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SOIL WATER RETENTION
101

Evaluation of soil water content-suction relationships
A.K. SINGH
Water Technology Centre, Indian Agricultural Research Institute, New Delhi-110012, India

Soil water content and suction relationships were studied for a sandy loam soil
after obtaining the soil water characteristic curve. The polynomial of the third
degree in which the logarithm of soil water suction is the dependent variable and
the soil water content is the independent variable, was found to be a more useful
function than the earlier ones proposed. A simplified method for evaluating the
various constants involved has also been explained. The effectiveness of an
already existing relationship can be increased significantly by a simple modification. This has been recommended over the original one after testing it in several
texturally different soils.

1(12

Generalization of relationship between total soil-water
pressure and soil-moisture content
V.G. ONISHCHENKO
Agrophysical Research Institute, Leningrad, USSR

A generalized description of thermodynamic characteristics to soil water in
saline soils is presented. From the experimentally obtained data it has been
shown that application of non-dimensional parameters (based on similarity
theory) gives rise to unified relations between the reduce values of total water
pressure and moisture content in soils of varying specific surface, density, concentration and composition of soluble salts. The observed regularities make it
possible to calculate the relationship between total soil water pressure and soil
moisture content based on simple relations.

:
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Problems of water retaining capacity determination in
stratified soils
NOVICA VUCl'C AND VOJ1N DOBRENOV
Faculty of Agriculture, Novi Sad, Yugoslavia

With stratified soils, differences in water retaining capacity determined in field and
in laboratory on the porous plate apparatus are very large for certain strata.
These differences may cause grave errors in the calculation necessary for irrigation and drainage practices.
If stratified soils have deeper sandy strata, there occurs capillary suspended
water which remains in the soil instead of percolating down. The occurrence
ensues due to a difference in the surface tensions between the lower meniscus of
the wider capillary in sand and the upper meniscus of the narrower capillary in
the upper stratum.
When water retention is determined in laboratory, under certain pressure,
soil samples usually 1 2 cm thick, are disturbed and do not have their natural
strata. The resulting lower values of water capacity do correspond to the texture
of the soil in question but do not correspond to the natural stratification of
alluvial soils. It may be thus concluded that reliable values of water capacity of
stratified soils may be determined only under field conditions.

104

A new approach to determining hydrophysical and
rheological properties of soils from their water
retention curves
A D . VORONIN
Department of Soil Science, Moscow State University, Moscow I 17234, USSR

A method which allows the calculation of the most difficult part of the water
retention curve for soils from a limited number of easily and reliably measurable
data is presented. The method also helps in finding points along the curve where
the capillary moisture transforms into capillary — filmy moisture and the latter
turns into filmy-junctional moisture. It has been shown that while the first is
related to the field water capacity the second has a bearing on such key soil
characteristics as plastic limit, the moisture content at which soil become sticky,
optimal moisture content for soil aggregation and their mechanical cultivation.
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The results from this study have proved that, depending on the granulometric
composition of soil, the transition points are located along the water retention
curve such that once they are connected, a direct line is formed crossing the axis
of potentials in the same point corresponding to a water potential of - 14.7 J/kg
or the logarithm of equivalent pressure, pF = 2.18 but differing in inclination of
the angle.

105

Influence of bulk density on water retention
characteristics
S.C. GUPTA AND W.E. LARSON
United States Department of Agriculture, Science and Education Administration, Agricultural
Research, University of Minnesota, St. Paul MN, 55108, USA

Statistical models are presented for estimating soil-water retention curves as
influenced by bulk density. Statistical relationships include particle size distribution and organic matter content as other independent variables. Data base for the
development of these regression equations was obtained by determining curves
on 12 soils at four bulk densities. These models will be useful in evaluating the
effects of tillage and compaction on crop yield through soil-plant-atmospheric
continuum models.
WATER FLOW IN S O U S
11)6

Extending the theory of infiltration to swelling soils
LA. GUERRINI, K. REICHARDT AND P L . LIBARDI
Centre for Nuclear Energy in Agriculture, CENA, Piracicaba, SP, Brazil

A general analytical-empirical formalism is presented to study horizontal water
infiltration into soils, which can be applied both to swelling and non-swelling
soils.
Soil water diffusivity is studied as a function of water content and time and
taking into account soil particle movement and rearrangement during infiltration by introducing a new experimentally obtained, soil-hydraulic parameter.
Significant differences were found for soil water diffusivity values when applying
the traditional theory and the proposed extension showing an improvement of
the theory of water infiltration into air-dry soils.
Soil water content and bulk density data were obtained with the 2-y attenuation technique.

4
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Pressure-plate water outflow from a deformable finite
sample of water-saturated clay
D. SWARTZENDRUBER 1 AND I. SHAINBERG 2
I. University of Nebraska, Lincoln, NE 685X3, USA; 2. Volcani Center, ARO, Bet-Dagan, Israel

The outflow of water with time from a short vertical column of onedimensionally compressing water-saturated clay is obtained mathematically.
Water outflow is caused by a small constant pressure step, applied instantaneously
to the top surface of the clay at time zero and maintained indefinitely thereafter.
The governing partial differential equation has the form of the nonlinear diffusion equation, but is linearized to the form of the well-known heat equation.
However, the diffusivity of the water-saturated clay is not forced to be constant,
but instead decreases in a qualitatively acceptable manner as the porosity of the
clay decreases. Hence, the experimental validity of the solution should be better
than the corresponding case of pressure-step-induced water outflow from a
water-desaturating rigid porous medium. Agreement with experimental data is
reasonable, especially over the first half of the outflow range.

1Ü8

Movement specificities of moisture soaking and filtering
through soil
E.A. DM1TR1EV
Department of Soil Science. Moscow State University, 117234, Moscow, USSR

The utilization of soluble starch as a water tracer, revealed by the iodine, made it
possible to have a visible picture of the peculiarities of movement of water
penetrating into and filtering through the soil.
It was established by many field experiments that the soaking of water into a
dry soil may proceed by a continuous front (infiltration type); however, more
often, the infiltration proceeds by percolation through the cracks and large pores
or as tongues, which are not connected with the cracks and large pores and do not
coincide with the most porous soil areas (quasipercolation type). In moistened
and saturated soils, penetration and filtration of water most often occurs by
percolation through "channels" while a considerable portion of soil volume
(sometimes over two thirds) do not participate in the infiltration of water. Water
penetration and filtration may proceed by the semi-infiltration type which is
characterized by the presence of separated non-filtering volume in the "flow" of
water filtering through the soil.
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Hydraulic conductivity in soil columns as influenced by
clay type, sodium adsorption ratio (SAR) and electrolyte
concentration
ABDUL RAZZAG AND F.DE CONINCK
Laboratory for Pedology, State University of Ghent, Krijgslaan 271, B-9000 Ghent, Belgium

Soil columns prepared with mixtures of organic matter-free pure clays and
quartz were employed to study the influence of different SAR and salt concentrations on the hydraulic conductivity. The results show that the hydraulic conductivity decreases with an increasing SAR and with decreasing electrolyte
concentrations in the case of smectite. In the case of kaolinite and illite, the
hydraulic conductivity remained unaffected upto a fairly low salt concentration
in the effluent. In mixtures of clays and with constant SAR increasing amounts
of smectite bring about a lowering in hydraulic conductivity. These results
suggest that the smectite is mainly responsible for the reduction of hydraulic
conductivity during leaching of soluble salts from the salt-affected soils with high
SAR. Thus the contents of smectitic clay seems to be an important factor to be
taken into account in successful reclamation of saline sodic soils.

Illl

On drainage design in Vertisol
D.G. HOLSAMBRE, H.S. ACHARYA AND S.B. VARADE
Marathwada Agricultural University, Parbhani, Maharashtra, India

Various aspects of drainage design in Vertisols were analysed theoretically. Two
field experiments were conducted to study the structural and economic aspects.
Results showed that neglecting non-Darcy behaviour, a characteristic of clay
soils, may lead to an underestimation of waterable height by up to 8 per cent. The
classical ellipse equation for drainage design was found applicable to swelling
soils with the modification that the hydraulic conductivity was replaced by an
apparent conductivity which included the contribution of overburden potential.
Field experiment with a brick drain system showed that it was marginally costlier
as compared to the tile system. It was found that the saltglazed stoneware pipes
provided effective partial cementing space at joints, thus reducingthe chances of
dislocation due to swelling pressure. In a tile drain system provided with shallow
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well points as additional sources of collection, it was found that drain spacing
could be increased considerably and installation cost reduced. Economic analysis showed that the cost is mainly a function of spacing between the drain lines. A
method has been suggested to calculate the depth and spacing that would
minimize the cost.

in P

Simple methods for characterizing flow in swelling soils
with macropores
L.W. DEKKER AND J. BOUMA
Netherlands Soil Survey Institute, P.O. Box 98. 6700 AB Wageningen. The Netherlands

Characterization of water flow through swelling soils with macropores requires
special techniques because these soils are not isotropic and homogeneous as
required by flow theory. The techniques should preferably be rapid and inexpensive to allow multiple applications in the field. Five of such techniques, which
were recently developed, are discussed. They measure: (i) the vertical and horizontal Ksat in a gypsum covered cube of soil which is carved out in situ (the cube
method); (ii) the Kunsai near saturation down to pressure heads of about 15 cm by
determining fluxes through a series of crusts and the associated negative pressure
heads below the crusts (the crust test); (iii) short-circuiting, which is preferential
movement of free water along vertical macropores in unsaturated soil, by sprinkling water on large, undisturbed cores; (iv) infiltration patterns of water along
vertical ped faces in clay soils during sprinkling irrigation, as made visible by dye
tracers, and (v) reduced upward flow in unsaturated clay soil due to formation of
horizontal cracks.
WATER AND THERMAL REGIME OF SOILS
112

Non-isothermal soil moisture transfer: An object and a
means in soil hydrophysics study
A.M. GLOBUS
Agrophysical Institute, Grazhdansky 14. Leningrad 195220, USSR

A quarter of century ago Philip and de Vries analysed a state of non-isothermal
soil moisture transfer theory and advanced a hypothetical vapor-liquid mecha-
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nism of thermal moisture transfer (TMT). Since then new features of TMThave
been revealed in the USSR: Its similarity for water and some other fugative
liquids, and an increase with a value of some complex parameters responsible for
thermal vapor diffusion of these substances; peculiar temperature dependence of
TMT, larger than for thermocapillary flow and less than for thermal vapor
diffusion; significant influence of electrolytes in soil solution on TMT; an
increase of TMT influence on redistribution of moisture content in layered as
compared with isotropic soils. These data can be considered, first, as a proof of
existence of vapor-liquid mechanism suggested by Philip and de Vries and,
second, as an indication to some mechanism of thermal liquid transfer which is
not accounted for by the theory of Philip and de Vries. Non-isothermal moisture
transfer can be used for determining moisture diffusivity and capillary conductivity of soils.

113

Polyphase moisture transfer as influenced by potential
and thermal gradients in Vertisols
S.S. MAGAR' AND S. KAR2
1. Water Management Project. Mahatma Phule Krishi Vidyapeeth. Rahuri-413722. India;
2. Department of Agricultural Engineering, Indian Institute of Technology, Kharagpur. India

Changes in soil water content and flux as influenced by temperature gradients at
15 cm soil depth intervals were measured during a period of 60 days and
compared with predicted values. The rate of increase of DT Vap with decrease in
water content was relatively faster at low than at high moisture content. The
observed DT Vap values in dry soil (0.24 cm3cm 3) were about 10 times greater
than DT Vap in wet soil (0.55 cm'cm' 3 ). The predicted high water flux (0.42 cm
day"1) was concomitant with increased liquid diffusivity. Water flux decreased
sharply at all depths initially but after about 24 days it was steady or decreased
gradually with time. The curves of cumulative evaporation versus square root of
time in days exhibited a linear relationship upto the 13th day.

8
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Some regularities of moisture-heat transfer in soils of
different texture
V.P. PANF1LOV, S.V. MAK.ARYCHEV, A.T. LUN1N, AND
N.I. TCHASHCHINA
Institute of Soil Science and Agrochemistry, The Siberian Branch of USSR Academy of Sciences,
Novosibirsk, USSR

This paper deals with the regularities of moisture and heat transfer in soils of
differing texture in light of the experimental data on soil heat-moisture transfer
coefficients as influenced by moisture content, moisture retention pattern and
moisture mobility. Range of soil moisture where the thermal conductivity was
optimal while the heat conductivity sharply decreased with increasing moisture
content are described. This moisture range corresponded in medium loamy soils
to their moisture content at the point of capillary bond breakage while in less
dispersive loamy sand soil to their field moisture capacity. It is shown that the
hydrological constants of soils characterized not only the profound qualitative
changes in the state and behaviour of their water and vapour phases but also the
conditions and mechanism of their heat-energy transfer.

lis

Heat of transport of soil water
S.K. SANYAL1 AND M. ADHIKARI 2
I. Department of Chemistry, Presidency College, Calcutta, India; 2. Department of Agricultural
Chemistry, University of Calcutta, Calcutta, India

Transport of soil water has been treated from considerations of irreversible
thermodynamics. The significance of heat of transport of soil water to characterise moisture retention properties of soil has been discussed. The predictions
from the theory, as developed, for correlating heat of transport values with other
soil characteristics, have been verified using experimental results reported in the
literature.
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116

Effect of mulch induced thermal regime on wheat
emergence
R.P. TRIPATHl, A.K. SINGH, R.K. MISRA AND D.K. PAINULI
Department of Soil Science, Ciobind Ballabh Pant University of Agriculture and Technology.
Pantnagar, Uttar Pradesh

A field study was conducted in a Beni silty clay loam with two wheat (Triticum
aestivum L.) varieties, RR-21 and S-227 using polythene, asphalt emulsion
(5000 1/ha), lime spray (6000 1/ha), and paddy straw (5 t/ha)as mulches and a
no-mulch plot. Both the varieties were sown on 6.11.75, 25.11.75, 17.12.75 and
10.1.76 at a seed rate of 100 kg/ ha. During first date of sowing, maximum
temperatures under polythene, asphalt, control, paddy straw and lime plots were
39.5, 34.0, 32.9, 28.5 and 27.3°C, respectively and were generally higher thanthose
during 4th date of sowing (31.7, 30.1, 26.2, 22.7 and 21.2°C, respectively). The
total emergence under various mulches followed the same sequence as the
temperature, except in control. Emergence from straw mulched plots always
exceeded that under control though cumulative degree days under the former
were less than the latter. The seedling emergence correlated well with soil temperature in the seed zone integrated over time. For all the four dates of sowing,
emergence was observed at about 63 ± 3 degree days and the per cent emergence
was linearly related to degree days upto 60-70 per cent emergence.

117

Effect of mulches on hydro-thermal environment of soil
and crop production in western Rajasthan
J.P. GUPTA AND G.N. GUPTA
Division of Soil-Water-Plant Relationship, Central Arid Zone Research Institute, Jodhpur, India

Four years'field trials showed that application of grass mulch at the rate of6t/ha
decreased maximum soil temperature at 5 cm by 1 to 9°C, reduced evaporation
loss and increased the emergence of pearl millet {Pennisetum typhoides) during
the hot month of June. During the rainy season (July to September) the temperature reduction with mulching ranged from 1 to6°C. Polyethylene film, raised the
maximum temperature by 1 to 3°C. Mulches also suppressed weed growth and
improved moisture status of soil and production of pearl millet and okra.

10
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Increasing rates of grass mulch increased reduction in maximum soil temperature, improved the soil and plant water status as well as root growth and
nodulation. Mulch application at 6 t/ha gave the highest yield of green gram
which wasabout 40 percent greater than that without mulch. Mulches, can thus,
be used for favourably manipulating soil environment for increasing crop
production.
SALT AND WATER TRANSPORT
i IX

One dimensional model for predicting the salt distribution in soil profile during crop growth
ASHOK KUMAR AND JAGAN NATH
Department of Soils, Haryana Agricultural University, Hissar 125004, Haryana, India

For predicting the movement of salts during the crop growth. Burns (1974) model
was modified by incorporating actual soil moisture content in any layer following evaporation instead of evaporative limits and by partitioning the movement
of water from each layer into liquid and vapour fractions. The results indicate
fairly good agreement between the predicted salt concentration by Burns model,
after incorporating the suggested modifications, and observed values from
Lysimeter experiment with soils of varying texture.

114

Solute movement in the soil profile resulting from
successive irrigation/rainfall and drying events
C.W. ROSE, J.Y. PARLANGE AND P.G. SAFFIGNA
School of Australian Environmental Studies, Griffith University, Nathan, Queensland.
Australia 4111

Based on mass conservation of water and solute, the theory is given for a simple
procedure to calculate movement of the peak of nitrate concentration following
fertilizer application. Such calculations can be made for any sequence of infiltration and evapotranspiration events, provided the soil drains to a field capacity
value, assumed known as a function of depth. Comparison of predicted positions of peak concentration using this theory agreed to within 10 per cent of
positions observed using back-filled and monolith field lysimeters.
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120

Development and verification of simulation models for
describing pesticide dynamics in soils
P.S.C. RAO AND R.E. JESSUP
Soil Science Department, IFAS, University of Florida, Gainesville, Florida 32611, USA

Mathematical models currently available for describing pesticide dynamics in
soils were reviewed. Processes included in this review were: retention
(adsorption-desorption), transformations (chemical and/or biologial degradation), and convective-dispersive transport with soil-water. A large number of
simulation models, with varying degrees of complexity and scope, are presently
available. However, verification and extensive use of these models has generally
been difficult owing to inadequate methods of measuring and/or estimating the
necessary model input parameters. The ability to formulate and numerically
solve complex simulation models exceeds our ability to verify these models using
limited experimental data base presently available. Given the uncertainties of
model parameters and the field-scale soil heterogeneity, deviations of afactorof
two or more between measured and simulated results may be common. Therefore, for general use, simple models with a minimum number of inputs may
provide sufficiently accurate description of pesticide dynamics in agricultural
ecosystems. Only limited amounts of field data are presently available to verify
even the simple process-oriented models.

121

Generalised modelling of ion-soil interactions and solute
transport in soils
V. MURALI AND L.A.G. AYLMORE
Department of Soil Science and Plant Nutrition, The University of Western Australia, Nedlands,
6009, Western Australia

The ability to accurately predict the concentration distribution with time of both
reactive and non-reactive solute in soils is of considerable importance in relation
to the efficiency of fertilizer usage, the control of agricultural and industrial
pollutants and in understanding the development and reclamation of saline and
alkaline soils. This ability necessitates solutions of the combined diffusivedispersive-adsorptive-convective mass balance equations describing flow under
the appropriate boundary conditions. Whereas previous analytical approaches

12
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have been severely restricted by the mathematical necessity to make frequently
unrealistic simplifying assumptions, the increasing accessibility of computers has
greatly facilitated the use of numerical methods for modelling the various processes involved.
Using these techniques we have been able to simulate the effect of the various
components of adsorption dynamics, intra-aggregate diffusion, adsorptiondesorption hysteresis, competitive adsorption, no-flow equilibration or intermittent flow and transient and unsaturated flow situations with a view to combining
these into a comprehensive model capable of handling most practical situations.
Model predictions have been verified by comparisons with experimentally determined breakthrough curves for a variety of both reactive and non-reactive
anions. This approach is of particular value in that it not only enables the
accurate prediction of solute distributions but facilitates the interpretation of
measured distributions in terms of the specific mechanisms involved.

122

Hydrodynamic dispersion parameter evaluation during
leaching
R.N.PANDEY AND S.K.. GUPTA
Division of Engineering, Central Soil Salinity Research Institute, Karnat 132001. Haryana, India

A new approach to determine the hydrodynamic dispersion coefficient, D, is
presented. The procedure involves predicting the fraction of the salts leached for
a particular soil-solute-water system. The resulting leached fraction equations
are evaluated at one pore volume to obtain the equations for the evaluation of the
hydrodynamic dispersion parameters. Using this procedure equations to predict,
D, for the three cases viz. step input, slug input and leaching of uniformly
distributed salts in whole of the rootzone depth, have been derived. The
approach results in simple equations for all the three cases. The results obtained
using these equations are comparable with those obtained using the slope of the
breakthrough curve method. The main advantage of the proposed method of
evaluating, D, is that it does not require the complete breakthrough curve which
is essential for using the existing procedures.
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Large scale determination of flux of water and solute
through the soil in situ, in the semi arid zone taking into
account the spatial variability
G. VACHAUD', M. VAUCLIN1, J. IMBERNON 1 AND C. DANCETTE 2
I. Institute de M'ecanique de Grenoble, Universite' Scientifique et Me'dicale- B. P. 53X-3804I
Grenoble, Cedex; 2. I.R.A.T.-De'tache' au Centre de Recherches Agronomiques, BambeySe'ne'gal.

In light of in situ experimental results obtained in Senegal on a one hectare field
plot, a methodology is presented to determine the local distribution of the flux of
water and solutes passing through a given level in the unsaturated zone of
cultivated soils and to compute mean values of the height of water, and mass of
solute on a scale of a few hectares.
The method reposes on local measurements of change of water content,
water pressures, and solute concentration with time at different depths, for 28
sites; on the characterization of the soil in terms of capillary pressure, and
hydraulic conductivity; on the statistical analysis of distribution of variables in
the field; and on the correlation between soil texture and hydraulic characteristics of soil. The fluxes are computed from the generalized Darcy's law. A Monte
Carlo estimation is used to determine the minimum number of random samples
to characterize the distribution of flux on the surface of the field. It is shown that
this distribution is log-normal. Special care should be taken to obtain real mean
values.
NUTRIENT TRANSFORMATION AND MOVEMENT
124

Phosphorus movement in relation to initial soil water
content and water applied through irrigation
P.K. SHARMA, A.K. SINHA AND T.N. CHAUDHARY
Water Technology Centre, Indian Agricultural Research Institute, New Del hi-110012, India

A column study of phosphorus leaching from a sandy loam and a silty clay loam
soil as influenced by initial soil water content and external water application was
undertaken. Surface application of 300 ppm Pas(NH 4 ); HP0 4 tagged with WP
20/u ci/gP was made in 16 soil columns, contained in rigid PVC pipes. 100 cm
deep and 10.5 cm in inner diameter. Columns of sandy loam soil initially at 2.7
(dry) and 14.2 per cent (moist) volumetric water contents were leached with 10,

14
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20.5 and 34.6 cm water, and that of silty clay loam, initially at 4.9 (dry) and 21 per
cent (moist) volumetric water contents were leached with 20.2 and 40.4 cm water,
respectively. Phosphorus and water distributions were recorded immediately, 24
hours and 15 days after infiltration. Differences in initial soil water content did
not significantly affect the phosphorus movement, but P displacement increased
with the amount of water applied. Phosphorus front, irrespective of soil water
content, lagged behind the water front. P movement was greater in sandy loam
than in the silty clay loam soil. Water content in the transmission zone before and
after redistribution was relatively high in the initially moist soil, when leached
with 10 cm of water. But when leached sufficiently to collect 250 ml leachate,
initially dry soil retained more water than the initially moist soil.

12?

Transformation and movement of nitrogen in puddled
rice soil
D. PANDA, H. SEN, K..R. MAHATO, S.K.. PRADHAN AND
A.V. SURIYA RAO
Central Rice Research Institute. Cuttack 753006. India

Transformation and movement of nitrogen in the solution phase of puddled rice
field was studied in respect of broadcast and placement of prilled urea, broadcast
of neem (Azadirecta indica) oil-coated urea and placement of urea briquettes. All
fertilizers were applied at 100 kg N/ ha. The results showed that the urea hydrolysis was fast and urea N nearly disappeared from the solution in9 15 cm soil layer
from the fourth day after application of amide fertilizers. From among the
fertilizer materials, urea briquettes resulted in a very low concentration of urea-N
in soil solution. Concentration of NH4-N in solution at the 9-15 cm depth
reached its peak value in 48 hours after application of all the fertilizers except
urea briquette. There was decrease in NH4-N concentration from the second day
to the twentyfirst day after which the values of fertilized and control plots were
observed to be same. Solution concentration of NH 4 -N in briquette treated plots
were, however, close to those in control plots. Solution concentrations of urea,
NH4-N, NO"3-N and NO"2-N in fertilized plots at soil depth of 27-33 cm did not
differ much from those in the plots which did not receive fertilizer N. The
percolation losses of N as urea -, NHV, NOV and NO"2-, were of the orders of 0,
1.6 to 1.9, 0.3 to 0.4 and 0 kg N per hectare, respectively. The losses were small
probably due to low infiltration rate, 4 mm/day and high water table.
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126

Nitrogen transformation studies during miscible displacement of ammonium nitrate under field conditions
B.K. M1SHRA AND C. MISRA
Department of Soils and Agricultural Chemistry, College of Agriculture, Orissa University of
Agriculture and Technology, Bhubaneswar-751003, Orissa, India

The fate of fertilizer nitrogen was studied during the leaching of a solution-pulse
of NH4NO3 in a 3 mX3 m field plot of a nearly saturated sandy-loam Alfisol with
water steadily infiltrating at the surface. Nitrate -N content of the solution
samples periodically collected from various depths closely agreed with the values
computed by analytic solutions to convective-diffusion equation known to describe the transport of biodegradable solutes. The nitrification and nitrate reduction rate constants required for the computations ranged from 0.01 to 0.02 hr '
and from 0.02 to 0.12 hr~', respectively. In general, the value of the nitrification
rate constant increased and that of the nitrate reduction rate constant decreased
when the acid soil (pH 5.2) was amended by liming. However, when the solution
pulse moved past the root zone of maize the nitrate reduction rate constant
increased suggesting that a fraction of the nutrient was absorbed by the growing
crop.

127

Effect of soil structure on the recovery of surface applied
tracer nitrate through natural soil columns
S.U. PATWARY1 AND Z. RAJKOVICH 2
I. Institute of Nuclear Agriculture, P.O. Box 4, Mymensingh, Bangladesh; 2. Department of
Agrochemistry, University of Novisad, Yugoslavia

The effect of soil structure on the recovery of surface applied tracer nitrate was
studied in natural soil columns with a view towards a realistic prediction of
nitrate leaching under natural conditions. Immediately after addition and after 7
weeks of incorporation and redistribution of applied nitrate at three moisture
levels, the leachates were collected in fractions and analysed for NH4 and NO3
ions. Isotope ratio analysis for each of the fraction was done by "Mass Spectrometer" using modified "Dumas" method at the Laboratory of IAEA at
Seibersdorf, Austria.
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The total fertilizer nitrate recovery in the leachates were higher for C hernozem
(82 per cent) than that of Hydromorphic soil (45 per cent) after immediate
leaching. This was due mainly to differences in the total quantity of water leached
within the same period of time. The percentages of recovered nitrate were highly
affected by moisture treatments. After 7 weeks higher recoveries were obtained ct
field capacity FC, and at 40 per cent of FC levels for both the soil types. For a
given period of incorporation, higher amounts of added fertilizer were available
at all moisture treatments in the Chernozem soil than in the Hydromorphic soil.

128

Effect of energy source and temperature on reduction loss
of nitrate moving in soil columns
S.C. MANGARAJ 1 , C. MISRA 1 AND D.R. NIELSEN 2
I. Department of Soils, Orissa University of Agriculture and Technology, Bhubaneswar-751003,
India; 2. Department of Water Science and Engineering, University of California, Davis, USA

Nitrate reduction studies were carried out in 14 cm long acrylic plastic cylinders
with the soil solution moving for periods of about 50 hours. Columns were
packed uniformly with lateritic sandy loam soil collected from Dryland Agriculture Research Station Bhubaneswar. Thirty millilitre solution pulses containing
100 mg NOVN per litre together with different concentrations of sucrose were
separately leached in these columns at nearly constant flow velocities. With
increasing concentration of sucrose, the reduction losses of NOVN were 55, 63,
and 72 per cent at 26 ± 1°C whereas, when the temperature was 29.5 ± 0.5, the
corresponding reduction losses were 65, 76 and 94.3 per cent of the nitrate
nitrogen added. Use of the convective diffusion model that incorporated an
irreversible nitrogen reduction sink, allowed the determination of NOl-N reduction rate constants ranging from 0.035 toO. 12 hr~' for the different treatments.
The rate of reduction appeared to be influenced by temperature as expected of a
first order reaction process. Also, the convective diffusion coefficient was found
to vary inversely with the reduction rate constant at both temperatures.
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TILLAGE AND SOIL PHYSICAL PROPERTIES
129

Forecasting of soil compaction by agricultural machinery
V.I. KRAVCHENKO
Kazakh Research Institute of Mechanization and Electrification of Agriculture. Alma-Ata, USSR

Factors that influence soil compaction include soil type, granulometric composition, initial density, specific gravity, moisture content, porosity, temperature,
type of the machine propeller and its slippage, unit loads, speed of the machine
movement and the hook induced effort. Having considered different factors
influencing soil compaction it was concluded that it was impossible to theoretically obtain a dependence of soil density modification upon the number of
machine passages. In view of this, experimentally obtained time series were
employed to solve the problem. In this case the total of all the factors is taken into
account. Such series may be obtained by using the gammascopic method which
provides absolute values of density after each passage of the machine.

130

Functioning of system 'Machine-Soil-Crop' in conditions
of compaction and loosening
E. NUGIS
Estonian Research Institute of Agriculture and Land Improvement, 39/41 LAI STR, 200102 Tallinn.
Estonian SSR, USSR

The system 'Machine-Soil-Crop' (MSC) was studied from the point of view of
information theory in the presence of noise factor. The moving machine whose
wheels and tracks act on the soil is the source of information. Noise was
considered as a positive factor impeding the transmission of negative action
(information) of compaction from the wheels and tracks of the machine on the
soil and plant. Analysis of experimental data showed that with increase of
repetitiveness of compaction effects of wheels and tracks on soil the passage
ability of information channel increased sharply. The averge amount of information transmitted from "M"to "S"and then to "C" equaled 2.87 bits at 4 repetitive
actions of the tractor T-150 K but the passage ability of the channel in that case
was 2.5 X I0~2 bit/day. The maximum passage ability of information channel
when compaction was so strong that the plants did not give any yield, was
estimated at 1.0 x I0~' bit/d.
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The use of guttadiagnostical strain gage equipment made it possible to
evaluate the presented MSC system under conditions of minimized model in
relation to the limited meaning of bulk density both at the effects of compaction
and that of loosening.

131

Cultivation of soil with rotation separators
V.YA. KOTELNIKOV
Institute of Agrochemistry and Soil Science of USSR, 142292, Moscow Region, Puschino, USSR

The report deals with the soil cultivation technology performed with rotation
working tools. Schemes of implements and methods of their technological
calculation and design are given. It has been shown that application of separators
reduced obstruction and improved the quality of soil preparation. Separators
may be rationally applied for pre-sowing soil preparation for crops like, sugar
beet, maize, potatoes and vegetables.

132

Effect of tillage depth on infiltration and volume weight
of hydromorphic black soil
S. DRAGOV1C AND I. VÖRÖSBARANY1
Faculty of Agriculture, Institute of Field and Vegetable Crops, Novisad, Yugoslavia

We studied infiltration and volume weight as affected by different depths of
tillage of a hydromorphic black soil having a heavy texture (clay 36 per cent) and
less favourable water-physical properties. Multiple correlations were calculated
between certain chemical and physical soil properties and the rate of infiltration
before the establishment of and during the experiment. Significant correlations
were found for the percentages of silt and clay. A deeper tillage brought about
significant increases in infiltration values, the coefficients of correlation ranging
from r = + 0.905 to +0.978.
Tillage depth affected, significantly the volume weight of 5 to 45 cm soil layer.
The effect was much smaller in the surface layer and the layers below 45 cm.
Significant correlations were found between volume weight and infiltration in
the soil layers 5-15 and 34-45 cm. In the other layers, volume weight did not
affect infiltration significantly.
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Effect of implement combination and operational
sequences for tillage on some soil physical
properties and wheat yield
BK. SINHA AND C.P. SINGH
Department of Soil and Water Engineering, Punjab Agricultural University. Ludhiana-141004.
Punjab, India

The choice of tillage implements and their operational sequence influence the
quality of seed bed, root bed and yield of the crop. In the present study effect of
seven tillage systems on some soil physical properties and wheat yield in a
rice-wheat rotation were investigated on a silt loam in field plots.
The results showed that wheat yield of 80 m by 4 m and fineness of seed bed
were not correlated. The yields, however, were increased with the tillage system
which encouraged deep penetration of more roots. The tillage systems showing
higher wheat yields also required higher energy and time inputs within the range
of study.

134

Rheological sand investigations
L.F. SARBATOVA
Kuibyshev Aviation Institute, USSR

The necessity of sand rheological investigations for designing structurally rheological model is demonstrated.
The description and scheme of the device providing uniform fields of stress
and strain as well as measuring of high precision are presented. The technique of
conducting tests for study of rheological properties in shearing grounds not
having cohesion is discussed. A new technique of investigation of sand strain and
strength properties as rheological objects is developed. In classical mechanics of
grounds sand strain-stress properties were characterized by coefficient of dry
friction </> and cohesion C. According to one work in addition to these constants
there exist 6-8 parameters of the mentioned total structurally rheological sand
model which enables determination of strain properties more exactly. The results
of the experiments with sands of different particle sizes and moisture are given.
The total structurally rheological model enabling description of rheological
properties for a wide diapason of soils and grounds is proposed and experimentally verified.
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The 'Ahrweiler Soil Melioration Method' to alleviate soil
compaction
H. SCHULTE-KARRING
Landes-Lehr-und Versuchsanstalt fiir Landwirtschaft, Weinbau und Gartenbau, 5483, Bad
Neuenahr-Ahrweiler, Walporzheimerstr 48, Federal Republic of Germany

The LLVA Bad Neuenahr-Ahrweiler has developed a new soil amelioration
method, which is applied for loosening of compacted soils. The method is based
on an intensive deep loosening to 1 m by applying devices with oscillating parts.
These newly developed machines are advantageous in comparison to rigid devices
because of less necessary pulling force. In addition, the former's loosening effect
is more intensive.
The Ahrweiler method comprises—besides the deep loosening, specific
measures of chemical and biological stabilization of the soil structure. The
melioration effect is substantially extended if later tillage methods are applied
which preserve the soil structure. The method of pneumatic deep loosening and
deep fertilizing has been introduced in 1979. At the moment, it is being tested and
further improved in technical respects.
PHYSICAL SOU. PROPERTIES AND RAINFALL EROSION
136

Redox potential, oxygen diffusion rate and soil gas composition in relation to water table level in two soils
F. CALLEBAUT', D. GABRIELS," W. MINJAUW' AND M.DE BOODT1
1, Laboratory of Soil Physics, Faculty of Agricultural Sciences, State University Ghent, Belgium;
2. National Science Research Foundation, Belgium

The changes in redox potential, soil gas composition ( 0 2 and C0 2 ) and oxygen
diffusion rate were studied in laboratory soil columns in the presence of different
stagnating groundwater tables. Under steady state moisture conditions a
decrease in 0 2 content was related to the soil pH. The oxygen diffusion rate
increased on lowering the water table. Only at water table depths of more than
50 cm did the oxygen diffusion rate at 5 cm soil depth exceed the level at which
aeration is considered sufficient to sustain vigorous root growth.
Emperical relations are presented for calculating the aeration profile in soils
from water pressure head measurements with tensiometers. Redox potential
measurements did not reflect the soil aeration status in oxygen rich
environments.
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The physical properties of red soils as affected by
microaggregation
YAO XIAN-LIANG AND YU DE-FAN
institute of Soil Science, Academia Sinica, Nanjing, China

This paper deals with the effect of microaggregation on the physical properties
of three series of red soils derived from the highly weathered crust basalt, granite
and a quaternary red clay. In each series soil samples were collected from an
uncultivated land, associated dry-farming lands and from paddy soils of varying
fertility.
The results showed that the soil moisture characteristic curve, specific
moisture capacity, adhesion and plastic index of Lateritic red soils,containing
about 60 per cent clay particles of size less than 0.001 mm were different from
other soils of clay texture, but resembled the sandy soils The physical properties
of the red clay soils should not be considered as being sticky, rigid and compact.
The mechanical properties of soil samples from uncultivated land would get
deteriorated upon exploitation, but can be recovered by adopting appropriate
management practices which will maintain soil organic matter at a high level.
138

Comparison of the water-drop energy required to break
down aggregates and soil loss caused by rainfall
WUSTAMIDIN 1 , L.A. DOUGLAS 2 , D.J. COMMINGS' AND T.I. LESLIE'
I. Faculty of Agriculture, Jember University, Indonesia; 2. School of Agriculture and Forestry.
University of Melbourne, Australia; 3. Soil Conservation Authority, Victoria, Australia

A single water-drop technique was used to allow comparison of the quantities of
energy required to cause break down of aggregates taken from 17 soils. No
differences were noted between the quantities of energy required to break down
aggregates of weights 0.10, 0.15 and 0.20 g. Increasing drop diameter from 2.4 to
5.2 mm did not alter the quantity of energy required to break down aggregates
weighing 0.15 g. Large differences were found between the quantities of energy
required to break down aggregates taken from the 17 soils used in this study.
Comparison of these results with those obtained using a rainfall simulation
apparatus (5 X 106 drops m~2 30 min'1) showed that a simple relationship did not
exist between the quantity of drop-energy required to cause aggregate break
down and the loss of particles from a soil surface subjected to rainfall.
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Effects of rainfall intensity and soil surface heterogeneity
on steady infiltration rate
J. COLLINET AND C. VALENTIN
O.R.S. T O M . . Abidjan, Ivory Coast

Field tests were carried out using rainfall simulation on semi-arid soil of Upper
Volta and Niger to study the effect of rainfall intensity on steady infiltration rate.
Experimental results support a physically-based model pointing out the prevailing influence of soil surface characters: for an homogeneous surface as a crust,
the steady infiltration rate is not related to rainstorm intensity but principally to
initial conditions. By way of compensation, for an heterogeneous surface as a
cultivated field, the infiltration capacity is an ascending function of rainfall
intensity. Moreover such results have been observed on arid soils (Northern
Niger) and ferrallitic soils (Ivory Coast) and suggest consequently a general
applicability of this model.

140

Rainfall erosion indexes estimated from daily
precipitation amount
R. GUARISMA, M L . PAEZ AND O.S. RODRIGUEZ
School of Agricultural Engineering. Central University of Venezuela, Maracay. Venezuela

The erosivity index, EI, is highly correlated with the precipitation, P, amount.
The relationship between P and EI also contains a random component because
of the variation in rainfall intensity that can occur within an event of a given
precipitation amount. The analysis of hundreds of rain gauge charts allowed us
to present in this study a first approximation of the seasonal and spatial distribution of the annual mean EI within the dry tropical forest zone of Venezuela. Two
equations were determined for predicting EI values from observed precipitation
data. One equation uses the EI "tempered" and the other uses the EI "tropical".
The first one gave better calculated values when compared to the observed EI
indices.
The results presented in the study also showed that there exists a significant
difference in erosivity indices for a given precipitation amount between tempered
and tropical regions. In our conditions we found EI values twice as big as the
ones reported by works done in mid latitude areas.
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Effect of rice-wheat and corn-wheat rotation on physical
properties and root and shoot growth of wheat in a sandy
loam soil
H.S. SUR AND S.S. SIDHU
Department of Soils, Punjab Agricultural University, Ludhiana, India

Rice-wheat (RW) rotation is replacing corn-wheat (CW) rotation in the Punjab
and several other states of India. Repeated puddling and submergence of land,
common to rice cultivation in these areas, may bring about changes in soil
physical environment. To study the long term effects of such a practice on soil
physical properties and root and shoot growth of wheat, an experiment was
conducted on deep uniform sandy loam cultivated to rice-wheat and corn-wheat
rotations for eight years.
Water content in surface 25-30 cm soil depth was greater in RW than in CW
rotation irrespective of the time of recording during wheat growth season, but the
reverse was true below this depth. The soil water storage in 180 cm profile was
20-30 mm less in RW than CW rotation. Final infiltration rate, in situ hydraulic
conductivity and rate of drainage were significantly lower in RW than CW
rotation. At harvest, amount of roots in 0-5 cm layer was higher in RWthanCW
plots, but was significantly lower in sub-surface layers. Periodic distribution of
roots during the wheat growth season indicated that these were more during the
first 52 days but became lesser in the subsequent period of growth in RW than
CW rotation. Similar trend was recorded for dry matter content but the cross
over in the amount of dry matter ol shoots came 10 days later than in roots. The
study indicated a deterioration of soil physical environment for growth of wheat
following rice.

142 I'

Effect of surface soil depth on the rooting pattern and
yield of sorghum and castor grown under dry farming
conditions in Entisols and Inceptisols
K.P.R. VITTAL, K. VIJAYALAKSHMI AND U.M.B. RAO
All India Coordinated Research Project for Dryland Agriculture, Hyderabad.
Andhra Pradesh, India

In red soils, Typic Ustochrept and Typic Ustorthent, a compact sub-surface
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murrum layer is present at a mean depth of 8.2 cm in a skewed distribution. The
sorghum crop was adversely affected by shallow surface soil presence of murrum
layer, more so, in a scanty rainfall year and when the native fertility was poor. In
a good rainfall year the effect of soil depth was mitigated considerably by the
application of fertilizers. The sorghum yield was closely related with the rooting
depth. Castor crop was affected by soil profile characteristics rather than surface
soil alone, particularly under well distributed rainfall and/or fertilized condi
tions. Thus, in shallow soils, it is more desirable to grow tap rooted oilseed and
pulse crops for good harvests in dryland areas.

