; 1 extraction; ratio 1/5,
(II) pH-7.2; 0.1 D; 16 h of treatient.
(HI) pH-7.2; 4 extraction»; patio 1/2; 18 h of treatient.
(IV) 0.05«; 1 extraction; ratio 1/2; 18 h of treatient.
(* percentage of activity extracted with respect to the original soil; ** nuiber of
extractions perforaed with the saae soil sediaent)
(I)

1/2

fractions with respect to a control sample. Only one variable was studied
in each assay, fixing all the rest. Eighteen hours of reciprocating agitation (60 rpn); four successive extractions; a 1/2 ratio for the mixture
soil/fractionating solution (p/v); diluted concentrations of pyrophosphate
(0.01 n) and neutral values of final pH (7.36) were the suitable conditions,
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initial pH value of pyrophosphate is different to the medium of extraction
because of the buffer effect of the soil. Therefore, when the treatment is
repeated with the same soil sediment, the pH of the medium increases gradua
lly and the organic matter extracted will have different characteristics
each time. Figure 1 includes the percentages of catalase activity appearing
in soil fractions when three
concentrations of pyrophosphate at different initial
2 10
pH values (7.5, 8.2, 9.0)
were used. These values are
required to obtain a final
pH next to 7. With diluted
concentrations (0.1 and
0.05 M) the extracted activity was increasing as the
treatment was repeated. Thé
highest values are assayed
in the fourth extraction at
pH
pH values between 8 and 9.
Fig. 1. EFFECT OF pH ON SUCCESSIVE EXTRACTI- This maximun can only be ob
served at this pH when seve
ONS FROM A SOIL HUHIC FRACTION WITH
ral extraction procedures
CATALASE ACTIVITY.
are performed with the same
soil sediment. Enzymes may be strongly assocciated to soil matrix by coordi
nation bounds and they can only be released when the pyrophosphate treatment
is repeated.
Results obtained with the sequential method of extraction (tetrabora
te, pyrophosphate, NaOH) are indicated in Table 2. Tetraborate extracts less
activity from soil than pyrophosphaTABLE 2 . SECUENTIAL PROCEDURE OF E X te in the first treatment. Moreover,
TRACTION OF SOIL FRACTIONS
there seems to be some activity from
WITH CATALASE ACTIVITY
enzymes weakly attached to soil.
These enzymes are liberated in the
EXTRACTED ACTIVITY
SECUENTIAL
first treatment with any kind of soEXTRACTIONS
(X)
lution. Enzymes assocciated to humic
Tetraborate
4.22
matter bounded by coordination links
Pyrophosphate
3.30
seem to be the most stable to extrac
NaOH
2.37
tion procedures, but some activity,
TOTAL
9.89
which can be still extracted, remains
in the tBil sediments. Therefore, the Catalase a c t i v i t y in the original soil aaaple:
repititlbn^bfthe treatment with pyro 26 al 0 2 /2 g s o i l / 7 a i n .

phosphate and perhaps with tetraborate becomes, in t h i s way, neccessary.
REFERENCES
BREMER JH and 1EES H (1949) Studies on soil organic Batter. I I . The extraction of organic l a t t e r fro« s o i l by neutral reagents. J Agric Sei 39, 274-279.
BRUCKERT S (1979) Analyse des coaplexes organo-aineraux des sols. In "Pedologie:2. Constituants
et proprieten du sol" (Rason Ed), pp 187-209. Paris.
GREEILARO DJ (1965) Interaction between clays and organic coapounds in s o i l s . I : Rechanisas of
interaction between clays and defined organic coapounds. Soil £ Fert 28, 415-425.
STOTZKY G (1974) A c t i v i t y , ecology and population dynaaics of aicroorganisas in s o i l . In " R i crobial Ecology" ed A Laskin E H Lechvalier, pp 57-135. Cleveland, Ohio: CRC Press.
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- 622 Auswirkung von Bodensanierung auf streusalzgeschädigte Straßenbaume im Hamburger Stadtgebiet unter besonderer Berücksichtigung der Rhizospare
Dr. E.-M. Pfeiffer, Wiss. Mitarb., Ordinariat für
Bodenkunde, Universität Hamburg
The effect of soil melioration on NaCl-damaged
roadside trees in the City of Hamburg
keywords: deicing salt, NaCl-nekrosis, damaged roadside
trees, soil melioration, ion contents in leaves,
twigs, stems, roots, in the rhizosphere and soil
Das Streusalz als eine Hauptursache des "Baumsterbens" in
der Stadt ist besonders seit den 60-er Jahren bekannt
(HOLMES 1961, RÜGE 1968). Dennoch gibt es relativ wenige
Untersuchungen
zur Sanierung von streusalzgeschädigten
Bäumen. Seit 1979 sind von der Umweltbehörde Hamburg und
später auch vom Umweltbundesamt Berlin (UBA) umfangreiche
Untersuchungen zur Sanierung streusalzbelasteter
Böden
nach dem Ionenaustausch-Verfahren (MEYER-SPASCHE 1982)
durchgeführt worden.
Die Auswirkung der Straßenbodensanierung für den Baumbestand bzw. der Erfolg der Sanierung als Ausdruck einer Erholung bzw. Gesundung streusalzgeschädigter Straßenbäume
sollte mit der vorliegenden Arbeit an vier häufigen Hamburger Straßenbaumarten (Kastanie, Linde, Platane, Roteiche) überprüft werden.
Durch die Sanierungsmaßnahmen konnten vor allem die Bedingungen im Wurzelraum verbessert werden. Die behandelten
Bäume bildeten bereits im Jahr der Sanierung deutlich mehr
Wurzelmasse aus.
Obwohl die NaCl-Belastung infolge von Auswaschung und Sanierungsmaßnahmen im Boden deutlich zurückgegangen ist,
sind die NaCl-Gehalte in den Bäumen immer noch hoch. Dies
gilt besonders für Kastanien und Linden. Die Salzabnahme
im Baum ist gegenüber der NaCl-Abnahme im Boden verzögert.
Für die sanierten Bäume konnte bereits eine geringere Salzbelastung festgestellt werden.
Die lonenverteilung im System Boden-Baum bei niedriger
aktueller NaCl-Konzentration im Boden läßt interne Nachlief erungs- und Verlagerungsprozesse im System erkennen:
Die Clorid-Verlagerung verläuft für die Kastanien, Linden
und Platanen aller Vitalitätsstufen aus den Speicherorganen heraus (Zweigholz, Stammholz, Wurzel) hauptsächlich in
Richtung Blatt. Dort wird Chlorid im Vegetationsverlauf
angereichert und je nach Belastungshöhe über die Jahre hinweg durch den Blattabwurf ausgeschieden. Eine herbstliche
Rückverlagerung verzögert die Chloridabsalzung.

- 623 Eine Cl-Rückverlagerung aus dem Stammholz in die Wurzelorgane mit anschließender Cl-Abgabe an den Rhizoboden ist
besonders deutlich für die Linden
und Platanen
zu
erkennen.
Die Natriumverlagerung
unterschiedlich:

ist in den verschiedenen Baumarten

Die maximalen Na-Gehalte der Wurzeln im System der Roteichen und Platanen zeigen, daß hier zwar Natrium in die
Wurzeln aufgenommen wird, aber eine Translokation in den
Baum bedeutungslos ist.
Bei den Linden wandert Natrium bis in Blatt, wo es sich
anreichert und erst mit dem Blattfall aus dem System ausscheidet.
Die Na-Verlagerung in den Kastanien stellt eine Besonderheit dar. Mit steigender Belastung werden bereits im Mai
die Maximalwerte im Blatt erreicht. Im Verlauf der Vegetationszeit nehmen dann die Blattgehalte umso stärker ab, je
höher sie bereits im Mai belastet waren. Die Na-Abnahme
ist dabei sehr hoch mit dem Belastungsgrad linear korreliert (r = 0,98). Da dieser Sachverhalt in noch stärkerem
Maße für das Zweigholz nachgewiesen werden konnte, wird
eine kontinuierliche Auswaschung über die Blattoberfläche
während der gesamten Vegetationsperiode angenommen. Unterstützt wird diese Annahme durch die verringerte und unregelmäßige Na-Abnahme im Blatt des trockenen Sommers 1983.
Im gesamten Untersuchungszeitraum von 1981 bis 1984 lassen
sich hinsichtlich des Natriums und des Chlorids zwei einander überlagernde Bewegungen erkennen. Im Zeitraum Mai
bis September steigen die Na-Blattgehalte (Ausnahme: belastete Kastanien) in allen Jahren, allerdings in jedem
neuen Jahr auf stetig niedrigerem Niveau. In den belasteten Straßenbäumen findet also ein Pro;eß der Selbstreinigung statt. Dieser Vorgang wird jedoch einige Jahre andauern, da immer noch ein hohes NaCl-Potential in den
Speicherorganen der Bäume vorhanden ist. Die mäßig geschädigten Bäume reagieren bereits in einen kürzeren Zeitraum und zeigten verminderte Nekrosenbildung.
Insgesamt kündigt sich in allen Baumarten und allen Zustandsstufen eine Gesundung in erniedrigten NaCl-Gehalten
an.
Holmes, F.W.: Salt injury to trees. Phytopath., 51, 1961
Meyer-Spasche, H.: Streusalzschäden und Möglichkeiten der
Beseitigung. Gartenamt, 11, 1982
Pfeiffer, E.-M.: Veränderung der Ionengehalte streusalzgeschädigter Straßenbäume durch Bodensanierung. Hamb. Bodenkundl. Arb., 4, 1985
Rüge, U.: Die Gefährdung der Straßenbäume in Großstädten.
Gartenbauwelt, 68, 1968

- 624 STICKSTOFFERNÄHRUNG UND SCHWERMETALL-TRANSPORT
IN PFLANZENWURZELN
E. Przemeck und N.LI. Haase
Institut für Agrikulturchemie der Georg-August-Universität
von Siebold-Str. 6, D-34QQ Gottingen, Fed. Rep. Germany
In einer früheren Arbeit wurde nachgewiesen, dass im Xylemsaft
(Exsudat) dekapitierter Wurzeln von Kürbispflanzen organische Nhaltige Verbindungen mit Molmassen von Aminosäuren bis zu Polypeptiden enthalten sind. Da derartige Verbindungen eine hohe
Bindungsaffinität zu Schwermetallen unter Bildung von Komplexverbindungen besitzen, ist in Betracht zu ziehen, dass sie
Funktionen beim Transport von Schwärme tallen in der Wurzel ausüben. Daher wurde untersucht, ob näher charakterisierbaren Fraktionen von organischen N-Verbindungen des Xylemsaftes der Kürbiswurzel eine Mitwirkung beim Transport von Schwermetallen zugeordnet werden kann und ob dies in einer Beziehung steht zur
Menge und zur Form der Sticks toffVersorgung der Pflanzen.
Material und Methoden
Für die Untersuchungen wurde das Wurzelexsudat von 27 Tage alten Pflanzen gewonnen, die 17 Tage auf einer Hydro-Sprühkultur
mit einer für die Biomassebildung optimal zusammengesetzten
Nährlösung angezogen und die dann zur Exsudatgewinnung am Wurzelhals dekapitiert worden sind. Im Exsudat wurden die Schwermetalle Cu und Mn als Nährstoffe sowie Cd als Schadstoff (der
Nährlösung zugesetzt) mit Hilfe der AAS sowie Nitrat und die
organischen N-Verbindungen quantitativ bestimmt. Die Nitratanalysen erfolgten kolorimetrisch als Nitrit nach mikrobieller
Reduktion des NO.,. Die Fraktionierung der organischen N-Verbindungen wurde mit Hilfe der Gelfiltration mit einem Gel vorgenommen (TSK HW i»Q5; Merck), das für globuläre Substanzen
einen Trennbereich von MM 100 bis MM 10 000 umfaast. In den
Fraktionen wurden die genannten Schwermetalle und mit Hilfe
des Indophenol-Blau-Nachweises die Masse an N
bestimmt.
org.
Ergebnisse
Im Wurzelexsudat sind bei Nitraternährung neben Nitrat und freien Aminosäuren Peptide enthalten, die über MM 5 000 nicht hinausgehen. Mengenmässig dominieren Peptide in den Fraktionen
mit MM 1 500 bis k 000. Proteine sind im Exsudat nicht vorhanden .
Hinsichtlich der Zuordnung der untersuchten Schwermetalle zu
den Fraktionen des organisch gebundenen N ergeben sich für Cu,
Mn und Cd unterschiedliche Resultate. Kupfer tritt ausschliesslich zusammen mit den Peptidfraktionen um MM 1 500 bis k 0Q0
auf. Auch bei einer Erhöhung des Cu-Angehots verstärkt sich die
Masse an Cu nur in diesen Fraktionen. Alle übrigen Fraktionen
einschliesslich der freien Aminosäuren bleiben Cu-frei. Mangan dagegen ist über das gesamte Spektrum der gewonnenen
Fraktionen "verschmiert". Auch eine Erhöhung der Mn-Konzentration in der Nährlösung bewirkt keine spezifizierbare Zuordnung
des Mn zu bestimmten organischen N-Fraktionen des Xylemsaftes,
vielmehr liegt offensichtlich auch ein beachtlicher Anteil des
Mn ungebunden vor. - Cadmium ist Peptidstrukturen zuzuordnen,
die in denselben Fraktionen auftreten wie Cu. Bei Erhöhung des
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unerheblicher Anteil in nicht an organische Verbindungen gebundener Form.
Bei erhöhtem Nitratangebot und gleichbleibender Mn- und CuVersorgung ist die Zuordnung der beiden Schuermetalle zu den
organischen N-Fraktionen qualitativ unverändert. Cu ist dann
aber in den entsprechenden Fraktionen mengenmässig wesentlich
stärker vertreten als bei Standard-Ernährung. - Gegenüber Nitrat sind bei ausschliesslicher NH,-Ernährung zwar die N-Fraktionen mit MM um 3 DDG drastisch verstärkt, die Zuordnung des
Cu zu den charakteristischen Fraktionen und das "Verschmieren"
des Mn über alle Fraktionen hinweg bleiben jedoch auch mengenmässig unverändert.
Eine Untersuchung der Aminosäurenzusammensetzung der Peptidfraktionen deutet darauf hin, dass die Cd-tragenden Fraktionen
einen höheren Gehalt an S-haltigen Aminosäuren besitzen.
- Die Ergebnisse geben zu erkennen, dass die Sticks toffVersorgung der Pflanzen für den Ferntransport des hupfers und des
Cadmiums von der Wurzel zum Spross zumindest von mitentscheidender Bedeutung ist.
Summar
Nitro gen nutrition and heavy metal transport in plant roots.
In th e
e xudate o f deca pita ted pump kin r oots th e impo rtan ce
of ac curing organ ie N-c ompo unds for the long di stance tra nsport of Cu, Mn an d Cd w as i nves t igated. Even wh en pla nts are
suppl ied wi th nit rate t hat flui d co ntain s (besi des ni trat e)
amino acids and p eptide s up to MM 5 QUO with a bulk i n th E
pepti de f ractions MM 1 50G to 4 DOD . Aimost all Cu of the exsudat e is d etecte d only in that bul k. Th ere is no Cu in t he
o ther f ract ions . In con tras t to it, for mangane se no spec if ic
f ract ion be tween amino acid s an d po lypep tides c an be reco gnized as locat ion. I t is f ound tog e ther wit h all f ractio ns o f organic N com pounds in th e e xuda te. Ca Jmium is f ixed f or t he
most part w ith th e same pep tide f raction s as Cu . In the p resence of Cd these f ractions hav e a h i ij h er content of S am ino
acids . - Changing the a moun t an d th e typ e of ni trogen nut rition, no di f feren ce is esta blis hed in th e quali tative rel at ions betwe en Cu or Mn and pept ide f ract ions . I n the case of
Cu a higher amoun t of t hat meta 1 is boun d with the ch arac teristi c pept ide fr action s, i f IM nutr i tion is enh anced.

- 626 SYMBIOTIC mTROGEN FIXATION OP SOYBEANS IN BULGARIAN SOILS
L. B. Ra.icheva
S. Poushkarov Institute of Soil Science and Yield Prediction
Sofia, Bulgaria
The symbiotic system R. japonicum - Glicine max. is not active in the conditions of all soil types in Bulgaria. This is due to the poor distribution of the active strains R. japonicum in the soils of the country. In
66% of the examined fields situated on different soil types, soybeans
rhizobia were not found. In the remaining 34% the quantity of the formed nodules on the average per 1 soybean plant was found to be little.
The different R. japonicum strains could be grouped by their nitrogen
fixation activity in the following way: a) highly active strains fix the
atmospheric nitrogen in a quantity of over 2000 mg per pot out of 3 kg
soil; b) active strains fix the atmospheric nitrogen at the rat« of
1500-2000 mg per pot; c) moderately active strains fix the atmospheric
nitrogen at the rate of 1000-1500 mg per pot; d) inactive strains - they
do not fix atmospheric nitrogen.
Onder the influence of fertilization with mineral nitrogen, the quantity of symbiotically fixed nitrogen in the R. japonicum - Glicine max.
system decreases in all of the studied soils. The mineral nitrogen has
also a degenerative effect on the uitrastructure of the soybean nodule
tissue and reduces the ability for active symbiotic nitrogen fixation.
The highest percentage and quantity of symbiotically fixed nitrogen
in the soybeans were established for the studied soils when they ware
not fertilized with mineral nitrogen but phosphorus, potassium and calcium were applied instead (in the acid soils). The joint application of
the microelements of cine, cobalt and copper in the varieties without mineral nitrogen had a positive effect on the symbiotic nitrogen fixation
and the soybean yield under the conditions of the calcareous chernozem.
Very good results were obtained by the microelements of boron, copper,
cobalt and zinc for the grey forest soil. Lower results were achieved
by the microelements of molybdenum, cobalt and zinc for the leached chernozem. With treatments of mineral nitrogen on all kinds of soils no effect was established for the experimented microelements.
As a result of great many field experiments carried out in Bulgaria
it was found that under the different soil-climatic conditions, the agar
inoculant efficiency of the soybeans was high. The maximum efficiency was
established for the calcareous chernozem of Alvanovo, Targovishte district (91% increase of grain yield). Next come: the leached chernozemsmolnitza of Bozhourishte, Sofia district (47%)t the grey forest soil of
Dabravka near Belogradchik (37%), the calcareous chernozem of Trastenik
(29Ji), the podzolic chernozem of Rakovski, Razgrad district (28$), the
dark grey forest soil of Lavino, in the vicinities of the town of Isperikh (27%). The lowest results were obtained for the leached chernoze«smolnitza of Badashte, Stara Zagora district, which was due to the richer
content of absorbable nitrogen in the soil and the availability of naturally existing strains of soybean nodule bacteria. The inoculant efficiency for the soybeans depending on the R. japonicua strain from which it
is prepared is the following: maximum efficiency is obtained by strain
27Ï - 37% increase of the yield of soybean seeds, followed by the standard strain 646 and the Bulgarian strain 257. They indicate almost the
same efficiency - 33-34% increse of yield. Strain 614 comes in-between
in the way of efficiency, while the lowest efficiency rate is indicated
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by the strains 271 and 274- These results show that besides the standard
strain 646, in our agricultural practices the strains 275 and 257 could
also be widely introduced.
The quantity of symbiotically fixed nitrogen established by means of
field experiments with nitragine follows the same order by soil types
which was established for the inoculant efficiency. The maximum quantity of symbiotically fixed nitrogen was found under the conditions of the
calcareous chernozem of Alvanovo (55-9J0- The minimum quantity was established under the conditions of the leached chernozem-smolnitza of Badashte
(merely 5.745b). With the rest of the soil types, the quantity of symbiotically fixed nitrogen fluctuates within the 33—36?fo range.
The nitragine for the soybeans has a positive effect on the quality of
the soybean seeds. The content of the total and protein nitrogen is increased. The average increase of the raw protein from all experiments is
23 kg per decare or 38^.
Great economic effect is achieved by treating the soybeans with this
inoculant, for most soil types in our country. The net additional income
per decare is within the range of 22-24 leva while for some soils it is
even higher.
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NITROGEN TRANSFORMATIONS IN FLOODED ORGANIC SOILS
K. R. Reddy, P. S. C. Rao and R. E. Jessup
University of Florida
Institute of Food and Agricultural Sciences
Gainesville, Florida, U.S.A.
Florida has approximately 1.5 million ha of organic soils; of this
about one million ha are in a single deposit known as the Everglades. A
portion of this area is under cultivation with agricultural crops. As a
result of .biochemical oxidation, these soils are subsiding at a rate of
3 cm yr . Flooding is the most common practice in this area for a
number of reasons such as disease and insect control, nemotode control,
weed control and to reduce soil subsidence from biological oxidation.
More recently, rice culture during summer flooding is also practiced on
organic soils. Although, a vast amount of information is available on
the N transformations functioning in mineral flooded soils used for rice
culture, very little is known on the behavior of N in flooded organic
soils. The purpose of the study reported in this paper is to 1)
determine the rates of N transformations functioning in a microcosm
flooded organic soil system; 2) develop a simulation model to predict
the behavior of N in flooded organic soil and 3) verify the model with
the experimental data.
A microcosm flooded field was set up in a greenhouse, which
essentially consisted of a tub measuring 1.2 m long and 0.6 m wide. The
tub was lined with two layers of 6-mm polyethylene sheet. Flooded
organic soil (Lithic Medisaprists, euic hyperthermic) was obtained from
top 30 cm from field sites located in Zellwood, Florida. Soil was
placed in the tubs and packed to field observed bulk density to obtain a
final depth of 30 cm and flooded to a depth of 30 cm. Two sets of soil
solution extraction tubes were placed in each tub at varying depth
increments to monitor the pore water concentration of NH.
Redox probes
were inserted to monitor Eh at varying depths. Floodwater in one tub
was exposed to daylight while the floodwater in the second tub was
completely covered to1 prevent light. In each tub duplicate plexiglass
columns packed with
NH.-enriched organic soil were inserted in the
tubs to determine the fate of N at the end of study period. This
experiment was conducted for a period of 217 days. In a series of
separate experiments using batch incubation techniques, the rates of
individual N transformations (mineralization of organic N, nitrification,
denitrification, diffusion of NH. and NO,) were determined on organic
soil obtained form same field location.
A simulation model, NFLOOD, was developed to mathematically
describe the coupled transport, partitioning and transformations of N in
flooded organic soils. This model uses the rate coefficients measured
from individual experiments and predicts the fate of N in flooded
organic soils. Using this model N behavior in the microcosm flooded
fields was simulated and compared with the experimental results.
Simulated results were found to be in agreement with the experimental
data. Both experimental and simulated results will be discussed during
the presentation.

- 629 The influence of organic matter content on growth and reproduction of
Eisenia fetida (01igochaeta )

AJ REINECKE

ABSTRACT
The growth and reproduction of Eisenia fetida, the well-known compost worm,
were studied in the organic substrates with 53% and 73% organic matter
content respectively.

The growth of hatchlings, their attainment of maturity

as well as their cocoon production were studied at various constant moisture
levels.

The study showed the importance of the organic matter content of

the substrate for growth and reproduction.

The two groups of worms feeding

on the two substrates showed statistically significant differences in growth
rates, the eventual biomass reached after 90 days and the onset and rate of
clitellum development.

Furthermore cocoon production as well as the size

of the cocoon produced were influenced by the organic matter content.

The

worm activity did not affect the organic matter content significantly,
which is an indication of the importance of micro-organisms as a food source
for Eisenia fetida.

- 630 CflPBDN BECYCUN6 BV CEUULOLYTIC BACTERIA SCREENED FROH TERMITE INFESTED SOILS AND 6UT

Aditi Sarkar, Jaishree Paul and Ajit Varia
Functional relationships betaeen soil fauna, «icrollora and organic latter

Nearly, 158xlB tons of bioiass is produced annually aith the process of photosynthetic fixation of CO 2.
and 2BÏ of this aaterial consists of cellulose. The degradation of cellulose exclusively takes place by soil
»icrcorganisis and its fauna. Cellulose is a hoaopolyier consisting of glucose loieties joined together in
b-1,*-linVages and the process of hydrolysis is lediated essentially by three enzyies endo-b-l,4-glucjnase,
f"D-|i-I,4-glucanase and fc-glucosidase. Several strains hydrolysing cellulose, aerobic and/or facultative 11sjphilic and theriophilic bacteria »ere screened froi seii-arid zones infested aith live teriits (Odontoter«us obesusl «ound and aorker's tenite gut. This conunication deals aith the characterization and physiological properties of tao soil isolates naiely Celluloionas sp, liesophilic), Bacillus therioalkalophilus sp.
nov. (theriophilicl and a facultative inhabitant of tenite gut, Staphylococcus saprophytics actively involved in carbon cycling in these ecological niches.
(lethod for enrichient culture; are described earlier I D . Norpholoqical and biocheiical characteristics
»ere determined folloaing Bergey's lanual (21. Cellulose depolyierization »as estimated by the lethod of
Miltner et al (31. Enzyie assay »as carried out by the lethod of Soiogyi and Berg et al (4,SI. SEK »as taken
using Phillips «odel folloiing the technique of Jannasch et al 14).
The cells of lesophilic Celluloionas sp. «ere short rods, curved, l.2Bxl.5-l.vu in size (Plate II, non
•etile, non spore lening, grai positive, colonies
circular and dark orange in colour, slo»ly liquefy
gel, nitrate reduced to nitrite, Voges-Prauskeur negative, cells"«re poor salt tolerant (less than 3 D . In
Optnal teipcrature for
HKMSftf

groath aere 33-37
3 ! - ' C and pH 7.6. Relationship betaeen c llulose digestion and groath is represented in Fig 1.