COMMISSION II
PHYSICAL CHEMISTRY
201

Predicting cation exchange equilibria in soils containing
three heterovalent cations
RAJ PAL, S.C. MEHTA AND S.R. POONIA
Department of Soils, Haryana Agricultural University, Husar-125004, Haryana, India

Theoretical cation exchange equilibria relationships are presented. The activity
coefficients of three heterovalent cations Na+, Ca2+ and Mg2+ on the adsorbed
phase of a soil were evaluated using Wilson parameters obtained from the solid
phase activity coefficients for the three binary systems. Based on these values the
exchange behaviour of these cations is discussed and compared in binary and
ternary systems. The applicability of this approach to any number of heterovalent cations as well as its extension to predict the cationic composition of the
exchanger from the soluble cations in a multication-soil system are indicated.

202

Thermodynamics of potassium-sodium exchange in
illitic soils of Haryana
S.S. KHANNA, T. BALAGURU AND P.S. RELAN
Department of Soils, Haryana Agricultural University, Hissar. Haryana, India

Cation exchange equilibria involving potassium and sodium were studied in
soils that differed in physical and chemical properties. Theadsorption isotherms
indicated the preferential adsorption of potassium over sodium. The ratio
between the solution phase activity coefficients of the two ions was found to be
unity. The selectivity coefficients were dependent upon the ionic strength and
exchanger composition indicating the non-ideal behaviour of the exchanger.
The activity coefficient of adsorbed sodium was always greater than that of
potassium owing to its presence mostly in Gouy layer and also due to its greater
mobility. The standard free energy changes also indicated that potassium was
preferentially adsorbed relative to sodium.
25
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Sodification of soil in relation to organic matter content,
total electrolyte concentration and ionic composition of
the equilibrium solution
S.R. POONIA, S.C. MEHTA AND R. PAL
Department of Soils, Haryana Agricultural University, Hissar-125004, Haryana, India

The effect of natural and applied organic matter, total electrolyte concentration
(tec) and nature of cations (Na+-Ca2+ or Na+-Mg2+) and anions (Cf or SO2^) in
the equilibrium solution on sodification of some soils from a semi-arid region
was investigated. The soils, high or low in natural or applied organic matter, were
equilibrated with C\~ or S024 salts of Na+-Ca2+ or Na+-Mg2+ at different tec, 25 to
100 me r ' of the equilibrating solutions. The standard free energy change of the
exchange reaction (AG°) and the Gapon selectivity coefficient (KG) were calculated for various conditions.
The values of AG° and KG suggested that the soils high in natural or applied
organic matter had greater preference for Ca * as compared to soils low in
organic matter. The effect was more pronounced when organic matter had been
applied from outside. The values of AG° were higher and that of KG smaller for
Na+-Ca2+ than for Na+-Mg2+ system throughout the exchange isotherm, indicating greater preference for Ca2+ to Mg 2 \ With the increase in tec, A G° increased
and KG decreased, suggesting a drop in the preference for Na+ to Ca2+. For
comparable treatments the values of A G° were always smaller and those of KG
higher for S024 than for Cf system, indicating higher sodification of soil with
SO2 4 and Cl~ systems were more marked when the results were interpreted in
terms of Debye-Huckel activities rather than concentrations.

2(14

Some adsorption and exchange characteristics of Cd, Pb
and Cu in Israeli soils
R.T. HARDIMAN AND A. BANIN
Department of Soil and Water Sciences, Faculty of Agriculture, The Hebrew University of
Jerusalem, Rehovot 76-100, Israel

Five Israeli soils bearing a specific surface area ranging between 19-344 m 2 /g
were selected for experimentation. Saturated soil pastes were made up by addition of solutions bearing different concentrations of Cd, Pb or Cu. Extractions
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were carried out sequentially, defining; water soluble,0.5M CaCl 2 andO. IN HCI
extractable fractions.
The adsorption isotherms for cadmium and lead show two phases or adsorption demonstrating the existence of two types of adsorption sites; those with high
affinity for Cd and Pb, and those with a low affinity.
The adsorption isotherms of copper follow a S-shaped curve. Initial additions of Cu results in complexation with the soil organic matter of which a certain
portion is water soluble. Upon saturation of the organic ligands free copper ions
are adsorbed by the clay complex and the isotherm follows a similar configuration to that of Cd and Pb.
Negligible amounts of the adsorbed lead and only about 10 per cent of the
total Cu were extractable with C a d : compared to approximately 80 per cent
extraction in the case of Cd. Conversely, extraction by dilute acid was approximately 98 per cent, 45 per cent and 20 per cent of the total metal adsorbed by the
soil for Pb, Cu and Cd respectively. It is concluded that the adsorbed Cd is almost
completely exchangeable with calcium. Cu and Pb are bound more strongly to
the clay surface and can only be extracted by proton exchange or by ions with
greater selectivity coefficients.

205

Fluorine adsorption behaviour in alkali soils—relative
role of pH and soil sodicity
R.K. GUPTA AND R. CHHABRA
Division of Soils and Agronomy, Central Soil Salinity Research Institute, Karnal, Haryana, India

Alkali soils formed under the influence of Na2C03 have, both, high exchangeable
sodium percentage (ESP) and high pH. the relative role of these factors on
adsorption of element F was studied in two soils; a calcareous and a noncalcareous soil. In one experiment, fluoride sorption was studied at 0.1 mole/litre
electrolyte strength as a function of varying pH (5.5 to 10.4) and keeping ESP
(100) constant. In another experiment effect of varying ESPorSAR(5to 100) on
F sorption at constant pH was studied. The results showed strong pH dependence of F sorption, independent of the degree of sodium saturation. Presence of
calcium carbonate resulted in significant sorption of F, although its effect was
negligible at pH 8.35 near its isoelectric pH 8.4, and also at pH above 10.4. The
studies bring out that pH which has an intimate relationship with sodicity of
calcareous soils, is likely to affect the whole range of soil physico-chemical
properties. For this reason, pH should be considered as an integral part of the
definition of alkali soils rather than the sodicity alone.
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Boron minerals in soils: an improved method for
estimating the standard free energy of formation
(AG°f) of borate minerals
S.V. MATTIGOD
Department of Soil and Environmental Sciences, University of California, Riverside.
California 92521, USA

Experimental evidence suggests that in some boron-rich soils, the solid phase
may contain sparingly soluble boron minerals. At present, there are 150 known
boron minerals. Solubility data or the standard free energy of formation (AG'f)
data for a large number of these minerals have not yet been determined. An
empirical method has been developed to estimate the AG° values for hydrated
borate minerals. The method is completely general, and the only parameter used
in the computation is the number of boron atoms in the polyanion unit of a
mineral. The AG'J values estimated are written ±1.5 kilocalories of the experimental data. This method has fewer limitations than the method of Bassett. The
use of experimental and reliable estimated AG" values for studies of solubility
relationships can lead to a better understanding of the chemistry of borate
minerals in soils.
ADSORPTION AND DEGRADATION OK ORGANICS
2(17

Adsorption, degradation and migration of herbicides
derivatives of phenoxyacetic acid and chlorotriazine
in soils
R. VAN BLADEL AND A. MOREALE
Department of Soil Science, Catholic University of Louvain, Place Croix du Sud, 2, B-1348
Louvain-la-Nauve, Belgium

Adsorption of several herbicides derivatives of phenoxyacetic acid and chlorotriazine was studied in 51 Belgian soils (surface and sub-horizons) in relation to the
physico-chemical properties of these soils. The multiple regression analysis
including several soil properties showed that except for MCPA in the subhorizons, the predictive value of the equations could account for 76 to 92 percent
(R~) in the variability of the adsorption.
Kinetics of degradation indicate mainly a chemical hydrolysis for atrazine
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and a biological degradation for the phenoxyacetic acids. Degradation is more
important in surface horizons. The latter is slowed down at low soil water
contents whereas a higher soil water content mainly promotes the degradation of
2, 4,5-T. The study of herbicides migration in soil columns points out the leading
part of the Ap cultural horizon in their retention. In the cultural soils, relatively
important amounts of herbicides were recovered in the column effluents. As to
the soil podzol, adsorption occurred solely in the organic horizons and no trace
of herbicides could be detected in the effluent.

208

Influence of molecular parameters on the fate of
carbamate insecticides in various types of soils
L. PUSSEMIER', R. DE BORGER1, P. CLOOS2 AND R. VAN BLADEL2
I. Institut de Recherches Chimiques, Ministère de l'Agriculture, Museumlaan 5-1980, Tervuren,
Belgium; 2. Faculte des Sciences Agronomiques, Universite' Catholiquede Louvain, Place Croix du
Sud 1-1348, Louvain-la-Neuve, Belgium

Adsorption, degradation and migration of 12 aromatic N-methyl-carbamates in
different soils have been studied. An attempt was made to correlate these
processes to several molecular parameters and to intercorrelate them between
themselves.
For adsorption, the most satisfactory multiple correlation was obtained with
the n constant of Hansch and the absolute value of Hammett's o constant. The
former reflects the contribution from hydrophobic-hydrophilic interactions, the
latter from charge-transfer complex formation with soil organic matter, to the
adsorption process. Degradation was not significantly related to the chemical
hydrolysis of the carbamates, but to their acetylcholinesterase inhibition
constant. Both observations suggest a rather complex mechanism of biological
nature.
The rate of biodegradation was not influenced by the soil adsorption constant, probably because the molecular parameters controlling the two processes
are not the same. As expected, adsorption and migration in soil showed a fair
intercorrelation under given physico-chemical conditions.
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Terbutryne—its adsorption on homoionic montmorillonites and humic acid, acid hydrolysis and
movement in soil
K.V. RAMAN, T. KAUSALYA, R.K.. GUPTA, SAROJA RAMAN
AND P.C. KARUTURI
Gobind Ballabh Pant University of Agriculture and Technology, Pantnagar-263145,
Uttar Pradesh. India

Adsorption on soil clays and organic matter and movement characteristics in soil
determine the effectiveness, persistence and dosage of soil applied herbicides.
Amount of terbutryne adsorbed on homoionic clays and its bonding strength
followed the order Al > Cu > Ca > Zn > Mg. Values of standard thermodynamic parameters suggest bonding through protonation in Al-clay and possibly
through coordination in Cu-clay. Adsorption on humic acid was influenced by
cations and followed the order humic acid *=* Ca-humate > Zn-humate •»
Cu-humate. Adsorption on humic acid and on Al-montmorillonite brought
about considerable hydrolysis and supports bonding through the double layer
protons of these colloids. Rates of hydrolysis in mineral acids, ruled out solution
pH as a cause for hydrolysis. Movement studies of terbutryne in soils of three
different series showed that, primarily, texture affected the movement. The clay
content of the soil also correlated well with the movement coefficient.

21(1

Adsorption of formaldehyde by clay minerals in the
presence of urea and ammonium sulphate in an
aqueous system
K. CHANDRA 1 AND S.K. DE2
I. Central Inland Fisheries Research Institute. Allahabad-21 1002, India; 2. Department of
Chemistry, University of Allahabad, Allahabad-211002. India

The adsorption of formaldehyde by ten clay mineral mixtures in presence of four
concentrations of urea and ammonium sulphate at 20, 30 and 40° C was studied.
The adsorption of formaldehyde on the surface of clay mineral mixtures in
presence of ammonium sulphate and urea decreased or increased depending on
the temperature, concentration and clay mineral mixture. The adsorption in
presence of urea and ammonium sulphate is generally diminished. The effect is
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postulated to be due to the binding of the active CH-groups of formaldehyde
with 3 molecules of urea and one molecule of formaldehyde. Similarly one NH+4
and two SO4 ions from ammonium sulphate produce hydrogen bonds with the
oxygen of formaldehyde and hydrogen of NH+4 ions and also oxygen of SO=4 ion
with the hydrogen of CH-groups of formaldehyde. Incase of increase of adsorption of formaldehyde in the presence of urea or ammonium sulphate, it is a result
of preferential association of solvent molecules with the electrolytes leaving the
adsorbate formaldehyde molecules more free to be adsorbed on the clay mineral
surface.

211

The humus quality investigated from the point of view of
environment protection
L. HARGITAI
University of Horticulture, Budapest, Hungary

The development of a new concept for characterization of the environment
protection capacity of the soils is outlined based on our researches in western
Hungary.
The 'general' environment protection capacity is designated as EPCo and is
equal to DX.H2.K and the special environment protection capacity is designated
as E PCs and is equal to DX.H2.R. Dx is the thickness of the investigated layer, H
is total humus content, K is the stability coefficient of the humic substane s, a
factor for humus quality evaluation; K = O/H and Q = ENIF/EN.OH- 'E' is a
measure of the extinction values of humus extract with 1.0 NaFand 0.5 percent
NaOH solutions at room temperature. R is calculated from the K value in relation
to N condition of the soil, where R = K/(C/ N).
The results from the environment protection model showed that the alluvial
soils on the Danube had lesser environment protection capacity values than the
soils from western Gerecse (mainly brown forest soils). The highest values were
for the soils from natural conservancy districts covered by forests which substantiated the well known concept that the forest ecosystems had the best compensation properties against environment contamination.
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The natural aluminum polyphenols complexes in gravity
waters of a Podzol: structure and complexing reaction
F. BARTOLI, J.C. VEDY AND B. SOUCHIER
Centre de Pé dologie Biologique, CN.R.S. B.P. 5, 54500 Vandoeuvre-les-Nancy, France

Gravity waters collected from the Ai and A2 horizons of a drained Podzol located
in the sandstone Vosges area (France) contain chemically stable metal-organic
complexes.
These complexes have an apparent molecular weight of 4000 to 10000 and are
neutral behind ion exchange resins. Aluminum is complexed with polyphenolic
compounds and the general formula of the complex is as follows: L2.46 Al(OH)o.54
obtained with the help of the seasonal measures of (1) organic acids LH located
on the surface of the hydrosoluble polyphenolic compounds, (2), pH, (3) aluminum in the Al1+ or complexed form, (4) dilution processes which give us the
natural complexing reaction:
2.46LH +A1 3 + (H 2 0), +0.54H 2 O Z L2.46Al(OH)o.54 + 3H,0 +

(pK = 9)

SOIL ORGANIC INTERACTION
2U

Extraction of soil organic matter under chemically mild
conditions
R.S. BECKW1TH' AND V.K. NAYYAR2
I. CSIRO, Division of Soils, Adelaide, South Australia: 2. Department of Soils. Punjab Agricultural
University. Ludhiana. India

The dispersion of organic matter from a range of soils was greatly increased with
mildly alkaline extracting solutions made to a concentration of 8 M with respect
to urea. Agitation of these soil suspensions with an ultrasonic disintegrator also
enhanced the dispersing action. Solutions of 0.3 M NaHCO ( and of 0.05 M
Na> P 2 0 7 , each made 8M with urea, appear to have great potential for separating
organic matter from soils. In particular, the latter appears to be at least as potent
an extractant of soil carbon as is 0.5 M NaOH containing 0.05 M Na4P20? and
should have the advantage of causing much less dissolution of soil minerals.
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Studies of the composition of soil polysaccharides and of
their interactions with montmorillonite preparations
S. BRUCH1LL AND M.H.B. HAYES
Chemistry Department, University of Birmingham, Edgbaston, Birmingham B 15 2TT, UK

Polysaccharides contained in fulvic acids extracted in 2.5 M diamino ethane
(EDA) from a humicHistosolwere shown to contain several components which
were separable by gel filtration and ion-exchange chromatography. The
numbers of sugar residues in the components investigated indicated that none
could be regarded as homogeneous polysaccharide materials. Adsorption by
Na+-and by H+(Al)-montmorillonite preparations indicated distinct differences
in the extents of adsorption of the various components by clays. The neutral high
molecular weight and the brown colour containing polysaccharides were least
strongly adsorbed by Na+-montmorillonite and moderately charged uronic-acid
containing components were extensively bound by H*(Al)-montmorillonite.
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Sorption of PCBs by soils
B.L. SAWHNEY
The Connecticut Agricultural Experiment Station, New Haven, Conn, 06504, USA

Sorptions of PCBs from individual Aroclors and mixtures of Aroclors by
different soils and humic acid were carried out to determine the role of various
soil constituents in attenuating PCBs. The surface Ai and Ap of horizons sorbed
larger amounts of PCBs than the respective B21 horizons of the soils suggesting
that soil organic matter plays a dominant role in PCBs sorption. H o wever, a lack
of high degree of correlation between the two likely results from appreciable
sorption by other constituents as clays which do not correlate well with organic
matter in these soils. The results also showed that the higher the degree of
chlorination of an Aroclor the greater was its sorption. These observations suggest
that sorption of PCBs by the organic matter probably occurs through their
dissolution while sorption by the mineral matter involves dipole-ion or van der
Waals forces.
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Influence of exchange cations and structural characteristics of smectites on the catalytic decomposition of
adsorbed asulam
G.G. RISTORI 1 , P. FUSI 2 AND M. FRANCl'
1. Centro di Studio per i Colloidi del Suolo del C.N. R., Firenze, Italy; 2. Istituto di Chimica Agraria e
Forestale dell 'Universita'di Firenze, Piazzale Cascine 28, 50144 Firenze, Italy

The non biological degradation of an organic molecule (Asulam herbicide)
adsorbed on surface of smectites saturated by various cations has been studied.
Asulam is adsorbed, at room temperature, by physical forces and by protonation of-NH 2 group. Upon moderate heating (75-100°C) it decomposes to different products, depending on polarizing power of the exchange cation and on the
structural characteristics of smectites. For cations having a relatively low solvation energy the protonated asulam molecule is not coordinated to the cation and
is hydrolyzed to sulphanilamide. With increasing polarizing power, the organic
compound is at least partly coordinated through the C = 0 group, with different
strength, depending on the cation, and decomposes to p-aminobenzene
sulphonylcarbamate anion and p-aminobenzene sulphonylcarbamic acid when
the bond is weak, while sulphanilic and carbamic acids are obtained if the bond
is stronger. Moreover the relative solvation energy of the exchange cations was
found to be related to the layer charge location, and therefore some cations
(Ca+", Mg+") leading to sulphanilic acid in octahedral charged smectites, produce
only sulphanilamide and/or p-aminobenzene sulphonylcarbamate anion in the
tetrahedral charged ones. The highly polarizing aluminum gives always carbamic
and sulphanilic acids only, apart from smectite characteristics.
In some cases (Cu-saturated smecties) oxidation products as p-nitrobenzene
sulphanilic and p-nitrosobenzene sulphanilic acids, were also detected.
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Stability constants of zinc-and cadmium-hymatomelanic
acid complexes at different pH—a polarographic study
SWAPAN K. SAHA AND S.K. CHAKRAVARTI
Department of Chemistry, University of North Bengal, District Darjeeling-734430, India

Polarographic technique has been successfully applied to study the interaction of
Zn and Cd ions with soil and peat hymatomelanic acids at different pH values.
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The method is based on the decrease in diffusion coefficient of the metal ion when
complexed with the polyelectrolytes. The mechanism of reduction of the complex at the dropping mercury electrode and the stability constants of the complex
were determined by the proper interpretation of (a) amperometric titration and
(b) dialysis experiments. The reduction of the complex at the dropping mercury
electrode was found to be a diffusion controlled process and considering that the
metal-humus system attains equilibrium slowly in comparison to the drop-time,
it has been concluded that the reduction of free metal ion and the complex occur
as two separate entities.
The stability constant values of the water soluble sitebound complex were
determined at pH 4.0, 5.0 and 6.0 in the presence of 0.1 M K.NO3. The logarithms
of the stability constants ranged from 3.59 to 4.19 for Zn-and for 3.24 to 3.94 for
Cd-complexes and the values increased with the increase in pH but showed little
cooperative effect. The stability constant values as also the maximum complexing capacities were found to follow the Mellor Maley series of stability. The
fractional coefficient values were found to be constant upto pH 6.0 but there was
a decrease at higher pH due to the formation of negatively charged hydroxometal complex by the dissociation of the hydration water. Present study confirms
the formation of 1: 1 type of complex and excludes the possibility of formation of
2 : 1 type complexes where the metal ion may bridge two hymatomelanic acid
molecules. Difference between hymatomelanic acids in their ability to bind
divalent metal ions is negligible.
218

Competitive sorption of lead (II) by bentonite and peat
KURT BUNZL
Gesellschaft fur Strahlen - und Umweltforschung mbH Munchen, 8042 Neuherberg, Federal
Republic of Germany

By mixing known amounts of Ca-saturated sphagnum peat and bentonite, the
competitive sorption of lead ions by these components from a solution was
investigated as a function of their ratio of mixture and the solution concentration. By separation of the components after attainment of equilibrium and using
Pb 212 as a tracer, the amounts of lead ions taken up by each sorbent were
determined independently.
The results show that at any concentration used, peat will sorb more lead ions
than bentonite relative to its amount (in me) present in the mixture at any ratio of
the components. Starting from pure peat and increasing in the mixture the
fraction of bentonite causes the peat to sorb—relative to its percentage in the
mixture—more lead ions. Starting with pure bentonite and increasing in the
mixture the fraction of peat causes the clay mineral to sorb—relative to its
percentage in the mixture—fewer lead ions. Theoretical calculations are in
quantitative agreement with the experimental results.
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HEAVY METALS IN SOIL-PLANT ENVIRONMENT
:ii

Contribution of inorganic fertilizing to the trace-elements
content of soils
N. SENESI AND M. POLEMIO
Institute of Agricultural Chemistry, University of Ban, Bari, Italy

A number of mineral and synthetic commercial fertilizers of different origin,
both straight and compound, were analysed for their contents of twelve traceelements of importance in agriculture, with regard both to soil properties and
plant nutrition. Concentration of As, Bi, Cd, Co, Cr, Cu, Hg, Mo, Ni, Pb, Sn and
Zn were evaluated by atomic absorption spectrophotometry and contribution to
soil, per hectare and per annum, calculated for each ton of applied fertilizer.
All investigated elements were detectable in each examined sample; with few
exceptions (mainly for Bi). The highest element contents were found in fertilizers
containing phosphates, followed by those involving carbonate rocks in their
processing; synthetic nitrogen fertilizers and potassium sulphate samples showed
the lowest amounts of trace-elements with some exceptions.
Supplies of As, Cd, Hg, Sn and Mo by almost all examined samples could
influence significantly the average soil contents, leading to a potential contamination and involving the behaviour and availability of the micronutrients for
plants; Co, Cr, Cu, Ni, Pb and Zn additions, limitedly to phosphate fertilizers,
should affect only soils with low natural levels. Bi contribution appeared to be
the least significant.

22(1

Methods of dosage of heavy metals in sewage sludges,
distribution versus their origin and versus time
O. MARL1ER GEETS, J.P. HECK, L. BAR1DEAU AND M. ROCHER
Service de la Science du Sol, et Groupe d' Etude pour I' Utilisation des Boues Faculte des Sciences
Agronomiques de I' Etat, Gembloux, Belgique

The dosage of heavy metals in sewage sludges was done following the method of
"Comité' Inter Institut" modified according to the nature of the samples. The
total content of following heavy metals was determined after calcination and
treatment with HN0 3 : Cu, Mn, Zn, Cd, Co, Cr, Ni and Pb; Cu, Mn and Zn by
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atomic absorption spectrophotometry in flame and the other elements by atomic
absorption spectrophotometry by means of carbon rod.
The heavy metals studied were measured in four sewage sludges of different
origin. The sampling was done monthly to follow the variability of concentrations versus time. A comparison was made between the experimental norms
A.F.N.O.R. and the maximum values obtained in the different sludges. Another
comparison was made between heavy metals brought by application of sewage
sludges and by mineral and organic fertilizers used in agriculture.
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Heavy metal accumulation and movement in a sewage
sludge amended soil
R.W. TAYLOR, D.R. DUSEJA AND P.R. THANGUDU
Tennessee State University, Nashville, Tennessee 37203, USA

In a field study, treated municipal sewage sludge was applied annually for two
successive years and incorporated in an acid (pH 5.3) Byler loam soil (Typic
Fragiudalf) at rates 0, 11.2, 33.6 and 67.2 dry metric tons/ha. Sorghum
(Sorghum vulgare L.) was grown in replicated plots (6.1 m X4.6 m). DTPA-extractable Cu, Zn, Cd and Ni at 0-20 cm and 20-40 cm soil depths were monitored
over a 2 year period. The data indicated statistically significant increases in heavy
metal concentrations above the control for the first year at the 67.2 metric
tons/ha rate and at both the 33.6 and 67.2 metric tons/ha rates for the second
year. Second year values were also higher than those measured in the first year
indicating heavy metal build-up with time. After two years downward movement
and significant increases in Cu, Zn and Ni levels at the 20-40 cm depth at the
higher rates were noted. Heavy metal levels in the surface soil did not appear to
be phytotoxic as judged from sorghum grain and dry matter yields and comparisons with other similar studies.
222

Chemical composition of plants and soils from
revegetated mine soils
R.F. K.EEFER, R.N. SINGH AND O.L. BENNETT
Department ot Agronomy and Genetics. College of Agriculture and Forestry, W.V. University.
Morgantown. W.V. 26506, USA

Legumes could be grown on abandoned, unproductive mine soils amended with
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sewage sludge, chicken manure, and fly ash. Growth of Medicago saliva and
Lespedeza sericea was generally improved using sewage sludge and chicken
manure. Fly ash application usually did not affect plant growth. Chemical
analysis of mine soils and crops grown thereon revealed that sludge application
usually increased P, Ca, Zn, Cu, Cr, Ni, Pb and Cd concentrations in the mine
soils but only Ca concentration increased in Lespedeza with this treatment.
Chicken manure consistently improved only P concentration in soils and plants.
Fly ash only increased P concentration in soils. Heavy metals in both plants and
soils were sufficiently low to be of minor concern. Plant content of heavy metals
was: Cd < 1.5 ppm, Cr < 4 ppm, Ni < 12 ppm, and Pb < 11 ppm.
Differences in growth among the three locations were generally related to the
soil properties. Plant growth was limited whenever soils contained high total S
(> 0.3%), exchangeable Al (> 2 me/100 g), and extractable Mn (> 30 ppm)
alongwith low pH (< 4.0). The presence of pyrites in these soils resulted in
oxidation and release of sulfuric acid lowering the p H and releasing Al and Mn.
These conditions were detrimental to crop growth. Mixtures of all three waste
materials generally created conditions where legumes could survive.

Studies on the mobility of lead in three major Indian soils
V.V. ATHALYE AND K.B. MISTRY
Biology and Agriculture Division. Bhabha Atomic Research Centre, Trombay, Bombay, India

Studies on the mobility of lead, using lead-210 as a tracer, in major Indian soils
revealed that nearly all (~ 100 per cent) of the surface deposited lead was
retained in 0-2.5 cm layer when leached with simulated rainfall corresponding to
the mean annual precipitation. Incorporation of organic matter in these soils
had no effect on the movement of lead to lower depths as compared to controls.
Leaching treatments with synthetic chelates, namely, 10 4 A/and 10 'M EDTA,
and DTPA markedly enhanced the mobility of lead in soils. Comparatively
larger fraction of lead was retained in the laterite soil as compared to alluvial and
black soils.

ABSTRACTS OF VOLUNTARY PAPERS

39

SOIL PHOSPHORUS
22-4

Kinetics of phosphate adsorption in two acid soils of
north-west India
BR. TRIPATHI, P.K. SHARMA AND B.C. KA1STHA
Department of Soil Science and Chemistry, Himachal Pradesh Agricultural University, Palampur176062, Himachal Pradesh, India

Study on the kinetics of phosphate adsorption in two acid soils (Malan loam and
Rajol sandy loam) of north-west India, showed that the P adsorption obeyed the
first order kinetic equation, K. = 2.303/1. logio a/(a-x), where K is the rate
constant, t is time in days, a is initial concentration of P added to unit weight of
soil (yug/g) and x is P adsorbed per unit weight of soil (/ug/g)- The optimum
equilibration period for P adsorption was found to be 7 days in both the soils.
The value of specific rate constant, K for Malan loam was 0.1474 day~' whereas
for Rajol sandy loam, it was 0.0345 day - ' implying that the rate of P adsorption
was approximately four times higher in the former than in the latter soil. The
values of specific rate constant for two soils, were found to be dependent upon
silt and clay contents, surface area, extractable Al and amorphous, crystalline
and total amounts of Al and Fe. The average rate of P adsorption in Malan loam
was 19.5 j*g/g/day whereas it was 6.5 /ug/g/day for Rajol sandy loam.
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Role of amorphous material in phosphate sorption of a
few red and associated soils of Mysore plateau, India
P. MANIK.ANDAN AND T.G. SASTRY
Division of Soil Science and Agricultural Chemistry, Indian Agricultural Research Institute, New
Delhi-110012, India

Importance of 0.5 N NaOH extractable amorphous material and citratebicarbonate-dithionite extractable iron oxides in the phosphate sorption of a few
red and associated soils of Mysore, India was studied. Removal of organic matter
by alkaline hypobromite from the soils reduced their phosphate sorption drastically and in some cases reduced to negligible values. Reduction in P sorption due
to removal of iron oxides ranges from 23.2 to 64.0 per cent. Nearly 93 percent of
the total variations in phosphate sorption by these soils could be explained by
these two variables. Clay per se was found to be relatively a less important factor
in phosphate sorption.
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The amount of phosphate sorbed by the clay was significantly related to the
amorphous material and the octahedral hydroxy-Al polymeric component of
amorphous material while no relationship was found with the specific surface
area. The calculated value of the amount of phosphate sorbed by amorphous
material ranged from 427.5 jug g to 1205.4 /ug/g.

lit,

Phosphate adsorption in relation with other soil
properties and orders in some tropical soils
DANILO LOPEZ-HERNANDEZ
Laboratório de Estudios Ambientales, IZT Facultad deCiencias, Universidad Central de Venezuela,
Caracas 1041, Venezuela

The paper presents results of a study on the interrelationships between P sorption
and soil properties of a few tropical soils. The most important factor related to P
retention seems to be extractable aluminium although free iron oxides also
played a significant role in the process of sorption. Clay content affected P
sorption but only at low level of significance.
When adsorption was studied in relation to soil kind it was found that there is
a great variability in Oxisols, and within them the Oxisol with hardened Laterite
presented the lowest sorbing power. All the Ultisols studied had low P-retention.
The Vertisols presented moderate to high P-retention characteristics. In general
the Entisols had the lowest P-sorption in tropical soils. Only two Alfisols (with a
low capacity to sorb phosphate) were included making any comparison difficult.
On the contrary, the only Inceptisol examined showed high P-sorption capacity.
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Transformation, availability and mobilisation of applied
phosphorus in red soils
T.R. SUBRAMANIAN, B.R.V. IYENGAR, M.H. RAO AND
R. PALANIAPPAN
Indian Institute of Horticultural Research, Bangalore-560080, Karnataka, India

Availability and transformation of phosphorus applied as monocalcium phosphate, dicalcium phosphate and mixtures of these in two ratios in two red soils
(Udic Haplustalf) of Hessaraghatta, were evaluated through incubation studies.
The recovery of applied phosphorus at the end of eighteen weeks ranged between
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16 to 21 percent in the neutral soil and 5 to 9.5 percent in the slightly acidic soil.
Fractionation studies indicated that Fe-P and reductant soluble P constituted the
major inorganic soil P fractions. Higher saloid bound P and Ca-P was observed
in soil treated with dicalcium phosphate.
In the soils treated with P, mobilisation of P by amendments FYM, cowpea,
and fungal culture (Aspergillus awamori) with FYM as carrier, was also studied.
Soils treated with fungal culture maintained higher available P throughout the
incubation period. P fractionation indicated that mobilisation occurred mainly
through transformation of Fe-P to saloid bound P. Uptake of P by ragi (Eleusine
coracana) in Neubauer tests and adsorption-desorption data showed that cowpea and fungal culture as amendments were more effective in mobilising fixed P.
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Reaction products of ammonium polyphosphate
fertilizers in different Indian soil types
K.B. MISTRY AND V.B. YADAV
Biology and Agriculture Division, Bhabha Atomic Research Centre, Trombay, Bombay. India

Studies were undertaken on the isolation and identification of reaction products
of triammonium pyrophosphate (TPP), the major constituent of ammonium
polyphosphate fertilizers, in representative red, laterite, alluvial and black soils
of India. Saturated solutions of TPP were reacted with soils for periods of 30
minutes and 1 day with corresponding precipitation times of 15 days, 3 months
and 1 year to isolate reaction products which were identified by X-ray diffraction
technique, infra-red spectroscopy and chemical analyses. Six reaction products,
namely, Ca(NH 4 ) 2 P20 7 .H20, Mg(NH 4 )2P207.4H 2 0, Ca(NH 4 ) 4 H 2 (P20 7 )2,
Ca3(NH4)4H6(P207).3H20, FeNH 4 P 2 0 7 and N H . A l o ^ F e o . ^ O , were identified in different soils; Ca(NH 4 ) 2 P 2 07.H 2 0 and Mg(NH 4 ) 2 P207.4H 2 0 occurring
in abundance in most soils. Significant hydrolytic degradation of pyrophosphate reaction products to orthophosphate was not observed.
Complementary studies where TPP pellets were placed in soil, and reaction
products formed at and around the site of TPP placement were identified after 6
weeks incubation confirmed the predominant formation of Ca(NH4>2P207.H20
and Mg(NH 4 ) 2 P20 7 .4H 2 0 in the soils examined.
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ACID SOILS AND CROP GROWTH
22 1 )

Forms of soil acidity and their relationships with soil
properties in acid soils of Himachal Pradesh, India
S.K. BISHNOI AND B.R. TRIPATHI
Himachal Pradesh Agricultural University, Palampur-176062, Himachal Pradesh, India

The total acidity in acid soils of Himachal Pradesh varying in pH from 4.7 to 6.1
ranged from 5.2 to 24.0 me/100 g with a mean value of 10.93 me/100 g soil. The
pH-dependent acidity and exchangeable acidity as percentage of total acidity
constituted 90.9 and 3.06 per cent respectively. The exchangeable acidity comprised 68.08 per cent of exchangeable H+ and 31.92 per cent of exchangeable Al3+.
Soils of Mollisol and Spodosol orders were characterized with higher amounts of
pH-dependent acidity while Alfisols with exchangeable acidity. The proportion
of H+ as compared to Al,+ was more in the former two soil orders while Alfisols
had a greater proportion of Al3+.
Simple and multiple correlation studies showed that most of the variation in
exchangeable acidity (77.46 per cent) was explained by soil pH whereas organic
matter accounted for most of the variations in pH-dependent (59.39 per cent) and
total acidity (59.25 per cent). Organic matter was a more important source of
pH-dependent acidity than Al and Fe hydroxides.
Lime application to raise soil pH around 6.5 decreased exchangeable acidity
by 79.3 per cent against a decrease of 30.5 percent for pH-dependent and 23.1 per
cent for total acidity. Liming near pH 6.5 neutralized exchangeable acidity below
toxic levies in all cases. Liming neutralized exchangeable Al3+ to a greater extent
than exchangeable H \
230

The chemistry of acid-sulfate soils
F. DE CONINCK' AND NOORD1N WAN DAUD 2
1. Laboratory for Pedology, State University of Ghent, Krijgslaan 271, B-9000 Ghent, Belgium;
2. R.R.I.M., Soil Division, Jalan Ampang, P.O. Box 150, Kuala Lumpur, Malaysia

Acid-sulfate soils from Peninsular Malaysia have mostly two S-containing horizons: an upper one having jarosite, a lower containing sulphides. Treatment of the
two horizons with H2O and IM KCl respectively gives the following results: 1)
KCl extracts higher amounts of soluble mineral compounds than H>0, especially
Al and Fe; 2) the sulphide horizon contains many more soluble compounds than
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the jarosite layer, although the latter one is more oxidized than the former; 3)an
important part of the total acidity is due to Fe and Al.
From these results it can be inferred that the formed H2PO4 attacks the
Si-O-M bonds in the silicates and transforms it into Si-OH and M \ NT standing
for all cations present in the silicates. This attack neutralizes part of the H2PO4
acidity, but replaces it partly by Fe+3 and Al+J acidity.

Effect of exchangeable Al on agricultural plants grown in
acid pseudogley soils in Bosanska Krajina region,
Yugoslavia
VUKOTA OKILJEVFC
Institute for Research and Development, Division for Agriculture, Banja Luka, Yugoslavia

Acid pseudogley soils in the region Bosanska Krajina have very poor water-air
regime and chemical properties. pH values in H : ü are mostly 4.85-5.80 and the
quantity of exchangeable Al varies from 10-36 mg/ 100 g. Quantities of exchangeable Ca and Mg are small and available P is very low. After surface drainagebedding method, deep ploughing, and application of fertilizers (without liming),
yields of winter wheat and corn were good. But between 1977 and 1980, on parts
of area under winter wheat and barley, a physiological disease had appeared.
Stems and bases of leaves developed violet-red colour pigmentation. In diseased
plants, lateral branching of roots was small, and parts of the roots were dead. On
areas where lime had been applied there was no disease. Data of chemical
analysis for soils and plant's tissues, at the time of appearance of disease showed
that there was a positive correlation between intensity of disease and the quantity
of exchangeable Al in soil. Disease was caused due to Al toxicity in some
varieties of winter wheat and barley.
2M

Lime requirements for legume production on soils of the
humid tropics
R.L. FOX, R.S. YOST AND N.A. SAIDY
Department of Agronomy and Soil Science, College of Tropical Agriculture and Human Resources,
University of Hawaii, 3190 Maile Way, Honolulu, Hawaii 96822, USA

Some tropical legumes respond to lime until approximately pH 7. Yield curves
are not explained by soluble soil Al or Mn suggesting that improved Ca nutrition
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is responsible for improved growth in the interval pH 6 to 7. In variable charge
soils, cation retention is approximately linear function of soil pH. But variable
charge soils are poorly buffered atlowpH. As soil pH is raised by liming through
the lower, poorly buffered range, CEC increases, cation retention increases,
percentage cations saturation remains constant and cation solubility changes
little. Liming in the upper range, however, produces less change in pH or CEC
per unit lime. Thus cation saturation increases and so does cation solubility.
Extreme variability in soybean growth, as observed in microdimensions on an
Alfisol, was closely related to soil pH. Soil pH influenced Mn solubility, CEC
and, in turn, exchangeable cations, especially K. No simple criterion for liming is
apparent.
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Interactions of calcium, magnesium and potassium in a
lateritic soil and their effects on the yield of cotton
D. SAHOO AND N. PANDA
Department of Soils and Agricultural Chemistry, University of Agriculture and Technology,
Bhubaneswar, Orissa, India

Cotton was grown in pots in a lateritic acid soil limed with CaCOj and a mixture
of CaCOj and MgC0 3 at 1.5, 3.0 and 6.0 me/100 g raising the pH from 5.0 to
5.85, 6.85 and 7.65 respectively and at three levels of applied K, 0,35 and 70 ppm.
The highest dry matter yield was obtained at 3.0 me level and response to K. and
Mg was indicated. In the field lime sludge from paper mill having 85 per cent
neutralizing equivalence and a mixture of sludge and dolomite providing Ca:Mg
in equivalent proportion of 85:15 were applied atO, 25,50 and 75 percent level of
the lime requirement. Cotton, Beekaneer nerma, was grown with 50 and 100 kg
K.2O/ ha. The highest seed cotton yield of 1750 kg/ ha was obtained with sludge at
50 per cent of the lime requirement level and 50 kg K 2 0. Without lime application, the yield was 840 kg/ha. Yield decreased substantially when either Mgor K.
level was increased without raising the other proportionately.