Fig.2.
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Bacillus theraoalkalophilui tp. nov. forted m a l l , white opaque, round, regular, flat and dry colonial
Kith highly aotile cells, thin rods 0.9x9.*u and spore foned and grae positive. G*C content 48.6 aolesl (Ti
value). Cells are catalase positive, reduced nitrate to nitrite, hydrolysed starch and other carbohydrates
like glucose, lannitol, cellobiose but failed to grow on eannose, lactose. The generation tiae of the cells
nas 2.2 hours. The isolate grew on a Hide range of teeperature (»5-68 C) Kith an optiaue betneen 55-61 C and
also on aide range of pH 6-12 Kith an optima value at pH 9.8 (Fig 2).
Table 1. Digestibility of various cellulosic substrates
Substrates

Filter paper
Tissue paper
Cellulose pulver
Cotton fibre
Nood chips (Teak)
San dust (fine)
Lignin (jute stick)
flicrocrystalline cellulose
Hhatean ponder
Neus print

Cellulose tade soluble (tg/HI el! equivalent eg glucose/el broth
Celluloaonas sp.
B. theraoalkalophilus
S. saprophyticus

38
21
32
17
27
2«
15
38
28
25

98
75
67
26
64
62
SI
55
45
58

66
48
28
56
33
46
4?
45
46

Staphylococcus saprophyticus isolated fro» teraite gut is a faculatative, non aotile, non spore foriing,
grai positive, coccoid (B.7ul, catalase positive and coagulase negative, arranged in irregular eanner, high
sodiua chloride tolerant (above 1(1), S+C content 37 aolesZ (Ta value). In log phase fertented eannitol and
aetabolised glucose »hen end product »as acetoin, reduced nitrate to nitrite, Voges Prauskeur negative, hydrolyzed gelatin gradually, The cellulase activity (both C and C ) »as extracellular and »as eainly located
in the culture supernatant, pH and teeperature for taxitua activity »ere 6.3 and 49 C, respectively. Hanau»
activity »as obtained »hen the cells »ere in aid exponential phase and concentration of CMC and yeast extract »ere 1.5 and 8.51, respectively. Bacterial strains both froa soils and the hind gut digested good aeounti
of variety of natural cellulosic substrates. B. theraoalkalophilus »as tost effective solubilizer (Table 1).
Evidence indicates that teraite tound soil harbour bacteria »hich »ould secrete C , C cellulases and
-glucosidases »hich take available to tillipedes otherwise unutiliiable substrates »hich »ould be of paraaount iaportance to tillipedes surviving in seti-arid soils. The tertite in turn provides bacteria, the environtent with regulated toisture 1 tetperature and constant cellulosic taterial, to degrade, The higher teraite is devoid of protozoa and instead harbour active cellulose solubilizing bacteria in their gut systet.
These coccoid gut bacteria further solubilize the undigested cellulosic taterials to glucose and lot carbon
coapounds.
Cellulose hydrolyzing thertophilic strains so far reported belong to Clostridia (7) loptitut tetperature
67 0 and alkalophilic to Bacillus sp. (8) loptitut pH 18). B. theriophilus found in this region uniquely
cotbines thertophilic and alkalophilic characteristics »hich »ould be tost suitable for cellulose depolyterization under such extrete ecological niche. The integrated physiological associations between tertite gut
and soil ticroflora has an itportant bearing on nutrient cycling in seti-arid desert soil and »ould play a
vital role in taking these unusable dry soil habitable for higher tropic levels.
Reference cited: 1. Paul, J., A. Sarkar and fl.K. Varia, 1985, Current Science, 54: 1198-1111, 2. Buchanan,
R.H. and U.E. Gibbons, 1974, Bergey's tanual of deterainative bacteriology B th ed. pp.529. 3. Miltner, P.
B.A. Dehority, 1983, Appl. Environ, Microbiol. 46: 643. 4. Sotogyi, M., 1952, J. Biol. Chea., 193: 19.
5. Berg, B., B.V. Hofsten and E. Pettersson, 1972, J. Appl. Bact. 33: 211. 6. Jannasch, H.H. and C O . Hirsen
1981, Appl. Environ. Microbiol., 41: 528-538. 7. Lee, B.H. and T.H. Blackburn, 1973, Appl. Microbiol. 31:
346-353. 8. Korikoshi, K., M. Nato, Y. Kurono and N. Sashihara, 1984, Can. J. Microbiol., 31: 774-779.
Acknowledgeient: Financial support granted by ICAR t CSIR, India and AvH, Bertany is duly acknowledged.

- 632 Effect of a pesticide, POP (pentachlorophenol) on soil
microorganisms
Kyo Sato
Institute for Agricultural Research, Tohoku University
Sendai, 980 Japan.
Many works have been carried out on the effect of pesticide on biochemical reactions in soil(l-6), while works on the
effect on microflora in soil are very scarce. To make a general supervision of the effect of PCP on microbiological processes in soil, changes of bacterial flora as well as transformation of glycine into inorganic nitrogenous compounds were
investigated in water- or glycine-percolated soil with or without the addition of PCP. PCP was applied to the soil at the
amount of 40 ppm.
Although PCP retarded the initial increase in total viable
bacteria and gram-negative bacteria in the percolated soil,
at a later period populations exceeded those in the percolated soils without the addition of PCP. This seems to be a phenomenon similar to "the partial sterilization effect". On the
other hand, spore counts were continuously lower in the percolated soils with the addition of PCP. Ammonification of glycine was also slightly inhibited, but nitrification of ammonium was strongly depressed by PCP(Fig.l).
Many bacterial strains isolated from the percolated soils
with PCP treatment died after purification, while those from
the percolated soils without PCP did not die. Of the living
strains, the bacterial flora in water-percolated soil with PCP
treatment was composed of one specific bacterial group: gram
-negative, coccoidal rod-shaped, polarly flagellated, Kovacs'
oxidase positive, and neither oxidative nor fermentative in
Hugh and Leifson's test. On the other hand, the bacterial flora in water-percolated soil without PCP was composed of several bacterial groups. In the glycine-percolated soil without
PCP treatment one group of bacteria predominated: gram-negative, rod-shaped, polarly flagellated, Kovacs' oxidase positive, oxidative acid production from glucose in Hugh and Leifson's test, gelatin-liquefaction negative, nitrate-reduction
positive, and alkaline reaction to BCP milk. However, different groups of bacteria were isolated from the glycine-percolated soil treated with PCP(Fig.2). The strains isolated from
the glycine-percolated soil without PCP differed from those
isolated from the soil with PCP in their patterns of glycine
-utilization for growth. These results indicate that PCP af-i
fects soil bacterial flora and that the bacteria responsible
for glycine degradation in the glycine-percolated soil treated
with PCP are different from the bacterial flora in the soil
without PCP, even though the apparent patterns of both glycine
-degradation and the increase of bacterial population did not
change in the presence of PCP.
The predominancy of respective bacterial groups in the percolated soils seemed to relate closely to their PCP-tolerance,
which was tested by the growth rates of the bacterial strains
in the medium containing different amounts of PCP.
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Zusammenfassung
Der Einfluß von einem Schädlingsbekämpfungusmittel Pentachlorphenol auf die mikrobiologschen Proze^en in Boden wurde
anhand der ßodenperkolationsmethode untersucht, wobei ein Art
von Aminosäure Glycin als Nährstoff verwendet wurde. Die Degradation der Aminosäure und die Zunahme der Bakterienzahl wurden
nicht nenneswert beeinflußt, dagegen die Bakterienfloren stark
modifiziert wurden.
<JMJ/ml)

10

20

(days)
Duration ol percolation
o—o.Glycine; *-~..GIy..PCP:.—..Gly.PCP-Na:

Fig.1 Changes in the amounts
of glycine, ammonium, nitrite and nitrate in the
percolates.

Fig.2 A schematic depiction of
soil bacterial flora and predominance of respective bacterial groups.
Number in parentheses indicates the number of strains
of the groups, Ufive days'
percolation, 2)fifteen days'
percolation, and 3) dead st- '
rains.
Roman numerals denote the
bacterial groups.

- 634 The Effects of Pesticide Treatment Sytems on Soil
Microbiological Activities
Schuster, E. and D. Schröder

Specialization and intensivation of farming involvedthe use of a vast
quantity of agrochemicals. One part of it are the pesticides: herbicides,
fungicides, insecticides and growth regulators. It is of great interest
whether the application of these substances do affect soil productivity
which itself depends mainly on the activity of the soil microflora. The
effect of single application of pesticides is known quite well, in general
those effects are more or less grave but, above all, they are only shortlasting. However we don't know the effects of successive application of
different agents in short intervals as they occur inthe case of pesticide
treatment systems forinstance. There may occur synergetic effects and thus
we have to prove the harmlessness of each single chemical substance even
when used in a complete pesticide treatment system
Hypothesis: the combined presence of different pesticides may have an effect
on the degradation behaviour of the individual components. Three effects
are possible:
1. Increased degration rate (e.g. due to enzyme induction)
2. Increased persistence (e.g. due to competitive enzyme inhibition)
3. Formation of complexes from interaction of the pesticides or their residues with decreased or increased degradation rates
The soil microflora may react differently according to the possibilities
mentioned above.
This investigation examines the crops wheat and wine with their typical
pesticide treatment system.Soil Samples were taken in the depth from 0-5cm
few days before and after each application. The activity of the soil microflora was measured by dehydrogenase activity, microbial biomass, litter bag
test, nitrification and ammonification The investigation ofthe pesticide
treatment system for wheat was repeated under laboratory conditions.
The objectives of this investigation are
1. to find out whether the application of pesticides successively in short
intervals of 1-3 weeks shows side-effects on soil microbial activites.
2. to assess how results of batch experiments can be transferred to field
conditions.
3. to appraise the quality (sensitivity, reproductibility) of the used test
methods as to their aptitude for assessing the side effects of pesticides
on non-target microorganisms.
First results of the investigation are
-Pesticide treatment system for wheat: the DHA , microbial biomass and
the degradation of cellulose as well decreased for a short time after each
pesticide application. However there was an evident recovery between every
new application in most of the cases. Two weeks after the last treatment
the effects had already disappeared and treated plots showed the same level
of activity as the control areas.

- 635 -Pesticide treatment system for wine: there was a considerable depression
of DHA and microbial biomass. The recovery between each application was
only incomplete, DHA did not recover at all (8 weeks after the last treatment still 30% too low)
The data show a tendency that effects become smaller with increasing duration
of the experiment. That might indicate hypothesis 1 to be true.
The results of nitrogen turnover and the results of the objectives 2 and 3
cannot yet be presented in this paper because analysexs and statistical
calculations are not finished at the moment.

Die Auswirkung von Pflanzenschutzmittel-Spritzfolgen auf die biologische
Aktivität des Bodens
Es werden die Auswirkungen von praxisüblichen Pestizidspritzfolgen des
Acker- und Weinbaus auf die Dhydrogenaseaktivität (DHA), mikrobielle Biomasse,Nitrifikation, Ammonifikation und den Zelluloseabbau untersucht.
Das Pflanzenschutzsystem im Weizenbau bewirkte einen kurzzeitigen Abfall der
DHA,der mikrobiellen Biomasse und des Zelluloseabbaus. Eine Erholung war in
den meisten Fällen schon vor der jeweils nächsten Spritzung zu erkennen.
Zwei Wochen nach der letzten Behandlung haben die bespritzten Flächen bereits
wieder das Aktivitätsniveau der Nullparzellen erreicht.
Im Weinbau bewirkte die mehrmalige Applikation eine deutliche Absenkung der
DHA und der mikrobiellen Biomasse. Eine Wiedererholung zwischen den einzelnen Terminen ist bei der mikrobiellen Biomasse nur in beschränktem Umfang,
bei der DHA hingegen überhaupt nicht zu erkennen.
Insgesamt zeigt sich eine Tendenz dahingehend, daß Effekte mit fortschreitender Versuchsdauer geringer werden, was auf das Zutreffen der Hypothese 1
(erhöhte Pestizid-abbauraten: pestizidtransformierende Enzyme können durch
chemisch nahe verwandte Stoffe induziert werden) hindeuten könnte.
Die Ergebnisse des Stickstoffumsatzes (Ammonifikation, Nitrifikation), des
Laborversuchs und eine Beurteilung der Güte der angewandten Methoden können
bedauerlicherweise noch nicht zu Papier gebracht werden, da Analysen bzw.
die statistische Verrechnung per Computer derzeit noch nicht abgeschlossen
sind.