Calcium and pH effects on the growth and magnesium
relationships of corn in two acid soils
J.K. SYERS AND M.E. SUMNER
Department of Agronomy, University of Georgia. Athens, GA 30602, USA

It is well established that soil acidity limits crop growth in many soils from
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tropical and subtropical regions. A high level of extractable soil-Al, or more
specifically a high per cent Al saturation, is frequently implicated as the major
factor in reducing crop growth in these soils. Given the fact that these soils are
often deficient in Mg and that lime addition can depress Mg uptake by plants, it
would seem highly desirable to have an understanding of the interrelationships of
Ca, soil pH, and Mg in the growth of plants in such acid soils. The present study
was undertaken to investigate the effects of Ca and pH on the growth and Mg
relationships of corn in two surface soils, both of which were Ultisols. Although
both soils were equally acid (pH in N KC1 was approximately 4.2), the Bradson
soil contained a much greater amount of exchangeable Al and responded to lime
and Mg addition, whereas the Davidson soil did not.
A substantial response to lime was obtained in the glasshouse with the
Bradson soil but a yield depression occurred at a salt pH in excess of
approximately 6.0. The extent of the yield depression induced by liming was
minimized by Mg addition. Supplying Ca as gypsum rather than CaCOi had only
a small positive effect on yield in the absence of Mg. Addition of Mg greatly
increased yield, even when the salt pH remained very low (approximately 4.2).
These results suggest that provided soil Ca and Mg levels are adequate, lime is
not required to produce high yields of corn in the closed system operating in a
glasshouse experiment. Lime addition depressed soil exchangeable Mg levels. Of
particular interest was the fact that Mg addition also decreased soil exchangeable
Al levels. These results obtained in the glasshouse require further investigation
under field conditions. On Mg and lime responsive soils, it is important to
determine the relative amounts of Mgand Ca, and the optimum pH required for
maximum economic crop production.
CHARGE CHARACTERISTICS
235

Sorption of mercury by precipitation products of
aluminium formed in the presence of organic acids
P.M. HUANG
Department of Soil Science, University of Saskatchewan, Saskatoon, Sask, S7N OWO, Canada

Mercury pollution is of great concern in terrestrial and aquatic environments.
The objective of this study was to examine the sorption of Hg by precipitation
products of aluminium formed in the presence of p-hydroxy-benzoic, DLaspartic, L-malic, and tannic acids which are prevalent in natural environments.
Organic acids present during the formation of precipitation products of
aluminium increase the ability of the aluminium oxides to retain Hg. The
increased specific surface and Al-OH ' groups upon structural distortion of
aluminium oxides by organic ligands, and the ionization of organic ligands
which complex with aluminium oxides are evidently responsible for the observed
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increase of Hg sorption by the precipitation products of aluminium over the pH
range common in nature. The increased sorption of Hgby the oxides is as high as
600 to 700 per cent compared with the system in the absence of organic acids.
The non-crystalline to poorly crystalline oxides of aluminium formed in the
presence of organic acids are fine, shapeless, and hallow colloids.
The present findings indicate that organic acids prevailing in terrestrial and
aquatic environments merit close attention for their role in creating active sites
of soil and sediment colloids for the retention of Hg and in affecting its subsequent movement to contaminate the food chain.

lit

The effect of adsorbent charge density on sorption of
Co (tn)~?+ onto bentonite and laponite and its desorption
by quaternary ammonium and alkane diammonium ions
G.N. SARK.AR AND J.L. DAS KANUNGO
Department of Chemistry, University of North Bengal, District Darjeeling, West Bengal. India

Analysis of the sorption isotherms and the desorption selectivity coefficients
indicate that tris-trimethylene diamine Co(lII), i.e. Co(tn)3/ is more strongly
attached to Na-bentonite compared to Na-laponite (a synthetic hectorite), which
may be ascribed to the higher charge density of bentonite. The results also
suggest that structural charge on layer silicates is better expressed as discrete,
localised exchange sites rather than a smear of surface charge. The release of
Co(tn)33+ from both the clay matrices follows the sequence ( G H9)4N > (Ca H7)IN >
(C2Hs)4N > (CH3)4N up to certain exchange levels beyond which the order is
reversed. The former trend may be due to the increased contribution of the van
der Waal forces as well as the changes in hydration state of the ions while the
reversal of order is due to the contraction of silicate layers in suspension after
certain exchange levels. However, the desorbing ability of the long-chain surfactants and alkane diammonium ions increases with chain length in both the
minerals. The smaller tetraalkyl quaternary ions and alkane diammonium ions
release more Co(tn)Y than the larger surfactants from the bentonite complex
whereas in laponite the situation is opposite. An explanation based on exchange
site separation has been suggested.
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pH dependent charge of soil amorphous material
G.S.R. KRISHNA MURTI AND K.P.C. RAO
Division of Agricultural Physics, Indian Agricultural Research Institute, New Delhi-I 10012. India

CEC estimations, before and after the removal of KOH-Na-dithionite extractable material (referred to as amorphous material), on five Vertisols and three
Alfisols, were made to determine the CEC of the amorphous material at pH
values 4.5, 7.0and 9.0. The SiCh/AhOj molar ratios for the amorphous material
ranged between 2.33 and 7.00. The highest CEC values of the amorphous
material at all pH values suggested a maximum of 1 in 4 substitutions of Al for Si
in the tetrahedral component. The increase in CEC with pH was ascribed to the
protonationofthe charge-balancing hydroxy-aluminium species and deprotonation of silanol groups in the tetrahedral silico-alumina component. Significant
negative correlation between CEC of the amorphous material and hydroxyaluminium polymer supported this conclusion. Fe component extracted was also
expected to play an important role in the pH dependence of the CEC. The delta
CEC (pH 9.0-pH 4.5) value of the amorphous material decreased with the
increasing ratio AhOi/CAbO^ + Si0 2 ), but showed a differential behaviour in the
acidic and alkaline regions.

2.(X

Permanent and pH-dependent charge components of
cation exchange capacity of muscovite, illite and a
soil clay
B.S. KAPOOR
Department of Chemistry, University of Delhi, Delhi-110007, India

Permanent and pH-dependent charge components of cation exchange capacity,
CEC, of muscovite, illite and a soil clay were determined by titrating the acid
clay, prepared by the action of H-resin on the mineral, in water and some
non-aqueous solvents. The base titratable acidities of the acid clay were found to
be greater than the acidities extractable with IN NaCl. H+ and Al3+ ions which
were the only exchangeable cations correspond to the available isomorphous
charge of the system. The difference between base-titratable and salt-extractable
acidities of the acid clay, which was essentially equal to the base-titratable acidity
of the untreated clay, was attributed to the non-exchangeable pH-dependent
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component of CEC. This component of acidity which reacted with the base in
two stages was attributed to the neutralisation of excess protons attached to the
positive (XAI -OH2+()5) and negative(XSi - 0~° 5 -AIX) centres produced on the
lateral surfaces of the clay crystals due to lattice termination. These results,
therefore, not only reveal the general existence of the pH-dependent component
of CEC in the layer silicates, but also show that this component of acidity is not
due to the oft reported basic-AI ions occupying the exchange sites of layer
silicates.

2.19

The pH dependent cation exchange capacity ratio as
criterion for the classification of new hebrides
(Venuatu) Andosols
P. QUANTIN
O.R.S.T.O.M., 70 Route d' Aulnay, 93140-Bondy, France

The high A CEC value, difference between cation exchange capacity at pH 10, 5
and pH 3, 5. is an Andosol characteristic. However, previous studies showed that
this value depends on the chemical composition of allophanic clays. This fact is
confirmed by measurements on different New Hebrides Andosols. Instead of
absolute CEC vlaue, we propose to compare the different Andosol groups on the
basis of the A CEC value:
CEC (pH 9)-CEC (pH 4)
X 100
CEC (pH 9)
Results bring out that variations of this "ratio allow to distinguish the diverse
groups of Andosols that we studied. Moreover, there is a narrow relationship
between the CEC ratio and the chemical composition of allophanic products
(SiO:/AI2O3 molar ratio of the less than 2JJ. and "amorphous"fractions) and also
Andosols genesis conditions (formation time and rainfall). Therefore the A CEC
ratio is proposed as a criterion for Andosols classification.

COMMISSION

III

MICROBIAL POPULATION AND ROOT EXUDATES
301

Effect of insecticides on nodulation and rooting pattern
of Phasealus aureus L. and on microbial population in
rhizosphere
D. BHATTACHARYYA, R. MUKHERJEE AND
ASIT K. MUKHOPADHYAY
Department of Agricultural Chemistry and Soil Science, Bidhan Chandra Krishi Viswa Vidyalaya,
K.alyani-741235, India

Of the two insecticides applied to soil Lindane alone and together with FYM
caused an increase in root volume and changes in the rooting pattern. Lindane
alone significantly reduced both the size of the nodules and content of leghemoglobin. Thiodemeton did not have any such effect. The bacterial population is
significantly reduced initially (upto 10 days) upon treatment with both the
insecticides alone and in combination with FYM. After 10 days the bacterial
population slightly increased, but not significantly, except in the case of Thiodemeton plus FYM, which showed a significant increase. No significant effect on
the nitrogen and phosphorus status of soil was observed as a result of treatment
with the two insecticides.

3112

Proteolytic bacteria of the genus Clostridium ~ their
ecological variability and role in anaerobic transformation
of proteins in different soils
V.T. EMTSEV
Microbiology Department of Timiryazev. Agricultural Academy, Moscow, USSR

The ecology of anaerobic proteolytic bacteria of the genus Clostridium, their
variability under different soil and geographical conditions and activity in the
soil were studied by us for a number of years.
The change in physiological characteristics of proteolytic anaerobes according to the soil and climatic conditions was brought out. The highest proteolytic
49
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activity was characteristic of the cultures C. sporogenes and C. bifermemans
isolated from the southern soils while the lowest one of the cultures produced
from the northern soils. Proteolytic anaerobes from the northern soils showed
shallow proteolysis of proteins and produced numerous peptides and other
protein fragments, whereas the hydrolysis of the above compounds in the anaerobic cultures from the southern soils was characterized by a depth producing
few peptides and many low-molecular products.
It was further shown that the cultures C. sporogenes, C. bifermentans and
C. subterminale isolated from the northern soils produced less acetic and more
butyric acid at protein fermentation than the same bacteria isolated from the
southern soils. The C. sporogenes cultures revealed the largest amount of
ethanol which was found in larger quantities in the strains from the southern
soils, while the strains from the northern soils produced more butanol. Temperature adaptation of the proteolytic anaerobes to the climatic conditions was also
observed. The intensity of hydrolysis of proteins in the soil increases with
transition from north to south, the lowest hydrolysis was observed in the northern soils and the highest in the southern soils.

303

Changes of enzymatic activity in soils in relation to water
content and oxygen status
J. GLINSK.I AND Z. STEPNIEWSKA
Institute of Agrophysics, Lublin. Poland

The enzymatic activity of dehydrogenase and catalase was determined in two
soils, one of sand and the other of loam texture. The soils were wetted to attain
three moisture contents corresponding to a suction equal to 10, 50 and 100 hPa.
The soils were subjected to 8 days of incubation in an atmospherecontaining2l,
14, 5 and 0.5 per cent O: at 20° C. In the two soils an increase in dehydrogenase
and a decrease in catalase activity was observed with a decrease in the oxygen
content. The changes were very intense at high moisture content soil suction 10
hPa, were less distinct at 50 hPa, and at 100 hPa there was only a very slight
difference. The changes in enzyme activity were closely related to the ODR
values.
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Effect of diphenyl dichloromethyl phosphonate, a newly
developed fungicide on soil microflora
N.K. ROY
Division of Agricultural Chemicals Indian Agricultural Research Institute.
New Delhi I 10012. India

By direct and indirect means a large portion of these pesticides whether applied in
foliage or on soil is getting entry into the soil. Knowledge of metabolic fate of
pesticides is essential for assessing the hazards associated with its residues in the
soil. Studies were undertaken to evaluate the effect of a newly developed fungicide, diphenyl dichloromethyl phosphonate on microbial population, its rate of
degradation and the nature of degraded products in soil. The results showed that
the fungicide did not have any harmful effect on soil microbes even at concentration higher than the recommended dosage. The rate of degradation of the
fungicide in soil was faster than on rice plant studied earlier. The half life of the
fungicide was found to be 6 days on soil surface. The final product obtained is
dichloromethyl phosphonic acid, a non-toxic product.

105

Contribution of root phosphatase secretion on phosphorus absorption by crops from several phosphorus
compounds in soil
HIROSHI
HISAKA

HIRATA,

YUZABURO

NISHIMURA

AND

H1ROYUKI

Tokyo University of Agriculture and Technology, Fuchu, Tokyo 183, Japan

In order to elucidate the role of acid phosphatase secretions from roots in P
absorption by crops, two experiments—water culture and soil culture—were
conducted.
1. The effect of P deficient treatment on root secretion of wheat and rice
seedling plants. The secretions of protein and sugars into water culture medium
from roots decreased with the progressively increasing deficiency of P. On the
other hand, the activity of acid phosphatase in surrounding medium of Pdeficient wheat roots increased significantly, resulting in extremely high specific
activity in the root secretion. This activity might coincide about half rate of P
absorption by normal roots.
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2. The effect of medium condition on P absorption by corn plant. Corn was
grown on the sand-clay mixture or Kanto volcanic ash soil in which bentonite
clay and / or silica-gel balls (diameter 3 cm) containing several P compounds were
burried. P compounds used were single super-P (SSP) and inositol-P (IP). P
compounds in silica-gel ball were well absorbed by corn. However, IP in clay ball
was scarcely absorbed by corn. Cornabsorbed P of SSP from both types of balls.
Based on the results, it is proposed that the hydrolytic process of organic-P by
phosphatase might be severely inhibited by clay minerals.

306

Phosphatase status of soils of differing characteristics
P.K. CHHONKAR AND J.C. TARAFDAR
Division of Soil Science and Agricultural Chemistry, Indian Agricultural Research Institute.
New Delhi 110012, India

Amounts of different phosphatases in twentyseven diverse soils were examined
in relation to soil properties. Interrelationships among the phosphatases was also
worked out. Soil phosphatase activity was significantly and positively correlated
with soil organic carbon, organic phosphorus and bacterial population but
negatively correlated with soil pH. None of the soil phosphatases were found to
be correlated with clay content and soil actinomycetes. Acid phosphatase was, in
addition, found to be correlated with the fungal population. Different phosphatases were found to be intercorrelated with each other to varying degrees. The
regression of total soil phosphatase activity on different phosphatases revealed
that phosphatase showing peak activity at pH 7.0 contributed most towards the
total phosphatase activity in the soils studied.
NITROGEN FIXATION
.1(17

Potential of nitrogen nutrition of leguminous crops
through Rhizobial inoculation in West Bengal soils
M.C. KABI, S.C. POI AND P.N. BHADURI
Nodule Research Laboratory, Bidhan Chandra Krishi Viswa Vidyalaya, Mohan pur-741246, India

The paper deals with a survey of nodulation behaviour in different leguminous
crops in West Bengal soils. Extensive studies on this aspect for the last several
years indicated the impacts of legume inoculation with Rhizobia on nitrogen
economy of the soils.
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Most of the grain legumes nodulated freely under field conditions, still their
nodulation and yield could be improved by artificial inoculation with suitable
Rhizobia.A few legumes, including some forages,exhibited specific Rhizobial
requirements and were found to make substantial profit from inoculation. Two
important legumes, Psophocarpus tetragonolobus and Leucaenea leucocephala,
recently introduced in West Bengal, were found to be promising for this state and
these two crops responded quite remarkably to inoculation with Rhizobia.
Nitrogen-fixation by legume-rhizobium symbiosis requires to be considered
with greater weightage for ameliorating soil fertility especially during the present
day of energy crisis. Emphasis was also given to consider the nodulation and
N-fixation characters for breeding and selection of legumes.
MIX

Studies on symbiotic N2-fixation by mutant strains of
lentil (Lens esculenta) Rhizobium in acid soils
RAMAN RAI', B.S. SRIVASTAVA2, B.P. SINGH 1 , S.N. SINGH'AND
V. PRASAD 1
I. Rajendra Agricultural University, Bihar. India; 2. Division of Microbiology, Central Drug
Research Institute, I.ucknow. India

A strain of Rhizobium isolated from the root nodule of lentil was mutagenised
and screened on a medium of acidic pH (4.5). Five mutant clones were identified
which showed their growth capability in medium of pH range 4.5 to 7.5. Njfixation by nodules formed by the two strains was studied in acidic and in neutral
soils and their relative efficiencies observed. Using the number of nodules, their
dry weight, total plant nitrogen, relative efficiency of N2-fixation and active iron
content of nodules, mutant strain S, was found to be equally effective in all the
soils. However, strain Mi was found more responsive and effective in acid soils.
Not only the soil pH but associated factors of acidity such as AI, Mnand Fe were
also found to be responsible for symbiotic N2-fixation in acid soils.
309

Time course of symbiotic nitrogen fixation by broadbean
{Vicia faba) and soybean (Glycine max.)
F. ZAPATA', M. FRIED 2 AND H. BROESHART 1
I. Agriculture Section. IAEA Seibersdorf Laboratory. Vienna, Austria; 2. Joint FAO/ IAEA
Division of Isotope and Radiation Applications of Atomic Energy for Food and Agricultural
Development. IAEA, Vienna, Austria

The time course of symbiotic nitrogen fixation by two annual legume crops was
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investigated under field conditions by means of l5N-labelled fertilizer. The two
legume crops being dealt with in this study were broadbean ( Vicia faba) and
soybean (Glycine max. L.) Additional objectives were to determine the relative
contribution of the different nitrogen sources along the growth cycle and to
assess the efficiency of the starter nitrogen fertilizer when added as basal application. Separate field experiments were carried out and the treatments consisted of
eight harvest times scheduled at eight different stages of development of the
legume crop.
The two legume species exhibited different patterns of both soil and fertilizer
nitrogen uptake and symbiotic nitrogen fixation as well. The extent and timing of
the contributions from these sources varied with growth stage. The utilization of
the starter nitrogen fertilizer increased with time. However, the final fertilizer use
efficiency by these legume crops is still low. As the amount of nitrogen taken up
from the fertilizer was low for both crops, particularly for broadbean, soil and
fixation became the main sources of nitrogen. The relative contribution of
fixation to the total nitrogen content of the legume crops increased with time.
This effect was much greater for broadbean than for soybean.

310

Effect of phosphorus and zinc on nodulation and
nitrogen fixation in chickpea (Cicer arietinum L.)
U.C. SHUKLA AND OP. YADAV
Department of Soil Science, Haryana Agricultural University, Hissar-125004. Haryana, India

A greenhouse study was conducted to study the effect of P and Zn on nodulation
and N fixation in chickpea (Cicer arietinum L.) grown in a loamy sand (Typic
Torripamments). Treatment combinations included five levels of P (0,25,50,100
and 250 ppm) and six levels of Zn (0, 5, 10, 20, 40 and 100 ppm). Plants were
harvested 64 and 108 days after sowing, and at maturity. Nodule number and dry
matter at 64 and 108 days after sowing ranged from 0.5 to 49.5, and 9.6 to 51.0 per
plant, and 0.02 to 0.62 and 0.16 to 2.02g/four plants, respectively. N fixation at
64 and 108 days after sowing, and at maturity ranged from 0.05 to 17.8, 18.7 to
155.8 and 58.6 to 298.2 kg/2xl0 6 kg soil, respectively. The number.dry matter
and leghaemoglobin content of nodules, and N fixed increased with Zn alone
upto 10 ppm and P alone upto 50 ppm, and decreased with their higher levels.
Maximum nodulation and N fixation (91 to 145 per cent over zero P and Zn, at
maturity) was recorded with 25 to 50 ppm P applied along with 5 to 10 ppm Zn.
At 64 days a depletion in soil-N was noted, particularly when P was applied
whereas, at maturity there was a gain in soil-N regardless of P and Zn treatments.
The actual gain depended on the stage of plant growth at harvest, plant residues
left in the soil, and N excreted during plant growth. Depending upon P and Zn
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levels, the gain in soil-N at maturity varied from 10.5 to 44.5 kg/ 2 X I0Ö kg soil. The
increase in nodulation and N fixation with balanced P and Zn nutrition was
attributed to increased production of leghaemoglobin and K. and Fe concentration in nodules, and increased plant growth, resulting in enhanced activity of N
fixing organisms. The results showed that balanced P and Zn nutrition is
essential not only for growth but also for maximum activity of Rhizobium for N
fixation.
(II

Role of non-symbiotic nitrogen fixation in soil
nitrogen budget
M M . UMAROV AND D G . ZVYAGINTSEV
Department of Soil Science, Moscow State University, 117234, Moscow, USSR

Non-symbiotic nitrogen fixation takes place most actively in the phytoplane
(rhizosphere and phyllosphere) during the periods of active plant growth. The
nitrogen-fixing bacteria are numerous in the phytoplane and their activity
depends mainly on the availability of energy. Their activity is also substantially
higher when they develop in an association with other microorganisms, even with
non-fixers of N:.
The maximal productivity of non-symbiotic nitrogen fixation in the zone of
temperate climate may reach 50-150 kg/ha/season in the rhizosphere and 5-15
kg/ha in the phyllosphere.
A close connection between the processes of photosynthesis and nitrogen
fixation is well known, as for instance for the legume-rhizobial system. There are
sufficient data to consider this phenomenon to be valid also for the systems
"non-leguminous plants— non-symbiotic Nj-fixing bacteria", although in this
case relation between photosynthesis and nitrogen fixation is less close.
Ml

Non-symbiotic nitrogen fixation in Northern India
ELISABET HENRIKSSON, D. HARTMAN, L.E. HENRIK.SSON,
K.S. DADHICH, PAWAN SHARMA AND D.V. VADEHRA
Institute of Physiological Botany. University of Uppsala, S-75I2I Uppsala Sweden
Department of Microbiology, Panjab University, Chandigarh-160014, India

The environmental conditions for biological nitrogen fixation prevailing in the
districts of Punjab and Haryana in Northern India differ from many other
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tropical regions.The virgin soils often contain sodium in concentrations too high
for plant cultivation and after reclaming the soils with water and gypsum, the
concentrations of soluble sulfates increase remarkably in the ground, especially
when the water in the irrigation channels fertilizes the fields with sulfates.
100 200 ppm sulfate in the waters of the irrigation channels have been recorded.
The sulfur cycle and the nitrogen cycle closely interact on each other. Analyses of soil samples from cultivated fields in the districts have shown the
presence of purple and green sulfur-bacteria and of Desulfovibria, which all are
able to fix nitrogen. Laboratory experiments have shown that the sulfatereducing Desulfovibria occur in such an active status in the soils rich in sulfates
that they may inhibit the growth of the crop, since formed sulfides are injurious
to the root system of higher plants. However, preliminary analyses performed in
October 1981 after the rice harvest did not show deposits which indicated such
inhibiting effects of sulfides in the investigated soils. Further investigations of the
basic relations between nitrogen and sulfur in their respective cyclic systems are
proposed.
In the soil-surfaces and in the irrigation channels blue-green algae (Cyanobacteria) are common. However, most of them are nonheterocystous and unable to
fix nitrogen. In addition, it has been shown that in certain soils there are agents
which inhibit growth and development of blue-green algae. Research is now in
progress to identify these inhibiting factors.

313 P

The biological succession on the new volcanic island
Surtsey, Iceland with special reference to the
biological nitrogen fixation
L.E. HENRIKSSON AND ELISABET HENRIKSSON
Institute of Physiological Botany, University of Uppsala, S-75121 Uppsala, Sweden

The new island Surtsey in the Westman Island south of the mainland of Iceland
was born in November 1963 and the volcanic activity ceased in 1967. The first
evidence of biological nitrogen fixation was recorded in 1970, when it was found
in laboratory experiments that microorganisms in Surtsey soils showed nitrogenase activity. The organisms involved were found to be light-dependent. By
cultivating it was found that the nitrogenase activity was derived from the bluegreen algae Anabaena variabilis Kutz. and Nostac muscourse Ag.
During the field-work of 1972,1974 and 1976 determinations of the nitrogen
fixation were recorded in situ at 46 localities where nitrogen fixation would be
expected to occur on the Island. It was found to be in the range of 0.2-82 mg N2
fixed cm~:fr'.
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The annual mean temperautre of Surtesy is about 5-6°C and the haraidity
conditions are high. Most of the in situ analyses were performed at temperature
in the range of 10-15°C. This shows that algal nitrogen fixation is of importance
in this temperature range.
Bare soil with mosses has always given good positive results on nitrogen
fixation, provided the nitrogen capacity values were based upon nine separate
analyses from the same site, and it is found that the mosses grow in association
with blue-green algae.
Beggiatoas commonly whereon Sartsey at localities also mosses and bluegreen algae are present and are found to be among the primesis grants on the
island.
In the in situ experiments no heterotrophic nitrogen fixation has been
recorded. However, the bacterium Azotobacter sp. has been found to occur
frequently in samples from 1976.
Ten terrestrial fungi were isolated from 23 localities on Surtsey in 1972. On
account of the low organic matter content in the Surtsey soil the development of
heterotrophic organisms is still very limited. However, during the field-work in
July 1981 several specimens of a hymenomycetes. Ophalina sp. were observed
close to fumaroles in moss-associations (Funaria hygrometrica Hedw.). It is
considered that the development of species of this family is dependent on the
presence of mosses.
During the last decade the phanerogams Honckenyapeploides (L.) Ehrl. and
Elymus arenarius L. have increased greatly in number on Surtsey. Many plants
have been buried under sand drifts and new ones have appeared. These circumstances must result in accumulation of organic matter in the soil. Nitrogen
fixation by bacteria associated with the roots of both Honckenya and Elymus
plants from Surtsey cultivated in lava soil from the island have been recorded in
laboratory experiments under conditions of decreased oxygen pressure (4 per
cent).
SOU. ORGANIC MATTER
314

Role of soil organic matter in agrocenoses stability and a
system of indicators for soil humus status control
D.S. ORLOV AND L.A. GR1SHINA
Moscow State Univeristy, Moscow, USSR

Stability of agrocenoses presupposes their minimal dependence on varying
weather conditions and numerous soils degradation processes including erosion,
pollution, aridization, hardening etc.
Soil organic matter as a component of agrosystem, plays a specific role in the
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determination of high soil resistance, ability to withstand sharp fluctuations of
water, air and temperature regimes, soil solution composition, ability to absorb
and to retain toxic elements and compounds.
Evaluation of soil humus status and preservation of optimal humus composition call for a selection of parameters for systematic control in time and space. It
would be meaningful to utilize not separate parameters but their complexes,
among which the following should be listed: humus content and stock, its
richness in nitrogen, degree of humification, type of humus, content of movable
and stable fractions, etc. The spatial variability of humus content and its composition also plays a substantial role in the evaluation of soil humus status and
stability of agrocenoses.
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Study by size fractionation of the organic matter in a
cultivated tropical soil fertilized by labelled crop residues
(14C 15N) and urea (15N)
C. FELLER 1 , G. GUIRAUD 2 AND J.M. HETIER 3
I. ORSTOM Antenne ORSTOM, DB/SRA, CEN Cadarache BP no I, 131 l5St. Paul Lez Durance,
France; 2. CEA Servicede Radioagronomie, CEN Cadarache BP no 1, 13115 St. Paul Lez Durance,
France; 3. CNRS Centre de Pedologie Biologique, 54500 Vandoeuvre les Nancy, France

Millet was cultivated in Senegal on a sandy soil fertilized by labelled maize straw
(14C l5N) (1 cm fragments) and urea (15N). After cultivation the top soil was first
dry-sieved at 200(V then passed through, with water, 200 and 50ju sieves. Five
fractions were separated: three soil fractions with plant fragments larger than
50/x (F 2000, F 200, F 50), one organomineral fraction 0-50/x (FOM) and the
water-soluble one (W).
' 3 N utilization coefficients were both about 25 per cent. 15N losses from straw
and urea were respectively 0 and 50 per cent. 15N labelled straw residues were
mainly represented in the upper size and organomineral fractions. Most part
of urea-derived 15N was in water soluble and organomineral fractions. Mineralization of l4C was about 60 per cent. The main part of soil remaining l4C was
encountered in more than 50/u fractions.
Size fractionation of labelled soil organic matter allowed to study the carbon
and nitrogen plant residues transformations and the part of each fraction in the
humification processes.
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Consumption and turnover of photosynthates in the
rhizosphere depending on plant species and
growth conditions
D.R. SAUERBECK, S. NONNEN AND J.L. ALLARD
lnstitut fiir Pflanzenernahrung und Bodenkunde, Bundesforschung-sanstalt fur Landwirtschaft
(FAL), Braunschweig-Völkenrode, Federal Republic of Germany

Tracer studies revealed that 20-40 per cent of the photosynthetic production of
annual plants is expended for root growth and root metabolism. Only one half or
less of this total amount can be recovered from the soil as roots or residual
compounds. This indicates a striking turnover of energy, although relatively little
root-derived organic matter has been detected in the rhizosphere soil or in
nutrient solutions. The photosynthate requirement by plant roots is particularly
large for grasses with several cuttings or for rhizobium-inoculated legumes. Plant
species and variety, soil conditions and temperature were shown to be the most
decisive factors for the assimilate consumption of plant root systems.
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Organic matter content in relation to the period of
cultivation and crop yields in some subtropical soils
R.C. DALAL
Queensland Wheat Research Institute, Toowoomba, 4350, Australia
Long term changes in soil organic matter were studied in relation to the period of
cultivation and soil and crop management systems practised in a major Australian wheat growing area (approx. 27° S and 151 ° E). The decline in organic matter
in relation to the period of cultivation (1 -70 years) followed first-order reaction
process with two decomposition rate constants (K-i and K.-2). The K_i values
varied from 0.153 year " to 0.371 year "' (half-life, 4 and 2 years, respectively),
indicating decomposition of organic matter from the incorporation of native
grass upon initial cultivation. The K_2 values varied from 0.00365 year-1 to
0.02166 year-1 (half-life, 189 and 32 years, respectively). The K-2 and half-life
values of organic matter were significantly correlated with the clay content of the
soils. The decrease in organic matter was associated with reduced yields of wheat
grain and with the number of cultivation operations. Reduction in cultivation
operations is the refore likely to slow the loss of soil organic matter.
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The distribution of copper in organic soils (Histosols)
differing in copper content and in their mixtures with
sand, clay, shell-rich and gyittja sublayers of a bog
SUKHDEV P. MATHUR' AND MARCEL P. LEVESQUE2
I. Soil Chemistry and Biology Section, Chemistry and Biology Research Institute, Research Branch,
Agriculture Canada, Ottawa, Ont. Canada KIA 0C 6; 2. Land Resource Research Institute, Research
Branch, Agriculture Canada, Ottawa, Ont. Canada KIA 0C 6

In the context of examining the suitability of using moderate amounts of Cufor
mitigating the decomposition and subsidence of cultivated Histosols,
distribution of soil Cu was determined by sequential extraction of a series of
Histosols, mineral sublayers and their mixtures, containing 62.5 to 1172 ppm
total Cu. On an average the following percentages of the total Cu were removed
by the respective extractants: H 2 0, 3.7 ± 0.7; CaCl2, 1.8 ± 0.7; C a C h hydroquinone, 1.0 ± 0.4; acetic acid, 5.3 ± 2.0; DTP A-TEA, 29.2 ± 4.4; HC1,2.3
± 0.5; and KCN, 11.1 ± 3.1. Sums of the Cu extracted by H 2 0 and aq. CaCl2 were
equal to 0.003 to 0.89 per cent of the CEC of the soils, indicating that most of the
soil-Cu was held rather tightly. Even the fulvic acids extracted contained only
21.7 ± 3.9 per cent of the total Cu.

319 P

Carbon fertilization studies: Influence of induced soil
released carbon dioxide on soybean and maize and
residual effect on wheat under field conditions
V.K.. SURI AND K.P. GOSWAM1
Department of Soils, Laboratory of Soil Microbiology and Biochemistry, Punjab Agricultural
University, Ludhiana, India

In the tropical areas, photosynthesis may suffer for want of C 0 2 rather than
sunlight. Increased soil respiration may supplement the carbon requirement.
This study was conducted to evaluate the effect of C0 2 released by the decomposition of chopped wheat straw and FYM in polyethylene lined trays placed in
soybean and maize crops. Whole straw as mulch and soil incorporated FYM
were also included as treatments. The straw in trays treatment at 25 t/ha
increased soybean grain yield (57 per cent) and the grain protein (26.3 percent)
content significantly; soil incorporated FYM at 25 t/ha and the straw mulch at
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12.5 t/ha respectively gave 11.6 and 16 per cent increases in grain yield.The
highest increase in grain yield of maize was obtained in the soil incorporated
FYM (21.9 per cent) treatment followed by strawmulch (16.9 per cent) and the
chopped wheat straw in trays (15.1 percent). The FYM in trays gave somewhat
reduced yield (6.4 per cent).
The maximum evolution of CO2 (KOH absorption method) under field or
laboratory conditions was found in the straw mulch treatment followed by soil
incorporated of FY M and control. The decrease in soil temperature under mulch
and the trays being very small, the enhanced yields from mulched plots may be
mainly due to the supplemental CO2. The residual effect of C-fertilization in
soybean was measured by growing a wheat crop, its grain yield increased
significantly due to the straw in trays (37.8 per cent) treatment. Anon-significant
increase (3.9 percent) in the wheat grains succeeding the maize crop (experimental) was also obtained due to the same treatment.
Laboratory measurements of CCh-evolution in the soil cores from the experimental plots gave an increased C02-evolution by hoeing; the highest evolution
was from straw mulched soil followed by soil mixed FYM and control.
ORGANIC MATTER DECOMPOSITION
320

Dynamics of soil organic phosphorus and sulfur
J.W.B. STEWART AND J.R. BETTANY
Department of Soil Science, University of Saskatchewan, Saskatoon, Canada S7N 0W0

The immobilization, mineralization and redistribution of phosphorus (P) and
sulfur (S) in soils has been examined by a series of soil incubations in which a
carbon (C) source (cellulose) has been added to stimulate microbial activity.
Methods of measuring microbial P and S contents have been developed and
comparison made at various times of incubation with microbial C and N and to
CO2 evolution. These results are discussed in the context of soil P and S
availability to plants and to the composition of soil organic matter. Changes in
the C:N:S:P ratios in soil horizons across environmental gradients or induced
through cultivation practices may be explained by the differences in P and S
organic forms produced in the immobilization process and in the factors that
affect their stabilization in soil.

h2
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Organic phosphorus compounds in some representative
soils of Bangladesh
A. ISLAM, B. AHMED AND R. MANDAL
Department of Soil Science, University of Dacca, Dacca-2, Bangladesh

Inositol phosphates and phospholipids of 37 sufrace soils varied from 17.5 to
420.0 and 0.5 to 15.5 ppm respectively. The variations were related to organic
matter, organic phosphorus and total phosphorus contents. Inositol mono-, ditri-,tetra-penta-and hexaphosphates ranged from 5.0 to 12.5, 10.0 to 27.6,20.0 to
45.0, 22.5 to 64.6 and 20.1 to 275 ppm respectively. Except inositol monophosphate, the rest were correlated with organic phosphorus, total phosphorus,
organic carbon, total nitrogen, inositol phosphate, clay, exchangeable iron and
aluminium and pH collectively and individually with some soil properties. DNA
and its derivatives ranged between 0.16 and 1.30 ppm and choline, ethanolamine
and glycerophosphate ranged from 0.36 to 3.29,0.28 to 2.52 and 0.20 to 1.05 ppm
respectively. pH, organic matter, organic phosphorus and total phosphorus
collectively contributed to their variations. Significant simple correlations were
obtained between DNA and its derivatives and total phosphorus; choline and
organic matter, organic phosphorus and total phosphorus; ethanolamine and
organic matter and total phosphorus; and glycero-phosphate and organic
phosphorus.

Mineralization of organic phosphorus compounds in
some surface soils of Bangladesh
R. MANDAL, A. ISLAM AND S. HOQUE
Department of Soil Science, University of Dacca, Dacca, Bangladesh

Maximum mineralization of inositol phosphates, phospholipids, inositol hexaphosphate, ribonucleic acid and its derivatives, and deoxyribonucleic acid and its
derivatives was obtained in the first 15 days either when the soils were incubated
with each of potassium dihydrogen phosphate, ammonium sulphate, compost,
glucose and lime under submerged condition or when submerged under water
without additions of these materials. A moderate rate was observed in the
subsequent 15-day followed by a gradual disappearance in the next 30-day
incubation periods. The mineralization was greater in soil containing more
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organic matter and mineralizable substrates, and increased with pH of the
medium. Liming enhanced mineralization as it induced conditions for the proliferation of phosphorus transforming organisms. Increase in the solubility of
exchangeable Fe and Al helped in the hydrolysis of inositol phosphates and its
higher ester—inositol hexaphosphate. RNA and DNA along with their derivatives mineralized completely in 30 days in most cases.

323

Incorporation of sulfur, nitrogen and carbon into soil
organic matter following incubation
S. SAGGAR, J.R. BETTANY AND J.W.B. STEWART
Department of Soil Science. University of Saskatchewan. Saskatoon, Canada

Incubation of two Chernozemic soils (Haploborolls) for nine months with and
without the addition of a carbon energy source (cellulose) plus nitrogen (ammonium nitrate) resulted in the immobilization of inorganic sulfate while duringthe
same period a large net mineralization of nitrogen was obtained. Added cellulose
and nitrogen to the soils increased the organic carbon by 7.1 and 9.9 per cent,
organic nitrogen by 6.5 and 8.3 per cent and organic sulfur by 4.8 and 2.8 percent
in the Oxbow Black (Udic) and Bradwell Dark Brown (Typic) soils, respectively.
Fractionation of soils before and after incubation, by a 0.1 M NaOH—0.1 M
Na4P20? extraction—separation technique showed significant differences in the
distribution of incorporated sulfur compared to carbon and nitrogen. Increase in
the concentration of total S and Hl-reducible S were found to be limited to the
conventional humic acid (HA-A) and fulvic acid (FA-A) whereas significant
amounts of carbon were incorporated into all fractions except the clay associated
humic acid (H A-B) and fulvic acid (FA-B), and nitrogen in all fractions except
FA-B. The difference in behaviour of sulfur compared to carbon and nitrogen
indicated that sulfur likely followed different pathways than the other two
elements in humus formation or transformation.
The FA-A fraction showed greater variability in the amounts of carbon,
nitrogen and sulfur than other fractions. There was a sharp decline in the carbon
and nitrogen concentrations of the FA-A fraction in the untreated incubated
soils and a greater accumulation of carbon, nitrogen and sulfur in the cellulose
plus nitrogen treated soils over the original soil. The results obtained support the
earlier hypothesis which suggested that the fulvic acid is a biologically active,
labile and transitory storehouse of organically bound nutrients.
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Influence of salinity on the intensity of humification
F. JACQUIN AND N. MALLOUHI
Institute National Ploytechnique De Lorraine, Ecole Nationale Superieure D'Agronomie et Des
Industries Alimentaires, 38, Rue Sainte Catherine 54000, Nancy, France

This report is a part of our overall efforts to study the evolution of organic matter
in salt affected soils. In this paper an attempt has been made to study the
correlation between the degree of salinity and the intensity of the humification
process.
In order to achieve our aim we put two organic substances labelled with
different degrees of exchangeable sodium. Then we studied the correlations
between the levels of fulvic (AF) and humic (AH) acids obtained after they had
been incubated under controlled conditions for a period of three weeks.
Results showed that high sodium retarded the mechanism of polycondensation of the carbon compounds and that this was proportional to the electrical
conductivity of the soils. The increase of the ratio AF/ AH was far more intense
for corn straw than for labelled glucose.

COMMISSION IV
K AVAILABILITY AND CROP RESPONSES
401

Balance between soil exchangeable bases (Ca, Mg, K) and
soil fertility
J. BOYER
a' I' ORSTOM, Paris, France

Balance between soil exchangeable bases is seldom examined in order to appreciate the fertility of tropical soils (non-calcareous and non-salt affected
soils) Ca/ Mg, Mg/ K. and Ca + Mg/ K ratios were studied in relation to soil
structure and crop growth. Based on these studies it is possible to propose some
critical values: lower limits Ca/Mg = 1, Mg/K. = 2 to 4 (according to soils),
Ca+Mg/K about 10-15; upper limits Ca/ Mg = 10 to 40 (according to plants),
Ca+Mg/K =40 to 50 and Mg/ K=25. It is also possible to specify some optimum
values.

4112

Studies on potassium release in an alluvial soil (Holambi
series) at the minimum level of exchangeable potassium
M. KRISHNA K.UMARI, M.S. KHERA AND A.B. GHOSH
Division of Soil Science and Agricultural Chemistry, Indian Agricultural Research Institute,
New Delhi-110012, India

Ammonium acetate extractable K in the soil reached a minimum value of 6.8
mg/100 g soil after growing 14 crops of wheat and bajra, without applying any K.
fertilizer. At this level of ammonium acetate extractable K, both wheat and bajra
crops utilized more than 90 per cent of the total K from non-exchangeable
sources. When wheat and bajra crops were grown in this soil with different levels
of applied K. (0, 107, 214 and 321 mg K./2 kg soil), at K0 level wheat and bajra
utilized 86 and 95 per cent of the total requirement from the non-exchangeable
source respectively. At Ki level, wheat utilized only 19 per cent and at higher
levels of K there was a build-up of K status of soil. In bajra, at K,, K2 and K3 levels
59, 13 and 22 per cent of total uptake were contributed by non-exchangeable
forms. The total K uptake by bajra was more than twice that of wheat. Plant
65
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analysis showed that 83 per cent of the total K in wheat was contained in the
shoot portion and the rest in the roots. The corresponding figures for bajra were
94 and 6 per cent.

4(U

An examination of some K-available indices
R.K. CHATTERJEE AND A.P. RAO
Division of Soil Science and Agricultural Chemistry, Indian Agricultural Research Institute, New
Delhi-110012, India

Q/I relations of soil potassium were evaluated fora large number of soil samples
of varying mineralogy using thermodynamic approach and its modifications and
by Beckett's potential buffering capacity approach. The potential buffering
capacity (PBCK) measurements and equilibrium studies showed that these are
greatly influenced by the type and amount of clay minerals present. PBC and
the linear buffering capacity (LBCK) values were relatively low in the kaolinite
dominated soils as compared to the smectite dominated soils indicating that
kaolinitic soils may respond more to K fertilization. Two additional parameters
viz. buffering capacity (BCK) and unified solution Q/I factor (USQI) were
worked out for soils by taking the concentration ratio of K in the soil solution as
an intensity factor and the K extracted by IN ammonium acetate as the quantity
factor. These parameters appeared to be better than the Beckett's Q/1 technique
when judged from K uptake by barley seedling in the laboratory tests.

404

The potassium Q/I relationships of two soils under
submerged conditions
N.S. PASRICHA
Department of Soils, Punjab Agricultural University, Ludhiana, India

Quantity-intensity relationships between gain and losses of soil exchangeable K
and K-intensity in the equilibrium solution, were evaluated for two soils at 0,2,4,
6 and 8 weeks of submergence. The K-intensity, modified to include the factor by
which Mg differs from Ca in its behaviour on the exchange complex as
" K/(a '/^Ca) +F (al/2 Mg), gave a better correlation (r = .99). The value of the factor
F for Mg was 0.46 and 0.49 for Conlubang sandy loam and Luisiana clay
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respectively against this value for Ca assumed to be unity. Submergence up to two
weeks, increased the equilibrium activity ratio by more than 40 per cent, but
submergence up to 6 weeks decreased the value in Conlubang sandy loam. In
Luisiana clay, an increase in activity ratio after an initial decrease was observed.
In both the soils, the readily exchangeable K measured as intercept at quantity
axis increased with submergence, the magnitude of increase being more in
Conlubang sandy loam than in Luisiana clay. An almost 50 to 100 per cent
increase in linear buffering capacity of K, LBCK, with submergence is, partly
attributed to an increase in CEC resulting from release of some non-labile K into
the labile pool. The CEC increased by 12 percent in Conlubang sandy loam and
by 30 per cent in Luisiana clay.
A theoretical model which describes the transformations and movement of
nitrogen through soil following urea application is suggested and its validity,
tested under puddled soil conditions.

4(15

Importance of potassium fertilization for nurseries and
field crop of flue-cured tobacco in light soils of Andhra
Pradesh, India
B.V. RAMAKRISHNAYYA AND V. KRISHNAMURTH Y
Division of Soil Science, Central Tobacco Research Institute. Rajahniundry-533104. Andhra
Pradesh, India

At present Virginia flue-cured tobacco cultivation is being extended to northern
light soils of Andhra Pradesh and K fertilization is assuming importance next to
nitrogen, both in nurseries and in field. Pot studies conducted on these light and a
heavy soil with four levels of applied K (0, 100, 200 and 300 kg K 2 0/ ha) showed
that continuous cultivation of tobacco in light soils led to depletion of available
potassium resulting in low soil available status. Plant vigour and health were
observed to be normal due to the application of higher doses of K.
Omission of potassium from basal fertilization of nurseries in light soil led to
a severe deficiency in seedlings which showed remarkable recovery when topdressed with potassium. It appears, unlike black soils, light soils are prone to be
depleted of available potassium quickly. Inclusion of potassium in the fertilizer
schedule for light soil flue-cured tobacco is, therefore, essential.
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Soil fertility parameters—the need for precise definition
of terms
M.V. PUSHPADAS
Rubber Research Institute of India, Regional Research Centre, Kunjaban PO, Agartala-799 001,
Tripura, India

The modern concept of soil fertility makes use of some parameters or terms to
describe it. The more commonly used terms are intensity, relative intensity,
quantity, capacity, buffering capacity, and rate and replenishment factors. A
survey of literature shows that these terms are ill-defined and have been used by
various scientists in such a manner as to create confusion particularly in the
minds of students of soil science. This paper attempts to bring out some of the
ambiguities and contradictions in the meaning of the terms as used by soil
scientists and to suggest the need for their precise definitions and elaborations.

407 p

Prediction of K-supplying power of some soils of Andhra
Pradesh, India
V. VENKATASUBBAIAH,J.VENKATESWARLU,I.V.SUBBARAOAND
NISHATH MUKH1L1SH
Andhra Pradesh Agricultural University, Hyderabad, India

Representative alluvial black soils of West Godavari district, vertisols and
alfisols of Nagarjuna Sagar Project and mixed soils of Sri Ram Sagar Project
were continuously cropped under potted conditions to study their K-supplying
power. The mean initial exchangeable K level of these soils decreased from 328,
183, 110 and 170 ppm to a constant minimal level of 96,48, 23 and 31 ppmat the
end of 6th, 5th, 4th and 4th crops respectively in these soils.
Significant correlations were obtained between the minimal exchangeable K
and per cent clay and also between K-yield (by cropping) from non-exchangeable
sources at the minimal level of exchangeable K and per cent clay. The Ksupplying power of alluvial black soils of West Godavari and mixed soils of Sri
Ram Sagar Project were calculated on the basis of these relationships. At their
critical limits of 100 and 75 ppm K respectively the K-supply from Sri Ram Sagar
soils was 86 ppm K and from the alluvial black soils of West Godavari only 76
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ppm K. This explains the higher critical limits obtained in the case of heavy
alluvial black soils compared to light soils, though the yield of K. from nonexchangeable sources was high in the heavy alluvial black soils.
P AVAILABILITY IN SOILS
408

Phosphorus in tropical soils: assessing deficiency levels
and phosphorus requirements
P. ROCHE AND L. GRIERE
Instilut Mondial du Phosphate, 8. rue de Penthi'evre-75008, Paris. France

At the Edmonton Congress, conclusions for IMPHOS' study were presented on
168 soil samples. The complete study dealing with 500 samples can be summarized as follows:
Pot trials are a good approach to phosphorus deficiency.
P deficiency is often quite serious since 65 per cent of the soil samples under
study were seriously, or clearly, deficient.
Proposals have been put forward for the various FAO/ UNESCO pedological
groups with respect to the best assessment methods and P-deficiency thresholds below which response to P applications is great.
A simple method appears among these proposals for assessing P deficiency:
48-hour P desorption. Assessment of the extent of deficiency in the soils
under study was as precise as with the L value.
Experimental results in fields allow for defining five groups of soils with
clearly distinct responses to P and for selecting simple criteria for classifying
any soil within one of the five groups.
The study of P desorption in soils previously enriched with increasing
amounts of P led to graph proposal for speedy calculations of the P levels
required for correcting deficiency.
-10M

A soil phosphorus atlas for Rwanda
P. VANDER ZAAG1 AND R.L. FOX2
I. International Potato Centre, Ruhengeri, Rwanda; 2. University of Hawaii, Honolulu, USA

Phosphate sorption curves, based on surface (0-15 cm) and subsurface (30-45
cm) soil materials from 121 sites in Rwanda, East Africa, were used to determine
quantities of P required to establish two levels of P in representative soils. The
two levels of P were 0.2 /jg/ ml, used as a standard concentration for comparing
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soils, and 0.02 pig/ ml of solution, which is a suitable level for many agronomic
crops. Phosphorus required to attain 0.2 /ug/ ml generally ranged from 0 to 500 fig
P/g soil, with most soils classified as low or medium P sorption.
Most of the soils required less than 100 ng P/g soil to attain 0.02 ng P/ ml
solution. More than 300,000 tons of concentrated superphosphate would be
required to initially establish 0.02 jug P/ml in the soils of the country being
cultivated at one time. This amounts to 270 kg/ha.
The soil P atlas provides a rational basis for assessing the intensity and extent
of the P constraint on food production and the fertilizer resources needed to
remove that constraint.

4111

Plant nutrients status in Bangladesh soils
M l . ALI, E.H. BHUIYA, M.M. RAHMAN, M. BADRUDDIN AND
A.K.M. HAB1BULLAH
Institute of Nuclear Agriculture. Mymensingh, Bangladesh

To assess the plant nutrients status in soils of Bangladesh, 588 soil samples
(surface and sub-surface) were collected from 9 physiographic units comprising
ten major soil types. Fortytwo bulk samples were also collected from these 9
physiographic units and three pot experiments were conducted. All samples
were analysed for pH, mechanical composition, CEC, exchangeable bases,
organic C, total N, available P and in nitric acid soluble K.
Results showed variability in the contents of nutrient elements and physical
properties among various soil types. Soil pH,CEC, available K. and exchangeable Ca were highest in calcareous dark grey and calcareous brown floodplain
soils. Except in black terai, acid basin clays and grey floodplain (saline phase)
soils, organic C and total N contents were extremely low in all soils. Available P,
in general, was low in all soils except brown hill and grey floodplain soils (saline
phase). Available P and K, exchangeable Na and K. were high in grey floodplain
(saline phase) soils. Except in calcareous dark grey floodplain and calcareous
brown floodplain soils, exchangeable Ca content was low in all soils and
extremely low in black terai and brown hill soils.
Results of the pot experiments indicated a deficiency of P in most soils under
investigation. Significant positive correlation between 'A' values and NaHCOj
extractable P was recorded. Field experiment in a noncalcareous dark grey
floodplain soil showed no response to K application but N application sharply
increased grain yield of rice.
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Effects of soil pH on extraction of labile phosphate by
various soil tests
I.C.R. HOLFORD
New South Wales Department of Agriculture, Tamworth, N.S.W. 2340, Australia

Fifty four soils ranging in pH from 4.0 to 8.1 were analysed for labile P, buffer
capacity, pH and extractable P by various soil tests most commonly used in the
United States and Australia.
Effects of pH and buffer capacity on extraction of labile P bydesorbent-type
extractants (Bray and Olsen) were opposite to those by solvent-type extractants
(Mehlich). Extraction by the Mehlich test was increased by increasing buffer
capacity on very acid soils (pH < 5.6) and by increasing pH on all soils. The
Mehlich test extracted more P from most soils than the other tests probably
because of its dissolution of hydrous oxide surfaces in very acid soils and Ca
phosphates in more alkaline soils. Extraction by desorbents was unaffected by
increasing buffer capacity on very acid soils but decreased on soils of pH > 5 . 5 ,
while it tended to be decreased by increasing pH on very acid soils and was
unaffected on soils of pH > 5.5. The results suggested that labile P consists
principally of P adsorbed on hydrous oxide and other surfaces in soils of pH >
5.5, but in more acid soils it consists of increasing proportions of Fe and Al
phosphates as the pH decreased. Apatitic minerals seemed to contribute small
amounts to the labile pool in all soils.

412

Effect of temperature on the availability of K and P in the
soil
L.O. KARPACHEVSKY, N.P. OREKHOVA, E.N. SEROVA AND
E.I. TURCHENKOVA
Moscow State University, Moscow, USSR

Dynamics of K and P was studied in an 18 year old mixed broad leaved forest of
different tree species including spruce, oak, birch, mountain oak, aspen and lime.
The soil of the location was a medium loamy Soddy Podzolic type. The ionite
method was adopted to assess the K and P dynamics. According to this 2 X 5cm
cellophane bags filled with a cationite or anionite were burried in the soil to a
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depth of 0-5 cm near the tree trunk and at a distance upto 1 m from the trunk.
The bags were taken out after 10 days and the ionite treated with HC1 or NaN0 3
to determine the content of K or P.
Results showed a considerable variation in the contents of K. and P in the 0-5
cm layer, from 20 to over 200 mg/100 g of ionite. During winter, the contents of
K and P in the soil remained almost unchanged at a level of about 20 mg/ lOOg
ionite. During warm vegetative period there was no direct relation between the
contents of P and K in the soil and temperature. This is a period of great plant
activity requiring P and K for accumulation of phyto mass.
Laboratory experiments showed that the availability of P and K increased
with increasing temperature. The coefficient of diffusion increased, in the first
place, from 3.31.10"6cm2/sec a t 4 ° C t o 6.10. 10"6 cm 2 /sec at 15 to 20°C and to
8.44.10"6 cm'/sec at 40°C.
Accordingly the distance travelled by ions in 10 days increased from 0.55 to
1.50 cm.

41.1

A method of adjustment of soil phosphorus
concentration in soil systems
S.N. SAXENA
S.K.N. College of Agriculture, Jobner, Jaipur, India

An equation for s kewed sigmoid curves has been used in the present investigation
to describe the data on concentration of phosphorus in soil solution following
phosphorus application. It has been possible to describe the data on such
concentration changes upto 1000 kg P level of application by an almost linear
form The constants 'a' and 'b' representing intercept and slope respectively have
been found useful in determining the quantity of P needed to attain the desired
concentration levels in widely different soil systems. In a number of soils,
Haplustalfs, Rhodostalfs, Alfisols, Vertisols, Calciorthids, Pellusterts, Plinthaqults, Oxisols, Plinthustults and Plinthadults this equation has provided a close
fit. The values of constants 'a' and 'b' for these widely different soil systems have
been reported.
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Seasonal differences in soil solution phosphorus and
phosphorus nutrition of low land rice
J.C. KATYAL AND K. VENKATRAMAYYA
All India Coordinated Rice Improvement Project, Rajendra Nagar, Hyderabad, Andhra Pradesh,
India

Changes in soil solution phosphorus in a phosphorus deficient submerged vertisol were followed during the wet and dry rice seasons. The mean build up of
water-soluble phosphorus during the vegetative phase of rice was related to its
growth and yield.
Soil solution phosphorus was influenced slightly by submergence and
increased due to the addition of fertilizer phosphorus. The concentration of soil
solution phosphorus was about 2.5 times more in the wet season than in the dry
season regardless of the fertilizer application or time of submergence. This
increase in the concentration of water-soluble P was attributed to the higher
temperature (~10°C) in the first 2 months of the wet season than in the
corresponding period of the dry season. The sensitivity of rice to phosphorus
nutrition in the cooler months of dry season was explained as a consequence of
reduced availability of soil phosphorus.
415 P

Phosphate fertilization of wheat in the Vertisols of central
India based on soil test crop response correlation studies
M. VELAYUTHAM 1 , K.C.K. REDDY 1 , G.R. MARUTHI SANKAR' AND
D.C. BISEN2
I. All India Coordinated Soil Test Crop Response Correlation Project, Hyderabad, Andhra Pradesh,
India; 2. Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur, Madhya Pradesh, India

Soil test interpretation for fertiliser recommendations is essentially dependent
upon the availability of soil test crop response correlation information relevant
to the region. The novel field experimental design evolved in the Indian programme of soil test crop response studies is an induction approach of developing
a single site-multinutrient correlation and extending the soil test interpretation to
similar soils. The results from such a field experiment on wheat showed a positive
response to P, in addition to N, in the vertisols of central India. The response
ratio with applied P varied from 1.5 to 10.2 at 150 and 50 kg P2O5 levels
respectively. Soil test calibration revealed the critical limit for soil P at 37 kg/ha
by Olsen's method.
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416

Responsiveness of pigeonpea (Cajanus cajan (L) Millsp)
to fertilizer phosphorus
K..V. RAO, T.J. REGO, K.L. SAHRAWAT AND JR. BURFORD
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Patancheru Post
Office, Andhra Pradesh-502324, India
Pigeonpea is grown widely on low fertility soils, but its responsiveness to phosphatic fertilizer in drylana agriculture has received little attention. At ICRISAT
Center, there have been no responses to P applied in field experiments on deep
vertisols of low available P content (3-6 ppm Olsen-P) but in a long term
experiment on an alfisol (2-4 ppm Olsen-P), the average response of pigeonpea
(18 per cent) was much smaller than that of pearl millet Pennisetum americanum
L. (108 per cent) and sorghum Sorghum bicolor L. (113 per cent). Subsequent
experiments indicated that pigeonpea may be less responsive than sorghum due
to a much higher ability to absorb P from soil, and that fertilizer phosphorus may
be commonly placed in the soil at a depth that is too shallow for optimum
utilization by the deep rooting system of pigeonpea. The results suggest that both
these factors need to be considered in the development of predictive soil tests.

417

The relationship between labile phosphate and
phosphate uptake in flooded soils
A.K. ALVA
Agronomy Department, Pennsylvania State University, University Park, PA 16802. USA
Isotopic exchange (E value) and isotopic dilution (L value) techniques were
employed to measure the labile phosphate status in the soil at crop maturity.
During the growing period L values were estimated four times. There was no
perfect linear relationship between P uptake by the plants and E and L values in
either soil. Deviation from linearity was larger in the case of relationship
between P uptake and L values as compared to E values. The correlation
between L and E values was poor. Thus, L and E values cannot be treated as
alternative measures of labile phosphate in flooded soils for examining the
relationship between the labile phosphate and P uptake by rice plants.
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Phosphorus uptake by the plants was better related to L values than to E values.
The quantity of P uptake was poorly related to the quantity of P applied.
Therefore, a significant portion of available P for lowland rice in flooded soils
may be contributed by crop induced mobilization of native phosphate during the
early growing period.
At crop maturity L values were higher than E values in a sandy loam soil
while the converse was true in a clayey brackish water irrigated alluvial soil. In
the former, a fraction of labile soil phosphate may contribute to Lvalue without
undergoing isotopic exchange. In the latter, a certain phosphate fraction may be
present in the soil which is not accessible to the plant although it is isotopically
exchangeable.
Labile P status in both soils, as measured by L values, during the growing
period increased with increasing N and P levels, especially during the initial
growing period. However, during the mid-growing period a reverse trend was
noticed in the sandy loam soil. Varying K levels had no distinct influence on L
values during the growing period.

418

Phosphate regime adjustment of Ukrainian Chernozems
through fertilizer application and management
B.S. NOSKO, W.P. KUZMITCHEV AND P A . DMITRENKO
Ukrainian Research Institute for Pedology and Agrochemistry, Chaikovskogo-4, Kharkov 310024
USSR

Chernozemic soils and Grey Podzolized soils of loamy and clayey texture dominate the Ukrainian forest steppe and steppe zone. Chernozemic soils are characterized by low available phosphorus in the root zone. According to a plant
nutrient survey, about 70 per cent of the soils in this zone contained less than 10
mg/100 g soil of acetic-acid-soluble phosphorus in the top soil. Laboratory and
field investigations were carried out on Podzolized, typical and ordinary Chernozems to study the effect of phosphorus application rates on the accumulation of
'residual' phosphorus, transformations of applied fertilizer phosphorus and of
phosphate levels on the yield of several crops.
Results showed that the adjustment of soil phosphate level by fertilizer
application was the most important condition for increasing the effective soil
fertility. The optimum phosphate level was not a constant quantity but depended
on crop biological characteristics. For most field crops grown on Chernozems
this level was 15 to 20 mg/100 g soil of acetic-acid-soluble phosphorus. The
quantity of fertilizer phosphorus required to increase the phosphate level by 1 mg
P2O5 (phosphate equivalent) depended on soil physicochemical characteristics
and initial phosphorus content and varied from 110 to 130 kg P2O5/ ha. Results
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further showed that on soils with optimum phosphate level, application of
phosphorus fertilizers may be limited by rates which make up for phosphorus
uptake with crop yields.

-lit

Influence of increasing amounts of N on the behaviour of
various plant species on large scale farming in relation to
different mineral phosphates
PAR J.P. HECK AND G. HANOTIAUX
Service de la Science du sol, Faculte des Sciences Agronomiques de 1'Etat, Gembloux, Belgique

Experiments carried out on hydroponic on sand have shown that mineral forms
of P, synthetic as well as natural (hydroxyapatite, carbonatoapatite, Alphosphate and Fe-phosphate) known to be very slowly accessible, were liable to
participate in the mineral nutrition of the vegetation within the space of one
cultural season.
This participation seems to vary depending not only on the form of P but also
on the plant species. Specific behavioural patterns have been observed, and can
be intensified by increasing the amounts of N with a possible optimization of the
phenomenon. However, the increasing amounts of N do not give rise to any
specific behaviour in a plant species.

420

Response of rainfed wheat to NP-fertilization at different
levels of soil available phosphorus in deep Chestnut soils
of Iraq
JALIL S. AL-AB1DI AND ZAKI S. AL-RAMMAH
General Establishment of Designs and Research, SOLR, Baghdad, Iraq

A field experiment was conducted to study the wheat response to NPfertilization in relation to varying P-contents of a deep Chestnut soil. A multifactorial split plot arrangement was employed, where four levels of P-content, viz.
12.9, 24.3, 36.6 and 83.4 ppm of P were artificially developed by preliminary
saturation of soil with triple superphosphate. Significant difference in the
average grain yield was observed between the P saturation levels. The N-fertilizer
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rates caused higher significant difference in grain yields under all P saturation
levels. The rate, 180 kg N/ha, gave maximum significant increase. P-feriilizer
rates showed a close relationship with P saturation levels. The effect of N X P
interaction was significant.

421

Yield and nutrient content of wheat as affected by phosphorus and molybdenum application under different soil
reaction in Lateritic soil
R.S. TRIPATHI AND H.K. PANDE
Department of Agricultural Engineering, Indian Institute of Technology, Kharagpur-721302, West
Bengal, India

Field experiments were conducted at the Indian Institute of Technology, Kharagpurona Lateritic soil (pH 5.2; CEC8.2 me/100 g) to study the effect of soil pH,
P and Mo levels on the yield of wheat variety Sonora 64. The three levels of each
variable included foliar application of Mo @ 0.1, 0.5 and 0.9 kg Mo/ha, P
applied @ sowing 18.0, 40.5 and 63.0 kg P/ha and soil pH of 5.2, 6.2 and 7.2
achieved through differential liming. The field design was 3 X 3 X 3 confounded
having one replication where second order interaction was confounded.
With increase in level of phosphorus from 18 to 63 kg P/ha and soil pH from
5.2 to 7.2, there was a significant increase in grain yield. Response to foliar
application of Mo was observed upto 0.5 kg/ha application. Application of 0.5
kg Mo along with 63 kg P/ ha when soil pH was 6.2 produced significantly higher
grain yield than other treatment combinations. With increase in soil pH from 5.2
to 6.2 and 7.2, N, P, K, Ca, Mg and Mo content of grain and straw increased
while Cu and Mn content decreased at pH 7.2. P and Mo application also
increased N, P, K, Mg, Mn and Mo contents of grain and straw. Aluminium
concentration in the root and shoot portion decreased with increasing P levels
and pH. The results have been discussed in view of possible toxic effects of high
Al in soil at low pH values.
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ROCK PHOSPHATE AS A FERTILIZER
422

Scope of direct application of phosphate rocks for crops
grown at high altitude in Meghalaya, India
R.N. PRASAD, PAT1 RAM, R.C. BAROOAH AND MUNNA RAM
ICAR Research Complex for North Eastern Hill Region, Shillong, India

Field and laboratory incubation studies were undertaken to evaluate the agronomic efficiencies of two phosphate rocks, Mussoorie (MRP) and Purulia (PRP)
for potato and rice. Results showed that phosphate rocks were not suitable for
potato. FYM application also did not improve their effectiveness. In rice, the
relative efficiency of M RP and PRP vis-a-vis single super phosphate (SSP) was
74 and 79 per cent respectively and 40 kg P^Os/ha dose was found optimum
irrespective of the sources of phosphates. The efficiency of phosphate rocks was
improved by 13 to 17 per cent when these were mixed with SSP in the ratio 1:1.
The direct and cumulative effects of SSP were much superior to phosphate rocks,
both, in rice and potato. The results showed that for obtaining suboptimum yield
of rice under extensive agriculture system, phosphate rock can be used. Analysis
of soil samples from the field experiments revealed that the phosphate rocks
remained unchanged in soil whereas SSP was transformed entirely into Al- and
Fe- forms. Pot studies showed iron toxicity was not likely due to the application
of phosphate rocks.
41}

Potential of phosphate rock as a direct-use phosphate
fertilizer in New Zealand pastoral farming
P.E.H. GREGG AND J.K. SYERS
Department of Soil Science, Massey University, New Zealand

New Zealand's economy is dependent on the export production prices of
agricultural products (wool, meat, butter and cheese). A low-cost structure is
used to produce these animal products. Productive legume-grass pastures are the
key to the success of this enterprise. Fertilizer requirements are dictated by
widespread deficiencies of P which are overcome by the use of superphosphate.
For various reasons the continued use of superphosphate is being questioned by
scientists and farmers. Alternative phosphatic fertilizers are being considered;
these include several reactive phosphate rocks (North Carolina, Sechura from
Peru, and phosphorite located on the sea bed to the east of New Zealand
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Chatham Rise phosphorite) for direct application. Evaluation of these
phosphate rocks has included field and glasshouse trials, and laboratory testing.
Three years of trial work under field conditions has shown that all phosphate
rocks tested are as effective as superphosphate in overcoming phosphorus
deficiencies under pastoral conditions. These trials included soils with a range of
pH, 5.1 to 6.0, phosphate retention, 20-90 per cent, and phosphate status,
low-high. Greatest residual effects were obtained with Chatham Rise which
contains approximately 25 per cent CaC0 3 . Glasshouse trials were used to
determine the effectiveness of pelletising techniques, the effect of earthworms,
and the effect on agronomic performance when elemental sulphur is added to
phosphate rocks. These studies have resulted in the production of a phosphate
rock pellet, or granule, which can easily be handled and which breaks down
readily in moist soil. The presence of earthworms enhances the availability of Pin
phosphate rock and the addition of elemental sulphur increases only the initial
rate of release of P from North Carolina and Sechura phosphate rocks.
Laboratory experiments have established the relative importance of various
soil characteristics which influence the rate of dissolution of phosphate rock
materials in the soils studied. In particular, calcium ion activity and the number
of sites capable of removing P from solution (phosphate sorption) are important.
The use of phosphate rock materials as direct-use phosphate fertilizers in
New Zealand agriculture shows considerable potential and offers a potentially
attractive alternative to superphosphate. Economic analysis and studies of soil
sulphur requirements consequent on phosphate rock use are now required.

424

Effect of phosphate rock reactivity and granule
size on the performance of biosuper
s.s.s. RAJAN
Ruakura Soil and Plant Research Station, Private Bag, Hamilton, New Zealand

A pot trial was conducted to determine the influence of phosphate rock reactivity and fertilizer granule size on the effectiveness of biosuper. Perennial ryegrass
was grown as the test crop for 9 months using a volcanic ash soil of pH 5.0. The
phosphate rocks used were North Carolina (NC) (reactive) and Florida(FI) (less
reactive). Single superphosphate was used as the standard fertilizer. The fertilizers were added at 5 rates 3 mm below the soil surface. A no phosphate control was
also included.
The dry matter yield and phosphate uptake data indicated that the effectiveness of fertilizers were in the order of NC/S (biosuper indicated by adding S to
the phosphate rock) = superphosphate > NC > FI/S > FI > control. The
performance of biosupers and phosphate rocks relative to superphosphate,
improved with time.
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The effectiveness of NC rock increased by 18-30 per cent and that of Fl by
50-70 per cent, depending on the rate of application, when added as biosupers.
Increasing the NC/S granule size from 0.2-0.5 to 1-2 mm range resulted in a
small but significant yield depression. However, the calculated yield maxima
were the same. The size of granules did not make significant difference in Fl/S.
Olsen's bicarbonate extractable phosphate values decreased rapidly with time in
the superphosphate treatment and were less than those for biosupers about 5
months onwards after fertilizer addition.
MICRONUTRIENTS IN SOIL-PLANT ENVIRONMENT

Chemical elements in Byelorussia's soil, Pedogeochemical provinces
K.I. LUKASHEV, N.N. PETUKHOVA AND N.l. SMEYAN
Institute of Geochemistry and Geophysics, BSSR Academy of Sciences. Lenin Street 68, Minsk,
USSR

The report deals with the materials of Byelorussia's soils, their characteristics and
chemical composition. A study of agrochemical properties of the Republic's soils
revealed that the distribution of soils with different acidities was mainly related
with the genetic properties of the surface soil. The contents of the mobile
phosphorus and exchangeable calcium appeared to depend more on the degree
of cultivation of the territories. Content of different elements in Byelorussia's
soils was determined and a comparison made with the elemental composition of
the earth's crust as given by Vinogradov.
Results showed that except Si0 2 , Byelorussia's soils were poor in Na 2 0,
Fe 2 0 3 , AI2O3, CaO and MgO. The content of K2O was in the limits of the klark.
Higher concentration of titanium and the impoverishment of cobalt, copper,
nickel, manganese, vanadium and chromium was found from among the
microelements. The quantity of zirconium was in the limits of the klark. Based on
natural conditions like relief, soil type, microclimate, moisture supply and
specific geochemical character three basic latitude mezozones (provinces) northern, central and southern were distinguished on the territory of the Byelorussian
SSR. A number of geochemical sub-provinces and districts were determined
within these basic provinces.
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Plant taxonomie characteristics in accumulating
micronutrient transition metals from temperate forest
soils in Japan
MICH1HIKO YATAZAWA, ABDUL RAZAQUE MEMON AND
SEIGOITO
Faculty of Agriculture, Nagoya University, Japan

Plants (60 species in 37 genera, 27 families) and soils in temperate natural forest
of central Japan were sampled and analyzed for Fe, Mn, Co, Cuand Zn. Results
showed that considerable difference existed among plants. Similar responses
were frequently found among species in the same genus and sometimes in the
same family.
Mn, Fe, Cu and Zn were generally low in coniferous trees. On the other hand
very high accumulation of micronutrient transition metals were found in leaves
of Acanthopanax sciadophylloides (Mn: 4600 ppm), Clethra barbinervis (Co: 25
ppm), and Ilex erenata (Zn: 730 ppm). The concentration ratios of the elements
(content in leaves/content in A horizon soil) in these species were 767 for Mn,
125 for Co and 177 for Zn. These values were as X 180, X 50 and X 90 higher than
that of the low content plant species.

427

Factors affecting the boron concentration of crops
grown on Podzol soils
UMESH C. GUPTA, J.A. MACLEOD AND J.A. CUTCLIFFE
Agriculture Canada, Research Station, P. O. Box 1210. Charlottetown, Prince Edward Island,
Canada CIA 7M8

Soil pH is one of the most important factors affecting the availability of Bin soil.
The greatest plant tissue B decreases occur when the soil pH is raised to approximately 7. Beyond pH 7 there is little further change in tissue B. No difference in B
uptake is observed whether plants are supplied with Caand/or Mg as long as the
corresponding anionic components are the same. At equivalent amounts of Ca,
tissue B concentrations are much higher using CaSO^ rather than CaC0 3 . Plant
tissue B is related to soil pH rather than to the amount of Ca. Phosphorusand K.
fertilization do not affect the leaf tissue B concentration, while applied N
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increases the B concentration. Band applications of B generally result in greater
B concentrations than broadcast applications. Boron concentrations of plants
generally decrease with maturity, older leaves contain more B than the younger
leaves, and the B accumulation is greater in the marginal section than in the
midrib section of the leaf. Seeds of crops contain lower B than any other part of
the plant.
428

The yield and nutrition of oats grown on organic soils
and their mixtures with a clay sublayer in the context of
the mitigating effect of copper on the decomposition of
Histosols
MARCEL P. LEVESQUE1 AND SUKHDEV P. MATHUR 2
I. Land Resource Research Institute, Research Branch, Agriculture Canada, Ottawa, Ontario,
Canada, KIA 0C6; 2. Chemistry and Biology Research Institute, Research Branch, Agriculture
Canada, Ottawa, Ontario, Canada, KIA 0C6

To determine whether phytotoxicity would result from Cu applications at 3
times the rate recommendable for retarding the decomposition and subsidence
of some cultivated Histosols (organic soils) by about 50 per cent, oats were
grown in pot culture on (a) Histosols containing 136 or 1060 ppm Cu; (b) a clay
sublayer and its 1:1 V/V mixture with the Cu-rich Histosol; and (c), for
comparison, on the clay sublayer enriched with 2 per cent organic matter and
1,110 ppm Cu. Oat yields were unaffected by the Cu contents in both the
Histosol and clay subgroups. Cu concentrations in leaves, stems and grains
harvested from all soils were < 20 ppm — generally considered as the threshold
of phytotoxicity. Excess Cu present in or on roots in soils with high levels of Cu
lacked mobility, and was accompanied by general decrease in relative
concentrations of Fe, Zn, Ca and P.
429

Effect of S, Mg and B on yield and quality of alfalfa
{Medicago sativa) grown in two eastern Canadian soils
under growth chamber conditions
H.D. BLENKHORN' AND A.F. MACKENZIE 2
I. Department of Renewable Resources, Faculty of Agriculture, MacDonald Campus of McGill
University, Montreal, PQ Canada; 2. Genstar Chemical Limited, Montreal, PQ Canada

The effects of added, S, Mg and B on alfalfa {Medicago sativa) growth on two
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soils were studied in two growth chamber experiments. In the first experiment,
added Sat 44 figS/g soil gave optimum yields. Band Mg had little or no effect on
yield. In the second experiment yield increases to added S were found, with the
highest increase on the low S test Renfrew clay in comparison with the Grenville
loam. Added S reduced P levels but increased N levels in the tissue slightly. Also
added S increased the nodulation of the roots. Thus the effect of added S may
have increased yield through increased N fixation by the alfalfa.

430

Biogeochemical cycles of iodine in the system of
atmosphere-soil-plant-river water
F.A. TIKHOMIROV
Moscow State University, Moscow, USSR

The quantitative ratio of aerial and soil entries of iodine into plants, parameters
of iodine migration in the system of atmosphere-soil-river water, dynamics of
transformation and biological availability of iodine in soil were studied on the
basis of field observations and experiments usingthe radioactive tracers. Results
showed that at the beginning of vegetation period, almost all iodine in plants was
of soil origin, the aerial entry equalising the soil entry during the middle period
and prevailing over soil entry at the end. It takes several thousand years to
achieve the equilibrium iodine concentrations in the atmosphere-soil system. An
equilibrium in soil between the forms of iodine compounds, at which its availability for plants is stabilized at a constant level, occurs in a shorter time (from
several weeks to several months). Therefore, the main part of iodine in soil is in
the state of thermodynamic equilibrium, corresponding to minimal migration
mobility and biological availability.
Fe AND Mn IN PLANT NUTRITION
431

Physico-chemical characterization of iron toxic soils in
some Asian countries
G. BENCKISER, J.C.G. OTTOW, SUSAN SANTIAGO AND
I. WATANABE
The International Rice Research Institute. Los Banos. Laguna. Philippines

Iron toxicity ("Bronzing") is a widespread, yield depressing disorder of rice in
permanently flooded lowland fields. This disease is ascribed to an excessive
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uptake of Fe and/or Mn. In order to evaluate the soil stresses that lead to this
physiological disorder, iron toxic soils of various sites in the Philippines,
Indonesia, Sri Lanka and Brunei were compared by complete physico-chemical
analyses (texture, pH,CEC, exchangeable Na. K., Mg, Ca, available Zn, Mnt, Fe,,
Fe0). Rice leaves showing "bronzing" were analysed for N, P, K, Mg, Ca, Na, Zn,
Mn and Fe. Both from field observations as well as analytical results, the
following conclusions are drawn:
Most iron toxic soils are located in small valleys, usually with upwelling
and/or lateral seepage. In addition nutritionally poor peaty soils with high
ground water level may develop iron toxicity.
The characteristics shared by these soils are a relatively low CEC, and an
extremely small amount of exchangeable K and Ca (in most cases) as well as a
deficiency in P (Olsen). The pH (H 2 0) of the soils (acid sulfate soils were
excluded) varied between 3 and 7 and Fe, between 2-15 per cent suggesting that
neither the pH nor the amount of active Fe should be regarded as an essential
prerequisite for iron intoxification.
The low supply of nutrients was clearly reflected by the mineral composition
of the leaves. Except for an overbalanced content of Fe (290 to 1000 ppm) and
Mn (partly more than 1000 ppm), the bronzing or yellowing showing leaves
revealed low or deficient amounts of K, P, Ca and sometimes Zn.
Iron toxicity seems to be the result of a multiple plant stress (insufficient
supply of K, P, Ca and perhaps Zn) rather than a low pH or high amount of
easily reducible Fe.

432

Soil Fe uptake by plants as influenced by application of
radioactive 59Fe fertilizers
W.B. ANDERSON AND S.K. EL-KHATTARI
Department of Soil and Crop Sciences, Texas A and M University, College Station, TX 77843, USA

Plant Fe concentration in sorghum and uptake of indigenous soil Fe from 3 soils
ranging in Fe deficiency from moderate to severe occurrence were studied. Each
soil was treated with 5 rates of 3 different Fe fertilizers (Fe-EDDH A, FeS0 4 , and
powdered metallic Fe). Sorghum plants absorbed similar amounts of toal Fe
(Fe+59Fe) per unit weight of dry matter, regardless of soil type, Fe rate or Fe
source. Indigenous Fe uptake was enhanced by Fe fertilization. Plants grown in
Fe treated soils had 2 fold greater indigenous Fe concentrations than those in the
controls. Plant concentration of indigenous Fe were many fold that of applied
59
Fe in plants grown in clay, clay loam and sandy loam soils respectively, with
values 24,8 and 4 fold from 2.5 ppm 59Fe (FeS0 4 ), and 1000, 167 and 89 fold from

ABSTRACTS OF VOLUNTARY PAPERS

85

5 ppm Fe (metallic). The results suggest that plant growth and alleviation of
chlorosis may depend on the utilization of both indigenous and fertilizer Fe since
the applied Fe seems to stimulate uptake of indigenous Fe.
Root contact is suggested as probably the main mechanism of Fe uptake,
especially from the indigenous Fe, unstable inorganic Fe sources, and organic
sources with low affinity to Fe.

433

Evaluation of extractants for the determination of
available Mn in forest-nursery soils
Y.P. K.ALRA AND IK. EDWARDS
Northern Forest Research Centre, Canadian Forestry Service, Environment Canada, 5320-122
Street, Edmonton, Alberta, Canada T 6H 3S5

Each of 11 soils was treated with 13 Mn-extracting solutions to compare extraction efficiency and to correlate the amount extracted with uptake by one-yearold pine (Pinus spp.) seedlings grown in the greenhouse. The extractants were
NH„OAc, HOAc, H3PO4, HC1-H2S04, KC1, HC1, Mg(N0 3 ) 2 , H 2 0, DTPA,
Ca(N0 3 ) 2 , NH 4 H 2 P04, CaCl2, and EDTA. The plant species were P. contorta
var. latifolia Engelm. (Lodgepole pine), P. banksiana Lamb. (Jack pine), and P.
sylvestris L. (Scots pine). Extracts of soil and extracts of ash from plant material
were analysed for Mn by atomic absorption spectrophotometry. Manganese
concentration in the soils ranged from < 1 /ug/g to > 200 ixgj g, depending on
extractant. Uptake of Mn was correlated with quantities extracted by different
methods and the method giving the highest correlation was considered best for
predicting available Mn in these soils.

434

Changes in DTPA—iron and management of iron
chlorosis in rice nurseries
B.D. SHARMA AND J.C. KATYAL
All India Coordinated Scheme of Micronutrients in Soils and Plants, Punjab Agricultural
University, Ludhiana, Punjab, India

Iron deficiency is a serious problem of upland rice nurseries. Field and laboratory studies were conducted to arrive at methods for overcoming this problem.
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A typic Ustochrept, with and without submergence treatments, was fertilized
with iron sulfate and pyrite in field microplots. The changes, in DTPA iron
followed upto 8 weeks revealed that regardless of submergence, neither iron
sulfate nor pyrite application significantly altered DTPA-iron content of the soil.
Rice plants suffered severely from iron chlorosis in the upland treatment, but the
plants were comparatively free from chlorosis when the soil was flooded daily.
Following the partial success of continuous submergence, among the several
alternative methods tested, incorporation of 10 tons/ha of green manure plus
submergence for 10 days followed by raising upland nursery checked iron
chlorosis. In contrast, pre-submergence with and without FYM and iron sulfate
or pyrite application were a failure. Weekly sprays with 3.0 per cent iron sulfate
were also not very effective. The success of green manure plus submergence
appeared to be associated with mobilization of soil iron as a result of intense
reduction and its subsequent retention in available form at a high level during the
growth of upland nursery. Besides preventing chlorosis this method of nursery
raising can save on water. Additionally, it enables the nursery to be ready by
about 7-10 days earlier than the conventional methods.