- 636 ELEMENTAL, FUNCTIONAL AND FREE RADICAL CHARACTERIZATION OF HUMIC ACID-TYPE
SOIL FUNGAL POLYMERS (MELANINS)
0

Nicola Senesi , Teodoro M. Miano

0

•

and James P.Martin

o

Istituto di Chimica Agraria, Universitä di Bari, Bari, Italy
Dept. Soil Environ. Sciences, University of California, Riverside, U.S.A.
Soil microorganisms, especially fungi, can synthesize intra- and extracellular dark-colored polymers (melanins) which resemble soil humic acids in
some characteristics, e.g. elemental composition, constituent units,exchange
capacity, resistance to decomposition, etc. Very few data are available on
infrared (IR) and electron spin resonance (ESR) characterization of these
materials. The application of these spectroscopic techniques is expected to
furnish additional, invaluable information on the molecular structure, chemical functionalities and free radical content of humic-like fungal polymers.
A comparison of these results with the correspondent soil humic substances
properties may help in the elucidation of the role of fungal melanins as
precursors and/or constituents of soil humic substances.
In this study, the melanins synthesized in culture media by the fungi
Aspergillus glaucus, Eurotium echinulatum, Hendersonula toruloidea, Stachybotrys atra and Aspergillus sydowi have been analyzed for their elemental
composition, functional group content, IR and ESR spectral properties. C and
H %, COOH group content, total acidity and C/H atomic ratio of the fungal
melanins studied are within the range reported for soil humic acids, but
sensible differences in these parameters are evident from one melanin sample
to another. Humic-like polymers from A.sydowi and H.toruloidea have N % much
higher than those commonly found in soil humic acids, while particularly
lower N % have been determined for polymers from A.glaucus and S.atra. The
variability of C/H ratios reflects a different degree of condensation (aromaticity) among the various samples, the highest ratio indicating higher conents of condensed aromatic ring structures and/or higher degree of unsaturatlon. The almost uniform 0/C ratios suggest a similar degree of oxygen substitution in these structures.
The IR spectra of all the preparates display two common features, i.e. a
strong, broad band at 3400-3200 cm , attributed to stretching vibrations of
OH and NH groups more or less involved in hydrogen bondings; and a weak
shoulder at 1740-1710 cm , indicating a generally low content of free carboxyl groups in these materials. The IR spectra of melanins from A.glaucus,
E.echinulatum and H.toruloidea are dominated by a series of bands (1620 cm ,
aromatic C=C skeletal vibrations; 1380 cm , 0-H deformation and C-0 stretch
of phenolic groups; 850 and 760 cm , aromatic C-H out-of-plane deformation)
indicative of a predominant aromatic character, in agreement with their high
C/H ratios. On the other hand, the IR spectrum of S.atra melanin is characterized by very intense bands in the regions 2900 cm (aliphatic C-H stretch)
1450 cm (aliphatic C-H deformation), 1390 cm (C-CH group bending) and
1150-1000 cm (skeletal vibrations of aliphatic groups), all indicating a
prevalence of aliphatic components in this sample, as also suggested by its
low C/H ratio. This spectrum shows also strong bands at 1040 cm , typically
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and 1240 cm , probably arising from 0-H deformation of alcoholic and carboxylic groups. In addition, the presence of olephinic compounds is suggested
by the intense, sharp IR absorptions at 1660 and 1580 cm (olephinic C=C,
conjugated and not-conjugated with C=0) and in the 1000 and 800 cm
regions
(out-of-plane C-H deformation of various alkenes). A certain degree of aliphaticity is also shown by the A•sydowi melanin, as suggested by the low C/H
ratio and weak IR bands in the 2900 and 1450 cm
regions. The IR spectrum
of this polymer is dominated by features peculiar of its high N %, i.e. two
intense bands at 1650 and 1530 cm
attributed respectively to H-bonded C=0
stretch (amide I) and H-bonded N-H bend (amide II) vibrations of peptide
linkages. Weaker, broad absorptions at 1220 and 1080 cm
are tentatively
assigned to amide III band and C-N stretching modes, respectively. H.toruloidea melanin also shows IR absorptions at 1650 cm (shoulder) and 1540 cm
(broad, medium intensity band). A valuable correlation between N content and
IR absorption intensity at 1530 cm
is observed for the examined samples.
In general, IR spectra of fungal melanins appear substantially similar to
those of soil humic substances, but with some typical features.
ESR spectra of humic acid-type fungal melanins recorded over a scan range
of 100 Gauss and centered at g =.2.00 consist of a single symmetrical line
devoid of any hyperfine structure, as commonly observed for humic and fulvic
acids of various sources and animal melanins. The spectroscopic splitting
factors (g-values) measured range from 2.0040 to 2.0043, being consistent
with mainly semiquinonic radical moieties associated with an aromatic network. The linewidths of the ESR signals vary between 4.8 and 5.8 Gauss. Free
radical concentrations differ sensibly from one sample to another, ranging
from 6.41 x 10
to 0.62 x 10
spins/g. The highest radical content are
shown by melanins from A.glaucus, E.echinulatum and H.toruloidea, which also
exhibit an infrared pattern indicating a predominant presence of aromatic
structures. Conversely, the lowest content is shown by the S.atra polymer,
in which aliphatic and olephinic components are prevalent. Spin concentrations are also correlated negatively with H % and positively with C/H ratios.
These results confirm that the highest content of free radicals is associated with the highest degree of condensed aromatic structures (aromaticity) in
the soil fungal melanins, as previously observed for soil humic acids. The
different radical concentrations measured in the fungal polymers are therefore expected to affect to a different extent their resistance to biodegradation and to biochemical and chemical homolytic reactions related to humlfication processes occurring in soil. The g-values, linewidths and free radical contents of soil fungal melanins examined are comparable with those
generally observed in humic substances from soil and other sources and in
animal melanins. Humic acid-type polymers synthesized by soil fungi may
therefore sensibly contribute to the total free radical content of soil humic
sustances. Furtherly, they are expected to play important roles in all reactions involving free radicals in soils and related environments, including
polymerization-depolymerization processes, incorporation of organic pollutants and their degradation products, complexation with inorganic ions, enzymatic activity of soil and direct biological effects on plant metabolism.
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DISTRIBUTION AMD NITROGEN FIXING ACTIVITY
Sherajul Islam Shelley
Timirjazev Agricultural Academy, Department of Microbiology, USSR, I.IOBCOW, Timirjazevskaya st.,50, building 9.
tcl. 2 37-88-15
Soil nitrogen fixing bacteria of the genus Clostridium have
been investigated by me from 1981 to 1985. As a result the
methods of quantitative calculation of separate species of
anaerobic nitrogen fixing bacteria in the soil were worked
out. The areas of occurence of nitrogen fixers of the genus
Clostridium in nature were established. Their ecological and
geographical variation was shown. The activity of nitrogen
fixing Clostridium in different soils was investigated and
the extent of nitrogen accumulation in the soil by anaerobes
was determined. The ways of increasing anaerobic nitrogen
fixation in the soil that would vaise the yields of crops
were suggested. It was shown in particular that the addition
of rice straw for rice promotes considerably the increase in
nitrogen fixation by anaerobes and the accumulation of nitrogen in soil. Our work describes the construction of the incubation vessel for cultivation of nitrogen fixing microorganisms which makes it possible to grow them in a specified
gaseous phase and to determine the activity of nitrogen fixation using the acetylene method. The incidence of the anaerobic bacteria genus Clostridium and nitrogen fixing microbial
associations was determined in various dilutions using the
acetylene method. The submicro3copic organization and sporeformation were studied in eight strains of anaerobic soil
nitrogen fixing bacteria genus Clostridium 25, 86, 87, 89, 90,
91, 92 and 93. Cross-sections of cells fixed with osinic acid
and contrasted with uranyl acetate and lead citrate revealed
a cell wall devoid of the outer lipoprotein membrane, which
was typical of gram-positive bacteria. The cell wall consisted of three electron-dense layers and two layers of lower
election denoity. A layer of a microcapsule having fibrillar
structure and a thickness of 2 3-33 nm was detected on the surface of the cell wall. The cytoplasmic membrane and intracellular membrane structures were represented by the Robertson
membrane about 9 nm thick. The cytoplasm contained electrondense polyribocomal granules and inclusions having fine granular structure. The nucleoid was located in the central part
of the cell as an election transparent zone penetrated with
electron-dense DNA threads 2.5 nm thick. Our thesis presents
microphotographs of the main stages of spore formation which
follows the mechanisms described for bacteria of the genus
Clostridium. The poles of spindle like cells have electrondense disk-shaped formations covered with a three-layer membrane and containing electron-dense granoles, apparently corresponding to polyribosomes.
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Visualization of the Rhizospheres of Intensively Cultivated Soils
A.J.M. Smucker, J.C. Ferguson and J.T. Ritchie
Department of Crop and Soil Sciences
Michigan State University, East Lansing, Michigan
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Recent developments in video recording and microcomputer
technologies have provided an excellent opportunity to directly observe
and quantify specific events in the rhizosphere. Visualization of these
abiotic and biotic interactions will greatly contribute to the complex
decisions involving minimum tillage, alternate cropping, and other
advanced soil management techniques.
Root depth, branching morphology and root turnover rates were
observed by inserting microvideocameras into transparent plastic
minirhizotron tubes 5.72 cm in diameter. These minirhizotrons were
inserted at 45 degree angles to the soil surface and parallel to the crop
row. A completely portable package containing the power source, audio
and video recorders, computer, camera control, and video monitor were
transported to numerous field locations for measuring root growth on
several soil types throughout the growing seasons. Additional
information relating arthropod, mycorrhizae, and other macrofaunal
responses to soil type, tillage management, and crop type were measured
throughout the year.
Observations of corn (Zea maize, L . ) , dry edible beans (Phaseolus
vulgaris, L.) and soybeans (Glycine max, L.) were recorded at 7 day
intervals from plant emergence to harvest. Measurements of root decay
and arthropod activity were taken at 30 day intervals during the time
when crops were not growing. The depth of root penetration was similar
for corn and soybeans during the first 75 days when grown on the same
soil type. There were differences in the maximum depth of root growth
among the different genotypes of the same plant species and on different
soil types. Root turnover rates were the greatest in the surface 10-15
cm. Corn roots generally remained at these depths for periods from 5-8
weeks while the roots of dry edible beans and soybeans disappeared after
3-5 weeks. Greater total root lengths accumulated in the profiles of
soils subjected to subsoiling and no secondary tillage. Very high
populations of soil arthropods and infestations by mycorrhizae occurred
in the rhizospheres of the legumes. Their numbers were a function of
soil type and inversely related to soil depth. This and additional
information will greatly contribute to our understanding of the many
dynamic processes of the rhizosphere and will enhance future advancements
in soil management and genetic engineering.

- 640 FATE AND POTENTIAL ECOLOGIC EFFECTS OF
GENETICALLY ENGINEERED MICROBES IN SOIL
G. Stotzky and M.A. Devanas
Department of Biology, New York University, New York, NY 10003, USA
The construction of genetically engineered microorganisms (GEMs) for use in
medicine, agriculture, industry, and the environment is progressing at a rapid
rate. The possible adverse influence of such GEMs on the homeostasis of the
biosphere is not known, and there is considerable concern about the possible
biohazards that might result from the introduction, either accidently or
deliberately, of GEMs into natural environments, such as soils. The ultimate fate
in soil of natural and manipulated genetic material is dependent on the survival,
establishment, and growth of the microbial hosts, that house the genetic material,
in soils into which the hosts are introduced. Survival, establishment, and growth
are, in turn, dependent on the genetic constitution of the host and on the
physicoehemical and biological characteristics of the soils. The ability of a GEM
to survive, grow, and colonize new microenvironments in soil will influence its
ability to transfer its novel genetic information to indigenous soil microbes, which
usually will be more suited for survival in soil than the introduced GEM. Although
the ultimate concern about the introduction of GEMs into soil is their potential
adverse ecologie impact, it is first necessary to develop detection techniques and
then to determine the survival and growth of, and genetic transfer by, GEMs in soil.
Several strains of Escherichia coli, containing Plasmids that ranged in size
from 3.9 to 96 kilobases (kb), were inoculated into soil at 10 4 to 10 5 colonyforming units (CFU)/gLsoil. The initial total bacterial population was
approximately 5. X 10 CFU/g soil, and the Gram-negative bacterial population
ranged from 10 to 10 6 CFU/g soil. Changes in various populations were followed
on selective media, and as few as 1 to 20 introduced CFU/g soil could be
detected. The introduced strains either remained at approximately 10 CFU/g
soil or dropped to undetectable levels during a 28-day incubation, depending on the
host strain but not on the type or size of the plasmid. In some strains, the decline
of plasmid-containing cells was less rapid than that of the plasmidless host cells.
The addition of nutrients, initially or during the incubation, resulted in an increase
in all bacteria and decreased the rate of decline of the introduced strains. Some
plasmid-containing strains could not be recovered from soil by direct plating on
selective media but could be recovered after transfer from nonselective isolation
media to selective media. These laboratory-cultured strains apparently became so
debilitated in soil that they could not grow directly on antibiotic-containing media
without resuscitation on a less stressful medium. With the exception of one strain,
there appeared to be no loss of the Plasmids in soil.
The survival in soil of a recombinant plasmid (C357; 5.3 kb) containing
heterologous DNA (pBR322 (3.9 kb) with cDNA for an egg yolk protein from
Drosophila grimshawi) in E. coli strain HB101 was similar to that of
HB101(pBR322). There was no selective loss of the heterologous DNA, as
determined by colony hybridization with a P-labeled DNA probe for the cDNA.
No transfer of Plasmids was observed in nonsterile soil, with or without
nutrients. In sterile soil, a low frequency of transfer (10 transconjugants/
recipient cell) was observed when nutrients were added and the soil water tension
was -33 kPa. At lower soil water contents, no transfer was observed.
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nonsterile soil, albeit at a lower frequency than in sterile soil. The addition of
montmorillonite (smectite) to soil enhanced the frequency of conjugation, but the
addition of kaolinite had no effect. The survival of the donor and recipient strains
and the frequency of conjugation were affected by the pH of the soils. Survival
increased as the pH was progressively increased from 4.7 to 7.0, but
transconjugants were detected only when the pH was raised to 6.8. When the
transconjugants were isolated from soil, grown in laboratory media, and
reinoculated into nonsterile soils, their survival was better than that of the
parentals, especially in montmorillonite-amended soil, wherein growth of the
transconjugants occurred.
These results indicated that 1) the survival in soil of some genetically
engineered (i.e., plasm id-containing) bacteria that are not indigenous to soil is
primarily a function of the bacterial strain and not of the contained plasmid,
2) nonessential eucaryotic DNA inserted into plasmid DNA has little effect on the
survival of the bacterial host and the maintenance of the vector in soil, and
3) transfer of genetic information may occur in soil. Furthermore, survival and
conjugal transfer are influenced by the physicochemical (e.g., nutrient level, pH,
clay mineral composition, water content) and biological (e.g., presence of
indigenous organisms) characteristics of soil. Studies on the transfer of genetic
information in soil by transformation and transduction are in progress.
Despite the progress that has been made in following the survival of and
genetic transfer by GEMs in soil, the current data base is insufficient to predict
the ecologie impacts of GEMs in soil.

- 642 DYNAMICS OF SOIL RESPIRATION AS INFLUENCED BY FERTILIZATION AND
ORGANIC MATTER APPLICATION
J. SzegiX, F. Gulyasx, Gy. Fiileky™ and L. Tolner**
Research Institute for Soil Science and Agricultural Chemistry of the
Hungarian Academy of Sciences, Budapest, Hungary;
tSödöllö University of Agricultural Sciences, Gödöllo, Hungary.
For the characterization of soil biological activity usually the CO2
production is measured after an incubation period. In the present paper the
kinetics of soil respiration was studied by the authors under laboratory conditions. A model was worked out on 5 Hungarian soils using H2O, NPK+H20
cellulose+H20 and NPK+cellulose+H20 treatments. The C0 2 production was measured from 2 to 90 days. The water content of the samples was set to a moisture content corresponding to the 70% of the water holding capacity. The
respiration was measured in a 28°C thermostat, each treatments were made in
three replications. The experiment was continued until the CO2 production
was equal in the four treatments.
The model is as follows: dy , , l
,
,. ,
,
,J
v

dt =

h *toeor*l *2l*2m*- 2l

where: dy/dt = speed of CO2 production; k,= speed constant of the first,
quick process; k ? = speed constant of the second, slow process;
v
lmax a n d v?max = :'"S t*le m a ™ n u T n C0? quantity produced during the
quick and the slow processes, respectively; y, and y_=C0_ quantity
produced during the quick and slow process by the time or t.
It means that the kinetics of CO- production can be described by two
parallel, kinetically first order reaction in the studied time interval.
k, and k ? speed constants are time dependent;

^ l e - V ^ V " uA' fr V''k2^ll^~a2/t_V " l W V ^ J
where k^ and kl are the maximum values of the speed constants of the first
and second processes, respectively. The first term in
brackets is a logistic growth coefficient, the second term
is a logistic death coefficient. At
k» speed constant d in the numerator of the second term is a constant
member. At the end of the processes, at equilibrium respiration.
k ? takes the ki d value . a. is the speed constant of the logistic
growing phase of the quick process,
b, is the speed constant of the death phase of the quick process,
t
and t, are the half times of the growth and death processes,
1
1 respectively,
a., and b,, as well at t
and t, are parameters characterizing the slow
l
2
a
2
^ 2 process.
In the model the NPK fertilization does not increase the available carbon source only fasten the speed of CO, production, and cellulose application
increases the available carbon source with 444 mg C in 100 g soil.
Fitting of the model function is demonstrated in Fig. 1. The results
of the mathematical analysis show that the used model fits well to the
measured data. As the data of Tbale.1. show mostly ki and ki comprise the
effects of the treatments. However the other parameters also contain important informations. The half-time of the logistic growth phase of the quick
process is a very short period, few hours after moisturing. The half-time of
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and treatment.
Table 1.
Origin of
^
y
-fy
soil
sample, -'lroax J2max
treatments
mg C.lOOg

k'

k

1
day

day

2

90
mg C.lOOg

Hosszuhat H?0

85.9

0,127

0,0120

0,220

NPK+H20

85.9

0,125

0,0120

0,220

C+H20

529,9

0,039

0,0044

0,220

C+NPK+H20

529,9

O,06O

0,0072

0,220

Variance
.day

4,7

At the slow process the half-time of the growth phase is 2-9 day,while
the half-time of the dead phase is about 50-80 days,/The speed constants
of the growth and death phases were considered independent of the
treatments in a given soil/.
At equilibrium, when the only carbon source is humus and plant.residues
the speed constants are the highest /Table 1./.
CO
mg C 100g

-1

soil

Fig. 1. Cellulose (1 #)+NPK+H 0
(NPK nutrients: 70 ppm N, PgO^j
K„0 respectively)

300
Speed of the
quick process
200

--K-

-

100
Speed of the slow process

90 days
Applying cellulose as carbon source the system is no longer in equilibrium.
The limiting effect of other factors, for example nutrients, causes a great
decrease in the value of the speed constants. The application of NPK to
diminish this limiting effect of nutrients increases the speed constants.
It means that the environmental conditions approach the equilibrium, but
they are far from it yet. This way the value of the speed constant in a
given soil indicate how far the circumstances are from equilibrium conditions. The speed constant of the slow process is practically by one order
smaller than that of the quick process.
,,
Table 1. also contains the CO, speed values measured on the 90 day.
At this time the speed of CO, production is already independent of the
treatments.
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ORGANIC MATTER AND SOIL AGGREGATES - A MICROSCOPIC STUDY

H. Tiessen and J.W.B. Stewart
Dept. of Soil Science, Univ. of Saskatchewan, Saskatoon, Canada

Grassland soils have sustained agricultural production for many
years through the mineralization of organically bound nutrients.
Previous studies have indicated that the association of organic matter
with particles and aggregates is closely related to its stability and
turnover.
The microscopic evidence presented below has helped our
understanding of such turnover processes.
Soil organic matter consists of labile and more stable fractions,
and the reduction in labile materials during cultivation is accompanied
by a marked decline in fertility.
The most labile materials were
identified as recent organic debris of 0.05 to several mm size and as a
colloidal fraction (<0.2 mm) which had many characteristics of microbial
products.
Organic matter associated with silts and clays was more
resistant, contained relatively less nitrogen and phosphorus and
contributed less to soil fertility (Tiessen and Stewart, 1983, Soil Scl.
Soc. Am. J. 17: 509-511).
Studies of organic matter associated with aggregates of different
sizes pointed to a similar differential distribution of labile, (active)
organic materials.
In particular, organic matter coating the surfaces
of mlcroaggregates and cementing them into macroaggregates (>0.25 mm)
has been characterized as labile and nutrient-rich (Elliott, 1985, Soil
Scl. Soc. Am. J., In press).
In recognition of their aggregating and
cementing role In soils, organic materials have been classified with
respect to their persistence as transient compounds (mainly polysaccharides), temporary (roots or hyphae) and persistent (strongly
humified organic matter), but also recent organic collold3 stabilized by
mineral interactions such as metal precipitates (Tisdall and Oades,
1983, J. Soil Scl. 33: 111-163).
The transient and temporary agents
located on the surfaces of mlcroaggregates and lining soil pores
represent the portion of organic matter that is biologically most
active.
They constitute Important short and medium term nutrient
reservoirs, stabilize soil structure, improve erosion protection,
Infiltration and tilth, and are Influenced by soil management such as
tillage, crop growth and residue returns.
Their properties and
transformations are not only determined by chemical composition but
greatly depend on morphology and location relative to available soil
water and microbial activity.
In this study we attempted the fixation and staining of polysaccharides in an undispersed soil sample using ruthenium red followed
by sonic dispersion and light- and electron microscopic observations of
organic matter and organo-mlneral associations.
Aggregates of several hundred microns were frequently held together
by hyphae. Such hyphae proliferated in organic debris and often Interlinked different pieces of organic matter and mineral components that
had become entrapped in organic debris.
Similar but larger linkages
were provided by roots.
Disintegration of biological structures was accompanied by the
release of microbial polysaccharides which formed agglomerates of
microbes, mineral particles of clay size and organic debris.
All
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bacteria growing in the soil were characterized by extensive polysaccharide glycocalices while none that had grown in a soil suspension
showed such coatings. No free living unattached bacteria were observed
in the soil samples.
Bacterial attachments were usually polar, and
rod-shaped bacteria crosslinked small aggregates of several micron size.
Glycocalices sorbed clay sized mineral particles but also absorbed
considerable amounts of cations in amorphous deposits as shown by microSuch organo-mineral gels often persisted after
beam analyses (EDXRA).
the producing organisms had disappeared.
Adsorption of mobile clay
particles to the bacterial gel and absorption of metal cations will
likely stabilize the organic matter as humin.
Catalytic reactions on
clay surfaces may subsequently cause the formation of more chemically
resistant humlc matter.
In several cases, well delineated coatings of polysaccharides were
observed on mineral grains indicating a former colonization by microbes
rather than random adsorption of soluble or colloidal materials.
The
(stain-reactive) polysaccharides were not seen to form unstructured
coatings on mineral surfaces.
Microscopic observation of transient and temporary cementing agents
suggests highly specific processes of formation, deposition and crosslinking with minerals that are governed by the accessibility of pores
and aggregate- or particle surfaces to microbial activity.
Organic
matter of moderate stability is the result of interactions of microbial
gels and decomposing plant material with soil minerals and metal
cations.
It appears likely that only more modified less reactive organic
matter as well as low molecular weight materials can move in soil
solution and are not constrained by soil structural parameters.
Since
production and deposition of polysaccahrides and associated organic
matter is limited to accessible soil pores Its subsequent turnover may
also be rapid.
Subsequent stabilization would be due to mineral
coating, consolidation with polyvalent cations or shrinkage of soil
pores.
Zusammenfassung
Mineralisierung von organischem Material traegt wesentlich zur
Fruchtbarkeit von Graslandboeden bei. Die Umsetzung von organischen
Stoffen haengt nicht nur von ihrer chemischen Resistenz sondern auch von
ihrer raeumlichen Verteilung ab. Grobe Pflanzenrueckstaende
sowie
kolloides Material, das die Oberflaechen von
Mikroaggregaten und
Partikeln bedeckt, sind die aktiven Fraktionen deren Dynamik besonders
wichtig
ist. Licht- und Elektronenmikroskopie
in Verbindung mit
Ruthen!umanfaerbung
und
Roentgenspektralanalyse
veranschaulichte
Produktions- und Umsetzungsmechanismen die eng mit der Formung und
Struktur von Bodenaggregaten verbunden war. Als Kerne der Aggregatbildung wurden Bakterien und ihre Glycocalices, die Tonpartikeln sowie
freie Kationen sorbierten, beobachtet. Bakterien, Myzele und Wurzeln
formten oft Bruecken zwischen organischen und anorganischen Bodenbestandteilen. Auch Polysaccharide, die nicht mit Organismen verbunden
waren, zeigten deutlich, dass sie von Mikroben stammten. Freie,
unstrukturierte Rutenium gefaerbte Substanzen wurden nicht beobachtet.
Diese Studie unterstuetzt die Hypothese, dass aktive organische
Materialien in wohl differenzierten Lokalitaeten und Strukturen wie
Kornund
Aggregatoberflaechen,
die
von
Mikroben
erreicht
und
kolonisiert werden koennen, erzeugt und umgesetzt werden. Rein chemische
Umsetzungen -in Loesung und unabhaengig von Bodenstukturen- sind von nur
wenigen Substanzen zu erwarten.
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MAIN TYPES OF BIODEGRADATION AND HUMIFICATION IN THE FOREST HUMUS OF
TEMPERATE AND TROPICAL COUNTRIES.
F. TOUTAIN and G. VILLEMIN
Centre de Pédologie Biologique du C.N.R.S.
B.P. 5, 54501 Vandoeuvre-les-Nancy Cedex, France
Morphological observations made in the field and micromorphological
and ultrastructural studies of forest humus in temperate and tropical countries show the importance of brown pigments (of leaves and roots) in plant
material that is incorporated into the soil. The whole of these products
represents about 25 7. of the weight of beech leaves (Fagus sylvatica L)
that fall on the soil and contain about 60-70 % of total nitrogen of leaves. Few organisms living in soils are able to transform rapidly these very stable substances; the main ones are white rot fungi, anecic earthworms
and some termites. So it is possible to distinguish some great types of
transformation of the organic matter brought into the soil. It may concern:
1. Weak transformations undergone by the plant material during ingestion by most microarthropods and Enchytraeids. This type of activity is
revealed by a great accumulation of pellets (not very transformed residues
of cells : "humine héritée") and in a continous production of soluble organic matter coming from leaching of these biogen elements by rain water.
2. Important transformations undergone by this material in the course
of digestive transit in animals such as anecic earthworms or termites. A
real digestion of brown pigments by earthworms takes place as well as a
formation of bacterial aggregates and of a stable clay humic complex in the
case of earthworms and termites.
3. Intense transformations undergone by plant material particularly
by browmi pigments under the action of some white rot fungi with a great
production of soluble organic matter that is adsorbed on the phyllosilicates or oxyhydroxids of underlying horizons ('Mumine d'insolubilisation").
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Since the presence and the activity of these different types of organisms are linked to the environmental conditions (climate, parent rock, vegetation), these different types of functioning that condition the morphology and the main characteristics of humus (types of organic matter, chemical characters productivity) are subordinate to these environmental factors. Humus is an excellent indicator of the functioning of the forest ecosystems .