415

Release of Fe, Mn and P in calcareous vertisol and yield
of rice on irrigated upland as influenced by preso wing soil
water treatments
R.V. GHUGARE AND K.R. SONAR
Mahatma Phule Agricultural University, Rahun. Maharashtra, India

A field experiment was conducted on a calcareous vertisol to study the release of
Fe, Mn and P in soil and yield of two rice cultivars due to different soil water
treatments for 15 days prior to sowing.
Presowing soil saturation (daily two irrigations) for 15 days increased the
supply of Fe, Mn and P. This was broughtabout by reduction in pH and Eh. Dry
matter yields at different growth stages and final grain yields of Karjat 184
(dwarf) and Tuljapur 1 (tall) cultivars increased due to presowing soil saturation
treatment. Tuljapur 1 yielded more than Karjat 184 when grown under irrigated
upland conditions.
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Zn AVAILABILITY AND CROP RESPONSES
436

Diffusion of zinc as influenced by physical and
chemical soil environment
D.L. DEB, R.K. RATTAN, M.B. MEISHERI AND G.N. GUPTA
Nuclear Research Laboratory, Indian Agricultural Research Institute, New Delhi-110012, India

The self diffusion coefficients of zinc (DaZn), determined by half cell technique,
were found to be greatly influenced by variations in soil characteristics such as
volumetric moisture content, bulk density, temperature, carier zinc andj)H. The
DaZn values showed exponential decrease with increase in soil pH but with
increasing volumetric moisture content, DaZn values showed logarithmic
increase. The highest DaZn value was obtained at a compaction of 1.50 g/cm'.
Increase in temperature from 5° C to 30° C showed 4 to 20 times increase in DaZn
values. An attempt was made to study the relationship between soil characteristics and DaZn values for 87 illitic soils differing in physico-chemical properties.
The simple and multiple correlation coefficients did not account for more than 20
per cent of variations indicating that DaZn values cannot be predicted from soil
properties.
437

Chemical transformations and plant availability of Zn
salt added to organic manure
R.A. S1NGHANIA1, E. RIETZ 2 , H. SÖCHTIG 2 AND D.R. SAUERBECK.2
1. Department of Soil Science, Gobind Ballabh Pant University of Agriculture and Technology.
Pantnagar-263145, Uttar Pradesh, India; 2. Institut fur Pflanzenernahrung und Bodenkunde.
Bundesforschungsanstalt für Landwirtschaft Braunschweig-Völkenrode, Federal Republic of
Germany

Assuming that their efficiency might possibly be improved by natural complex
formation, inorganic Zn salts were mixed into organic manures before fermentation. Whereas its water solubility was almost lost, most of the added Zn remained
in exchangeable form, and an increasing portion went into complexed compounds upon dung incubation. Plant availability of these Zn preparations was
however less than that of equal amounts of ZnSC»4, although the Zn-enriched
dung slurry turned out to be a better Zn source than an aerobically fermented
manure. Since larger Zn doses also impede microbial dung fermentation, no
beneficial effects can be expected from mixing this trace element into manures.
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Availability of different sources of zinc in some soils of
Karnataka
B.R.V. IYENGAR AND M. EDWARD RAJA
Indian Institute of Horticultural Research, Bangalore-560080, Karnataka, India

Availability of zinc applied as ZnS0 4 , ZnO and Zn-fritts was studied in seven
Karnataka soils, including calcareous, sodic and sandy soils by incubation
studies and using Neubauer test with tomato as test crop. Available zinc was
determined using DTPA extractant after 45 and 90 days of incubation. ZnO and
ZnS0 4 behaved similarly and were equally effective in increasing the DTPA-Zn.
Although Zn-fritts was less effective than the other two sources, it increased the
DTPA-Zn sufficiently to maintain a higher level of available zinc than that found
in most soils. Availability of applied zinc was much lower in the calcareous and
sodic soils. Uptake of zinc by tomato plants showed that Zn-fritts was better than
the other two sources in the calcareous black soil. Concentration ratio of zinc, the
ratio of zinc in the plants treated with and without zinc, brought out the relative
availability of applied zinc in the different soils better than the DTPA soil test.

4.»9

Solubility, mobility and availability of micronutrient
cations in alkaline and calcareous soils
M.K. SINHA AND B. PRASAD
Department of Soil Science and Agricultural Chemistry, Rejendra Agriculutral University,
Pusa-848125, Bihar, India

The solubility relationships of manganese, copper, zinc and iron have been
expressed asa function of soil solution pH. Probable mechanisms controlling the
solubility of these metals in alkaline and calcareous soils are discussed. Evaluation of the contribution of different chelating agents to solution and adsorbed
phase diffusion of Zn indicated that chelation of Zn greatly enhanced its
adsorbed phase diffusion in addition to that in solution phase. Chelation of Fe
significantly increased diffusion of Fe in soils.
A significant linear regression between the concentration of soluble zinc in
soil and its uptake by wheat was observed. The calculated diffusive flux of Zn
based on an assumption of a constant concentration of zinc at the root surface
bore a curvilinear relationship with Zn uptake by wheat. The chelates, in particular, enhanced the uptake of both native and applied sources than that observed
with ZnS0 4 as the zinc carrier.

ABSTRACTS OF VOLUNTARY PAPERS

89

440

Zinc uptake by wheat {Triticum aestivum) at different
growth stages in relation to Zn-adsorption isotherms for
soils
N.K. BANERJEE AND L.M. SHUKLA
Division of Soil Science and Agricultural Chemistry, Indian Agricultural Research Institute,
New Delhi-110012, India

The Langmuir adsorption isotherms of Zn in six soils resolved into two different
slopes of the linear portions. The correlation coefficients for C/x/m versus C
were highly significant for the first stage of adsorption curve for both Latosol and
Sierozem group of soils. Significant negative correlation was observed between
exchangeable zinc and the clay content. Pot culture experiment with wheat as a
test crop revealed a steep rise in zinc uptake at the preflowering stage at higher
doses of applied zinc which belonged to the second stage of adsorption isotherm
while an adverse effect was observed at lower doses of applied zinc which
corresponded to the first stage of adsorption isotherm.

441

Calcium and zinc requirements of rice-wheat cropping
system on a sodic soil
P.N. TAKKAR AND V.K. NAYYAR
Department of Soils, Punjab Agricultural University. Ludhiana. India

A field experiment was conducted on a Zn-deficient highly sodic soil of Ghabdan
series to evaluate the Ca and Zn needs of the rice-wheat system. Treatments
included three rates of Ca (Go, G25 and G50 per cent gypsum requirement of soil)
and three rates of Zn (Zno, Znn and Zn?2 kg Zn/ha). These were applied only to
rice-I and rice-V crops. Gypsum (Ca) application significantly and markedly
increased the yield, Ca and Zn uptake in rice and wheat crops. Zinc application
significantly improved the soil and plant Zn but the yield of rice-1, wheat-Il and
wheat-IV crops were poorerthan in Ca application treatment. When Zn and Ca
were applied together, they markedly and successively increased the yield and Zn
uptake revealing the deficiencies of both Caand Zn. The use of large quantities of
high residual sodium carbonate (3.96) waterduringdrought period affected crop
growth adversely. This could be countered by a repeat application of Zn and Ca
to rice-V. The results suggest that treatment G50Zn22 was the best followed by
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GjoZn 11 or G2?Zn22. Treatment with Ca and Zn needed to be repeated after fourth
or fifth crop for maintaining the productivity of investigated sodic soil for
rice-wheat system.

442 P

Comparative response of wheat {Triticum aestivum) and
pearl millet (Pennisetum typhoides) to zinc fertilizers on
two soils
MAHENDRA SINGH AND NARENDRA SINGH
Haryana Agricultural University, Hissar-125004, Haryana India

Comparative response of wheat and pearl millet to zinc sulfate, zinc phosphate,
zinc oxide, zinc ammonium phosphate and zincated superphosphate was studied
in Balsamand sand and Ladwa fine loam soils. In Balsamand sand all Zn
fertilizers increased wheat grain and straw yield significantly over control. Zinc
ammonium phosphate and zincated superphosphate gave the highest response.
Similar results were obtained with pearl millet. Zinc sulphate proved significantly an inferior source for the two crops. In Ladwa fine loam all fertilizers
significantly increased the grain yield of wheat over control, but were at par
among themselves. In pearl millet, except zinc oxide, other zinc sources resulted
in nearly equal increase in grain yield.
Zinc concentration in wheat grain harvested from Balasamand sand
increased significantly by zinc fertilization, although zinc uptake increased from
both the soils. Highest uptake of zinc was observed from zincated superphosphate applied to Ladwa fine loam. In pearl millet various zinc sources did not
affect zinc concentration but significantly modified the zinc uptake.

443 P

Changes in DTPA extractable Zn, Cu, Mn and Fe in an
aquic hapludoll under intensive cropping and fertilization
P. KAMANEE, P.K. OMANWAR AND VENKATESH BHARADWAJ
Gobind Ballabh Pant University of Agriculture and Technology, Pantnagar-263145, Uttar Pradesh,
India

The effect of fertilizers, manure and agrochemicals on DTPA extractable Fe,
Mn, Zn and Cu was studied in a silty clay loam soil (Aquic Hapludoll) under
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fixed crop rotation of rice-wheat-cowpea over six years. DTPA extractable Fe,
M n, Zn and Cu were reduced in the control plots as compared with fallow plots.
The maximum depletion was of Mn and minimum of Cu. Application of NPK
fertilizers resulted in a higher level of extractable micronutrients over unfertilized plots except the Zn treated plots. N application alone had an adverse
effect only on extractable Zn. Phosphorus, in contrast to Fe and Zn, did not
favour a build up of M n and Cu. Influence of K on DTPA extractable micronutrients was similar to that of nitrogen. FYM application tended to increase the
DTPA extractable Fe, Mn, Zn and Cu in the soil.
NITROGEN TRANSFORMATIONS AND AVAILABILITY
444

Nitrogen transformations in a flooded organic soil
K.R. REDDY AND P.S.C. RAO
Agricultural Research and Education Centre, P. O. Box 909, University of Florida, Sanford, Florida,
USA

The role of N transformations and diffusion of ammonium Nand nitrate N,inN
loss from a flooded organic soil were evaluated under laboratory conditions. The
results show that ammonification in the anaerobic soil layer was functioning at a
rate of 0.08 N/m 2 /day, while flux of ammonium N from the anaerobic soil layer
to the floodwater or aerobic soil layer was functioning at a rate of 0.034 g
N/m 2 /day. Nitrification in the floodwater and denitrification in the anaerobic
soil layer were functioning at a rate of 0.25 and 3.71 /ug N/ml/day respectively.
The sequential processes functioning in a flooded organic soil include: ammonification in the anaerobic soil layer, upward diffusion of ammonium N from
anaerobic soil layer to floodwater, nitrification in the flood-water, downward
diffusion into anaerobic soil layer and denitrification in the anaerobic soil layers.
Losses due to these processes accounted for about 35 per cent of the mineralized
ammonium N in the 21 cm organic soil column.

445

Estimation of mineralization coefficient on sandy silt
soils under moderate marine climate
G. HOFMAN, M. VAN RUYMBEKE, C. OSSEMERCT AND G. IDE
Faculty of Agricultural Sciences, State University, Coupure 533, B.9000 Ghent, Belgium

Knowledge of the average amount of mineralized nitrogen from the organic
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matter during the vegetation period is a useful information for a justified
nitrogen advice.
During a few years, the NOl-N evolution in the soil profile was followed in
detail in the sandy silt soils which are relatively well drained. The N O l - N was
measured with a specific nitrate electrode on uncropped (with and without
N-fertilization) and on cropped treatments.
For the years and soils concerned, the average mineralized nitrogen is at least
75 kg N/ha/year, assuming a humus content of approximately 2 per cent and a
corresponding humification coefficient of at least 2 percent. Significant differences in mineralization coefficients between the uncropped and cropped treatments
could not be deduced.

446

Transformation of 15N-labelled ray-grass in a calcareous
soil
G.GUIRAUD, J.C. FARDEAU AND J.J. ROMERO
Department de Biologie, Service de Radioagronomie, Centred' Etudes Nucleaires Cadarache, B.
P. No. 1-13115-Saint-Paul-Lez-Durance, France

Ray-grass with C/N ratio of about 20 previously labelled with l5 N in a soil
culture was ploughed in a 1 per cent ratio WW"1 in calcareous soil maintained
at constant water content for a period of two years. At the end of the
experiment, 40 per cent of the nitrogen of the ray-grass was converted into
nitrate and compared with the control, there was an added nitrification of the
soil nitrogen. In spite of large quantities of nitrate nitrogen (220 ppm), no
denitrification was observed and all the 15N initially added was found again.
447

The regime of nitrogen compounds in west Siberian soils
G.P. GAMZIKOV
institute of Soil Science and Agrochemistry, The Siberian Branch of USSR Academy of Sciences,
Novosibirsk, USSR

The composition of nitrogen compounds in the developed soils of western
Siberia was determined. Soddy Podzolic soils are characterized by the increased
mobility of organic nitrogen compounds, while Chernozems and dark-grey forest
soils formed under dry continental conditions were characterized by less mobil-
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ity, higher hydrolysis and mineralization stability than the analogous east European soils.
The data on nitrogen distribution in relation to composition of humic substances is reported. The limits of content of the main constituents of nitrogenous
compounds were determined, and their regime regularities have been presented.
In peculiar bioclimatic conditions of the region, the nitrate form of nitrogen in
automorphic soils is the main source of plant-available nitrogen in agrocenosis.

44X

Comparative study on the residual effects of organic and
inorganic fertilizer nitrogen in paddy soil
HUANG DONGMAI, ZHU PEILI AND GAO J1AHUA
Institute of Soil and Fertilizer, Jiangsu Academy of Agricultural Sciences, Nanjing, People's
Republic of China

The balance of residual fertilizer nitrogen derived respectively from the application of Crotalaria and ammonium sulfate was studied with two opposite
cropping sequences of rice and wheat. Air dried plant material of Crotalaria
drilled with ('5NHi)2 S0 4 containing 6.5 percent of l5N in total nitrogen was used
as the source of l5N labelled organic manure. Ammonium sulfate tagged with
10.6 per cent 15N was applied as inorganic fertilizer.
Recovery of residual fertilizer N was very low, averaging only 2.5 ± 2 per cent
on the basis of applied fertilizer N, either by rice or wheat in each successive
cropping season. After the harvest of the first crop, more fertilizer nitrogen was
immobilized in soil as residual form under dryland conditions than that under
waterlogged conditions. The percentage of cumulative uptake of fertilizer N in
the rice-wheat-rice-wheat cropping sequence was much greater than that in the
wheat-rice-wheat-rice sequence. It seemed to be more profitable to apply the
manure first to the rice crop as basal dressing provided the total amount of
fertilizer source was limited.
The availability of residual N averaged 1.9 ±0.7 times that of indigenous soil
N during the four cropping periods. All the N availability ratios of residual
ammonium sulfate N were significantly greater than the corresponding value of
Crotalaria N in each cropping season. A major portion of the residual ammonium sulfate N was an amino acid N and an un-identified acid soluble N while the
residual Crotalaria N relatively contained a considerable portion of an acidinsoluble humic N.
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Stability of nitrite in acid soils
O. VAN CLEEMPUT AND L. BAERT
Faculty of Agriculture, University of Ghent, Belgium

The decomposition of nitrite in the presence of different amounts of soil and
ferrous iron was studied at pH values varying from 3.8 to 6.0, and the reaction
constants, half-life times and activation energies were calculated. It was found
that nitrite is less decomposed by addition of soil than by lowering the p H of the
medium. Destruction of the organic fraction of the added soil decreased the
nitrite reduction rate by 5 to 10 per cent. The addition of ferrous iron had a
pronounced effect on nitrite decomposition. The activation energy of the nitrite
decomposition reaction increased at increasing amounts of ferrous iron, but
decreased at increasing pH. The half-life time of 50 ppm nitrite varied between
0.16 hours at 800 ppm Fe :+ , 30°C and pH 4; and 432 hours at 200 ppm Fe2+, 25°C
and pH 6.
NITRIFICATION INHIBITORS
450

Studies on furfural derivatives as nitrification inhibitors
S.M. K.UZVINZWA, C. DEVAKUMAR AND S.K. MUKERJEE
Division of Agricultural Chemicals, Indian Agricultural Research Institute, New Delhi- 110012. India

Several simple derivatives of furfural were tested as nitrification inhibitors in
laboratory incubation studies. The results supported earlier observations that
furano compounds are active inhibitors. Nitrofurfural oxime performed best
amongst the compounds comparing well with N-serve. It is followed by furfural
oxime and the semicarbazone. The nitrofuranilide and nitrofurfural semicarbazone caused accumulation of nitrite nitrogen. An important observation is
that by using binary mixtures (furfural oxime and nitrofurfural semicarbazone)
as inhibitors this limitation of nitrite accumulation could be eliminated.
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451

Use of sal-seed cake {Shorea rebusta) as a coating agent
to improve the efficiency of nitrogen in urea on wheat in
black soil
S B . SINHA, G.S. NAYAK, D.P. MOTIRAMANI AND R.K. KHARE
Department of Soil Science and Agricultural Chemistry, Jawaharlal Nehru Krishi Vishwa
Vidyalaya, Jabalpur-482004, Madhya Pradesh, India

A field experiment was conducted during winter season of 1978-79 and 1979-80
to study the effect of sal-seed cake as a coating agent to improve the efficiency of
N in urea. The treatments included three doses of N viz. 40, 80 and 120 kg/ ha
using sal-seed cake, urea and urea coated with sal-seed cake. There was a
significant increase in wheat grain yield with sal-seed cake coated urea over urea
alone, and the increase was more at higher doses of N than at lower doses.
Response per unit N was highest with sal-seed cake coated urea at all levels of N
and the per cent increase in yield over urea alone varied from 39 to 74 per cent
being lowest at 120 kg/ha N dose and highest at 80 kg/ha dose. Benefit/cost
ratio was highest in sal-seed cake coated urea treatment at all levels of N. The
study established that sal-seed cake, a cheap waste product of oil industry can be
profitably used as coating agent for urea for increased N efficiency.

452

"Didin"—a nitrification inhibitor
A. AMBERGER
Institute for Plant Nutrition, Technical University Munich-Weihenstephan, Germany

Today, the energy consumed to produce nitrogen fertilizers amounts nearly upto
40 per cent of the total energy input into agricultural production. However,
normally only about 60-70 per cent of mineral N-fertilizers, and hardly more
than 30 per cent of organic N-fertilizers can be utilised by crops in practice. For
this reason, research is of growing importance which is aimed at improving the
utilization of expensive mineral fertilizers and animal wastes containing N
(especially slurry and liquid manure). The nitrogen compound responsible for
the most important N-losses is, without doubt, nitrate, which can be lost by
leaching—especially out of the growing season or by release to the atmosphere
after being reduced to gaseous forms (NO2, N 2 0 or N2). Nitrification inhibitors,
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therefore, are used to inhibit the natural process of nitrification of ammonium in
inorganic or organic fertilizers thus decreasing losses of N.
Experiments with the nitrification inhibitor "Didin" (dicyandiamide with
about 66 per cent N) when added to conventional ammonium or urea fertilizers
at a ratio of 1:9 (based on total N) show the possibility for instance with cereal
crops, to combine two separate applications in one without changing the amount
of total N added (labour economic benefit) or, on very permeable sites, even to
reduce considerably the amount of total N applied to root and tuber crops and
rice (financial benefit). Added to slurry at a rate of 15-30 kg/ha. "Didin"
preserves the ammonium nitrogen of slurry applied in fall or early spring for
about 2-3 months (depending on temperature) and thus reduces the leaching of
nitrified N from slurry. After about 60-80 days, "Didin" finally is fully decomposed to NHi and CO: without leaving any residues and even acting itself as a
nitrogen fertilizer.
By this means, it is possible to use mineral fertilizer nitrogen more economically, to improve utilization of slurry nitrogen, and to reduce pollution of ground
water with nitrate considerably.

453

Effect of gamma BHC on N utilization by sugarcane
under suboptimal levels of N fertilization
C.R. PRASAD, G.K. MISHRA, P.K. BOSE AND K.D.N. SINGH
Sugarcane Research Institute, Pusa, Bihar, India

Soil application of gamma BHC at the rate of 1 kg a.i./ha increased sugarcane
yield significantly as compared to no gamma BHC treatment. Application of 50
kg N/ha as urea along with gamma BHC, gave sugarcane yield at par with 100
kg/ha N application without gamma BHC. The insecticide increased N and K
concentration in the plant tissues (leaf sheath and whole plant) but did not affect
P and Ca content in sugarcane. Insecticide application increased ammonification
rate but inhibited nitrification temporarily (5 weeks) in calcareous soils of Bihar.
The treatment did not affect the sucrose content of cane juice.
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NITROGEN BALANCE IN SOILS
454

Characterization of "Unknown" soil nitrogen
M. SCHNITZER AND K.C. IVARSON
Chemistry and Biological Research Institute, Agriculture Canada, Ottawa, Ontario MA OC 6,
Canada

About 50 per cent of the total N in soils has so far not been identified. To obtain
information on the identity and biodegradability of this large N reservoir, we
developed a novel approach that consisted of separating from each of two soils
by sedimentation 10 fractions differing in particle sizes. Following this, the N
distribution (acid hydrolyzable-N, amino acid-N, amino sugar-N, NHj-N and
"unknown" N) was determined. The silt-1 (2-5 /im) fraction isolated from one
soil contained an unusually high proportion (80 per cent) of "unknown" N. The
C/N ratio of this fraction was close to 3. Mossbauer and ESR spectra showed
that the organic matter in this fraction occurred as a Fe-organic matter complex.
Treatment of the fraction with acid or base produced N 2 0. Biodegradation
experiments showed that the N in this fraction was less available than that in
adjacent fractions. From our data it appears that the "unknown" N is present in
the silt-1 fraction in very labile form associated with the Fe-organic matter
complex.

455

Lysimeter studies on recovery of
wetland rice

l5

N-labelled urea in

R.S. REKHI', O.P. MEELU' AND R.K. GUPTA 2
I. Punjab Agricultural University, Ludhiana, Punjab. India; 2. Nuclear Research Laboratory
New Delhi, India

Results of two years study on the fate of '5N-labelled urea applied at the rate of
180 kg N/ ha to rice in monolith lysimeters at Ludhiana are reported. The soil of
the experimental field was a sandy clay loam (Typic Ustochrept) having pH 7.9,
organic carbon 0.36 per cent, available N 187 kg/ha and total N 0.08 per cent.
The results revealed that 18.1 to 53.0 per cent of the fertilizer N was utilized by the
rice plant, 25.1 to 41.1 per cent was immobilized in the soil and 4.8 to 7.2 per cent
was lost by denitrification. The losses due to ammonia volatilization and leaching were negligible. The data on vertical distribution of labelled N in the soil
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profile showed a higher concentration (38.3 to 39.5 per cent) in the surface (0-30
cm) soil. The content sharply decreased (1.8 to 2.4 percent) in lower soil layers
(30-150 cm). A balance sheet of the applied N showed that 58.3 to 72.2, and 66.2
to 83.0 per cent N was recovered in 1976 and 1977 respectively and 17 to 41.2 per
cent of labelled N still remained unaccounted for. The results further revealed
that utilization of fertilizer N by rice was increased and losses decreased when N
was applied in three equal splits as compared to a single N application at
transplanting.
Availability of fertilizer N immobilized in the soil was investigated in the
succeeding crops of wheat and rice. The results showed that 2.5 to 3.4 percent of
the N applied to the preceding rice was utilized by the succeeding wheat and
another 2.1 to 2.3 per cent by the second rice crop grown in succession.

45*.

Accounting soil heterogeneity in field experiments and the
use of 15N for investigations on nitrogen fertilizer balance
under field conditions
Z.A. PROKHOROVA, E.A. ANDREJEVA AND I.E. KOROLEVA
Dokuchaev Soil lnstitue, Moscow, USSR

Data of experimental investigations to evaluate the effect of small heterogeneity
of the soil cover and the elements of microrelief upon the results of field
experiments are presented. The work has been carried out since 1971 in the
five-field crop rotation, field size being 1.5 ha. The crop rotation included oat for
green forage, winter wheat, potato, barley and sunflower for silage. A detailed
soil map was compiled for the experimental plot (1:1000) and an accurate
topographic survey carried out with horizontal section through 5-10 cm. The
latter made it possible to include differences in soil conditions and relief on tested
factor level in processing the experimental data. Data of analysis showed that the
proper inventory of soils and relief decreased the experimental error by 3-5
times.
Also presented are results of field experiments on soddy-podzolic soils with
nitrogen fertilizers labelled with stable isotope l5 N. Indices of nitrogen fertilizer
utilization by winter wheat at different periods of application and contribution of
fertilizer and soil nitrogen to the yield and fate of residual 15N in the soil after
harvesting were investigated from 1977 to 1980. Results revealed a very high
index of utilization of spring-top dressed nitrogen (46.3 to 46.5 per cent) in plots
previously unfertilized and even a higher index for fertilized plots (54.9 to 64.5
per cent). Application of nitrogen fertilizers also increased the utilization of soil
nitrogen to the extent of 13.8 to 14.2 kg/ ha. Autumn application of 15N to winter
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wheat in 1978-79 (with a dormant period of 5 months) led to a considerable loss
of 15N from the root zone (upto 70 per cent) and only 7-9 per cent of applied
nitrogen was assimilated by wheat.
457

Losses of nitrogen from urea applied to a grazed pasture
in S.E. Queensland
V.R. CATCHPOOLE 1 , L.A. HARPER 2 AND R.J.K. MYERS1
I. CSIRO Division of Tropical Crops and Pastures, The Cunningham Laboratory, St. Lucia,
Queensland. Australia 4069; 2. USDA Southern Piedmont Research Centre. P.O. Box 555.
Watkinsville, Georgia, USA

Reasons for unreliable responses by pastures to applications of urea fertilizer
were sought on a grazed tropical pasture at Samford in Queensland.
Losses of ammonia-N into the atmosphere and of total fertilizer N from the
soil were measured during the 14 days after applications of 93 kgN ha' 1 as urea in
Summer, Autumn, Winter and Spring. Hydrolysis of the urea-N, its subsequent
transformations in the soil, and its uptake by the grass were also monitored.
Micrometeorological methods were used to calculate fluxes of ammonia and 15N
methods to measure total losses and plant uptake of the fertilizer N.
The annual loss of ammonia-N was 24 percent of theurea-N applied. Most of
this was during the 14-day periods after application. These 14-day losses varied
between 9 and 42 per cent. Losses of 15N followed a similar seasonal pattern and
varied between 20 and 45 per cent averaging 29 per cent. This suggests that urea
was unreliable due to wide variations in losses of ammonia. Further work is
needed to trace the fate of fertilizer-N in grazed pastures, because (a) on three of
the four occasions 15N losses exceeded ammonia-N losses by about 10 percentage
units, and (b) losses of ammonia-N accounted for only about one-third of the
long-term loss from this pasture.
45X

Effect of continuously flowing and ponded water application to rice plants on yield and nitrogen losses in runoff
in north-western Himalayas
B.S. KANWAR, S.S. MASAND AND O.C. KAPUR
Himachal Pradesh Agricultural University, Palampur, Himachal Pradesh, India

In the hilly and terraced lands in north India along Himalayas, the water in rice
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fields flows continuously from upper to lower terraces, receiving its supply either
from an irrigation source or from excess rainfall, during the entire crop growth
period with exception of 2 3 days at the time of applying fertilizers and 10-15
days before harvest of the crop. The practice of keeping water running in rice
fields in many situations may be due to inadequate field drainage to cope with
the rainfall. But in certain cases the purpose appears to avoid any unforeseen
moisture stress to the crop. This practice, however, seems to have two drawbacks: (i) the continuous flow of water is likely to result in loss of nutrients in the
runoff and (ii) if the replenishment of water is coming from a source receiving its
supply from snowmelts, the temperature of continuously flowing water will be
low.
Field studies were conducted for two years at College of Agriculture, Palampur to find out the comparative eftect of continuous running and ponded water
on the yield of paddy and nitrogen losses in runoff from three nitrogenous
fertilizers (calcium ammonium nitrate, urea and ammonium sulphate) applied
to the crop. The results showed that the treatment where water was kept ponded
had soil and water temperatures higher by 2-3° C compared to the treatment
where water was allowed to flow continuously. The ponding of water resulted in
an average increase ingrain yield of 7.5 q/ha and 18.6 per cent saving of applied
nitrogen. Uptake of nitrogen, phosphorus and potassium were significantly
higher in the ponded water treatment. Among the sources of N calcium ammonium nitrate was found inferior to urea which was on par with ammonium
sulphate.

459

Field studies on ammonia volatilization from urea
applied to wetland rice
J R . SIMPSON, J R . FRENEY, O.T. DENMEAD, R. WETSELAAR,
W.A. MUIRHEAD AND R. LEUNING
Division of Plant Industry, CSIRO, P.O. Box 1600, Canberra City, ACT 2601, Australia

Prilled urea fertiliser was applied at 80 kg N ha"1 into the floodwater of a rice crop
when the plants were 6 weeks old. Changes in soil and water-nitrogen were
monitored, and ammonia loss was determined by a chemical/micrometeorological technique.
The application produced a uniform concentration of 40 mg urea-NT' in the
(15 cm deep) floodwater, and this urea was gradually hydrolysed over 8 days to
produce a high concentration of ammonium at the surface of the underlying soil.
Concentrations of ammonical (NH+4 + NH3) nitrogen in the floodwater reached a
maximum of 3.2 mg Nl"1. Ammonia volatilized at rates upto 200 g N ha"1 during
each day, but with a strong diurnal effect and low r? ;s, e.g. 10-20 g N ha"1 hr"',
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between evening and mid-morning. The accumulative loss of ammonia-N
exceeded 10 per cent of the applied urea-N.
It appears that the hydrolysis of urea created a source of adsorbed ammonium at the soil surface which maintained low concentrations of ammonical-N in
the floodwater and thus produced a secondary ammonia source. Changes in
water temperature and pH then produced higher vapour pressures of ammonia
at the water surface during the day so increasing the potential for gaseous
ammonia loss. Finally, varying wind velocities affected the sink strength for
removal of ammonia into the atmosphere and determined the actual rates of loss
over short periods (e.g. < 1 hr) during each day.

460 p

Gaseous nitrogen losses under field conditions
M.S. AULAKH A N D D A . RENNIE
Department of Soil Science, Saskatchewan Institute of Pedology. University of Saskatchewan.
Saskatoon, Canada S7N OWD

A field study designed to assess gaseous losses of N as N : 0 and N: from cropped
and summer fallowed soil in the Chernozemic soil region of Saskatchewan,
Canada, together with limited supporting laboratory investigations, has
confirmed that the May to November period losses were in the vicinity of 3 kg N
ha ' or less. In contrast, total losses from a summer fallowed field were
approximately 300 per cent higher. Comparisons at one site were made of N
losses from the conventional tilled and zero tilled Dark Brown Chernozemic soils
seeded to wheat; the total losses of N were twice as high for the zero till as the
conventional tilled treatments.
The complex interaction of different experimental variables, namely soil
moisture, air-filled porosity, inorganic NHVN and (NO".i + NO":)-N
concentrations and soil and air temperatures collectively accounted for
approximately 25-60 per cent of the variations in N2O fluxes.
It was concluded that the N 2 0-N fluxes were the result of both reductive
(denitrification) and oxidative (nitrification) processes and generally on the
conditions of these field experiments both were occurring simultaneously.
Accordingly, the total N losses reported reflect the higher value measured in the
presence of or absence of C2H2.
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461 P

Ammonia volatilization from soils following surface
application of urea
V.R.M. REDDY, B. MISHRA AND R.D. SHARMA
Department of Soil Science, Gobind Ballabh Pant University of Agriculture and Technology,
Panagar-263145, Uttar Pradesh, India

Ammonia loss from three Mollisols following surface application of urea was
studied and found to be related to cation exchange capacity of soils and not the
initial soil pH. Within 14days 15.9, 12.8and 11.0 percent of applied Urea-N(100
kg/ha) was lost as ammonia from Patharchatta sandy loam, Haldi loam and
Beni silty clay loam, +espectively. Maximum loss of ammonia occurred around
4th day which coincided with the peak rise in the pH at soil surface. Ammonia
loss was negligible by 12th day when urea had been applied at the rate of 25 kg
N/ha but continued upto 14th day at higher application rates.
The ammonia loss increased with the rate of application of urea but the
relationship was non-linear. Regression equations were developed to predict
ammonia loss from the soils. Use of supergranules of urea considerably reduced
the loss of ammonia.

462 P

Transformation of fertilizer nitrogen as influenced by
rhizosphere
J.M. JAIN AND M.C. SARKAR
Division of Soil Science and Agricultural Chemistry, Indian Agricultural Research Institute,
New Delhi-110012, India

In a field experiment, application of large size urea granules (6 mm), compared to
smaller granules, showed higher percentage recovery of N in wheat. Ammonia
volatilisation losses ranged from 21 to 27 per cent, being higher with large sized
urea, and out weighed leaching losses which were 5-18 per cent. About threefourth of the applied nitrogen was accountable with per cent N recovery and
ammonia volatilisation. In control plots, the plant derived its N requirement,
mostly, from hydrolysable NH4 ascribable to an integrated effect of selective
microbial action and root exudates. The contribution from hexosamine N and
amino N were of the same order. In fertilizer treated plots, decrease of N to
unidentified hydrolysable fraction simultaneous with increase in hydrolysable
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NH4 and amino N was observed which may, partly, be ascribed to interconversion among these N fractions. Interconversion of amino N into unidentified
hydrolysable N was significant with 'r' value of -0.78.
FERTILIZER PLACEMENT

Fertilizer sources and placement methods in corn using
labelled fertilizers
E.P. PAPANICOLAOU', V.D. SKARLOU 1 , C. NOBELl' AND
N.S. K.ATRANIS'
I. N.R.C. "Democritos". Department of Soil Science and Plant Nutrition. Aghia Paraskevi Attikis.
Greece; 2. Agricultural Research Station, Vardates Fthiotis, Greece

The influence of various N and P sources, applied at the.preceding stage with
two placement methods, on corn yield and fertilizer utilization, was studied in
two field experiments and a pot experiment with a calcareous, heavy to medium
heavy in texture recent alluvial soil.
Phosphorus alone had no effect on crop yield in all of the experiments, while
nitrogen alone or N (various forms) and P had a strong positive effect on crop
yield in all of the experiments. As to the various sources, the observed differences
in the crop yield of the field experiments were non significant, while in the pot
experiment ammonium sulfate gave the highest yields.
The Pf (P use from fertilizer source) data showed that the presence of
nitrogen increased the utilization of P fertilizer in all cases. As to the tested
placement methods the incorporation method appeared clearly superior in the
pot experiment with similar trend in the field experiment for all sources but
ammonium phosphate-sulfate.
The Nf (N use from fertilizer source) data and the per cent utilization data of
N fertilizers suggest that ammonium and urea were much better utilized than
nitrates, that the higher N utilization was reflected in higher yields and that P
fertilizer exerted a beneficial effect on N fertilizer utilization. Finally, the results
suggested that the addition of 120 kg N/ ha enhanced by 53 per cent the amount
of soil N taken up in the corn grain.

10-»
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Nitrogen efficiency improvement for wheat production
T.M. CHOUDHARY AND S.M. QURESHI
Agricultural Research institute, Tandojam, Sind, Pakistan

The paper presents results of a 3 year field study to evaluate the effect of level,
method and time of application of N on the yield of wheat. The soil of the
experimental site was of silty loam texture, low in total N (0.06 per cent) and
NaHC0 3 extractable P (8.5 ppm) and adequately supplied with available K (330
ppm Am. acetate extractable K). The treatments included 4 levels of N(0,67, 100
and 133 kg N/ha) applied as urea either all at planting or split to include 1/2 or
1/3 at planting and remaining broadcast at tillering or boot stage of plant
growth.
Results showed that maximum grain yield was obtained when 1/2 the Ndose
was applied by band placement at sowing and the remaining at boot/tillering
stage. 100 kg N/ha applied by this method proved better than 133 kg N treatment
applied by broadcast method. Thus a 25 per cent saving in fertilizer N could be
achieved by split application of N in equal doses using band placement technique
at planting and side/to dressing at tillering stage.

465

Utilization of fertilizer nitrogen by rice in row application
simultaneously with sowing
A.N. BOCHKAREV, V.N. KUDEYAROV AND O.A. SOK.OLOV
Institute of Agrochemistry and Soil Science of the USSR Academy of Sciences, Puschine, USSR

The laboratory, greenhouse and field experiments made under the conditions of
the Krasnodar region, showed that application of nitrogen in the close vicinity of
seeds, creates an increased concentration of the fertilizer nitrogen and which is
maintained fora prolonged period of time without influencing the germinating
capacity of rice seeds. Utilization coefficient of fertilizer nitrogen when applied in
close vicinity of seeds increased three-fold, and the loss was reduced by 3.5 times
in comparison with the broadcasting technique. The yield gain due to the former
method of nitrogen application was 1.3 t/ ha , on average, during three years of
experimentation.
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466

A comparison of "chutki or pocket" placement and
incorporation of N fertilizers applied in the fall
S.S. MALHI, M. NYBORG AND C. MONREAL
Department of Soil Science, University of Alberta, Edmonton, Alberta, Canada T6G 2E3

In 14 field experiments with barley carried out during five years, fall-applied
urea gave higher yields when placed in "chutkis" (a method of seeding when a
number of seeds are placed together at a point, used for seeding chillies in
Punjab) than when incorporated into the soil in the conventional manner. Each
"chutki" was centered at a point in an area 0.1 to 0.4 m2 in size and was placed at a
depth of 5 cm in the soil. The average increases in yield from urea incorporated in
the fall, from "chutki" placement of urea applied in the fall and from urea
incorporated in the spring at seeding time were 950, 1640 and 1880 kg/ha,
respectively. Slower nitrification and reduced immobilization of applied N with
"chutki" placement than with incorporation minimized over-winter losses of
fall-applied N and subsequently increased, the recovery of N by spring-sown
barley on "chutki" placement treatment. The "chutki" placement appears to be a
better alternative to the use of chemical inhibitors with fall-applied N fertilizers.

467

Slowing acidification of soils by nitrogen fertilizers
M. NYBORG AND S.S. MALHI
Department of Soil Science, University of Alberta, Edmonton, Alberta, Canada, T6G 2E3

On the average of four soils, a depression of soil pH by 0.37 and 0.20 units with
ammonium sulphate and urea added to a rate of 50/ug N/g, respectively, after six
weeks of incubation was observed. The depression in soil pH was relatively less in
urea + thiourea — 2 : 1 treatments (thiourea, a nitrification inhibitor). The
depression in pH was related to the amount of nitrification. Similarly, in field
experiments, ammonium nitrate and urea applied at a rate of 67 kg N/ ha lowered
the soil pH by 0.06 units annually. Band placement of urea lessened the extent of
acidification. The explanation for this behaviour of placement of urea was a
slowing of nitrification and crop uptake of NH4 rather than NO3. The amount of
lime needed to counteract the acidity produced by N fertilizers on the average
was about 2 kg of lime/ kg of N, when fertilizers are incorporated into the soil at a
rate of 67 kg N/ha.
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FERTILIZER MANAGEMENT
468

Intensification of the productivity of subtropical
(Ferralite) soils of Georgia
M.K. DARASELIA AND V.P. TSANAVA
Research Institute of Tea and Subtropical Crops, Makharadze-Anaseuli, Georgian SSR, USSR

The increase of productivity of Krasnozem (Ferralite) soils is closely connected
with the cultivation system of tea and citrus plants. Application of high doses of
mineral fertilizers resulted in the intensification of tea shoot formation, increase
of harvest as well as of the amount of the pruned material and plant shedding
deposited in the soil resulting in improvement of soil fertility. Together with the
pruned material and depending on the level of nitrogen, from 5 to 28 centner/ ha
of raw plant mass containing 12 to 55 kg nitrogen was deposited annually in the
soil. As a result of leaving the pruned material in the soil for 40 years the humus
content increased by 1.0 to 1.2 per cent, mainly, owing to the increase of the
humic acid moiety in the fraction of organic compounds and carbon accumulation in the insoluble residue of soil, pointing to specific way of humus formation at
the expense of tea decay in soil.
Long-term application of nitrogeneous fertilizers substantially altered the
ratio of different fractions of the soil nitrogen. In comparison with virgin soil a
sharp increase of the fraction of hardly hydrolyzable nitrogen was observedphenomenon probably connected with the general course of humus formation.
Chalking of Krasnozem soils under citrus intensified the rate of immobilization
of applied nitrogen, increased humus content and the ratio of humic to fulvic
acids due to increased formation of the former.