- 648 NITROGEN FIXATION IN THE RHIZOSPHERE OF RICE AS AFFECTED
BY WATER REGIME AND PLANT NUTRITION
Günter Trolldenier
Landwirtschaftliche Forschungsanstalt Büntehof,
D-3000 Hannover 71, FRG
It has already been assumed earlier that high fertility of paddy
fields may be due to microbial N, fixation (cit. in Trolldenier,
1975). Although the acetylene reduction technique has inspired
studies on Nj fixation in wetland rice, it« inadequacy ha* revived the interest in nitrogen balance sheets for flooded rice
(Greenland and Watanabe, 1982). In the field, however, a quantitative approach is difficult because of sampling errors, the unknown role of the subsoil and N losses due to leaching. A longterm pot experiment was therefore conducted in the greenhouse to
assess the nitrogen economy of the rice plant and Nj fixation by
heterotrophic soil microorganisms under controlled conditions.
Methods
Ten consecutive rice crops were grown under greenhouse conditions
in pots containing 26 kg of an alluvial soil. The exp«riment comprised treatments with dry (DF) and wet fallow (WF) between the
cropping seasons. Each group received varying amounts of N and
K, while other nutrients were applied at equal rates. Nitrogen
fertilizer was always placed into the reduced soil layer, either
as ammonium or as urea to minimize denitrification losses. The
pots were planted to 2 hills cv. Cigalon. A black plastic cover
prevented growth of phototrophic organisms. Balance sheets were
established from the difference between the amounts of N removed
by the plants and N applied as fertilizer to the pots.
Results
The yields Indicate that fertilizer application was slightly
too high in the first years resulting in little differences
between the fertilizer treatments. Thereafter fertilizer amounts
were reduced. In the second 5 of 10 consecutive crops N2 and
K 2 were clearly superior to N« and K-) treatments. In the earlier
years grain yields tended to be higher with WF than with DF,
later they were generally higher after DF. In the first period
N uptake in one half of the treatments was lower than the
amount of N applied with the fertilizer (Table 1).
Thereafter N removal was higher than N input in all treatments
but one, N removal being highest for the lower input levels.
With WF total soil-N did not change during the experimental
period, but decreased by approx. 5% with DF. Taking soil-N
into consideration a negative balance was found after the first
5 crops in all but the two N-)K1 treatments which indicates N
losses from the system. After the second period a negative
balance was calculated only in two N9K1 treatments. The positive
balance in the other 6 treatments, which is equivalent to N
gains, can be attributed to microbial N, fixation in the soil,
mainly in the rhizosphere, as activity of blue green algae had
been eliminated. Net N gains were generally higher after DF,
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Difference between N removal and N application
(A N) after the first and second 5 crops of
rice and nitrogen balance, including total
soil N (g/pot)
Treatment
Fallow
Fertilizer

+ 1.1
+ 1.7

+ 1.1
+0.3

+ 1.1
+ 3.3

+ 1.1
+ 1.9

2

wet
dry

-0.1
+0.3

-0.2
-0.9

+ 1.5
+3.5

+ 1.8
+2.3

l

wet
dry

-0.3
+0.6

-0.4
-0.8

-0.6
+0.5

-0.7
-0.9

wet
dry

-0.9
-0.4

-0.5
-0.2

+0.5
+ 2.7

+0.9
+ 1.1

K

2

K

II. 5 crops
A N
N
Balance

wot
dry

N, Kj

N

I. 5 crops
N
A N
Balance

K

2

N Application
K Applic at ion

"I

k

9 0
11 7
5 4
19 1

5 2
10 4
N K
N

2K2

4 6
11 7
14 3

amounting to 26 % (5-year average) in the N^K_ treatment. With
DF between the crops total-soil N decreased during the experimental period suggesting favoured net mineralisation and
greater availability of soil organic nitrogen.
The results confirm the implication of associative nitrogen
fixation for the nitrogen economy of lowland rice.
Zusammenfassung
In 26 kg Boden fassenden Gefäßen wurde Reis 10 mal hintereinander angebaut. Der Versuch umfaßte 2 N und 2 K-Stufen in 4
Kombinationen mit Naß- bzw. Trockenbrache zwischen den Anbauzeiten. Die Bilanzierung für die ersten 5 Anbauperioden, in
denen mehr Stickstoff gedüngt wurde, erbrachte überwiegend NVerluste. In der zweiten Anbauperiode mit geringerer N-Düngung
war die N-Bilanz bei der niedrigeren N-Stufe positiv und am
höchsten bei der höheren K-Stufe. Da Nn-Bindung durch Cyanobakterien verhindert worden war, sind die N-Gewinne der Aktivität von Boden- und Rhizosphärenbakterien zuzuschreiben. Der
Anteil von mikroblell gebundenem N am aufgenommenen Stickstoff
betrug im Zeitraum von 5 Ernten bis zu 26 %.
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- 650 ANALYSIS OF THE C/N RATIO DISTRIBUTION IN MEDITERRANEAN
FOREST SOILS.
Vallejo,V.R. & Hereter.A.
Departament de Fisiologia Vegetal.Facultat Biologia.
Universität de Barcelona.
RESUME:On étude 1'application des courbes %C.- C/N pour caractériser la mineralisation de 1'azote en sols forestiers du NE
de 1'Espagne.Les courbes permettent la separation objective
des horizons organiques avec immobilisation de 1'azote,des horizons organiques avec mineralisation nette de 1'azote et des
horizons minéraux avec immobilisation de 1'azote dans les substances humiques; la transition entre les deux antérieurs serait
1'horizon Al.
The C/N ratio has been largely used as an index of the evolu tion of soil organic matter.There are a lot of studies on the
variations of the C/N ratio in time and its interpretation.In
the present work,the use of C/N ratio distribution in relation
to %C curves is proposed as a spatial expression of the process
The relation between time and space (depth from fresh litter)is
applicable to undisturbed soils and,particularly,to forest .
soils in which the entrance of organic residues to the soil is
very directionalized.
Most of the Mediterranean forest soils have no significant
humus traslocation and consequently decrease of organic matter
in depth is regular.Therefore,the %C is an objective expression
of the horizon sequence when comparing soils,without having to
assing a often subjective limit between organic and mineral horizons and the corresponding depths.
In the figure,the %C-C/N curves of three sets of soils are
compared.Two types of soil have the same climatic and mineralogical characteristics but different vegetation,while the third
has different lithologic and climatic conditions but the same
vegetation as one of the previous two.From the curve analysis,
the following conclusions are taken:
a) Fractions larger than 2 mm:layers L and a part of F.At high
%C values there is net N immobilization as is revealed by the
strong decrease in the C/N ratio with relatively small variations in the organic carbon.The points are quite sparse,probably due to the variability in the content of lignified fragments and to the fact that part of these layers are very labile
and may vary with the sampling time and local conditions.In
some cases,in the same soil profile an increase in %C in the F
layer with respect to the L layer is observed.This coincides
with a N increase and necessarily with a very low increase in
ash.The L layer from Pinus has greater C/N ratios than that
from Quercus.
b) Fractions smaller than 2 mm:
1) Asymptotic section of the curves,parallel to the %C axis:
it corresponds to the F and H layers and it would connect
with those points of the F fraction that are larger than 2
mm.In these horizons there is a net N mineralization,showed
by the considerable decrease in organic carbon with an almost
constant C/N ratio up to an approximate %C of 5.A segregation

- 651 of the curves is observed,in which the pine soils have the
greatest C/N ratio,followed by acidic Quercus ilex soils.
Therefore,in these layers the differences in vegetation,
substrate and climate are reflected in the C/N ratio.
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FIGURE: calcareous TAthic Torriorthent and L.Carborthid
ouer marl from the Central Basin of Catalonia,P= 450mm,
T = 1 4 C(yeariy means)with different forest type: curve
1 ( + ) :Pinus halepensis and Pinus nigra; curve 2 (*•) :
Quercus ilex ssp.rotundifolia. Acidic Lithic Xerorthent,
Litnic~and Fluventic Xerochrepts,over shales from the
Montseny mountains,P= 900 mm,T • 10 C,forest type:
Quercus ilex ssp. ilex,curve 3 (o).
2) Section in which the-curves change the slope:it corresponds to the mineral horizon of organic matter incorpora -.
tion,Al,where still little-transformed remains are found together with humified ones.These horizons are rich in worm
casts.Because of the mixing,the points are somewhat scattered. In the three types of soils,the Al horizon so defined
ranges between %C 4 to 6.The differences in C/N ratio in the
different groups of soils still remain.
3) High slope section of the curves: it corresponds to the
most mineral horizons in which decrease in the C/N ratio and
N immobilization mainly taking place in the humic substances.
In these horizons there are no important differences between
the three types of soils studied.
The %C and C/N values which define the transition between organic horizons with net N mineralization and mineral horizons
with N immobilization can be used for an objective definition
of Al horizons.
The %C - C/N curves prove to be quite sensitive to describe the
mineralization for the different forest soils studied.
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Associative Microorganisms of the Roots and Influence
on Plants
Vancura V., Star.ëk, M. and Catska V.
Czechoslovak Academy of Sciences, Institute of Microbiology, Videnska 1083, 142 20 Praha 4
In the rhizosphere, bacterial respiration activity
usually prevails. On the other hand, in the free soil not
affected by plant roots, respiration activity of micromycetes
is the highest. A great part of the microbial association on
the root surface is formed by bacteria of the genus Pseudomonas, Agrobacterium, and others. These bacteria form metabolites capable to affect the growth, development and healthy
conditions of plants and the composition of rhizosphere microbial association, either favourably or adversely. Among
these metabolites belong compounds stimulating plant growth
(auxines), vitamines, compounds with antibiotic activity including phytotoxines, siderophores and, according to the
latest investigations, elicitors of phytoalexines.
The effectiveness of root associative microorganisms is
dependent on the environmental conditions. Some agrotechnical
means, e.g. foliar application of urea or fertilization of
soil with liquid pig-manure (Bednéfova-Civinovä et al., 1981)
may affect favourably the rhizosphere bacterial association
stimulating plant growth and preventing the root rotting.
Recently, effects of Pseudomonas putida strain Kll, on
growth and healthy conditions of wheat and barley have been
studied in greenhouse, small-field and large-field experiments. Dressing of seeds with organic preparates, e.g. Tiram,
did not affect adversely the development of the introduced
pseudomonades and enabled colonization of roots by bacteria.
After the treatment of seeds with bacteria, the plant growth
was usually stimulated, the incidence of take-all was reduced
and the crop yields were increased by 7 to 15 %. This increase was connected with an increase of the number of shoots
in the case of treated plants. Nondressed wheat was not
protected by the bacteria against Rhizoctonia solami and the
protection was less effective against Fusarium spp.
Some strains of fluorescent and other pseudomonades have
been isolated from the rhizosphere of various plants and tested. The strains of Psudomonas fluorescens and P. putida
influenced favourably the growth, healthy conditions and
yields of potatoes. Psudomonas sp. isolated from the rhizosphere of apple seedlings acted as an antagonist to phytotoxic
fungi. After its application on roots of the seedlings, the
biomass of phytotoxic micromycetes decreased and growth of
trees was markedly improved in comparison with the control
plants. The mycolytic activity of bacterial isolates from
roots of inoculated apple-trees was higher than that of the
isolates from control plants.
From the other associative microorganisms, main attention has been paid to Agrobacterium radlobacter, strain B6,
isolated from the surface of Pythium debaryanum hyphae.
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INTERACTION BETWEEN V« wvcrjRRHIZAE, ROCK PHOSPHATE ANC Rhizobiui ON TROPICAL LE6UME Cicer arietinue
IN SENI-ARID SOILS
A;:t Varia and Kiran Singh
Mycorrhiu and soil fertility

hycorrhiza are recognized to enhance nutrient uptake, and consequently plant growth through an extensive
net »crk of external iyceliu« (!!. Bore efficient endophytes can be introduced into nutrient deficient sen
arid/desert soils «here indegenous endophytes are sparce,less efficient (2,31. Repeated inoculation by endophytes lead to lore impoverished soils. To iaintain the benefits of inoculation, levels of available phosphate »ust therefore be «aintained or preferably increased. Phosphorus deficiency is aide spread in Indian
soils particularly in sell arid zones. It is further established that in P deficient soils nitrogen fixation
in several leguies inoculated with appropriate Rhizobiui depended euch on phosphorus »Inch could be either
by lycorrhizal infection or by soluble phosphatic fertilizers. He, therefore, included tropical leguie
Cicer arietinui as test plants in the present expedients and have exaiined the interaction betaeen lycorrhiza, rock phosphate and syibiotic nitrogen fixation by rhizobia,
Treatients used aere, nil, aith added rock phosphate (RP); iycorrhiza IN); rock phosphate and iycorrhiza
(RP-i-M) and «here needed Rhizobiui leguiunosarut !RH) (4! aas included. pH of the soil aas acidic (pH 6.2).
Experiiental soils aere phosphorus deficient and avilable P in the range of 1.9=3.Big/lltlg soil (51. Eround
rock phosphate aas lixed at 48B«g per pot containing iBBBg irradiated soil in earthern aare pots. Seeds gerinated in acid «ashed sand aere inoculated aith desert endophytes, 61 Plus geosporui, Sigaspora giliorel !6>
and/or Rhizobiui slurry (7), before transplanting into the experiiental soils. Pots aere groan In envlron•entally controlled groath cabinet (Heraeus Votsch, Gerianyl. Nitrogen fixation »as estiNted using the acetylene reduction assay (81,
Nil plants grea little, largely on their reserves, Nycorrhizal plants benefitted aith added rock phosphate, Sroath and P contents aere increased by iycorrhiza and aere greatly incriased «hen the tao treatienti
aere combined (Table 1). Rock phosphate i iycorrhiza interacted synergistkally in their soils. Inoculation
aith lycorrhizal fungi and Rhizobiui had overall good effect especially ahen coibined aith added rock phosphate. Nodules aere large and aeighed betaeen 51 and lit! of the root «eight and had higher leghaeioglobin
Table 1. Dry at., phosphorus contents, nodule at. I nuiber, lycorrhizal infection and nitrgenase activity of
Cicer arietinui groan on rock phosphate aith VAN and/or Rhizobia (lean of three replicates after II aeeks)

Treatients

nil

Dry »t/shoot (gl
Dry at/root (g)
Ishoot P
I P nodules
No. of nodules/plant
Nodule fresh «t/plant (ig)
Hycorrhizal infection!
uiole CjhVplint/h

9.5
4.2
1,13
ND

RP

H

RP +N

RH

RM+M

RH+RP

RH+RP+M

12.1

16.1
11.4
8.24
1.14

37.8
11.8
8.51

a.«e

35.1
18.1
8.84
8.85

37.3
11.9
8.31
8.31

35.2
18.8
8.58
8.48

B.2
1.2

8.8
1.2

78.i
8.811

96.8
8.12

54
5.9
2

115
8.«
B7
2.9

79
7.1
3
2.7

58.8
17.1
8.8«
8.94
35.8
11.1

B.4
B.BB

4.1
1.7
1

ND
6.B
8.9
6.1

8

8.885

2.55

113
4.9

ND, not detectable. LSDP = 1.84, SEIN13.7, C D . at 51 level, 5.75,
aiounts. Their P content ranged betieen 8.15-8.941 in nodules. Hycorrhizal infection increased on the inclusion of rock phosphate and even better in the presence of Rhizobiui, l-ray licroanalysis has indicated that
calciui, potassiui and phosphorus uptake by root systei «ere considerably increased on dull inoculation and
little tore «hen rock phosphate aas included in the plants (Table 21, Sinlar results acre recorded for nitrogen fixation (C2H2—>C2«4). Plants not treated aith Rhizobiui lacked nodules aith little or no notrojenast
activity.

- 655 Table 2. J-Ray licro-analysis of eleients in roots of Cicer arietinui
Treatients

nil '

RH

RH*«

RH+RP

RH+RP+M

H

RP

RP+M

Calciui 1!)
Potassiui 1!)
Phosphorus (ppil

2.144

2.833
8.882
713

»,271
1.447
257B

3.8
8.BB
988

i.n

3.325
1.185
2838

2.21
8.77
57B

3.81

i.n
5B0

3.22
34B1

J.N
2798

Our data support the «idely held vie« that the beneficial effect of VAN probably lies in an enhanced supply of P and other essential nutrients for the plant, followed by direct/indirect effect on nodule gronth
and function (9). Alternatively effect on supply of trace eleients, iore «ater particularly in seii-arid
soils or the cross transfer of horiones or other letabolites betieen fungus and host can not be entirely excluded. Evidence of a possible direct interaction betneen rhizobia and VAX indicate one or the other of
these processes. A working lodel on the dual licrobial inoculation on tropical leguiie is proposed in Pig 1.

nutment)

Nonrhizosphere
Enhance Soil
Fertility

The success of inoculation by both rhizobia and lycorrhizal fungi depends on the presence of large aiounti
of leguie root and practical lethods of inoculation »ill be required to lauiize the iipact of licrobiil
syibiosis on the establishment of tropical I equips particularly in arid desert soils «here rain fed cultivation in such selected soils «ere proiising, technique should be developed for assaying the efficiency of Id*
degenous endophytes and for studying the spread of introduced endophytes in natural soils.
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- 656 EFFECT OF HUMIC SUBSTANCES ON MICRQBIALLY-INDUCED
ORGANIC MATTER TRANSFORMATIONS IN NATURAL ENVIRONMENTS
Simon A. VISSER
Department of Soil Science, Laval University, Ste-Foy, Quebec, Canada G1K7P4
In previous studies (Visser, 1985 , 1985 ) , humic substances of natural
o r i g i n were shown to a f f e c t metabolic processes by microorganisms in terrest r i a l and aquatic environments. I t was indicated that under the influence
of f u l v i c and humic acids various microorganisms can become active w i t h i n
physiological groups in which they normally do not show any a c t i v i t y .
In
this study the influence of humics on the a n x i o l y t i c a b i l i t y of Enterobacter agglomerans is investigated, and t h e i r e f f e c t on the properties of the
enzyme a-amylase.
The p a r t i c u l a r s t r a i n of Fi. agglomerans was isolated from a clay loam
of the Ste-Rosalie series (St-Hyacinthe, Quebec); the organism has, however,
also been found to be present in many other s o i l types. The humics tested
were extracted, p u r i f i e d and fractionated from a podzol, and from a commerc i a l l y available product ("Energizer") obtained from a Leonardite o r e , as
described by Visser (1985 a ).
One of the characteristics of the isolated s t r a i n is i t s a b i l i t y to degrade starch or dextrin only when humic substances are also present. The
humic material does not serve as a carbon or nitrogen source to the organism. I t s main e f f e c t , in the present context, appears to be on the synthesis and a c t i v i t y of the enzyme a-amylase. The lowest humics level at which
an e f f e c t on the amylolytic a c t i v i t y of £ . agglomerans could be detected
was 1 mg.£ ' .
Within the concentration range of 1-100 mg.£~ , f u l v i c acids appeared
to be, on the whole, s l i g h t l y more active than humic acids. The optimum
concentration level for the former was approximately 50 ma.I'1, whereas
f o r the l a t t e r i t was around 10Q mg.l'1.
At the 50 mg.l * concentration
level molecular weight humic fractions were more e f f e c t i v e than higher molecular weight m a t e r i a l .
I t was noticed that besides humics also certain proteins ( e . g . gelatin)
or amino acids (asparagin) could induce a-amylase synthesis in E_. agglomerans. inoculated in a starch medium. Low molecular weight sugars, on the
other hand, such as glucose, did not induce any a-amylase a c t i v i t y .
Humics could also induce a-amylase production when in the medium starch
was replaced by dextrins. Lower molecular weight dextrins (<10 K) stimulated a-amylase formation to a greater extent than higher molecular weight
f r a c t i o n s . As already mentioned, the organism was unable to break dextrins
down in the absence of humic substances.
To f u r t h e r investigate the e f f e c t of humics on the a c t i v i t y of
a-amylase from E. agglomerans, the enzyme was extracted from a culture of
the organism in a starch-humic acid medium, and p u r i f i e d following the
technique described by Manning & Campbell (1961).
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I t was shown that humics in the concentration range from 0.2 to
125 mg.l ' increased the a c t i v i t y of the a-amylase. The mostpronounced
e f f e c t took place at a concentration of between 1 and 20 mg.£ _ 1 , depending
on the type of humic material tested. Humic acids obtained from a Leonard i t e o r e , when present at a concentration of 5 mg.£ ' , reduced the
Michaelis constant of the a-amylase by 80%. I n h i b i t o r y e f f e c t s o n enzyme
a c t i v i t y were observed at humic concentrations of over 125 mg.£ ' .
Fulvic acids appeared to stimulate enzyme a c t i v i t y more than humic
acids, and low molecular weight humics (<5 K) had a more pronounced e f f e c t
than material with a higher molecular weight (>25 K).
Humics themselves do not have any a n x i o l y t i c a c t i v i t y : t h e i r e f f e c t
results from t h e i r action on the enzyme and not on i t s substrate. Under
the influence of the humics, the pH optimum of the a-amylase was shown to
increase from 5.0 to 5.5; i t s temperature optimum (40°C) was, however, not
affected.
Indications were obtained t h a t humic substances have a favorable eff e c t on enzyme s t a b i l i t y , in p a r t i c u l a r during storage. They w i l l f u r t h e r more reduce or eliminate the negative e f f e c t of many of the enzyme's i n h i b i t o r s , such as cupric acetate; 2,4-dinitrofluorobenzene; 2,4-dinitrophenol
and mercuric c h l o r i d e .
The phenomena as observed on E. agglomerans are i n d i c a t i v e of the pot e n t i a l e f f e c t which humics can have on the type and rate of organic matter
transformations in natural environments as a r e s u l t of microbial a c t i v i t y .
Rereren ces:
MANNING, G.B. & CAMPBELL, L.L. (1961). Thermostable a-amylase of Bacillus
stearothermophilus. J . B i o l . Chem. 236, 2952-5947.
VISSER, S.A. (1985 ).
bial cells.

Physiological action of humic substances on microSoil B i o l . Biochem. 17, 457-462.
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Welp, G. and G. Brummer
Department of Plant Nutrition and Soil Science, University of Kiel,
Olshausenstraße 40, 2300 Kiel, Federal Republic of Germany
Introduction: Environmental chemicals in soils are regarded as unavailable for microorganisms if they are present in an insoluble adsorbed
or precipitated form. Only the proportion in the soluble phase can be
taken up by the microflora. When exceeding certain
threshold
concentrations harmful effects will occur. A new test procedure - the
Fe(IIl)-reduction test - was used to determine the microbial toxicity of
environmental chemicals in different soils. The total amounts of a given
chemical ('effective doses',ED10,E050) and the corresponding solution
concentrations ('effective concentrations',EC10,EC50) that cause a 10- and
50 %-inhibition of the microbial activity were determined. The aim of the
investigations was to find out how far the toxic effects of chemicals are
determined by the adsorption capacity of the soils and which other factors
influence the bioavailability of chemicals.
Materials and Methods: The investigations were carried out with 14
chemicals (see Table 1) and 4 to 18 soil samples from A-horizons of
different soils of West Germany. The physio-chemical properties of the
chemicals and also the composition of the soil samples (Corg. 0,9 - 12,8
%, clay 2 - 41 %, pH 3,5 - 7,8) show a wide variation. The microbial
activity in relation to the dose of chemicals added can be quantitatively
measured in water saturated soil samples by the degree ofpthe microbial
reduction of easily reducable Fe(lII)-oxides to soluble Fe -ions. ED10and ED50-values were derived graphically or by statistical methods from
the resulting dose response curves. Solution concentrations at different
total amounts of chemicals were measured by GC, AAS or LSC. From
Freundlich adsorption isotherms EC10- and EC50-values were calculated.
Results: In Table 1 the ED10-.-ED50-, EC10- and EC50-values are listed. In
relation to the total doses of chemicals added (ED10, ED50) Hg and PCP are
the most toxic substances. For the majority of the compounds the ED10- and
ED50-values are much higher than the amounts normally found in soils. For
4-chlorobenzeneamine, atrazine and phenol in some soil samples relatively
low doses cause an inhibition of microbial activity while in other soil
samples even high amounts do not show any effect. DDT and HCB have a very
low solubility in water. A change in the Fe(III)-reduction could not be
detected at doses up to 4 g/kg.
The ED10- and ED50-values of the different chemicals vary till to 1000
fold in relation to the composition of the soils. By statistical methods
these variations can be related to the content of organic matter and the
pH, and for some chemicals also to the content of clay and iron oxides.
The variations of the 'effective doses' therefore are related to the
adsorption capacity of soils.
Also the EC10- and EC50-values of the chemicals in the soil solution show
a considerable variation. For Cd and Hg the EC10-values are positively
correlated with the proportion of dissolved organic carbon in the soil
solution. The binding of free metal ions to soluble organic complexes
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and 2,4,5-T - the pH dependent dissociation of the molecules influences
the toxicity. At pH-values above the corresponding pK-values the less
toxic
anion predominates so that pH- and EC-values are positively
correlated. Thus, the bioavailability of chemicals cannot solely be
predicted from solubility or adsorption parameters. The composition of the
soil solution and also the kind of species of the chemicals can be of main
importance for the effects on microorganisms in soils.
Table 1: Microbial ED10-, ED50-, EC10- and EC50-values of environmental
chemicals in different soils (A-horizons) (median in brackets)
chemical