46-»

Adequacy of nitrogen, phosphorus and potassium for
cereal crops grown on different soils
V.V. TSERLING, AND M.A. GORSHKOVA
Dokuchaev Soil Science Institute, Moscow, USSR

Plot and field trials with different doses of fertilizers were made with such cereal
crops as spring and winter wheat, spring oat and barley grown on soddypodzolic, grey wood, chernozem and chestnut soils. Soil and plant samples were
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taken at different stages of plant development viz. tillering, shooting, flowering
and grainfilling. Soil samples were analysed for humus, pH, exchangeable
cations, forms of N, mobile P etc. and mineral content of fresh plant samples
and also N, P, K content of dry plant material was determined.
Mathematical treatment of results from these studies have been discussed to
bring out the possibilities and advantages of utilizing plant analysis results for
diagnosing plant nutrient status in soils.
470

Critical N percentage in rice plant parts at major growth
stages as a predictor of grain yield
P. PADMAJA AND S. PATNAIK
Department of Crops and Soils, Central Rice Research Institute, Cuttack, Orissa

Concentration of nutrients varies with the plant parts analysed, physiological age
of the plant and the nutrient itself. In pot experiments different plant parts of rice
were analysed for N at major growth stages and related with grain yield. For
predicting the yield of rice crop from the N concentration in specific plant part a
quardratic model was fitted for N concentration in the different plant parts at
major growth stages and grain yield at harvest. Among the plant parts studied,
top three leaves appeared to be the best predictor of grain yield at the maximum
tillering and flowering stages. Optimum N concentration in the entire plant at
initial tillering stage, top three leaves at maximum tillering and flowering stages
being 3.0, 3.8 and 3.38 per cent respectively. At harvest maximum grain yield
corresponded to 2.19 and 2.40 per cent N in grain and straw respectively.
Maximum grain yield was obtained when N percentage in the entire plant
increased from 1.5 to 2.0 in the tillering stage and 2.5 to 3.0 in the top three leaves
at maximum tillering and harvest stages. Hence the maximum response to
applied N can be obtained for high yielding dwarf indica rice varieties at the
above range of concentrations.
471

Influence of seedbed tilth on nitrogen response of wheat
R.P. AGRAWAL, M.C. MUNDRA AND B.S. JHORAR
Department of Soils, Haryana Agricultural University, Hissar 125004. Haryana. India

The effects of tilth of the seedbed (coarse and fine) and levels of applied nitrogen
(0 to 150 kg N/ha) on wheat response were studied in loam and sandy loam

108

ABSTRACTS OF VOLUNTARY PAPERS

alluvial soils (Typic Camborthids) at three sites under irrigated conditions. The
variations in soil tilth were obtained either by use of different types of tillage
implements, their combinations and sequence or by variation in soil moisture at
the time of cultivation. The percentage of dry aggregates > 4 mm was 36.7 and
50.8 at site 2 and 44.3 and 70.2 at site 3 under fine and coarse tilth treatments,
respectively. The crop growth was better and yields higher under coarse tilth,
with and without nitrogen application, compared to fine tilth. The grain yields
were higher in coarse tilth than in fine tilth treatments by 2.9 to 12.1 q/ha under
different nitrogen levels. Response to nitrogen application was more in coarse
tilth than in fine tilth.
A theoretical model which describes the transformation and movement of
nitrogen through soil following urea application is suggested and its validity
tested under puddled soil conditions.

472

Field studies on nitrogen response of maize under
temporary flooding
N.T. SINGH, A.C. VIG AND R. SINGH
Department of Soils, Punjab Agricultural University, I udhiana, India

Heavy rains occasionally flood maize (Zea mays L.) fields resulting in serious
yield losses. We conducted field experiments from 1975 to 1979 to study the
response of temporarily flooded maize to fertilizer nitrogen. Maize was sown on
two dates after applying 60 kg/ha each of N, P 2 0 5 and K.2O. N was applied as
urea. The crop was flooded when 20 or 40 days old by continuously ponding 10
cm water for durations varying from 0 to 96 hours. Supplemental N was sprayed
or broadcast at rates varying from 7 to 20 kg/ ha following flooding in different
experiments. Application of 14-20 kg N/ha as supplemental dose immediately
following flooding increased maize yields by as much as 10 q/ha. Advancing the
sowing date by 20 days resulted in higher yields as the older plants were less
damaged by flooding. Flooding periods exceeding 48 hours significantly reduced
the yield. In the experiment where N doses were compared, successive increments
of 60 kg N/ha gave an additional yield of 12.3, 10.1 and 4.3 q/ha over the no
nitrogen treatment. The studies show that proper fertilizer nitrogen management
is important in areas where maize fields get temporarily flooded during monsoon
rains.
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47.?

Nitrogen and phosphorus management of wheat under
conditions of delayed availability of fertilizers
R.P. SINGH, RAJENDRA PRASAD SINGH AND JAGD1SH SETH
Division of Agronomy, Indian Agricultural Research Institute, New Delhi -110012, India

Long term studies were conducted on a sandy loam soil for seven years, 1973 to
1980, on the timing and method of nitrogen and phosphorus application to
spring wheat (Triticum aestivum Linn, emend. Thell.). The results suggest that
for obtaining highest grain production and fertilizer use efficiency fertilizer
nitrogen and phosphorus be topdressed at the first irrigation. Fertilizer application may also be made upto tillering stage with as good results as that from full
basal application, under conditions of delayed availability of nitrogen and
phosphorus fertilizers.

474 P

Nutrient indexing of crops to monitor changes in
soil fertility
G.S. SEKHON, M.S. BRAR AND C L . ARORA
Department of soils, Punjab Agricultural University. Ludhiana, India

The surveys conducted in Punjab (India) show the deficiencies of Zn, Cu and
Mg in wheat; Zn, Cu and P in rice; B, K, Zn, P, Mn and Cu in peanut; Zn, B, Mg
and P in Egyptian clover; P, B and Zn in cotton; Zn, P, Cu and Mn in sweet
orange and Zn, K, Pand Bin potato. These deficiencies appear to be induced by a
combination of high pH, light texture and low organic matter content of the
soils. Hidden hunger of Bin peanut and Egyptian clover appears to be induced by
high Ca concentrations.
Follow-up experiments on peanut showed no response to applied P and K,
underlining the need for revision of the critical limits.
Analysis of wheat plant samples from bench-mark sites after 5 years suggested an increase in the deficiency of Cu and Mg in these soils.
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475 P

Evaluation of various methods of making fertilizer
recommendations for cereal crops in the cultivators' fields
J.C. BAJAJ
Division of Soil Science and Agricultural Chemistry, Indian Agricultural Research Institute,
New Del hi-110012, India

Five methods of making fertilizer recommendations to wheat (Triticum
aestivum), bajra (Pennisetum typhoides) and rice (Oryza sativa), in different
villages representing major soil series of Delhi are compared. Application of the
standard fertilizer dose of the area gave a higher net profit than the farmers'
actual practice of fertilizer application. Methods of fertilizer recommendations
which took into account the soil nutrients status along with the fertilizer nutrients
were superior to those where fertilizer application was made on an ad hoc basis.
Amongst methods based on soil tests, the method using multiple regression
approach was superior to the one presently being adopted by the soil testing
laboratories in the country. The fertilizer recommendations evolved through the
targetted yield concept were most effective, as these ensured the economical use
of fertilizers, higher profitability and suitability under farmers' varying
investment ability.

476 P

Effect of N-rates on dryland wheat as affected by
mulching previous crop or fallow
K..S. SANDHU, Y. SINGH AND R. SINGH
Department of Soils, Punjab Agricultural University, Ludhiana, India

In many rainfed areas a rainy season crop is followed by a post rainy season
(Rabi) crop and the yield of the latter is directly related to the profile-stored water
at the time of its sowing. Mulching is known to help increase soil moisture
storage. Also the yields of dryland crops are limited by availability of nutrients
particularly, nitrogen. We studied the effect of organic mulching in rainy season
maize or fallow on the yield of maize and the yield and water use efficiency
(WUE) of the following wheat fertilized with different rates of N.
Mulching increased yield of maize by 9 to 12 per cent and that of the following
wheat by 25-28 per cent. The increase in wheat yield with mulching in the
previous crop of maize is attributable to greater residual moisture after maize
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particularly in the seed-zone. In wheat following mulched maize, the yields with 0
and 40 kg N/ha were comparable to those with 40 and 80 kg N/ ha in the absence
of mulch, respectively. For a given N rate the yield of wheat was a function of
available water supply. The yield increased with water supply to a point beyond
which it decreased with additional water supply. The threshold water supply and
the corresponding yield increased with increase in N rate. Favourable effects of
mulching in maize on the yield of wheat decreased with increase in water supply.
The results suggest that for achieving optimum yield of wheat in double cropping
the previous crop should be mulched and the N rate for wheat should be
rationalized in relation to available water supplies.

477 p

Yield response of rapeseed (Brassica campestris var.
Toria) to simultaneous variations in soil fertility and
fertilizer doses in Mollisols of north India
R.S. SACHAN, NAND RAM, B. RAM AND R.A. GUPTA
Department of Soil Science, Gobind Ballabh Pant University of Agriculture and Technology,
Pantnagar, Uttar Pradesh, India

Soil test values were calibrated with fertilizer doses for maximum and economic
yields of rapeseed in an Acquic Hapludoll of tarai region of north India. R : value
of 0.8 was obtained when regression yield on soil test values (0-15 cm), fertilizer
doses and soil and fertilizer interaction terms was tried. Upto 1.02 per cent
organic C, 68.5kg01sen P/ ha and 797.5 kg ammonium acetate extractable K/ha
soil test values, a positive response to N, P and K fertilizer was observed. Soil
fertility below 15 cm depth did not substantially affect the grain yield.

478 P

Management of phosphorus in alkali soils
R. CHHABRA
Division of Soils and Agronomy, Central Soil Salinity Research Institute, Karnal-132001, Haryana
India

Alkali soils formed under the influence of sodium carbonate occur extensively in
the Indo-gangetic plains of India and elsewhere. Our knowledge of the P status
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and P fertilization needs of crops grown in these soils is limited. Analysis of a
large number of profile samples showed high amounts of Olsen's extractable P in
0-15 cm layer. The values ranged between 14.5 to 67.8 ppm P, the amount
varying directly with the soil electrical conductivity. When rice was grown
followed by gypsum application, extractable P decreased sharply, chiefly due to
leaching but also through transformation of Na-phosphates to less soluble
Ca-phosphates.
In two long term field experiments, one starting on a barren and second on
semi reclaimed alkali soil, with rice-wheat rotation, P status was monitored in
differentially P fertilized plots over eight crop seasons. Olsen's extractable P
decreased to 3.9 ppm in control plots while the status rose to 11.9 ppm in the
treatment receiving 50 kg P2O5/ ha/crop. Changes in extractable P of surface and
subsurface layers are discussed in relation to crop responses, P uptake and long
term P fertilizer needs of crops in these soils. It is suggested that for rice and
wheat grown in recently reclaimed alkali soils application of P fertilizers can be
withheld for the initial three to four years.
FERTILIZER REQUIREMENTS IN A CROPPING SYSTEM
479

Effect of intensive rice cropping with varying manure and
fertilizer treatments on soil properties and productivity
S. PATNAIK, A. BHADRACHALAM, R.N. SAMANTARAY AND
K. PANDA
Central Rice Research Institute, Cuttack-753006, Orissa, India

A long term field experiment lasting 10 years was started in 1969 to study the
effect of fertilizers and manure in an intensive rice cropping on crop yields and
soil properties. The treatments included, control, N, NP, NK and NPK applied
to each crop, with or without an annual application of 5 t/ha compost in
May-June. Two crops of rice were grown each year, one in wet (June-November)
and the other in dry (January-May) season. Till the year 1976, either a high
yielding ora tall indica variety was grown. In the dry season, high yielding variety
gave a stable grain yield in the range of 4.1 to 7.1 t/ha, depending on the fertilizer
treatment. In the wet season, the yield was not stable from year to year. From
1977 onwards, an elite cv. CR. 1009, considered suitable for growing in the wet
season, gave consistingly stable yield of 41/ ha or above. In all the years, there was
a response to application of only N but not to P and K and about 48 per cent of
the applied N was utilized by the crop. The compost treated plots gave increased
grain yield over control during the last 5-6 years of study. Intensive rice cropping
with adequate fertilizer inputs did not have any adverse effect on the soil
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productivity. Soil analysis at the end of the 10 year period showed a decrease in
pH, CEC and exchangeable K and an increase in Olsen P. The compost treated
plots showed increased total N in soil but Bremner N was not changed.

4X0

Response of rainfed safflower (Carthamns tinctorins L)
to fertilizer application in sole and sequence cropping
system in black soils (Vertisols)
S.K.. DAS, A. CHANDRASEKHARA RAO AND N.K. SANGHI
All India Coordinated Research Project for Dryland Agriculture. Amberpet, Hyderabad-500013.
India

Experiments were conducted during 1979-80 in rainfed black soils to study the
response of safflower to nitrogen ana phosphorus application in fallow-safflower
and sorghum-safflower cropping sequence. Results showed that safflower
responded positively to nitrogen and phosphorus applications in both the cropping systems. In sole safflower system safflower had also the advantage of higher
nitrogen availability from soil due to fallowing in kharif season. However, no
significant difference in seed yield was observed between these two cropping
systems, and the additional N in sole safflower system resulted in more vegetative
growth only giving a lower harvest index. Response to phosphorus application,
phosphorus content of plants and removal data revealed that fallowing also
increased soil P availability to the safflower crop. Recoveries of the applied N
and P fertilizers by safflower were found to be more in sorghum-safflower than in
fallow-safflower cropping system.

4X1

Effect of long term application of mineral fertilizers on
the fertility and properties of sod-podzolic soils
L. LEBEDEVA AND T.A. SOKOLOVA
Department of Soil Science. Moscow State University, 117234. Moscow, USSR

Effect of long term application (25 years) of mineral fertilizers on the chemical,
physical and biological properties of sod-podzolic soils and on crop yields,
quality and winter hardiness was studied in long term field experiments. The
experiment was started in 1951 at the Moscow State University's agrobiological
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test station in Chashnikov. The soil was a soddy podzolic, silty loam resting on
cover loams. The test plot was liberated from forest in early 1930s and until 1951
various field crops had been grown. Some of the soil properties at the start of the
experiment were: humus content of the arable layer—1.8 per cent, pH
(K.C1)—4.6, exchange acidity—0.87 me/100g, base saturation—43 per cent,
mobile aluminium- 7.8 mg, P (in 0.2 N HCI)- 7.0 mgand K (in0.2 N HC1)- 5.7
mg/100 g soil.
Results showed that during early years after the application of NPK. mineral
fertilizers (ammonium nitrate, superphosphate and potassium chloride) there
was a rapid appearance and intensification of the unfavourable physical and
chemical properties of soils for majority of the agricultural crops. Nitrification
ability and the activity of enzymes in the coil was also reduced. As a result the
effectiveness of N PK. fertilizers for crops sensitive to acid soil reaction decreased
over years. N fertilizers did not increase the protein content and P and K.
fertilizers failed to increase the winter-hardiness in clover and other winter crops.
Subsequent liming did not fully restore the properties and fertility of acidic soils
deteriorated under the influence of mineral fertilizers. Fertilizer applications
positively influenced the fertility of soils when liming preceded systematic application of fertilizers and when it was periodically repeated.

482

Efficiency of anhydrous ammonia as N source in ricewheat rotation
S.R. B1SHNOI AND G. DEV
Punjab Agricultural University. Ludhiana. India

Field experiments conducted in an arid brown soil showed the superiority of
anhydrous ammonia over urea as N source for both grain production and total N
removal by crop at all tested levels of N upto 150 kg N/ha in rice and upto 100 kg
N/ha in wheat. Higher levels of anhydrous ammonia reduced the yields of wheat
due to plant injury. In rice, basal application of whole or part of nitrogen applied
as anhydrous ammonia was superior to the split application of urea. In wheat,
basal application of 50 kg N/ha as anhydrous ammonia supplemented with two
splits of 50 kg N/ha as urea proved to be the best. The NOVN in soil during rice
growth period was not traceable. The N H*4-N content in soil at 21 -42 days after
transplanting of rice and at 75 days after sowing of wheat showed the highest
correlation with N content in plant of respective stages, final grain yield and with
total N uptake by the crops. These stages therefore are suggested as satisfactory
indices for plant analysis. The NOi-N in soil at 75 days of wheat growth also
correlated significantly with yield and total N uptake.
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4XS

Utilization, residual effects and fate of fertilizer nitrogen
in a multiple cropping system
B.V. SUBBIAH, M.S. SACHDEV, V.K. LUTHRA, V.K. SUD
AND R.P. ARORA
Nuclear Research laboratory, Indian Agricultural Research Institute, New Delhi -1 10012. India

The study reports the utilization and residual effect of N labelled urea applied
to maize or wheat in maize-wheat-moong cropping sequence. The results
revealed that utilization of applied 15N by the first crop varied from 11.2 to 32.0
percent and 45 to 47 percent in maize and wheat respectively. The utilization of
l5
N by the succeeding crop ranged from 2 to 7 per cent and by the 3rd crop
onward it was less than 2 per cent. About 0.25 per cent N utilization was
recorded even in the 13th crop in sequence suggesting thereby that immobilized
N was slowly released from the soil and was not altogether lost from the system.
60 to 70 per cent of the l5N applied to maize was retained in the soil to a depth
of 210 cm whereas after wheat crop 43 percent was estimated in the soil to 60 cm
depth only. The unaccounted for N in the cropping sequence was less than 10 per
cent and was attributed to deep percolation and/or gaseous losses.

484

On experiment planning in Pedology and Agrochemistry
G.G. DUDA AND A.A. EGORSHIN
Ukrainian Institute of Soil Science and Agrochemistry, Chaikovskogo-4, Kharkov 310024, USSR

It is often necessary to experimentally define the optimum values of all factors
(e.g. soil density, fertilizer rates and ratios, levels of soil nutrient content etc.)
which contribute to maximum yield gain or other yield parameters. For this use
of multifactor experimental schemes, minimum of the second order, are needed
Schemes which can yield the needed information using relatively fewer variant
number and needed repetitions are preferred. The best three factor experiment
scheme still is the composite scheme BF3. containing, as a main part, the
theoretically optimum three level scheme B3. Schemes BF 4 and HF 5 are proposed
for four and five factors, containing accordingly schemes B4 and H5. The factor
level number in the composite scheme is five which permits to choose the method
for adequacy testing and selection of most suitable mathematical model.

116

ABSTRACTS OF VOLUNTARY PAPERS

485 P

Role of legumes in inter and sequential cropping systems
in increasing soil productivity
RAJAT DE
Division of Agronomy, Indian Agricultural Research Institute. New Delhi 1 1001A India

Fertilizer nitrogen use efficiency is low in the humid and sub-humid tropics.
Inclusion of legumes in the cropping systems can improve the productivity of
these soils. Fodder legumes are capable of improving soil fertility to the extent of
40 to 75 kg N/ ha in terms of chemical fertilizers. Grain legumes which retain their
nodule viability beyond the flowering stage when managed well, can also increase
the productivity of soil to a considerable extent. When grown in association with
non legumes in the intercropping systems certain grain legumes can benefit the
associated crop to the extent of 25 to 40 kg N/ha. Modifying spatial or temporal
arrangements between legumes and non legumes can enhance this beneficial
effect further.

486 I'

Some aspects of soil nitrogen relating to double cropping
of a "Deep" Vertisol in the SAT
T.J. REGO, J.T. MORAGHAN AND SARDAR SINGH
International Crops Research Institute tor the Semi-Arid Tropics, P.O. Patancheru,
Hyderabad 502324, Andhra Pradesh, India

A new farming system for deep Vertisol soils in assured rainfall areas of India is
based on raising crops during both the rainy season and, using stored soil
moisture, in the following post-rainy season. The traditional system involves
cropping only during the post-rainy season. The influence of this cropping
change on soil nitrate accumulation, plant nitrogen status and soil water use was
studied. Yield of unfertilized sorghum in the post-rainy season was substantially
reduced in the double-cropped system. Plant analysis and soil nitrate data,
responses to nitrogen fertilizer and the deficiency syndrome showed that the yield
reduction was primarily associated with greater nitrogen stress. Soil water status
was not associated with the decreased yield. Placement of banded urea at a depth
of 20 cm was more efficacious than a 10 cm placement for the post-rainy crop.
Results show that careful attention must be paid to plant nitrogen nutrition in the
newly developed farming system.
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FOREST VEGETATION AND NUTRIENT LOSSES
4X7

Characteristics of soil solution after the burning of
eucalypt forest fuels
P.K. KHANNA
C'SIRO. Division of Korest Research, P. O. Box 4008, Canberra ACT 2600, Australia

The chemical composition of soil solution was monitored for one year at three
sites in subalpine Eucalyptus puciflora forest near Canberra, Australia. The sites
represented unburnt areas, those prescribed burnt with a fire which caused some
scorch of the canopy, and those on ashbeds. Soil solutions were monitored by
periodically extracting equilibrium soil solutions and by field collection of percolating solutions at 10 cm soil depth. Deposition of ash and heating of the soil
during burning affected the composition of the solution. Ca became and
remained the dominating cation of the solution phase for the whole year in the
0-5 cm soil layer. In deeper horizons firstly N H4 and then K replaced a part of Na
in the solution phase. Percolation of soil solution which was enriched with ions
leached from ash occurred via both preferential pathways and the miscible
displacement of solution. The relative role of heat and ash in changing the
composition of exchangeable cations in solution is briefly discussed.

488

Water and element movement in a stagnogley on the slope
of the Barhalde Range (Black Forest, Germany)
KARL STAHR, FRIEDHELM HADRICH AND JÜRGEN GAUER
Institut für Okologie, Technische Universitat Berlin, Englerallee 19-21, 1000 Berlin 33. F.R. Germany

The soil water balance of a stagnogley (planosolic humic gleysol) is conditioned
by the very humid (precipitation-PE> 1500 mm) and cool (4°C) climate, by the
indurated subsoil (8 dm) and the solid parent granite (13 dm) as well as by its
position on the lower slope (15 percent NE) of the Barhalde ridge. Inspiteofthe
relatively high saturated water conductivity the drainage is impeded causing
permanent waterlogging. The water table has an average depth of 55 cm below
surface. Lateral flow through the soil exceeds seepage by 150 times. The high
water saturation throughout the profile results in oxygen deficiency and reduced
conditions. Besides the low redox potential, the degree of mobility or immobili-

I1X

ABSTRACTS OF VOLUNTARY PAPERS

zation of various elements is mainly influenced by the strongly (top soil) or
moderately (sub-soil) acid soil.
In spite of the high input by lateral flow from the higher Podzol area most of
the major elements show clear losses throughout the profile (Na 60 per cent, K 26
per cent, Ca 43 per cent, Mg 30 per cent. Mn 64 per cent, Fe 31 per cent, original
amounts — 100 per cent). Other elements (Al, Be, Si (show losses from the topsoil
which are compensated in the sub-soil by gains from the lateral flow. Elements
whose mobility is independent of redox potential (Pb, Zn) have accumulated
throughout the entire period of soil formation. Some other trace elements (Cd,
Cu, Co) have accumulated recently because of increasing emissions. Over all
lateral flow of elements through the profile exceeds vertical transport by 30 to
400 times.

4X0

The influence of cations (Ca, Mg, K) in throughfall and
soil water flux on the distribution of the cations in the
soils profile in an urban forest soil
K.AN-ICHI SAKAGAMI, MITSUKO YAMAZAKI, RYUNOSUKE
HAMADA AND TAKASH1 KUROBE
Tokyo University of Agriculture and Technology, Fuchu, Tokyo 183, Japan

In an urban forest in Tokyo, amounts of throughfall (TO, of soil water flux (Sw)
and the contents of cations (Ca, Mg, K.) in Tf, Sw and soil horizons were
investigated under four types of representative forest vegetation of Shiia Sieboldii, Cornus controversa, Quercus serrata and Pinus densiflora, throughout the
year.
The amounts of Tf were similar in all of the forest type and the amounts of Sw
ranged 5 26 per cent at that of Tf in the order of Shiia < Pinus < Quercus <
Cornus.
Ca and Mg contents were high in Tf and Sw under Shiia and Pinus (Ca in Tf
8.3-8.4 ppm, in Sw 18.7-21.5 ppm, Mg in Tf 1.7 ppm, in Sw 6.7-7.1 ppm). K
contents were high in Tf and Sw under Quercus and Pinus (in Tf 5.6-6.5 ppm, in
Sw 6.6-7.1 ppm).
Comparatively high supply of cations with Tf and Sw was recognized.
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Nutrient losses from soil due to shifting cultivation practice and soil restoration through afforestation with pine
M.N. JHA AND P. PANDE
Forest Soils Branch, Forest Research Institute and College, Dehra Dun, India

Shifting cultivation is a primitive practice of raising food crops after clearcutting
the forest and has proved to be an extravagant management practice as far as soil
fertility is concerned. Loss of soil nutrients and restoration of soil fertility
through afforestation of the abandoned shifting cultivated land with Pinus
caribaea and Pinus insularis were studied in the state of Orissa. The practice
resulted in the loss of organic matter and the loss of nitrogen, phosphorus,
potassium and calcium from the top soil due to clear felling, burning of the debris
and cropping. The physical properties of the top soil were also adversely affected
due to burning. A significant restoration of the physico-chemical properties of
the top soil was observed due to afforestation with Pinus insularis and Pinus
caribaea. Pinus caribaea proved to be a better species compared with Pinus
insularis in the restoration of soil fertility.

491

Seasonal changes of plant nutrient accumulation and
leaching in selected tropical soils
J. ANDREW ZUSEVICS AND J.J. LA BRECQUE
IV. I.C, Centre de Quimica. Apartado 1827, Caracas I0I0-A. Venezuela

The paper concerns a study of plant nutrient movement, particularly its accumulation and leaching during different seasons in a light tropical soil. The research
work was performed in the Venezuelan Institute of Scientific Research, Agrochemistry Laboratories. Caracas, Venezuela. The soils were collected in the area
of Altos de Pipe, N. W. part of Miranda State, Venezuela, longitude 66° 158' W
and lattitude I0°23'S, covering an area 5.OX 3.5 km. The study covered one year
of periodical soil collection at intervals of six weeks or a total of eight times
throughout the year. Ten samples at each collection were obtained from various
locations in the area. At every sampling the soils were obtained in exactly the
same location as before. Four collections were done in the dry season and four in
the rainy season. A total of 80 samples were collected. Physical and chemical tests
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and analysis were performed and the leaching and recovery potential of major
and minor plant nutrients and their movement throughout the seasons determined. Following nutrients were studied: N, P, K, Ca, Mg, Mn, Fe, Cu, Zn and
Na.
Based on the conducted experiments and analysis, significant conclusions
regarding the plant nutrient movement in light tropical soil during the dry an
rainy seasons were obtained.
492

Changes of chemical properties of mine soils of various
age developed on clay marl
H. RESULOVIC
Faculty of Agriculture, Sarajevo, Yugoslavia

The present investigations were undertaken to evaluate the gradual changes in
chemical properties of mine soils with age. For this we took three areas which
were close to each other but of different age. The first part was 5 years old (not
reclaimed), the second 13 years old (reclaimed and planted with fruit trees) and
the third, 17 years old (reclaimed and planted with black pine). Soil samples were
collected and analysed for various constituents.
Results showed an accumulation of organic carbon to 1.0, 2.75 and 3.75 per
cent respectively in the three soils of age 5, 13 and 17. C/N ratio was in the range
7 to 16. Available phosphorus in the three soils was 0.70, 5.60 and 1.75 mg
P2O5/100 g, while available potassium in young, older and oldest locations was
10, 27.5 (fertilized) and 13.6 mg K 2 0/ 100 g respectively. Results showed that
within 13 years there was remarkable accumulation of organic matter and
potassium. It is suggested that for better information on the genesis of these soils
it would be appropriate to add the letter 'd' (d = debonere) before the main
horizon designation.
493 P

Effects of progressive clearcutting on export of nutrients
from forest lands in Alberta, Canada
T. SINGH AND Y.P. K.ALRA
Northern Forest Research Centre, Canadian Forestry Service, Environment Canada, Edmonton,
Alberta, Canada T 6H 3S5

A study was conducted on forest lands covering an area of 7,770 km2 in Alberta,
Canada, for determining the concentration (mg/1) and yield of nutrients
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(kg/ km'/day) in streamflow originating from 18 uncut and progressive clearcut
catchments. Water samples collected on a weekly basis during summer 1973.
1974 and 1975, were analysed for Ca, Mg, Na, K, HCO,, SO4-S, CI, NH4-N, N0 3
and N0 2 N, and PO4-P. Concurrent measurements were taken for the quantity
of streamflow at the time of sampling. The study showed an increase in the range
of concentration for most of these constituents as a result of clearcutting. The
comparison of yields on an equal area basis similarly showed increased export of
most of the nutrients from the timber harvested forest lands, thereby affecting the
fertility status of such lands.

COM MISSION V
MAPPING SOILS FOR THKIR POTENTIALITIES
501

The agro-ecological zoning of the soil surface in the
world and the problem of using the soil resources in
agriculture
N.N. ROZOV AND M.N. STROGANOVA
Moscow State University, Moscow, USSR

The agro-ecological zoning of the soil surface in the world is based on taking into
account the peculiarities of the soil surface, including soil resources and the
regime of soil-forming processes. It is characterized by the conditions of development of natural flora and agricultural crops and serves as a foundation for
resolving matters pertaining to agricultural utilization of the territory.
Agricultural development, especially intensive development, entails not only
reduction or destruction of natural landscapes but also disappearance of some
biological species. It is therefore necessary to determine the rational/the optimally admissible coefficients of agricultural utilization both of the main natural
landscapes and the soils connected with them.
According to various forecasts and estimates, the rational agricultural area in
the world stretches from 2.4 to 3.6 and even upto 5.2 billion hectares. The
suggested qualitative estimate of land resources is based on a system of soil and
bioclimatic zones and regions reflecting the grouping on an ecological basis. All
estimates are being made proceeding from the fact that there are in the main 96
types of soils, for which a total area is given, the present-day cultivated area, the
factual coefficient of agricultural utilization and the forecast in regard to the
coefficient of agricultural utilization. The total area of farming equalling 2.7
billion ha has been determined and established.
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502

Soil factors determining the agro-ecological potential of
Hungary
P. ZILAHY, G. VA'RALLYAY, L. SZUCS, K. RAJKA1ANDA. MURA'NYl
Research Institute for Soil Science and Agricultural Chemistry of the Hungarian Academy of
Sciences, Budapest, Hungary

In the multi-disciplinary programme of the Hungarian Academy of Sciences for
the "Assessment of the agro-ecological potential of Hungary" a map was
prepared by the authors, in the scale of 1:100,000, indicating the soil factors
determining the agro-ecological potential of the country, with the application of
an 8-number code-system:
1 and 2 : Soil types and subtypes (31 units)
3
: Parent material (9 categories)
4
: Soil reaction and carbonate status (5 categories)
5
: Soil texture (7 categories)
6
: Soil water management properties (9 categories)
7
: Organic matter resource (6 categories)
8
: Depth of the soil (5 categories)
The map was prepared on digital cartographical sheets and for the 19
countries (administrative regions) of Hungary. The area of each plot indicated on
the map was determined. On the basis of the computer-stored plot-list the
territorial data of the map were summarized for countries and agro-ecological
regions in tables.
The map and its territorial data give many-sided soil information for the
elaboration, planning and realization of various human actions towards the
creation of optimum soil ecological environment, the maintenance and increase
of soil fertility. This represents an important, exact, soil scientific basis for the
various national and regional agricultural development programmes; water
management plans, soil amelioration projects, etc., as well as, for the
determination of the optimum land use, cropping pattern, the development of
ecologically rational agricultural specialization, regionalization and for the
"biological land scape planning".
The complete information material serves as an exact, comprehensive basis
for the development of an up-to-date soil-data-bank, a computerized national
soil-information system, which is under organization and final elaboration by
the author's team.
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503

Soil—geographic zonation as a method of complex
characterization and evaluation of land resources
G.V. DOBROVOLSK.Y
Moscow State University, Moscow, USSR

Development of principles and practices of soil geographic zonation has been a
constant endeavour in the USSR for the past several years. Besides its utilitarian
significance, the system has proved to be a powerful tool in systematization of
our knowledge in fields of genesis and geography of soils. The classification
system comprises a hierarchy of categories starting from altitudinal belts at the
highest level through bio-climatic regions, zones, facies, provinces, and 'areas'
down to soil districts. Whereas at the highest level radiation and thermal or
hydrothermal factors are the criteria, at the lower category levels relief, lithogeomorphologic and soil morphology are the important considerations. Latest
findings show existence of over six hundred soil 'areas' in the USSR.
In addition to present landuse, the lower level taxonomie units are described
in terms of the composition of soil cover and characteristics, properties andmanagement implications of individual soils. Thus soil-geographic classification and
mapping have provided a firm basis for land cadastre, landuse optimization and
location of reserves for future expansion of agriculture and other activities.

504

Bioenergetics of agrobiocenosis productivity
S.A. ALIEV AND V.R. VOLOBUYEV
Academie de Sciences de la SSR, d-Azerbaijan, Baku, USSR

In soils of vertical zones, as the locality height increases there is a gradual rise of
both total organic biomass and the quantity of accumulated solar energy in
biological biocenosis components. Due to improved hydrothermic regime an
increase in vegetative association productivity and microflora quantity is
observed. Apart from the indices of energy resources accumulated in organic
form over indefinite time the determination of annual energetic soil productivity
is of great importance.
For rational use of natural factors, especially, sun's radiation and energy
accumulated in organic soil substances for productivity increase of natural
vegetative associations and agrocenosis the study of energy succession patterns
in soil-vegetation-microorganism system is important.
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In vertical zone soils of Azerbaijan SSR regulation methods forcomplete use
of sun's radiation and ecologie systems control for highly productive and cultured biocenosis formation have been found out. Systems bioenergetic point of
view permits quantitative evaluation of potential soil fertility and enables to
define controllable optimal highly productive agrocenosis models with principally new positions. The working out of controllable highly productive agrocenosis models and their adoption in agricultural production is possible on the
basis of multifactor experiments.

505

Land resources of Cuba according to the medium scale
soil survey
ANGEL MESA NAPOLES, ABDON JOAQUIN TREMOLS AND
CRISTOBAL COLOM ALEMANY
Directorate of Soils and Fertilizers, Ministry of Agriculture, Havana, Cuba

In 1964 the Directorate for Soil and Fertilizers, sponsored by the Ministry of
Agriculture, was established with the primary aim of soil survey, land evaluation,
and soil protection against erosion, salinity and acidity. Recently the national
map with 300 sheets was completed for the whole country.
This paper shows, briefly, the main results of the soil survey at 1:50000 scale,
which includes information on the most extensive soil series which correlates
with Calcic Cambisols, Cromic Vertisols, Ferric Luvisols, Ocric Cambisols,
Gleyic Acrisols and Eutric Nitosols from the FAO/ UNESCO system. A suitability classification comprising four classes or yield ranges, for each one of the ten
major crops; sugar-cane, citrus, rice, tobacco, potatoes, tomatoes, grasses,
banana, coffee and beans has been developed. The class numbers from one to
four indicate the suitability degree corresponding to a soil series or a phase, class
1 being the best and class 4 being unsuitable. Averaging the ten crop classes it
receives a number which is evaluated according to the following scale:
1.0
1.6
2.6
3.6

-

1.5
2.5
3.5
4.0

(A) Very productivity soils.
(B) Fairly productive soils.
(C) Poor soils.
(D) Very poor soils.
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Correlation between soil test values and productivity
rating of mapping units
S.S.K. NANDA AND R.K. BASTIA
Department of Agricultural Chemistry, Orissa University of Agriculture and Technology,
Bhubaneswar, Orissa, India

A detailed soil survey of 800 ha of irrigated land in Nimapara block of Orissa
state was conducted and five mapping units established. Soils of each mapping
unit were rated by summation of marks assigned out of 20 each for characteristics
like texture, available water holding capacity, nutrient status (Parker nutrient
index) and permeability and 10 each for pH and cation exchange capacity against
a total of 100 marks. A greater uniformity in the available nutrients status,
reported as Parker nutrient index, within each mapping unit was obtained
compared with that for the entire tract. Each mapping unit was rated for its
productivity expressed as per cent of the actual yield to the standard optimum
yield. A relationship between the prodctivity expressed as price in Rs/ha/annum
and the soil rating was obtained with 'r' value 0.93, significant at 5 percent level,
and a prediction equation of Y = 372. 65 + 19.73X.

507 P

Interpretation of detailed and rapid reconnaissance
surveys data for preparation of soil map
P.G. SHANWARE 1 , S.P. GAWANDE AND K.M. SAIN1
All India Soil and Land Use Survey IAR1 Buildings, New Delhi 110012 India

In India, special purpose rapid reconnaissance surveys are being carried out for
priority fixation in the catchments of the major river valley projects (RVP). The
methodology consists of field surveys and mapping erosion intensity units. These
are based on terrain conditions, slope, surface cover, broad soil group and
erosion conditions. In the recent past, priority watersheds have been extensively
surveyed in detail. Interpretation of these data helped in transformation of
special purpose maps into general purpose soil maps. Two watersheds covering
an area of 10,200 ha of the Maleni subcatchments in Chambal RVP were
selected. The detailed soil map was superimposed after reduction on the priority
rapid reconnaissance survey map. The eleven erosion intensity mapping units
were tested for series composition and this has confirmed the presence of eleven
soil series identified in the field.
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This study showed a sound relationship between the erosion intensity mapping units and the soil series, such as: M(B-K-H), N5(K-S), N and N1(B),
N2(B-S), N3and N4(K), L(P K)Q, Ql and P(B-A-G). The soil series have been
classified as Ustrothents, Ustochrepts andChromusterts. Logistic interpretation
of the detailed soil survey data for transformation of the rapid reconnaissance
map into great group soil association map is disccussed.

508 P

Interpretation of soil survey data for productivity rating
of important soils of Bijapur district of Karnataka, India
N.K. BARDE AND S.R. NAGA BHUSHANA
National Bureau of Soil Survey and Land Use Planning, Bangalore, Karnataka, India

Weekly moisture retention of two major soil Vertisols and Alfisols occurring in
Bijapur district was studied for one year and the water balancefor five important
soils of the area calculated. The productivity of major soils occurring in the
district was calculated by Riquier's procedure using important soil parameters
and compared with actual yields obtained with improved management under
rainfed conditiosn.

509 P

Need for detailed soil maps as relevant to developing
countries like India
H.S. SHANKARANARAYANA' AND B.V. VENKATA RAO :
I. National Bureau of Soil Survey and Land Use Planning Regional Centre, Bangalore; 2. University
of Agricultural Sciences, Bangalore

Soil is an input in crop production on account of the space and quality of the
media it provides for the growth of crops. The most appropriate diagnostic
criterion for defining soil capability should be the available moisture regime at
different times in the soil profile which depends upon texture, structure and the
depth. Soil productivity is an interaction between these measurable soil characteristics and the superimposed soil management practices. Some of thedata from
Indian studies have been presented to show the interrelationship between yields
of wheat and maize and soil properties contributing to water storage of different
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soils under a given rainfall. In the seven soil series in Patiala area in Punjab state,
the available moisture ranged from 3.4 to 32.8 cm. The optimum level of response
of wheat in clay loam and sandy loam types was at 80 kg N/ha and for loamy
sand type at 30 kg N/ha. A soil map of the Operational Research Project near
Delhi has been appended in support of the need for detailed soil surveys to
provide appropriate soil input in optimising crop production.

510 P

Use of soil taxonomy for production agriculture
L.R. HIREKERUR AND R.S. MURTHY
National Bureau of Soil Survey and Land Use Planning, Nagpur, Madhya Pradesh, India

Soil taxonomy besides helping in identifying, organising and naming soils in an
orderly manner to formulate relationships within the soil population, also serves
as a sound base for making interpretations including behaviour under a given set
of conditions. The salient properties that merit consideration in developing such
interpretations have been identified during the conduct of soil surveys in the
northern alluvial plains, central Deccan plateau and southern peninsular region
and are described in the paper. The three levels of management low, medium and
high as applicable to farmers' practice, package of practices at an optimum level
and at higher levels respectively have been defined. The results are set out in the
tables which include soil series name, brief descriptions of soil, soil constraints
and yield responses with respect to selected crops in different regions where
demonstrations were laid. These amply reveal crop preferences as related to soil
parameters.

51! P

A new approach to agro-ecological zonation
A.R. SUBRAMANIAM, A.V.R. KESAVA RAO AND K. UMA DEVI
Department of Meteorology and Oceanography, Andhra University, Waltair 530003, India

The need to integrate agricultural research and develop mental programmes, and
to improve rainfed crop production at the regional level, delineation of agroecological zones is a basic pre-requisite. In this study two states in the Peninsular
India, Karnataka on the west coast, and Orissa on the east coast were chosen and
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a detailed analysis of the regional attributes made. A comparative study based on
climate, soils and cropping pattern led to the identification of 17 different
agro-ecological zones. Each agro-ecological zone was identified by the combination of a certain limit of moisture adequacy with a particular variety of soil. The
broad limit of moisture adequacy and the categories of different soils were
classified and are discussed. This attempt at agro-ecological zonation utilising
the concept of moisture adequacy in the place of rainfall appears more rational
since rainfall never fully reflects the moisture status of a region. On the other
hand, moisture adequacy which is derived from water balance study is more
comprehensive and is of particular significance in rainfed and dry farming areas
where developmental programmes in agriculture need emphasis.

512 P

Mapping soil nutrient status and fertilizer requirements
in the tropics: Soil P
R.S. YOST, R.L. FOX AND P. VAN DER ZAAG
Department of Agronomy and Soil Science, College of Tropical Agriculture and Human Resources,
University of Hawaii, 3190 Maile Way, Honolulu, Hawaii 96822, USA

Assessment of fertilizer requirements for optimal food production should be
based on accurate and current soils information. Calibrating crop requirements
for nutrients with soil properties related to nutrient supply also requires accurate
assessments of soil information on a large scale. Soil properties, and P sorption
in particular, were assessed for Hawaii Island by two approaches. In one the
existing soil survey and soil classification was tested for the category that best
grouped P sorption data and that category (soil series) was used to prepare a map
of P sorption by soils of the Island. A second approach (no soil survey used) used
a geostatistical method (Kriging). This method exploits spatial dependence of
soil properties to optimally estimate unvisited areas and give estimates of reliability of the resulting map. The soil-survey-based approach permitted far more
detailed maps although without estimates of reliability. The geostatistical
approach was far less costly although it did require considerable machine computation. The geostatistical approach seems useful as a supplementary method
for making soil surveys and can provide new information which improves the soil
survey approach.
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APPLICATIONS OF SOIL SURVEY
513

Land classification in ancient India(2500 B.C.-A.D. 600)
S.P. RAYCHAUDHURI
Chief Agronomist, Shriram Khad Programme, 71, Nehru Place, New Delhi-110019, India

Land classification relates to grouping of lands according to their suitability for
producing plants of economic importance. The utilitarian object of modern soil
survey and soil classification is to assess inventories of soil resources and their
proper land use. The modern concept of land classification for land use planning
is described as the determining of types of production, use and service that can be
obtained from the land that will yield the highest social and economic benefits to
the people dependent thereon. Pari passu, with the tremendous development in
modern agricultural science, it seems interesting to look back to the culture in
ancient times. Agriculture was the mainstay of the people in ancient India. It is
but natural to enquire into their knowledge of soil and lands and how this
knowledge was utilized by them (2500 B.C. to A.D. 600).

514

National soil quality monitoring system in the Socialist
Republic of Romania
C. RAUTA AND S. CARSTEA
Research Institute for Soil Science and Agrochemistry, Bucharest, Romania

The paper deals with the national environmental quality monitoring system and
technical standards for agricultural soil quality protection. At present, the
system includes the parameters concerning agrochemical characterization of
agricultural soils (pH, nitrogen, phosphorus, potassium), soil salinization and
waterlogging within irrigated areas, arable soil pollution with organochlorine
pesticide residues, nitrate pollution of soil and groundwaters within irrigated
areas, industrial sources of heavy metal and fluoride pollution and the areas
under their impact, soil erosion, etc. The organizational and operational aspects
are also briefly presented, as well as the main lines of work for the future.
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515

Land classification according to the corrosivity for underground cables and pipes
RUXANDRA BOGACI AND N. FLOREA
Research Institute for Soil Science and Agrochemistry, Bucharest, Romania

A proper placement of underground cables and pipes in order to avoid important
material losses is a universal concern. The present work suggests a land classification according to the corrosivity for underground cables and pipes based on soil
characteristics obtainable from soil maps and on other available data including
drainage, mechanical composition, pH, salinity, ECe etc. The use of soil maps is
thus extended in the engineering fields. The presented land classification contains classes (according to the corrosivity degree) and subclasses (considering the
nature of factors determining the corrosivity) and it offers the necessary information for nature of needed protection. The paper also presents a Romanian soil
classification using soil resistivity as criterion. This parameter is indicative of the
soil corrosivity and is based on many properties influencing this. The principal
factors determining the corrosivity and the additional analysis needed for their
determinations are mentioned for each category. Considering the criteria and
other elements described, it becomes easy to transform a soil map into a map with
classes and subclasses of corrosivity for underground cables and pipes. Such a
soil map interpretation and transformation is exemplified.

516

Soil survey and land evaluation—a case study for heavy
clay soils in The Netherlands
J. BOUMA, C. BELMANS, L.W. DEKKER AND H. BLAAS
Netherlands Soil Survey Institute, Box 98 6700 AB Wageningen, The Netherlands

Land evaluation of clay soils is difficult because soil water regimes are difficult to
characterize with existing techniques and theoretical concepts. The two land
qualities: Water availability and trafficability are discussed as a case study, using
computer simulation techniques for prediction purposes. New morphological
methods are used to modify the flow models to make them suitable for characterizing flow in clay soils. Water availability is calculated for different years as a
function of weather conditions and water-table levels. Trafficability is expressed
in terms of the number of days when the pressure head in surface soil is below a
critical level for compaction. The latter needs to be determined independantly.
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Present state and prospects of aerospace methods for soil
cover studies
V.L. ANDRONIKOV AND Y.A. LIVEROVSKI
Dokuchaev Soil Institute, Pyjevski, Moscow 17, USSR

Main scientific problems and practical tasks in the field of pedology which can
be solved with aerospace methods are divided into 3 types:
(a) tasks which can be solved with a non-priority information (keeping
record, monitoring and control of soil resources),
(b) tasks which need an urgent aerospace information, and
(c) very urgent tasks of each agricultural year.
The study of soil spectral reflective capacity and spectral contrasts provide us
with objective diagnosis of different soils and their qualities such as humidity and
humus per centage. It also helps in discovering new soil formation on different
rocks. Soil interpretation on multizonal and scanner photos is better than on
ordinary ones. These photos give us the possibility of using a new sign which is
multizonal brightness and also to interpret photos in a narrow part of spectrum,
visible and infrared zones.
Aero and space photos were used to study soil cover patterns. A classification
of soil photo pictures based on genetico-geometrical and spectral principles was
worked out. With an electronic analyser of pictures studies were made of
morphometric characteristics of soil cover. Machine interpretation of delta
tertiory soils in interactive regime was also done. Aerospace methods were 1.5 to
2 times more precise than the ordinary for soil topographic surveys.

six

Remote sensing in soil mapping using computer
techniques
K..V. SESHAGIRI RAO, 1 R.L. KARALE 1 AND A.N SINGH :
I. All India Soil and Land Use Survey. Hyderabad, Andhra Pradesh, India; 2. National Remote
Sensing Agency, Secunderabad, Andhra Pradesh. India

Computer (M-DAS) analysis of Landsat-1 imagery was carried out with limited
field check for compilation of a soil map of a part of Peddavagu subcatchment in
Andhra Pradesh, India. The level of abstraction attained was association of
great-groups. The same area had been mapped by systematic interpretation of
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panchromatic aerial photographs to evaluate percentage accuracy and efficiency
in each case compared to conventional soil map drawn by field traversing.
The results revealed that computer generated soil map was more accurate
than that made by conventional method at the abstraction level of broad reconnaissance mapping. Compared to these techniques systematic aerial photointerpretation helped to compile more detailed map. It was further brought out
that the efficiency of mapping was in the ratio of 1:2:10 for conventional, aerial
photo-interpretation and remote sensing techniques respectively, notwithstanding the costs involved. The details of methodology, statistics of accuracy and
efficiency of mapping by the different methods are presented and discussed.

519 P

Soil maps for secondary schools
E.N. RUDNEVA
Dokuchaev Soil Institute, Pyjevski, Moscow 17, USSR

The need for soil maps for secondary school teaching is brought out. Principles
of compiling a wall map of soils at 1:20 million scale are given with description of
soils tieing them to the factors of soil formation, namely, climate, vegetation,
relief and geology to reflect latitudinal and vertical zones of soil cover to assess
soil resources at continental level for agriculture and forestry. Method of distinguishing different soils on the map using different colours, symbols and legend is
explained.

520 p

International technical assistance in soil survey and
classification
HARI ESWARAN AND RICHARD L. GUTHRIE
Soil Conservation Service, USDA, Washington, DC, USA

The basic goal of increased food production and conservation of soil resources in
developing countries by assisting in the development of the prerequisites for soil
based agrotechnology transfers among tropical and subtropical countries is
achieved through a program of international technical assistance of the Soil
Conservation Service of USDA The program, funded by the Agency for Inter-
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national Development, seeks to provide short-term technical assistance in soil
surveys, land use planning, and the management and conservation of soil
resources.
The awareness in many countries of the value of soil surveys in planning for
increased food production and conservation of renewable natural resources has
resulted in an increased demand of not merely soil survey information, but also
information of high quality and detail. The need for a more consistent approach
to soil mapping and classification, in order to facilitate technology transfer,
requires assistance in training of field Soil Scientists, and the design of resource
inventory projects. Soil Taxonomy, serving as a common language, is the key to
agro technology transfer, and the general strategy for the increased use and
application of this system is discussed.

521 P

Digital analysis of multidate landsat data for monitoring
soil salinization in north Indian plains
A.N. SINGH
National Remote Sensing Agency Secunderabad, India

Multispectral scanner data collected by Landsat satallites on 12th June, 1974;
28th February, 1975 and 12th December, 1975, representing three different soil
cover conditions were used for delineation of salt-affected soils. A test site
covering approximately 150 sq. km was selected in the Ganges plain of Uttar
Pradesh. Data collected in February provided the best delineation among saltaffected categories. Different sun angles influence the spectral pattern and
consequently the separation of salt-affected lands.

522 P

Utility of landsat imagery in detection and classification
of major soil associations over a part of the Punjab Plains
(India)
J.L.D. HOORE, H.S. TEOTIA AND R. GOMBEER
Soil and Remote Sensing Division, Katholieke Universiteit Leuven, de Croylaan 42, 3030 Leuven
(Heverlee), Belgium

The objective of this investigation was to compare and correlate ground informa-
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tions gathered over the area with the scene ID 2364-04482 (21 January, 1976) and
to prepare tentative soil associations map. The area lies between 29°08' and
31°02' N and 74°06' and 76°28'E over the Punjab plains of India. The major
problems of the area are related to soil and water management planning with
respect to erosion, salinity-alkalinity, drought, levelling, high water table, and
inadequate drainage etc.
In this study the multispectral colour composites prepared either from positive band 4, 5 and 6 or 7, or from negative contrast enhanced band 5 and 7, were
projected on a blank map scale: (1/500.000). Areas homogeneous in colour or
pattern were delineated and identified, based on a generalized interpretation key
and by comparsion with ground informations. Three major soil associations
were identified: Alluvial plain soils (soils of flat upper plains, flood plain soils,
saline-alkali and alkali soils), Sierozemic soils of alluvial origin, Desert riverine
soils. Further more, these soils were grouped in terms of great groups (USDA,
Soil Taxonomy, 1975). A good correlation was found between major landforms
discerned on the imagery and major soil units. Thus, this approach may be
beneficial for a reconnaissance soil survey in other parts of India also.

52.1 P

Suitability rating of Kundam soils for teak-a case study
using aerial photo-interpretation techniques
H.S. IYER AND B.R.M. RAO
Indian Photo-interpretation Institute (NRSA), Dehradun, Uttar Pradesh, India

A semi-detailed soil survey of Kundam Project Division of the Madhya Pradesh
state Forest Development Corporation, India was conducted using aerial photointerpretation technique following the physiographic approach. The mapping
units were classified into five teak (Tectona grandis) suitability classes based on
site and soil characteristics.
Mesa tops, escarpments and side slopes of mesas of basalt landscape and
ridges with side slopes of dykes were classified as highly suitable. Cultivated mesa
tops and foot slopes of basalt hills, and escarpments and side slopes of shale hills
were categorized as moderately suitable. The top and foot slopes of shale hills
and dykes, valleys of basalt landscape and level to undulating plains and toe
slopes of sandstone hills were classified as marginally suitable. The side slopes
and foot slopes of sandstone hills were identified as currently of not suitable
class. The hill tops of sandstone and valleys of shale hills were grouped as
permanently of unsuitable class. The soil moisture regime and the drainage
characteristics were important criteria for the teak suitability classification of
soils.
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SOILS OF ARID ZONES
524

Major soils of the arid and semiarid regions of India and
their taxonomie problems
JAWAHAR L. SEHGAL' AND R.P. DHIR2
1. Punjab Agricultural University, Ludhiana, Punjab, India; 2. Arid Zone Research Institute,
Jodhpur, Rajasthan, India

Arid and semiarid climates cover about 42 per cent of the land area in 1 ndia. Soils
in arid regions are developed on alluvial or aeolian parent materials under
conditions of low rainfall, high temperature, and sparse vegetation and have an
Ochric epipedon underlain by a Cambic, Calcic or a Salic horizon. According to
Soil Texonomy, these soils key out as Camborthids, Calciorthids, Salorthids,
and Torripsamments. However, their classification at the subgroup level does
not depict their true nature. Hence a redefinition of the Cambic horizon and new
subgroups are proposed to accommodate these soils. The soils with textures of
loamy fine sand with developed structures would be classified as Camborthids by
broadening the criteria of the Cambic horizon to include textures of loamy fine
sand. A new subgroup, Torripsammentic Camborthid, is proposed to indicate
the sandy nature.
The high salt content in slowly permeable saline-sodic soils of the Indogangetic plain is defined by a Salic subgroup proposed for the Halaquepts,
Natrustalfs, Natraqualfs, and related great groups. The stratified, salt-affected
soils of the coastal areas would be classified in a new subgroup of Fluventic
Salorthids. Soils of sand dunes are Torripsamments in Rajasthan, and Ustipsamments in Punjab and Gujarat. The proposed new classification, besides emphasizing the main characteristic of these soils, results in better grouping for practical
land use.

S25

Characteristics and geomorphic relationships of some
representative Aridisols in southern Iran
HOSSEIN A. GHARAEE AND RAMEZ A. MAHJOORY
Soil Science Department, Shiraz University, Shiraz, Iran

The morphology, genesis and classification of three pedons each located in
different physiography were investigated in 77000 hectares of agricultural lands
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in southern Iran. The three representative pedons were: pedon I, Beyza series
located on piedmont alluvial plain; pedon 2, Takht-E-Jamshid (Persepolis) series
located on upland alluvial; and pedon 3, Kooshkak (Jamalabad) series located
on the lowland alluvial plains. These series represent 57 per cent of the total study
area. Pedon 1 is classified as Xerollic Comborthid, pedon 2 as Xerllic Calciorthid
and pedon 3 as Xerolic Haplargid.
Physico-chemical studies indicate that the soils are calcareous throughout
and the carbonates occur in the forms of concretions, nodules and powdery
pockets. The average amounts of carbonates in pedons 1, 2 and 3 are 50, 37 and
57 per cent respectively. Most organic matter contents are 1 per cent, decreasing
with depth in each pedon. The electrical conductivity (EC) values vary within the
ranges of 0.5-2.6, 1.7-2.4 and 0.8-2.0 mmhos/cm and the average pH values are
7.7, 7.6 and 8.2 in pedons 1,2 and 3 respectively. X-ray diffraction analysis of 2/zm
clay fraction indicate that the soils contain regularly interstratified smectitevermiculite and/or chlorite; clay mica-vermiculate or chlorite and some discrete
vermiculite, chlorite, clay mica, kaolinite and quartz. Attapolgite is found in
pedons 1 and 3. Quantitatively, the average smectite contents of pedons I, 2 and 3
are 16, 12 and 17 per cent, vermiculite 27, 25 and 25 per cent and clay mica 30, 30
and 22 per cent respectively.

526

Soils of arid tropics with reference to Kachchha district,
Gujarat state, India
R.J. LANDEY, S. VAIDIVELU AND G.S. VAIDYA
National Bureau of Soil Survey and Land Use Planning Nagpur-440006, Maharashtra, India

The Kachchha district is characterised by the plantation surfaces of Jurassic to
Late Tertiary rocks that are partly covered by sand and mud deposits of succeeding marine transgressions. It has an arid climate presently. Morphological,
chemical and granulometric analysis showed a multicyclic development of soils.
Four soils viz., Desalpar, Adesar, Jangi and Lakhpat series exhibiting an argillic
horizon were presumed to have acquired this characteristic in a humid climate
during the late tertiary although some morphological manifestations of the
present day climate were also discernible. Desalpur and Adesar soils were
assigned to Typic Paleargids while Lakhpat and Jangi soils were Typic Natrargids. The soils without an argillic horizon appear to have developed under the
present climatic regime. Based on their characteristics the latter soils have been
assigned to the following taxa: Rampur series-Lithic Camborthids, Padana and
Luni series—Typic Calciorthids, Jarpara series—Ustochreptic Camborthids, Balasar series—Typic Ustipsamments and Fatehgarh series Typic Salorthids.
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Pedogenic carbonate in aridic soils—depth and
mechanism of carbonate precipitation
D.H. YAALON
Institute of Earth Sciences, The Hebrew University, Jerusalem, Israel

The redistribution of calcium carbonate and the formation of calcic horizons is
one of the most prominent processes which characterizes aridic soils. The relationship between depth of CaCOi accumulation and rainfall was determined for
the loessial calcareous soils of Israel with a mean annual rainfall of 50 to 500 mm.
A statistically significant quadratic or exponential function between depth to top
of the calcic horizon and rainfall best expressed this relationship. This indicates
that even in the most arid environments there is some redistribution of CaCU3,
increasing exponentially with increasing rainfall, until a limiting value when
percolative leaching exceeds evapotranspiration.
The Israeli soils studied remain calcareous upto the surface as a result of a
slow but continuous accretion of calcareous dust which partly explains the more
moderate slope function. The calcic horizon/rainfall relationship is also a function of the more variable rainfall distribution in the desertie areas and hence the
exponential function reflects better the actual soil forming conditions than the
previously obtained linear functions (Jenny 1941; Arkley 1963).
Direct evaporation from depth and reduction of Pco ; are generally considered the processes leading to CaC0 3 precipitation in the calcic horizons. An
additional mechanism based on the mixing of two saturated solutions of different chemistry, which leads to supersaturation and CaC0 3 nucleation, is proposed and theoretically justified for many soil enviroments. A corollary of this
mechanism is that precipitation takes place during the wetting phase of the
wetting-drying cycles and even at low differences in moisture content, as exemplified by the formation of CaC0 3 nodules at depth in Vertisols. Other supporting
evidence for the new proposed mechanism will be presented.
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S28

Morphology and genesis of the calcic layer in soils of arid
Rajasthan
R.P. DHIR, D.C. JOSHl AND N. SINGH
Central Arid Zone Research Institute, Jodhpur. Rajasthan. India

Occurrence of a calcic layer is the most conspicuous pedogenic manifestation in
the soils of the region. Based on a study of 260 pedons, various forms of lime and
other morphological attributes of the calcic layer were described and a generalised distribution of the dominant forms shown on a map for an area of 29,000
km2. The studies revealed that the strongly cemented, plugged concretionary
formation and the lithic calcrete were associated with the Plio-pliestocene and
still older surfaces. The calcic layer in the dominant late Pleistocene alluvial plains
was a variable admixture of finely dispersed and hard, macro-crystalline concretionary forms. The concretions had a mean CaCCh and MgC0 3 contents of 81.6
and 1.8 per cent respectively, the rest being silicate residue. The radio-carbon
carbonate dates ranged from 11,300 to 33,700 years, B.C.
The observations suggest that lime enrichment has formed part of the aggradation process of these late pleistocene plains under a more moist climate than
that of present day. The segregation of lime involved both the alluvial carbonate
and that inherited. Evidence showed that the morphogenetic appearance of
calcic layer was not, essentially, a chronological sequence.

529

Criteria for mapping of calcimorphic soils of the
mediterranean region
A. RUELLAN
National Institute of Agronomic Research, 35042, Rennes CEDEX, France

Under mediterranean climate, soils may be developed along two paths: Calcimorphic path in which soils are supersaturated with respect to calcium and do
not have any A2 horizon, and acidic path along which upper horizons are
temporarily depleted in calcium, and an A2 horizon is formed. Mediterranean
red soils are intermediate between those two paths.
When calcimorphic soils get more confined, due to climatic, topographic or
lithologic factors, a number of morphologic features are changed: Ai horizon
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more or less pale colored, Ai and A2 more or less red coloured, calcium content in
A and B horizons, calcium carbonate accumulation, vertic features, gypsum and
soluble salts accumulation, and wetness. These changes are accounted for by
mapping at the level of pedological horizons.
GENESIS AND DISTRIBUTION OF VERTISOLS
S30

Geographical distribution of Vertisols and Vertic soils in
China
HUANG RUI-CAI AND WU SHAN-MEI
Department of Soils and Agricultural Chemistry, Nanjing Agricultural College, Nanjing, China

This paper deals with a preliminary map of Vertisols and Vertic soils in China,
compiled on the basis of different soil survey reports and publications. The
Vertisols and Vertic soils are present in ten different regions. According to "Soil
Taxonomy" (USDA, 1975) various kinds of Vertisols are present mostly in the
regions of Nanyang basin of the south-western Henan province, the Huai River
Plain, plain of western and northern Shandong Peninsula, the northern part of
Hainan Island and the Leizhou Peninsula respectively. Different Vertic soils are
present in the other regions. In the region of big lake basins of the Yangtze River
there are mostly Vertic Fluvaquents of different heavy clay parent materials.
They are not classified as Vertisols because of their low-lying topographic
position and aquic moisture regime of the soil.

531

Comparative diagnosis of Vertisols and Vertic
subgroups—a case study of peninsular India
J.C. BHATTACHARJEE, A.R. KALBANDE AND S. VADIVELU
National Bureau of Soil Survey and Land Use Planning, Nagpur, Maharashtra, India.

Soils of Typic Chromusterts and Vertic Ustropepts in peninsular India were
studied to define the diagnostic characteristics of these taxa. The diagnostic
characteristics in partial modification and some in addition to those already
given in Soil Taxonomy are brought out. Vertisols must have gilgai and intersecting slicken sides that form parallel piped structural aggregates with long
axis tilted at 30° to 60° from horizontal at depths between 30 to 160 cm; varying
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thickness of horizon-shallow at microknoll and deep at micro depression within
pedon; high values of liquid limit (LL), plasticity index (Ip) and co-efficient of
linear expansion (COLE); high activity number (A ^ 0.75), volume of shrinkage
(Vs ^ 50 per cent) and potential of linear extensibility (POLE ^ 6 cm). The
morphology of Vertic subgroups is marked with weak gilgai but absence of
varying thickness of horizon and tilted but not intersecting slicken sides. In some
parts of the pedon LL, COLE, POLE, Ip volume shrinkage and activity number
values may be similar as in Vertisols.

532

The nature and age of parent materials in the development and distribution of Mollisols and Vertisols in the
Pampa plains of Argentina and Uruguay
CARLOS O. SCOPPA
I.N.T.A., Buenos Aires 1033, Argentina

The genesis of a typical sequence of Mollisols and Vertisols of the Pampean
region of Argentina and Uruguay was studied through sedimentological and
mineralogical techniques.
The interpretation of the detailed grain size distribution, statistical parameters and the different linkages showed that the granulometric gradation existing
in the parent material of the Mollisols was responsible for the differentiation
existing in this order. This was confirmed by the mineralogical composition of
sands and clays and proved that Vertisols had developed from older materials
which had a different origin.
The result showed the effectiveness of the sedimentological analysis for the
genetic study of the soils which has received little attention thus far.

533

The taxonomie classification of poorly drained Vertisols
J.A. COMERMA AND O. LUQUE
Centro Nacional de Investigaciones Agropecuarias - FONAIAP, Maracay 2101, Venezuela

In Soil Taxonomy the Great Groups "Chrom" and "Pellus" were supposed to
separate better drained from the poorly drained Vertisols. A study of this subject
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was started, selecting 77 profiles of well characterized Vertisols in Venezuela, of
which 40 corresponded to Pellusterts and 37 to Chromusterts.
It is proposed that "poorly drained" Vertisols for our condition, would be
those with classes very poorly (0) and poorly drained (1), that have water on the
surface of the soil for 3 or more months, and that have slopes of less than 1 per
cent. Using this definition 95 per cent of our Pellusterts and 46 per cent of the
Chromusterts were grouped together. Considering this an unaceptable criteria
of grouping, we analyzed alternative criteria for all "poorly drained" Vertisols
versus the others. Using dominant chromas of 2 or less, on the ped surfaces, in
the upper 50 cm, we were able to differentiate "poorly drained" from the "better
drained" ones. This could serve as criteria to define a new sub-order, the
Aquerts, if a good and agreeable definition for an aquic moisture regime in
Vertisols is found.

534

Vertisols of Pochampad catchment and their genesis
N.K. SHENDE, V.S. DESHMUK.H AND P. RUDRA
All India Soil and Land Use Survey, Regional Centre, Nagpur, India

Vertisol pedons in semi arid tropics on Deccan trap and granite gneiss were
studied in Peninsular India. The soils derived from granite gneiss were significantly different from the soils derived from Deccan trap. The soils were placed in
the great group Chromusterts. This is well corroborated by high clay content ( >
30 per cent), cation exchange capacity (CEC) of soils ( > 35 me/100 g), the
presence of expanding type of clay minerals and highCOLE values(0.07to0.21)
indicating considerable shrink-swell potential. The monobasic nature of Hunda
clay developed on basalt and dibasic nature of Timmapur caly on granitic gneiss
as well as content of K 2 0 (1.3 to 2.1) and CEC 48.6 to 58.2 me/100 g of clay
indicated the presence of more non-expanding clay minerals in soil dervied from
granitic gneiss.
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535

Geochemistry of Vertisol formation
E.M. SAMOILOVA, V.A. KOVDA, L.S. TRAVNIKOVA, T.M. SILEVA
AND V.I. MAKEEVA
Moscow State University, Moscow, USSR

The geochemistry of Vertisols formation was studied using soils of geochemically
associated landscapes of the Alasan Valley, Transcaucasia, USSR. Soil morphology and micromorphology, chemical properties, composition of clays, and
amorphous substances in the fine fractions of black Vertisols and associated
cinnamonic soils and Solonetzs were studied. It was established that a heavy
texture together with montmorillonitic composition of the clays does not lead to
the formation of Vertisol in the eluvial landscapes. The vertic features appear in
soils of the transitional-accumulative landscapes where Si, Caand Mg are added
from the higher topographic positions and where soils are periodically overmoistened. The uniformity of the soil forming material and precipitation of
amorphous Si in pores and soil matrix favours the formation of Vertisols.

536 P

Micromorphology of some Vertisols of India
Y. NAGARAJARAO AND K.S. SUNDARA SARMA
Division of Agricultural Physics, Indian Agricultural Research Institute, New Delhi-1 10012, India

Micromorphological studies of soil samples from six Vertisol profiles representing different geological formations and rainfall regions have been made. The
profiles showed similarities as well as differences in their characteristics. Slickensided surfaces were not prominent in the profile from Bellary representing arid
tract and the depth of strongly developed slickensided surfaces varied in other
profiles. Vughs and planar voids were the void types commonly found. The
plasmic structures were of mosepic type and were generally more developed with
depth. Mosepic type were prominent in profiles from higher rainfall regions.
Bellary profile showed only insepic plasmic fabric.
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537 P

Some of the sub-groups of Vertisols, Alfisols and
Entisols in Dadra Nagar Haveli, India
R.R. BISWAS
All India Soil and Land Use Survey Organization, 207, N. S. C. Bose Road, Calcutta-40,
West Bengal, India

During detailed soil survey of Dadra Nagar Haveli, several soil series were
established based on a careful study of important morphological and micropedological features such as colour, texture, structure, cutans, pressure faces,
slickensides, parralle-lopipeds, cracks, haploidizationetc. to determine the type
of epipedons and diagnostic sub-surface horizons for grouping into appropriate
orders. Of these, seven typifying pedons, namely, Amli, Sili, Folandi, Randha,
Galonda, Bonta and Chauda, were selected and twentysix soil samples collected
for detailed laboratory analysis. These pedons were classified according to the
comprehensive system of soil classification, 7th approximation. Based on field
observations and laboratory data, the soils of Amli, Sili and Folandi scries were
grouped into Udic Chromusterts, the soils of Randha series into Udic Haplustalfs, soils of Galonda series into Ultic Haplustalfs and the soils of Bonta and
Chauda series into Lithic Ustorthents at the sub-group level.
FOREST SOILS
538

A re-assessment of Podzol—formation processes
V.C. FARMER, H.A. ANDERS,ON, M.L. BERROW, A. HEPBURN, J.D.
RUSSELL AND A.D. WALKER
The Macaulay Institute for Soil Research, Craigiebuckler, Aberdeen AB 9 2 QJ Scotland

The finding of imogolite, sometimes in substantial amounts, in the Bs horizon of
Scottish Podzols necessitates a revision of theories of podzol formation. This
observation has been extended further to postulate chemical and physical processes which could lead to the evolution of a profile along the genetic sequence:
Iron Podzol, Iron Humus Podzol, Peaty Podzol with thin iron pan. Positively
charged inorganic soils carry aluminium, silicon and iron from the A2 horizon,
and deposit them as imogolite, allophanes of the imogolite type, and iron oxides
in the Bs horizon. Subsequently, with the development of an H layer, colloidal
humus migrates through the A2 and precipitates on the positively charged
surfaces at the top of the Bs horizon, to form a Bh layer, whose colour is
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enhanced by remobilized Fe species trapped by the organic matter. In highrainfall area, seasonal water-logging above the oxide-impregnated Bs leads to a
thin iron pan, separating permanently oxidizing conditions below from seasonal
reducing conditions above.
539

Pedogenetic processes in forest soils on silty parent
materials in Belgium
E. VAN RANST
Laboratory for Pedology, State University of Ghent, Krijgslaan 271. B-9000 Ghent, Belgium.

The nature of the pedogenetic processes in these soils is related to the mineralogy
of the parent material. The soils developed in the loess of Central Belgium have a
well developed argillic horizon. The soils from the Ardennes have a cambic
horizon, sometimes overlying a horizon with slight clay accumulations. X-ray
diffraction and chemical analysis showed that the latter have more weatherable
primary minerals (trioctahedral chlorite and micas), while the calcareous loess
contains more smectite. The formation of the argillic horizon in the loess soils is
due predominantly to translocation and accumulation of these inherited smectites. In the Ardennes, the weathering of chlorite and micas in the top horizons
releases high amounts of Fe and Al which have a strong stabilizing effect on the
micropeds formed by faunal activity. This stability is at the origin of the cambic
horizon.

540

Soil relationships in four New Zealand beech forest
catchments
G. MEW AND I.B. CAMPBELL
Soil Bureau, Department of Scientific and Industrial Research, Nelson, New Zealand

Soils of 4 adjoining Nothofagus-forested hill country experimental catchments
(total 40 ha) in north-west South Island were studied. The finely-dissected hills
(490-580 m a.s.I.) are underlain by Late Tertiary/Early Quaternary weathered
conglomerates. Precipitation averages 1545 mm/annum. 141 profiles were described on spur to spur traverses covering all landform positions. Microsite
variation was due mainly to tree overturn processes.
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The soils form 3 groups; non-podzolised, (63 per cent), moderately podzolised, (30 per cent), and podzols, (7 per cent), with a clear topographic relationship. The first are mainly on lower slopes, the second on intermediate slopes and
the third on upper spur slopes, but tree overturn complicates the distribution
pattern. All soils are strongly leached and weathered. Kaolinite is inherited from
parent materials but montmorillonite and micas are formed through contemporary weathering. Soils are classified as Humults and Dystrochrepts. Although
some of the soils have spodic characteristics, they do not qualify as Spodosols
because their clay contents are too high.

541

Climate of humus-carbonate mountain-forest soils in
south-eastern part of the major Caucasus
G.A. ALIEV AND K.H.N. GASSANN
Institute of Geography, Azerbaijan SSR Academy of Sciences, Narimanov Avenue, 31,
Baku-370143, USSR

The paper sums up observations of a ten year study on thermal, moisture and air
regimes in humus-carbonate soils under oak, yew-beech and beech forests at an
elevation of 1450 m above m.s.1. in the Caucasus. The results suggested that soil
temperature is influenced more by the crown density and ground litter than by
the slope direction. Data on moisture regime established seasonal, interannual
and forest type variations. In general the sites experienced periodical excess
moisture during March and April and then again during November and
December, whereas in July and August the soil was relatively dry. Under oak, the
mean content of CO2 in soil air in 150 cm profile depth was found to range
between 0.49 to 0.63 per cent. Further soil surface released 1.22 to 1.86 kg of
CC^/ha/hour. Both these values are appreciably lower under the yew-beech and
under beech forests.
Over all, the sites can be classified as having always a positive type of
temperature regime (with cold, moderately cold and moderately warm sub
types), a moist hydrologie regime with periodical leaching and an above average,
biological activity regime. Further sub-divisions have also been suggested.
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542

Forms of Al and Fe and their pedogenic distribution in
the selected soil profiles from Himalayan region of northwest India
S.D. VERMA
Department of Soil Science and Water Management, Himachal Pradesh Agricultural University,
Palampur-176062, Himachal Pradesh, India

The content of various forms of Al and Fe (oxalate and dithionite extractable)
were determined in seven soil profiles from humid temperate, subhumid temperate and subhumid subtropical zones located in a part of the Himalayas. Hitherto,
podzols were not regarded to develop in the humid temperate zone. On the
contrary, amount and profile distribution of these forms of Aland Fe confirmed
the occurrence of podzols which were further differentiated from associated
podzolic and non-podzolic soils. Podzols showed a considerable accumulation
of organic matter and amorphous Al and Fe in B horizon as revealed by higher
active Al and Fe ratios than in the associated podzolic and non-podzolic soils.
Both the forms of Al and Fe were higher in the soils of humid temperate zone in
comparison to those of subhumid temperate and subhumid subtropical zones
which were found to be related to the degree of weathering and rock type.

Variability of the properties of alluvial soils and their
importance for the productivity of poplar trees
NIKOLA ZIVANOV
Faculty of Agriculture, Institute of Poplar Growing, Novi Sad, Yugoslavia

The soil in a flood plain of the Danube River was examined for the granulometric
composition and texture over an area of 5.23 ha. The examined parameters were
found to be highly variable. The granulometric composition of this typical
alluvial soil may be exemplified by the following coefficients of variation (V):
V = 107.6 per cent for the coarse sand fraction;
V = 23.8 per cent for the fine sand fraction;
V = 119.0 per cent for the silt fraction;
V = 123.0 per cent for the clay fraction;
The presence of gley horizons was also highly variable.
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The decisive factor for successfully growing poplar trees on typical alluvial
soils is the average texture, i.e., the quantitites of silt + clay in the soil layer
30-150 cm. In our investigation, the average value for this parameter ranged
from 2.9 to 38.0 percent. This variability of fractions in the above mentioned soil
layer resulted in differences in the productivity of the poplar clone 1-214.
In a seven-year period, the yield of trunk of the clone 1-214 varied from 27.0
m'/ha to 163 m 3 /ha, i.e., the average gain ranged from 3.9 m 3 /ha to 22.4 m 3 /ha.
Presently, some technical and some vague economic reasons hinder the
introduction of the production "for trunk" in the examined locality. Instead, two
productional categories of soil were differentiated: a deep sandy and a deep
clay—clayey sandy soil. Planting to the gley horizon is practiced on the former
soil, conventional planting on the latter.
On-site experiments should be conducted to determine the importance of the
alignment of the technology of poplar growing, primarily planting depth, fertilization, and watering with the properties of the alluvial soil of the micro-site
around each tree.

544 P

Studies of soil biosequences of south Kheri forest division
with reference to vegetation
J.S. SAMRA, R.M. SINGHAL, S.K. SHARMA, K. SINGH AND S.D.
SHARMA
Forest Research Institute and College, Dehradun, Uttar Pradesh, India

Some morphological and physico chemical characteristics which are indicative
of the stage of soil development were studied in the context of existing natural
vegetation. Migration of clay, development of thick B and thin A horizon, clear
and smooth boundaries and comparatively more phytocycling of Ca than Mg
from C to A horizon in the matured wood lands of sal (Shorea robusta) have
given rise to well developed pedons of Argiustolls and Haplustalfs. Terminalia
alata has come up as a natural associate to sal (Shorea robusta) in Argiustolls and
Haplustalfs containing high clay. From the soil development view point, the
Haplustolls on account of absence of clay migration, thick A and B horizon with
gradual and smooth boundaries of the lower layers, seem to be in-between
Ustochrepts and Argiustolls/ Haplustalfs. Haplustolls represent a better habital
type for the growth of sal {Shorea robusta). Comparatively less developed
Fluventic Ustochrepts are associated with early stages of vegetation consisting of
grasses and sal (Shorea robusta) in seedling, whipy and sub-whipy stages with
crinckled and twisted appearances. Some of the comparatively more developed
soil sequences of Udic Ustochrepts are under sal (Shorea robusta) in advanced
pole stage.
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Soil solutions of Chernozems in the southern east
European plain
V.A.KOVDA, T.L. BYSTRITSKAYA, V.V. VOLKOVA, V.V. SNAK.IN
Institute of Agrochemistry and Soil Science, the USSR Academy of Sciences. Puschino. 142292.
USSR

The paper contains results of perennial studies of the composition and dynamics
of soil solutions in virgin (under the cover of Stipa lessingiana + Festuca sulcata
+ Herba varia) and plowed Chernozems during the warm period (April October)
of the year. Solutions were replaced with ethanol from fresh samples and also
studied in situ with the help of Soviet made ion-selective electrodes.
The ionic composition and general mineralization of soil solutions were
established within the soil stratum undergoing modern soil formation. It has
been shown that differences in the composition of soil solutions of virgin and
plowed Chernozems manifested, primarily, in the depletion of organic carbon
and some biophilic elements (e.g., potassium) in the plowed Chernozem. The data
on seasonal and daily dynamics of the composition of soil solutions are given. A
close relation of this dynamics and the cyclic character of higher vegetation
functioning is noted, both in the seasonal, and especially in the daily cycles. The
results obtained testify to considerable differences in modern soil-forming processes of plowed soils and soils of natural ecosystems.

546 P

Some considerations on soil productivity under
agroforestry landuse systems
P.K.R. NA1R
International Council for Research in Agroforestry, P.O. Box 30677, Nairobi, Kenya

Although the art of agroforestry is old, the science is new; there is no substantial
body of knowledge on any of its operational aspects including soil management.
However, in view of the potential of agroforestry as a sustainable landuse
system—especially for low-input situations and marginal lands—it is necessary
to develop its scientific premises, essentially by a synthesis of the existing
knowledge from relevant situations. Shifting cultivation, taungya, plantation
agriculture and forestry, and multiple cropping are the dominant landuse systems of relevance in this context. Moreover, farming systems such as alley
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cropping, mulch farming, intercropping in tree crop stands and integration of
trees on farmlands in dry regions also indicate the productive and protective
value of trees on farmlands.
Based on the available evidences from these landuse systems, some postulations could be made on the advantages that can be expected if compatible species
of trees are properly incorporated on farmlands. These include improvements in
soil fertility (organic matter relations, nutrient cycling, nitrogen fixation by tree
legumes, reduction of leaching loss of nutrients) soil microbiological aspects
(beneficial interactions, mycorhizae) soil physical conditions, soil conservation
and ecosystem stability.
However, these postulations should not lead to exaggerated expectations,
nor should agroforestry be considered a panacea. Intensive research efforts are
needed to validate these concepts and devise appropriate soil management
practices for diverse situations. Because of the complexity of the systems and
multiplicity of factors involved, the holistic approach of systems analysis appears
to be very useful in soils research in agroforestry.
FERRALITIC AND FERRUGINOUS SOILS
547

A contribution to the genesis of a so-called ferrolysed soil
of Bangladesh
M. EAQUB1 AND H.P. BLUME2
I. Department of Soil Science, BAU, Mymensingh, Bangladesh; 2. Institute of Soil Science,
Technical University of West-Berlin, Federal Republic of Germany

It was postulated by Brinkman (1970) that low clay contents in the surface
horizon of paddy soils (Planosols) was caused by clay destruction through
ferrolysis. In an effort to verify this, a rice profile from the site of Brinkman's
Eutric Planosol (Salna, Bangladesh) and a neighbouring forest soil (Dystric
Nitosol) of the same parent material and particle-size distribution (Bhawal
National Park) were investigated. The micro-structure, particle-size distribution,
mineral contents, pedogenic oxides, contents of Zr, Ti and K. of the fine earth and
individual fractions and also the exchangeable ions were studied.
Results showed that a little clay destruction and an enrichment of silt in the
top soil through vertisol formation and also through primary parent material
stratification were the reasons for low clay content in epipedons. In forest soil
there was a little clay migration, while the epipedon of the paddy soil had low clay
in addition, because of selective erosion during heavy rains following the destruction of structure by puddling. The ferrolysis as a dominant factor for a clay low
epipedon appeared a remote possibility, because the clay loss of the neighbouring
forest soil can not be explained by ferrolysis.
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The clay fraction of both soils was chloritised byinterlayeringof hydroxy-Al
in the smectite interlayers in the surface horizons and got stabilized. As a result
CEC showed some decrease. The forest profile had loose and uniform brownyellow surface horizon and was relatively rich in coarse sand at 62-75 cm depth
which might be caused by a strong termite activity as observed during sampling.
On the contrary, the frequent and alternate reducing and oxidizing conditions,
resutled in gleying the top soil and forming iron-oxide films on the surface of
aggregates during dry periods in the paddy soil.