Hg
PCP

ED10
(mg/kg)
0.125- 125
(2,5)
1 - 90

(4)
Cd

5 - 9 5
(31)
9 - 720
2,4,5-T
(40)
16 - 290
LAS
(67)
2,4-D
38 - 525
(68)
65 - 375
Benzene
(100)
Trichloroethene
90 - 735
(190)
140 - 540
Picloram
(195)
4-Chlorobenzeneamine
85 ->1000
25 ->4000
Atrazine
Phenol
32 ->rooo
>4000
DDT
>4000
HCB

ED50
(mg/kg)
1

- 310
(47)
6 - 287
(32)
85 -1270
(300)
48 -3500
(173)
46 -5700
(150)
100- 760
(210)
235->1400
(610)
235-1620
(460)
465-1340
(900)
725->1000
>4000
> 1000

-

EC10
(mg/1)

EC50
(mg/1)

<0,001-0,04
(0,004)
0,02 -0,80
(0.23)
0,01 -1,1
(0,07)
5,5 -90
(22)
1,0 -4,9
(1,9)
30 -470
(43)

<0,001-0,25
(0,12)
0,20 -12,0
(1,8)
0,3 -170
(1,4)
10 -330
(125)
2,9 -145
(4,5)
110 -700
(150)

-

-

-

"

-

-

-

-

14

->33

-

Zusammenfassung: Die mikrobielle Reduktion von Fe(IIl)-0xiden zu Fe lonen dient als Meßparameter, um für ausgesuchte Umweltchemikalien die
Gesamtgehalte (ED10-, ED50-Werte) und Lösungskonzentrationen (EC10-, EC50Werte) zu ermitteln, die in Böden zu einer 10- bzw. 50 %-igen Hemmung der
mikrobiellen Aktivität führen. Die Wirksamkeit der Verbindungen (s. Tab.
1) wird dabei in Abhängigkeit vom Stoffbestand von 4 - 1 8 Oberbodenproben
aus der gesamten BRD untersucht. Die wirksamen Gesamtdosen der Chemikalien
(ED-Werte) können je nach Adsorptionsvermögen der Böden bis zum 1000fachen variieren. Wesentliche Einflußgrößen sind Humusgehalt und pH der
Böden. Auch die EC-Werte weisen z.T. beträchtliche Schwankungen auf, die
vor allem durch Unterschiede in der Zusammensetzung der Bodenlösungen und
der jeweiligen Chemikalien-Spezies bedingt sind.
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Langzeitwirkungen von Blei, Cadmium, Nickel und Fluor auf die
mikrobielle Aktivität eines humosen Lehms
von B.-M. Wilke Lehrstuhl für Bodenkunde und Bodengeographie
der Universität Bayreuth (FRG)
Langzeitwirkungen potentieller anorganischer Schadstoffe auf
die
mikrobielle
Aktivität von Böden wurden bisher kaum
untersucht. Ziel der vorliegenden Arbeit war es deshalb, die
Einflüsse von Pb, Cd, Ni und F auf die mikrobielle Aktivität
eines bereits vor 9 Jahren belasteten humosen Lehms
zu
untersuchen.
1975 wurde ein homogenisierter humoser Lehm in
Betonrahmenparzellen (1 m x Im) eingefüllt und mit den in Tab.
1
angegebenen Schadstoffmengen in vierfacher Wiederholung
belastet. Pb und Cd wurden als Chloride zugesetzt, Ni als
Sulfat und F als Natriumfluorid. In den Jahren nach der Schadstoff appl ikation wurden auf den Versuchsparzellen landwirtschaftliche Nutzpflanzen
(Weizen,
Roggen,
Bohnen
etc.)
angebaut. Die zur Zeit der Probenahme (März 1984) noch im Boden
enthaltenen Schadstoffmengen zeigt Tab.1. Während Pb, Cd und Ni
kaum ausgewaschen wurden, verringerten sich die F-Konzentrationen um mehr als die Hälfte. In Gleichgewichtsperfusionslösungen
(GPL) bestimmte Schadstoffkonzentrationen kennzeichnen deren
labile, für Mikroorganismen gut verfügbaren Anteile. Gemessen
an seinen hohen Konzentrationen im GPL-Extrakt (38,7 bzw. 73,8
mg/kg) muß Fluor als der mobilste aller hier untersuchten
Schadstoffe eingestuft werden.
Zur Kennzeichnung der mikrobiellen Aktivität des belasteten und
unbelasteten Bodens wurden die Biomasse (ATP-Gehalt) sowie
Aktivitätsmessungen der Enzyme Dehydrogenase (DHA), Protease
(PA) und Saccharase (SA) herangezogen (Tab. 2). Cd- und
F-Belastungen < 50 mg Cd/kg bzw. < 500 mg F/kg hemmten neun
Jahre nach Schadstoffzusatz alle gemessen mikrobiologischen
Parameter signifikant, Pb- und Ni-Zusätze > 1000 mg Pb/kg bzw.
> 100 mg Ni/kg dagegen nicht. Eine Erklärung für diese Befunde
lieferten die im GPL-Extrakt gemessenen Schadstoffkonzentrationen. So wirkte F aufgrund seiner hohen Mobilität (s. GPL Tab.
1) am stärksten,
Pb aufgrund seiner starken. Bindung an
organische Substanzen des Versuchsboden am wenigsten aktivitätshemmend.
Zu Vergleichszwecken mit Perfusionsanlagen bei 26 °C durchgeführte Kurzzeitbelastungsversuche (2 Monate) zeigten, daß unter
diesen Bedingungen die mikrobielle Aktivität stärker
gehemmt wurde. Ursachen hierfür werden diskutiert.
Summary In order to study long-term effects of Pb, Cd, Ni, and
F on soil microbial activity a humic loam which had been
treated with PbClj, CdClj_, NiSOi^, and NaF in 1975 was analyzed
for its ATP-content (biomass), dehydrogenase(DHA), protease(PA), and saccharase- (SA) activity in 1984. Results obtained
revealed that the most mobile element F (see GPL-values Tab.1)
inhibited microbial activity of the test soil to the highest
degree (Tab. 2). In contrast Pb was least effective even after
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effects of poll utants on micorbial processes in soils are
mainly influenced by their mobile fractions which can be
GPL-extracts.
For comparison short-term
characterized by
experiments (2 mo nths, 26 °C) using perfusion apparatuses were
carried out. Res ults obtained indicated the microbial activity
of test soils to be more reduced than in long-term field
experiments.
Tab.1:
Tab.1:

Blei-, Nickel- und Fluorgehalte der
belasteten und unbelasteten Versuchsböden
Lead, nickel, and fluorine concentrations
of treated and untreated soils

Schadstoff

Zugabe

Gesamtgehalte
(1984)

(1975)

GPL *

l>g / kg] F

0
500
2 000

102
219
529

7.5
38.7
208.0

Pb

0
1 000
4 000

21
900
3800

n.b.
0.15
0.45

Cd

0
50
300

3
45
247

n.b.
0.16
0.47

0
100
400

9
86
350

n.b.
0.45

i

Ni

3.10

* GPL * Gleichgewichtspcrfusionslösung
(Boden/Lösung • 2t1)
* GPL • Extraction with H O in perfusionsapparatus (soil/solution « 2:1)
Tab.2: Langzeitwirkungen von Blei, Cadmium, Nickel und
Fluor auf die Dehyudrogenase- (DHA) , Protease-(PA)
und Saccharase-(SA) Aktivität und den ATP-Gehalt
eines humosen Lehms
( Schadstoff zugäbe 1975, Untersuchungen 1984)

$1
* s?

Tab.2: Long-term effects of lead, cadmium, nickel, and
fluorine on dehydrogenase- (DHA), protease-(PA),
saccharase-(SA)activities and on ATP-content.
(Treatment 1975, measurement 198*)

H
I— VJ
oi C

5

ui

Zugabe

Schadstoff

[mg

sB fr
*

F

Ti 1

/kg]

6
•

ATP

-

100
65
35

a
b
c

100 a
108 a
91 a

100 a
78 b
61 c

100
66
37

1
4

0
000
000

100 a
96 a
66 b

100 a
129 b
92 a

100 a
97 a
87 a

100 a
89 a
62'b

Cd

0
50
300

100 a
76 b
59 C

100 a
82 'b
50 c

100 a
100 a
89 a

100
69
75

a
a
b

Ni

0
100
400

100
101
26

100 a
91 a
51 b

100 a
95 a
50 b

100
115
76

a
a
b

Pb

'

1

•g

S A

0
500
000

ig 55

Iff
rt H

P A

2

r t 03
Q j ,—

D H A

Werte sind
Buchstaben
Numbers in
not differ

a
a
b

a
b
c

gesichert verschieden, wenn ihnen unterschiedliche
nachgestellt sind.
the same column accompanied by the same letter do
significantly.
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D.G.Zvyagintsev, V.S.Guzev, S.V. Levin
Faculty of Soil Science, Moscow State University
Being a biosphere constituent, the soil has been currently undergoing heavy human pressure. Mineral fertilizers, pesticides, oil products, heavy metals, sulfur and a diversity
of other industrial waste products enter the soil in ever-increasing amounts to bring about considerable changes in the
complex of soil microorganisms. Frequently these changes are
markedly detrimental. For instance, ill-designed long-term
application of mineral fertilizers promotes a predominant development in the soil of microorganisms with high phytotoxicity. Numerous studies have revealed a response of soil microbiota to human impact. A relationship between the pressure
level and changes in the complex of soil microorganisms has
been convincingly demonstrated. But our knowlege is yet insufficient to provide an insight into the changes concerned or
to estimate their ecological significance.
To solve similar problems, general ecology uses the method of ordination (Ramenskiy, 1938), which later became
known as gradient analysis (Whittaker, 1980). This method is
based on the fact that the relationship between the community's peculiarities and the environment is best expressed by
a synecological diagram with indices pertaining to ambient
conditions and quatitative development of individual members
of the community plotted on its coordinate axes respectively.
The above method has proved fruitful in ecology of soil microorganisms too. As a laboratory test to study changes in the
complex of soil microorganisms under human impact, the method
of initiated microbial community has been used. This method
was employed to monitor changes of the relationships between
individual microorganisms-in a microbial community breaking
down starch in the soil in a gradient of pollutant concentrations. The results obtained suggest a general trend for changes in the complex of soil microorganisms. Detailed studies
of the above changes necessitate employing the entire set of
soil microbiology methods.
Based on the above approach, we classified changes in
the complex of soil microorganisms into 4 categories depending on the human pressure level. This classification holds
for a diversity of pollutant types. Every changes corresponds
to a definite pressure range referred to as a zone. The homeostasis zone is a range of the given agent where no appreciable changes in the complex of soil microorganisms are recorded. The stress zone is a concentration range with quantitative changes in the complex of soil microorganisms pertaining
to these organisms relative importance for some soil process.
The resistance zone is a concentration range with sharp qualitative changes in the composition of microorganisms active
in the soil when a predominant development is shown by the
populations of microorganisms resistant to high concentration
of the agent. The repression zone is a concentration range in
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badly depressed. Changes in the complex of soil microorganisms in a human pressure gradient exhibit the following distribution pattern. In the homeostasis zone, the soil microbial
system is resistant to human impacts. The first interference
with the equilibrium of the soil microbial system is recorded
in the stress zone. In the resistance zone, disturbances of
the microbial system attain a maximum, and in the repression
zone, the microbial system ceases functioning. The universal
nature of the 4 change categories in the soil microorganisms
complex was exemplified by the pollution of a number of zonal
soils by agents with trophic or non-trophic action such as
mineral fertilizers, oil, heavy metals and pecticides.
The relationships between counterpart microorganisms exhibit a competition pattern. Elimination of a population by
another one may take two different courses. The first course
is that of unstable equilibrium depending on initial densities of the organisms. The population that shows a lesser density at the initial moment is eliminated by the population
with a greater density at the given time. The second is elimi
nation not depending on initial densities, i.e. obligatory
elimination. The more adapted organism would dominate irrespective of its initial density. It has been found that in the
absence of human impact on the soil (homeostasis zone), the
first type of competition elimination predominates. Increasing the initial density of one of the couterpart microorganisms involved in some soil process, one can ensure its dominance in the microbial community. By contrast, an increase in
human pressure (stress zone) the second type of competition
elimination begins manifesting itself. The process of elimination starts with the most sensitive populations. Concurrently, that brings about still greater changes due to re-distribution of the resources among the remaining microorganisms,
i.e. potential counterparts involed in a given process. As a
result, considerable changes in the quantitative ratio of certain species in the community are recorded. The predominance
of the second type of competition elimination leads up to the
situation when at a very high pressure level (resistance zone)
only microorganisms highly adapted to the action of the given
factor dominate irrespective of their initial density.
Our study provides a more profound insight into the mechanisms underlying the so-called aftereffect of human pressure on the complex of soil microorganisms. The human factors
transform the environment in such a way that the obligatory
type of elimination becomes more important. A predominant development is recorded for the microorganisms which were originally less important but more adapted to human pressure.
The human impact having ceased, the newly-formed microbial
coenosis remains since unstable-equilibrium type competition
is already in evidence under these conditions, and new organisms with a higher population density continue dominating.
The latter gives ground to consider the changes taking place
in the complex of soil microorganisms irreversible and,
hence, succession-type.