548

Properties of some major soils of southern Guinea
Savanna, Nigeria
A.G. OJANUGA
Department of Sou Science. Ahmadu Bello University, Zaria, Nigeria

Four major soil series, namely, Owutu, Shepeteri, Titale and Woro, occurring in
the southern Guinea Savanna were described and classified. The area is characterized by a distinct dry season of about 4 months, a mean annual rainfall
between 1262 and 1342 mm and a mean monthly temperature between 25 and
28.9°C. All the soils are on erosional uplands drastically modified by colluviation. The soils have well-structured argillic horizons. Some soils have crystalline
iron oxide concentrations as structural mottles in the lower part of the argillic
horizon. Exchangeable cations are low to moderate in amount. CEC of the soil is
low(< 10 meq/100 g) reflecting the kaolinitic nature of soil clays. Base saturation
is moderate to high (> 35 per cent). The soils were classified under Haplustalfs
and Paleustalfs great groups. Due to certain peculiar properties of these soils, a
paraplinthite diagnostic horizon has been suggested to represent sesquioxide
mottles which do not harden irreversibly on exposure. For proper classification
under Soil Taxonomy, it has been proposed to redefine Ferrudalf and create a
new great group Ferrustalf. At sub group level Rhodic/Ulticoxic Haplustalf and
paraplinthic oxic Paleustalf have also been suggested.
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Some features affecting the classification of the "Red
Soils" of Indonesia
J.L. NANERE, N.T. LIVESEY, E.A. FITZPATRICK AND J. TINSLEY
Department of Soil Science, University of Aberdeen, Scotland, AB 9 2UE

The majority of the "Red" soils of west Java are designated by the Indonesian
1957 Classification System as either Latosolic or Podzolic. The latter correspond
with the more siliceous parent materials and contain abundant quartz, considered absent from the former soils.
Of three Latosols and three typical "Podzolic" soils studied not one matched
all eleven main characteristics of the 1978 red soil groups, especially in terms of
CEC values of clay fractions and degree of base saturation. Furthermore,
selective dissolution with pyrophosphate and alkali solutions did not indicate Fe
or Al translocation in the "Podzolic" profiles and revealed silica minerals in the
Latosols, even in clay fractions.
Erratic volcanic ash depositions render the significance of textural differences between horizons uncertain. Thin sections show clay " coatings" to be the
result of weathering and local reorganization, not translocation.
We conclude that the term Podzolic is inappropriate for soils so called
hitherto.

*50

Transformation of iron oxides in soil and its significance
CHEN CHIA-FANG HE QUN
Nanjing Institute of Soil Science, Academia Sinica, Nanjing, China

x

h e present paper deals mainly with the transformation of iron oxides in soil. It is
inferred that activation and ageing may comprehensively reflect the transformation of iron oxides in soil. Ageing of iron oxides in soil is not reversible, but
aged iron oxides may be activated through several pathyways by the action of
organic matter and atmospheric factors (H2O, 0 2 and CO2).
The possible pathway of activation of iron oxides in soil may be suggested in
several modes as follows. These modes may be coexistent in soil.
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Ageing of iron oxides in soil is important, for example, the soil structure can
only be formed from the soil particles via dispersion and reaggangement after
their ageing. The main conditions for promotion of ageing of iron oxides in soil
are dehydration and duration of time, other factors such as radiant heat of the
sun and change of soil temperature can also influence it.

551

Environmental effects on goethite—hematite distribution
in soils
U. SCHWERTMANN, N. KAMPF, E. MURAD AND D.G. SCHULZE
Lehrstuhl für Bodemkunde, Technische Universitat München, D-8G50 Freising-Weihenstephan,
FRG

Hematite (Hm) and goethite (Gt), the most frequent Fe-oxides in soils, can form
from their common precursor ferrihydrite; Gt via a dissolution process and Hm
via a dehydration—recrystallization process. Because dehydration is involved, soil
temperature is an important factor in determining the relative proportion of
these two Fe-oxides in soils. This can be demonstrated bytwoclimo-sequencesof
soils, one in southern Brazil and the other in the northern foreland of the Alps in
Mid Europe. In each case, although under very different conditions, the ratio of
Hm to Gt increases with increasing (soilHemperature from east to west. Additionally, well aerated, "warm" soils (Alfisols) on calcareous gravel show Hm,
whereas nearby soils on silty material, being more moist and cooler do not.
A second factor is pH. Ferrihydrite, stored at 25°C under water in the pH
range of 2.5-12, transforms solely to Gt at pH 12. With decreasing pH, more and
more Hm is formed with a Hm-maximum near pH 7.5. A second Gt-maximum
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(96 per cent Gt, 4 per cent Hm) occurs at pH 4, whereas below pH 4 Hm again
increases. The pH-dependance of Gt versus Hm formation can be explained as
follows: The rate of Gt formation depends on the concentration of monomeric Fe
species in solution, of which the monovalent forms are the most suitable. At pH
12 the concentration of Fe (OH)~4 is high, whereas the maximum for the concentration of the Fe(OH)+2 species is around pH4. Below pH 4 higher charged species
dominate which are less favourable for Gt formation. Hm formation, because it
does not proceed via solution, is a competitive reaction to Gt formation. Therefore, the more Hm is favoured, the less will Gt be favoured and vice versa. The
Hm maximum therefore occurs where the soluble Fe concentration is at its
minimum, which coincides with the point of zero charge of ferrihydrite, i.e., at
pH 7-8. This concept receives support from the Gt/Hm ratio in the Brazilian
soils which appears to increase with decreasing pH in the pH range of 4-6.
A third <factor is organic matter. By complexing Fe, it prevents ferrihydrite
formation, and favour Gt. This again was supported by observations in soils of
southern Brazil.

552

Comparison of the dynamics of ferrallitic and ferruginous
soils of West African Tropics. Effect of usage practice in
evaluating humid and dry tropical regions
E.J. ROOSE1 AND C. VALENTIN2
I. ORSTOM, Paris, France; 2. ORSTOM, Ivory Coast

Farming potentialities are higher under tropical than under temperate areas.
However famine threats many African regions and mechanization and fertilization are more expensive in relation to income from agriculture. This paper
summarizes the studies which ORSTOM and GERDAT are leading in west
Africa concerning actual evolution of two kinds of soils and the principles of
water and soil conservation. The main strategy in these areas should centre
around reducing water and nutrient losses through runoff and erosion and
maintaining a high level of biological activity and to compensate losses by
regular application of nutrients and organic matter. Details of experimental
results are provided.
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Mössbauer spectra of samples from a slope sequence of
soils from siliceous sediments in Fiji
C.W. CHILDS, D M . LESLIE AND K.M. GIDDENS
Soil Bureau, DSIR, Lower Mutt. New Zealand

The sequence occurs at Koronivia Agricultural Experimental Station south-east
coast of Viti Levu, and is representative of the soils of the region. Profiles from
four sites (flat interfluve, FI; convex backslope, CB; concave midslope, CM; and
footslope, F) were investigated. Horizon colours typically range from 10YR
3-4/3-4 to 5Y 5/3-4. All four soils are Inceptisols.
Selected samples and various fractions were examined by Fe-57 Moessbauer
spectroscopy. All spectra at 295K have predominant FE(III) paramagnetic
doublets attributable to ferric iron in oxides with short range order and in clay
minerals. They also have 6-line magnetic hyperfine components attributable to
magnetite and, in CM and F only, Fe(II) doublets attributable to ferrous iron
in primary minerals.
Spectra at 77K for Fl and CB samples have predominant 6-line components,
attributable to secondary iron oxides, but for the CM and F samples the Fe(IlI)
doublets remain predominant.
These spectra, and their implications in relation to the sequence, will be
presented and discussed.
TROPICAL SOILS AND THEIR PRODUCTIVITY
554

Considerations on a reasoned structuralization of
fundamental pedological processes
GEORGES PEDRO
National Institute of Agronomical Research, Soils Laboratory, C.N.R. A.. 78000. Versailles. France

A detailed analysis of fundamental processes of pedological evolution in the light
of the latest findings as to biogeochemical, mineralogical and granulometric
aspects of pedogenesis on crystalline alumino-silicatt rocks is presented. This
analysis is based on the nature of various geochemical weathering phenomena on
the one hand, and on problems related to the organisation of plasmic elements
(pedoplasmation)and their possible transfer as particles on the other hand. With
reference to the latter aspect, two major types of "pedogenesis" are considered:
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"associative" pedogenesis in which plasma-skeleton links are disrupted and
plasma is redistributed. Further, a newstructuralization of fundamental pedogenetic phenomena is proposed based on the observation of three major phyla at
the earth surface. These are:
I — Process with predominant biogeochemical evolution without plasma
formation or with plasma destruction,
II — Process with predominant biogeochemical evolution with plasma in
situ formation and reorganization, and
III — Process with predominant texturalevolution with plasma mobilization
and redistribution.

555

Some implications of testing the Andisol proposal
M.L. LEAMY
Soil Bureau, Department of Scientific and Industrial Research, Lower Hutt, New Zealand

In 1978 Dr. Guy D. Smith circulated "A Preliminary Proposal for Reclassification of Andepts and some Andic Subgroups". This proposal is the basis
for the discussions and operations of the International Committee for the
Classification of Andisols (ICOMAND). To date these discussions have taken
place through three circular distributed to about 100 scientists throughout the
world; a seminar in Tokyo, Japan; a discussion group and field trips in association with the "Soils with Variable Charge" Conference in New Zealand; and field
trips in Kenya, Indonesia and Fiji.
Some of the proposed amendments to the proposal which have arisen from
these consultations are outlined. They include suggestions that the definition of
Andisols be on the presence of "andic soil properties" or "vitric soil properties";
that the suborder Tropand be replaced by a suborder Orthand; that the bulk
density parameter be more widely tested to validate its relevance; that criteria for
indicating variable charge properties include physical parameters; and others.
The ongoing programme required to bring a revised Andisol proposal to the
point where it can be submitted for approval is outlined.
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556

Formation, classification and potential productivity of
soils of subtropical Bundelkhand region, India
RAJ KUMAR, G.S. SIDHU, S.N. DESHMUKH AND R.K.. SAXENA
National Bureau of Soil Survey and Land Use Planning. Nagpur-440006, Maharashtra. India

A land resource inventory survey was carried out in the Bundelkhand region of
Madhya Pradesh, India. The pattern of land forms and parent material were
found to dominantly influence the soil development. Morphological studies and
laboratory characterization of soils with AC and ABC profiles were carried out.
Results showed illite as the dominant clay mineral in the hills, plateau and
pediment areas while expanding lattice type dominated the soils with AC profile
on piedmont and alluvial plains. Assessment of productivity potential indicated
solum depth as the limiting factor in upper land forms while compacted extensive
clayey texture is the limitation in piedmont, and alluvial plains for normal crop
husbandry. Judicious use of irrigation, soil conservation and proper fertilization
would help in the better use of piedmont and alluvial plain soils.

557

A strategical approach to optimise land use for perennial
agriculture in the tropics: A case study of Peninsular
Malaysia
ARIFFIN BIN MOHD. NOR AND CHAN HEUN YIN
Rubber Research Institute of Malaysia, Kuala Lampur, Malaysia

Past experiences have shown that on existing cultivated areas, the allocation of
land use for different crops has not followed a systematic and scientific approach.
Basically, the specific needs of the individual crops have not been considered and
much recent work has shown that soils suitability system for one perennial crop
varies from that for another. This paper attempts to review the current research
efforts on these aspects, identifies past improper practices and proposes appropriate strategical changes that need to be adopted in order that rational land use
policies can be formulated to optimally utilize the available agricultural land for
perennial agriculture in the country. The case of Peninsular Malaysia is taken to
illustrate several of the principles and concepts and the model developed in this
paper is applicable for other regions in the tropical belt although the specific
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details may vary. In view of the data presented, it is urged that, in future, serious
attention be paid to the proper choice of the soils for crops in any future
replanting programmes and to re-allocate (on existing lands) or allocate (on new
lands) where appropriate. The ultimate objective being to use land to its maximum capacity for optimum economic returns of crops.

558

Management of tropical soils under oil palm—a case
study of west Malaysia
K. SELVADURAI
FeWa Agricultural Services Corporation, No.37 Jalan Maktab, Kuala Lumpur 15-02, Malaysia

The problems encountered on highly weathered soils for the establishment of oil
palm are discussed. The effect of climatic factors and growth differences in the
initial stages especially on Lateritic soils is highlighted. Growth rate of oil palm at
different ages and yield records are discussed in relation to soil type. Management practices are suggested in relation to soil properties and climatic factors for
achieving a high level of production in oil palm. The importance of a detailed soil
map to implement these management practices are also presented.

559

A study of factors affecting pH of soils of Pakistan
G. SAEED KHAN AND CH. M. RAFIQ
Soil Survey of Pakistan, Lahore, Pakistan

The pH of most of the soil of Pakistan has been found to correlate in a general
way with environmental factors of parent material and climate but more specifically with soil factors of base saturation percentage (BSP), exchangeable sodium
percentage (ESP), amount and kind of salts and soil aeration. The dominant
parent material is calcareous alluvium of mixed mineralogy. Calcareous loess is
another important parent material. The greater part of Pakistan is arid and
semi-arid but some areas do have sub-humid and humid climate. The calcareousness of parent material and aridity of the climate are responsible for the alkaline
reaction (pH) of most of the soils of Pakistan. Certain soils, in the north and
north-eastern hilly areas, formed on acid igneous rocks and/or under subhumid
and humid climate have acidic reaction.
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Mangrove soils of eastern coast of India
c . MARIUS
Universite Louis Pasteur, Institut de Geologic, 1 Rue Blessig-67084, Strasbourg

Mangrove soils of Cauvery, Godavari and Ganga deltas of India under wet
tropical climate distributed in widely differing latitudinal settling have been
studied and compared with the Mangrove soils of Senegal in West Africa.
Avicennia tree forms the prominent vegetation cover and the soils are clayey in
Cauvery and Godavari deltas and silty in the Ganga delta. Their reaction is
neutral and carbon and sulphur content low. Magnesium is the dominant cation
in the exchange complex. Clay mineralogy is of smectite type in Cauvery and
Godavari delta soils and of illite-chlorite association in the Ganga delta.

561 P

Soil patterns in Australia as influenced by geomorphic
and pedologic history
R.F. ISBELL AND G.G. BECKMANN
CSIRO Division of Soils, Cummingham Laboratory, St. Lucia, Q 4067, Australia

Australia was tectonically stable in the early Tertiary and, with low relief, had a
uniform warm moist climate over the southern part of the continent. A low
erosion surface developed except in the east and south-east, and this was deeply
weathered. In the late Tertiary and in Quaternary continuing epeirogenic movements, which produced new erosion surfaces, were accompanied by cooler and
frequently drier conditions. Climate varied, especially in the Quaternary, changing weathering environments also.
The most widespread soils of Australia are sand soils on transported materials and on siliceous rocks, followed by Lithosols, red and yellow earths on old
land surfaces, cracking clays over a Droad arc in semi-arid eastern Australia, and
soils with differentiated profiles, especially in eastern coastal and sub-coastal
areas.
A few examples are given to show the importance of history in soil genesis in
Australia:
(a). South-western Western Australia (early Tertiary to present)—Lateritic
materials and red earths, solodics on stripped surfaces;

160

ABSTRACTS OF VOLUNTARY PAPERS

(b). North-east Queensland (late Tertiary-Pleistocene)—yellow and grey
earths on rises, red earths on lower slopes and drainage lines;
(c). South-east Queensland (late Tertiary-Pleistocene)—solodic soils on pediments and on alluvial plains;
(d). South-east New South Wales (mid-Pleistocene to present)—successions
of soil layers on slopes and plains.
SOIL FORMING FACTORS
562

Soil-landscape relationships in sub-equatorial Africa
J.M. de V1LLIERS', R W . F1TZPATRICK 2 , R.R. MAUD 1 ,
T.C. PARTRIDGE 4 , AND F. NETTERBERG 5
I. Department of Soil Science and Agrometeorology, University of Natal, P.O. Box 375, Pietermaritzburg; 2. Soil and Irrigation Research Institute, Department of Agriculture and Fisheries, Private
Bag X79, Pretoria; 3. Drennan, Maud and Partners, 1103 Escoval House, Smith Street Durban; 4.
Partridge, de Villiers and Associates, l2Cluny Road, Forest Town, Johannesburg; 5. National Road
Research Institute, Council for Scientific and Inudstrial Research, P.O. Box 275, Pretoria

The African subcontinent may be divided into three very broad physiographic
regions—an interior platform consisting of plateaux and gentle basins with high
elevation but low relief, a sloping, dissected marginal zone, and an escarpment
between the two. The latter is a prominent and nearly continuous feature,
breached only occasionally by major rivers, most of which still have narrow
gorges. Different geomorphic interpretations have been placed on the African
landscape. These are summarized and evaluated against contemporary knowledge of soil geography. Starting with a reference catena of widespread extent, we
examine its implications, as well as those of non-catenary extensions and variations, for process, stage and relative age of landsurfaces. Among the conclusions
drawn from this and from evidence provided by duricrusts, deep weathering,
stone lines, alluvial terraces and stone-age artifacts, are the following. No evidence exists for King's Gondwana and post-Gondwana surfaces. All other
landsurfaces are polycyclic and are being modified by current erosion; local
relief, coupled with structure, are the major determinants of the extent and
nature of such modification. Active Quaternary incision in the coastal margins
has precluded the development of catenal associations. The presence of horizontally bedded sediments of differential hardness, particularly under a semi-arid
climatic regime has, by inducing scarp formation, given rise to pedimentation
processes on surfaces of virtually any age; such situations are characterised by
weakly catenal planosolie associations.
On more senile surfaces in both the interior and marginal regions, erosion has
taken place by gentle surface lowering, giving rise to strongly catenal associations
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where pre-weathered parent materials have been stripped, and non-catenal
associations on etchplains where stripping is incomplete. There is evidence for
atleast one strongly erosive period during the Quaternary when extensive mantle
removal occurred; consequently most soils (as opposed to parent materials and
dujicrust remnants) are contemporary phenomena. Landscape processes and
geomorphic history are often as important as climate in their deterministic
influence on land use and technology transfer.

563 p

Soil landsurface relations in eastern south America
I.F. LEPSCH', M.N. CAMARGO 2 AND A. CHR1STOFOLETTI 3
I. Instituto Agronfimicodo EstadodeSab Paulo; 2. Servico Nacionalde Levantamentoe ConservacaodoSolodaEmbrapa;3. Instituto de Geocienciase Ciencias, Exatasda UN ESP, RioClaro, Brazil

Soil and their geomorphic surfaces are described in four 400-800 km sections,
from the northeast, central, east and southern plateaus of Brazil. Climates range
from tropical semiarid to subtropical humid. The "Sul Americana"early Cenozoic surface (S A) is the one with extensive ancient original soils. These are mainly
deep Latosols, including highly weathered oxidic soils (Acrustox, Acrohumox,
Acrorthox). Most differences among these Latosols are attributable to organic
matter-the more humid and cool environments have the highest amounts and
deepest distribution in the soils.
Some landscapes, that may be Gondwana or post-Gondwana vestiges, probably have no original regolith left. They have mostly rock outcrops and various
kind of shallow soils. In the lower adjacent landsurfaces, succeeding the SA
plantation, soil assemblages vary widely with climate, parent material, relief and
surface stability. Semiarid northeastern pediplains comprise mostly non-calcic
brown soils (Alfisols), Lithosols (Entisols), Regosols (Arents), and SolodizedSolonetz (Natrargids). Tropical subhumid and humid areas may have Latosols
(Ustox, Orthox) on stable depositional topography, podzolic soils (Alfisols,
Ultisols) and Cambisols (lnceptisols) on erosional topography. Subtropical
areas usually have various Podzolic Soils (Alfisols, minor Ultisols), Brunizems
(Argiudolls) and shallow soils (lnceptisols, Entisols).
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Landscape and soil history of Gondwanaland continents
G.G. BECKMANN
CSIRO Division of Soils, Cunningham Laboratory, St. Lucia, Q 4067, Australia

The soil pattern of Gondwanaland continents has been controlled largely by their
tectonic and weathering history during the late Mesozoic and Cainozoic. Following initial separation during the Cretaceous they have moved mainly through
lower latitudes. Africa has been relatively stationary while India has moved the
most. Relief was originally lower than at present and South America, Antarctica
and Australia were joined until the late Eocene, preventing circumpolar ocean
circulation and producing uniform warm, moist climatic conditions.
Epeirogenic uplifts, though at different rates in different continents, have
produced successions of landsurfaces in each (some of which can be correlated
between continents). The rocks below many were highly weathered during the
early Tertiary and similar soil and/or weathering features can be recognized on
corresponding surfaces.
During the late Tertiary (Pliocene) and Quaternary, while each continent has
been almost at its present position, there were uplifts and new erosion surfaces
developed below the old, exposing relatively fresh rock to weathering during
partly cooler and drierclimates. Repeated climatic changes, especially during the
later Quaternary, have produced successions of surfaces, sediments, and weathering forms, which have resulted in the complex modern pattern of soils.

565 1'

A comparative study of the characteristics and evolution
of Derno Podzolic soils of USSR and sols lessives of
France
V.M. FRIDLAND' AND M. JAMAGNE 2
I. Dokuchaev Soil Institute, Moscow, USSR; 2. Institut National de la Recherche Agronomique,
Paris, France

Under a joint programme between the Dokuchaev Soil Institute, USSR, and the
National Institute of Agronomic Research, France, a comparative study was
conducted on soils, developed on loamy formations, with strongly differentiated
profile, namely the Derno Podzolic soils from USSR and leached and 'glossic'
leached soils of France.
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Results showed that the soils from the two countries have a common,
differentiated profile of A2-Bt-C type with a degradation of Bt horizon at
higher evolutionary stages. However, the soils did show some distinct
differences:
Parent material of soils from USSR had a higher content of clay and
weathering minerals than the loessic material of soils from France,
More weathering depth and thicker genetic horizons in the leached soils of
the French territory,
More clearly differentiated eluviated and impoverished horizon in the USSR
derno-podzolic soils,
Important differences in the nature and distribution of clay and silt concentration (argilans and skeletans),
Deeper unsaturation and aluminization in the French leached soils but more
intense superficial alteration in the Soviet dernopodzolic soils.
Factors justifying these differences seem to be essentially in relation with; a)
the initial composition of the parent material, and b) the influence of the very
different present and past climatic conditions in these two big European zones.
Illuviation processes appear to be dominant in the French leached soils, while a
hydrolytic type of alteration, complementary with illuviation, seems to be important in the very impoverished superficial horizons of the USSR Derno Podzolic
soils.

566 P

Relative study of soils in Punjab and Himachal Pradesh
with change in altitude and physiography
K.S. VERMA, F.C. SHARMA AND A.S. GOWAIK.AR
National Bureau of Soil Survey and Land Use Planning. Regional Centre. IARI Campus. New
Delhi-110012. India

To study the influence of physiography, altitude, climate, vegetation and parent
material on soil development, soil pedons were studied on a south to north
transect along 76° 20'E longitude starting with Ghaggar flood plains near patiala
in the Punjab upto Dharamshala in the lesser Himalayas in Himachal Pradesh.
Morphological characteristics, physicochemical properties and soil classification of eight soil series from six broad physiographic divisions were described.
The studies revealed that soils of the recent flood plains of Ghaggar showed
lithological discontinuities and qualified for the order Entisols.
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MICROMORPHOLOGICAL INVESTIGATIONS
567

Micromorphology and diagnostics of pedogenesis
A.I. ROMASHKEVICH AND M.I. GERASIMOVA
Institute of Geography of the USSR Academy of Sciences, Staromonetny 29, 109017. Moscow.
USSR

A number of comprehensive studies on the micromorphology of organic and
mineral soil mass ingredients have been made in the recent past. It is the objective
of this paper to summarize, literature data and to fill in the gap between 'in detail'
micromorphology on one hand and genetic concepts of pedologists on the other.
For this, new criteria for complete application of micromorphological data in
soil genetic and taxonomie studies is suggested. It is based on two sets of indices:
pedomorphism of organic substances and for the mineral matter.
For the pedomorphism of the organic substance some supplements are
introduced with the aim to embrace as much of existing humus forms as possible.
Special attention has been drawn to the development and abundance of clayhumus complexes. Their diagnostics is of primary importance for a large and
heterogenous group of soils with mull humus. The suggested system was applied
to the USSR soils.
In the diagnostics of mineral mass pedomorphism the reorganization of
mineral plasma fabric types caused by pedogenesis is emphasized. This reorganization should be traced from the parent material to the upper soil horizons. Such
an approach allows to control, both qualitatively and quantitatively, argillification processes as well as the development of active soil layer and the intensity of
initial rock reworking by pedogenesis.
568

Micromorphogenesis of two Turkish Krasnozems
A R . MERMUT
Department of Soil Science. Faculty of Agriculture, Ankara, Turkey

Two Krasnozems (Udults) developed from basaltic parent materials under
humid, subtropicalclimate of Turkey (mean annual rainfall, 2500 mm; mean
annual temperature, 14.4°C) were investigated. One of these is on a relatively
younger river terrace whereas the other is on an adjacent, old upland. Both the
profiles have a well developed weathering crust and an active soil layer.
Thin section study showed that intensity weathering together with neoforma-

ABSTRACTS OF VOLUNTARY PAPERS

165

tion and leaching are important processes in the characterization of these soils. In
both profiles segregation and redistribution of iron oxides has occurred, whereas
aluminium oxide formation is important in the older profile. Multi-layered
ferriargillans show a rhythmic deposition of clay. Compound cutans reflecting a
sequence of translocations of iron, clay and of soil matrix are observed. Compaction and turbation appear to be important processes in the later stage of profile
development.

569

Macro and micropedological features of soils in
Cuddapah basin, India
Y.S. RAO, N.G. RAGHU MOHAN AND A.E.V. RAO
Indian Agricultural Research Institute, New Delhi-110012, India

Cuddapah basin forms a part of the eastern Ghats of the Peninsular India. It
comprises a variety of sedimentary rocks and coarse grained intrusive granites.
Each of the parent rocks under the influence of prevailing semi-arid to subhumid climate have given rise to distinct soil formations. Dark yellowish brown
soils with an argillic horizon occur on non-calcareous pink shales. Both vugh
cutans and joint plane cutans are present. Other important feature is the presence
of discrete sesquioxide nodules and litho-relicts. The pedon is classified as
Haplustalf. The pedon on granites is similar but for its coarse soil matrix, a dark
red plasma and more distinct vugh cutans. It is, therefore, a Rhodustalf.
Reddish brown soils on calcareous, pink shales have clay films and few,
patchy dark cutans. However, thin section study showed that all the meta-vughs
and vesicles were bare and devoid of any illuvial cutans. The soils, thus, possess
only a cambic diagnostic horizon and are Ustochrepts. The lime-stone formation
has given rise to dark grey brown soils that tend to crack and have in sub-soil
many interacting and non-interacting slickensides. Lithologic continuity is
established by preservation of rhombohedral fabric of the lime-stone in the lower
part of the solum. The soil qualifies as a typic Chromustert.
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Typical microscopic fabric and horizons: The interest of
weak variance concepts based on intrinsic characters
P. AUROUSSEAU' AND F. ROUSSEL 2
I. Laboratorie deRecherche de la Chairede Science du Sol, ENSAINRA.65, Rue de Saint-Brieuc,
35042. Rennes. France; 2. Centre Regional de la Propriete Forestiere, 8, Place du Colombier, 35100
Rennes. France

The typical horizon concepts we propose are concepts free from any criterium of
position in a soil profile or sequence. They are therefore concepts defined only
from intrinsic characters. Moreover, they are concepts of weak variance, i.e.,
they correspond to subset of horizon concepts already in use (as for instance
those of Soil Taxonomy).
Similarly, we propose the concept of typical microscopic fabric defined on
the basis of weak variance intrinsic characters. Thus, the typical horizon concepts are the result of the arrangement of 1,2 or 3 typical fabrics. In this paper, we
illustrate these notions by the display of three horizons of a soil catena
Episequum.
571

Micromorphometric aspects of transformations of the
macroporosity in irrigated soils
G. STOOPS, C L . MATHIEU, ALI-AHYA1E MARYAM AND KHOSHEFETRAT GHOLAMREZA
Cieological Institute, State University, Ghent. Belgium

The aim of this study was to develop simple and rapid methods, not requiring
sophisticated equipment, for the micromorphometric analysis of soil porosity,
and their application to irrigated soil. Two methods are described for the
quantification of soil macroporosity, using morphometric analyses on large thin
sections. Line measurements on a microscope screen using a calibrated wire and
digital resistance meter allow the determination of total macroporosity, and the
distribution in absolute and relative size classes of the different elements (cavities, fissures, solid material). Point counting allows the quantification of macro
fissures and macrocavities. The ratio of the intersections of pores with the
horizontal and vertical line of the occular's cross-hair is used as an orientation
index. Results obtained on irrigated and non-irrigated profiles are discussed and
compared.
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Starting from 21 samples picked up regularly along this catena, we are led to
define 3 typical horizons, against the relative morphological homogeneity of
each of these horizons, a rather large physico-chemical variance is opposed;
microscopic analysis of each of these horizons enable the explanation of this
large variance: for instance the median horizon results from the arrangement of 2
microscopic fabrics; physico-chemical heterogeneity between these 2 fabrics and
the relative percentage of each of them explains, for a great part, the observed
variance. A new understanding of the lateral or vertical transition between 2
horizons results from this move: from, say a horizon made of the arrangement of
2 microscopic fabrics, the disappearance of one of these fabrics or the change of
one of them into a 3rd type of fabric marks the morphological boundary between
2 pedological volumes rigorously defined at the physico-chemical level as well as
at the morphological level.

572

The salt-new-formations
T.V. T U R S I N A
Dokuchuev Soil Institute. Moscow. USSR

The paper deals with the main approaches to the study of microstructural
features of saline soils at different stages. Macro-, meso-and micromorphological characteristics of Mongolian solonchaks were studied to elaborate the
influence of salinity and mineralogical composition of salts upon the structure of
soil profiles, horizons and the fine-dispersed mass. Shape and size of salt-newformations were considered with respect to the other components of soil mass.
The following cases were distinguished: Pure salt concentrations (horizons,
crusts); a homogeneous mixture of salts and clay plasma; intrusions of salt-newformations in clay carbonate plasma; salt-new-formations on contact surfaces
(pores, peds, primary mineral grains); salt pseudomorphoses along plant tissues.

COMMISSION VI
SALINITY AND PLANT GROWTH
601

Percentage of available moisture in sandy soil irrigated
by saline waters with different salt content and
composition
G.N. KOCHETK.OVA AND N.G. MINASHINA
Dokuchaev Soil Institute, Pyjevski, Moscow 17, USSR

Influence of the chloride and sulfate salinity on the water availability for plants
was studied in the laboratory and greenhouse experiments. In a number of
standard glass containers, barley was grown with fresh water irrigation. When
the plants reached the stage of 3 developed leaves soil moisture was replaced by
sodium chloride and sulfate solutions with concentrations ranging from 0.2 to 50
g/1 to bring the soil in pots to field capacity. Following this, plants were allowed
to grow till they wilted. In pots with wilted plants soil moisture and soil solution
composition were determined. The results showed that the dependence of soil
available moisture content on the degree of soil salinization is a logistic function,
expressed by Furhulst equation:
AW
Y =

rr~

1 + 10" bs
where Y is available soil moisture content (per cent of AW), AW is available
water content in a nonsaline soil taken as 100 per cent, x is toxic salt content in
soil (per cent), a and b are parameters determining inclination curve and bend
point of the logistic regression line. Parameters of the above equation were
evaluated.
It was shown that in sandy soil reduction in available moisture content was
observed upto soil solution osmotic pressure equal to 14-15 atmosphere in the
case of sulfate salinity and to 25-28 atmosphere under chloride salinity. It is
concluded that available moisture content in saline soils depends not only on
osmotic pressure of the soil solution but also on specific salt toxicity.
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602

Interactive effects of chloride and sulphate dominated
soil salinities and phosphorus on wheat growth
H.R. MANCHANDA AND S.K. SHARMA
Department of Soils, Haryana Agricultural University, Hissar, 125004, Haryana, India

In a greenhouse study, wheat, variety WH 157, was grown to maturity in a sandy
soil with two levels of chloride (CI I and CI II) and two levels of sulphate (SO4 I
and SO4 II) dominated salinities. Treatments also included four levels of P(0,10,
25 and 50 ppm) added to the soil as KH2PO4. The experiment was conducted in
ploythene-lined earthen pots, each containing 4 kg soil. The total salts at salinities I and II were 80 and 120 me 1 in soil saturation extract respectively. In
chloride dominant salinity the ratio CV/ SO4" and in sulphate dominant salinity
ratio of S0 4 /Cl~ was 7 and 11 respectively at salinity levels I and II.
The results showed maximum yield in the non-saline control pots followed by
SO4II, SO4I, CI I and CI II treatments. Dry matter and grain yield in SO4II
treatment was significantly higher than CI I treatment at all P levels. Plants did
not respond to P application beyond 25 ppm in control and in SO4 dominated
soils but in CI dominated soils the yield significantly increased upto 50 ppm P
application. P application significantly decreased the chloride and increased the
sulphur content of plants. Results further showed that P absorption was inhibited by excess chloride and encouraged in SO4 salinity and consequently P
requirement of wheat was more in chloride than in sulphate dominant saline
soils.

603

Effect of saline and sodic water irrigation on soil characteristics and growth of Eucalyptus hybrid
J.S.P. YADAV AND O.S. TOMAR
Central Soil Salinity Research Institute, Karnal-132001, Haryana, India

In a pot study of 17 months duration on the effect of saline water irrgation on soil
properties and growth of Eucalyptus hybrid, using a normal soil of sandy loam
texture, it was observed that soil salinization and alkalization increased significantly as the electrical conductivity, EC, and residual sodium carbonate, RSC, of
the irrigation water increased. The ECe and SAR of the soil at the end of the
experiment were about 4-5 times that of the irrigation water, since the pots did
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not have a provision of drainage and were protected from the leaching effect of
the rain. The plants died at EC 4 mmhos/ cm and above of irrigation water due to
development of high soil salinity. The addition of farm yard manure improved
the plant growth when irrigated with best available water but not with waters of
EC 5 and 10 mmhos/cm. Incase of sodic waters at the same level of EC, theECe
of the soil decreased, wheres pH2 and SAR values of the soil increased with an
increase in RSC of irrigation water from 5 to 15 me/1. The harmful effect of
increasing RSC values on the growth of Eucalyptus hybrid was obvious only
with irrigation water of EC 2 mmhos/cm, and not with water of EC 4
mmhos/cm, because of the dominant adverse effect of salinity in the latter case.
The application of gypsum was beneficial in keepingvalues of pH 2 and SAR of
the soil low and in minimising the adverse effect of high RSC waters on plant
growth. The successful growth of Eucalyptus hybrid can be expected on the
light-textured soil having upto ECe 8.5 mmhos/cm, pH2 9.4 and SAR of about
60.

604

Effect of sodic irrigation water and gypsum application
on soil properties and crop yields
D.R. SHARMA AND R.C. MONDAL
Division of Soils and Agronomy Central Soil Salinity Research Institute, Karnal-I.12001, Haryana.
India

About 18 per cent underground waters in Haryana state are sodic, having low
salinity, electrical conductivity (EC) < 4 mmhos/cm, medium to high sodium
adsorption ratio (SAR) 10 to 25, and moderate to high sodium carbonate (RSC)
2.5 to 20.0. Use of these waters for irrigation has adverse effect on soil properties
and crop yields. Data from field experiments on changes in soil properties and
crop yields due to irrigation with sodic water (EC 2.6 mmhos/cm; SAR 20.5;
RSC 9.5) and effect of varying amounts of gypsum applied to an already
deteriorated soil, involving rice-wheat and fallow-wheat rotations have been
discussed. Gypsum application did not significantly improve rice yield but
increased the yield of subsequent wheat crop. Application of 160 cm of water to
rice and 40 cm to wheat resulted in a 0.7 unit rise in soil pH and increase in
sodicity which required an application of 17 t/ha of gypsum to arrest such rise.
Results showed that rice, though tolerant to sodicity, was not a suitable crop for
areas having sodic irrigation waters, due to high and recurring gypsum cost,
associated sodicity hazards and the reduced yield of the following crop.
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Effect of type of soil salinity on dry matter yield, water
relations and mineral composition of guava
{Psidium guajava L.)
M.K. KAUL, O.P. DHANKHAR AND K.S. CHAUHAN
Haryana Agricultural University, Hissar-125004. Haryana, India

A pot study with a loamy sand soil was conducted during 1980, to evaluate the
effect of type of salinity (NaCl, Na 2 S0 4 , CaCl2 and mixture) and its level (6, 9,
and 12 mmhos/cm ECe) on the dry matter yield, water relations and mineral
composition of guava {Psidium guajava L.)cv. Lucknow-49. Increasing level of
salinity upto 9 mmhos/cm, irrespective of nature of salt, significantly reduced the
dry matter yield of leaves, stem and roots. Plants did not survive at 12
mmhos/cm ECe in any of the treatments. The yield reduction was more pronounced due to chloride salinity as compared to sulphate salinity. Thus about 50,
50 and 53 per cent reduction in dry matter yield of leaves, stem and roots were
observed in sodium chloride treatments compared to 23, 19 and 24 per cent
reduction respectively, in the sodium sulphate treatment. Irrespective of salt level
the leaf water status was significantly higher under chloride salinity than under
sulphate salinity. The decrease in leaf water potential was more under sulphate
salinity than under chloride salinity while reverse was true for diffusive resistance. The contents of P, K, Ca and Mg in the leaves significantly decreased,
whereas those of N, Na, CI and SO4 increased under salt stress. The specific
injury due to accumulation of Na, CI and S0 4 in toxic amounts, disturbed
metabolism and nutrient imbalance appear to be the main effects of salinity on
guava plant.

The relationship of yield of irrigated barley to soil salinity
as measured by several methods
R.C. MCKENZIE, C.H. SPROUT, N. DIN, N.F. CLARK
Alberta Agriculture, Irrigation Division, Brooks Alberta, Canada

Barley fields grown under typical irrigation management in southern Alberta
were sampled in 4 to 10 places which represented different degrees of salinity. A
relative yield of seed and forage was determined and compared to the soil salinity
at the sampling site.
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Soil salinity was determined two or three times each season by the paste
extract EC, a 2:1 soil water EC, a Rhoades Probe and a Horizontal Array. Soil
moisture, soil pH, exchangeable sodium and exchangeable Caand Mg were also
determined.
The fields were irrigated by flood irrigation or by centre pivots. Soil moisture
varied during the season and the flood irrigated fields received only one irrigation
plus some rainfall.
Salinity damage to the crop was found to be most closely related to the EC in
the 0-30 or 0 15 cm layers. Yields were found to be about 58 per cent of normal
on a soil with EC of 8 in the 0 30 cm layer and about 10 per cent of normal on a
soil with an EC of 12. All methods of measuring salinity gave a good prediction of
the yield reductions caused by salinity. Available moisture and exchangeable
sodium did not improve a multiple regression of soil salinity vs yield of barley.
Seed yield and forage yield were found to be equally effected by salinity. Pivot
irrigated fields showed less reduction in yield due to soil salinity than flood
irrigated fields.
All methods of measuring salinity gave a highly significant correlation with
the yield of barley. The 2:1 method gave a closer agreement with the paste
method than the Probe and Horizontal Array.

607 p

Effect of Mg-rich waters on soil properties, yield and
chemical composition of wheat crop
I.K. G1RDHAR AND J S P . YADAV
Central Soil Salinity Research Institute. Karnal, 132001, Haryana, India

Laboratory and pot experiments were conducted to study the effect of different
qualities of irrigation water having varying Mg:Ca ratio (2,4, 8 and 16), SAR (10,
25 and 50) and electrolyte concentration (20 and 80 me/1) on the physicochemical properties of soils and on the yield and chemical composition of wheat
crop, using four soils of different texture, clay-mineralogy and degree of calcareousness. The Mg:Ca ratio in the exchange complex increased with an increase
in Mg:Ca ratio and decreased with an increase in SAR of the leaching water. The
increasing proportion of Mg over Ca in the irrigation water at a given SAR and
electrolyte concentration increased the sodicity and the degree of dispersion of
the soil and its effect was more pronounced at higher SAR as compared to lower
SAR. The deteriorating effect was found to be more in the alluvial soil than in the
black soil because of greater CaCOj content of the latter soil.
A significant reduction was noticed in the grain and dry matter yields of
wheat with an increase in Mg:Ca ratio and electrolyte concentration of the

ABSTRACTS OF VOLUNTARY PAPERS

173

irrigation water. The effects were more pronounced in the heavy black clay soil
having illitic clay. Further, the concentration of Na, Mg and P increased and that
of Ca and K. decreased both in the grain and the straw with an increase in the
Mg:Ca ratio of the irrigation water.
608 P

Effect of continuous use of high sodium and bicarbonate
waters on soil and crop yields
M.S. BAJWA, G.S. H1RA AND N.T. SINGH
Department of Soils, Punjab Agricultural University, Ludhiana, Punjab, India

The effect of 5 years' irrigation with waters of three salt contents, EC 1500, 3000
and 4500 micromhos/cm, and two levels of residual sodium carbonate (RSC), 2
and 8 me/1, on salt accumulation in soil and yield of maize and wheat was
studied in 50 cm diameter and 90 cm long pots burried in the field. Two soils, a
Tulewal sandy loam and a Nagar loam were used in these studies. The pots used
were without bottoms to allow for free drainage through close contact with the
soil beneath.
Increasing EC of irrigation water resulted in increased salt accumulation in
the two soils. Retention of applied Na* and CV in the 75 cm soil column was 22.0
and 5.8 per cent respectively, in Tulewal sandy loam and 44.1 and 12.3 per cent
respectively in Nagar loam. Build up of exchangeable sodium in the soils was
better correlated with adjusted sodium adsorption ratio, SAR adj, (r = + 0.94)
than with RSC (r = + 0.49) of the irrigation water. Increase in exchangeable
sodium percentage (ESP) was linearly related to SARadj of irrigation water (/•* =
0.94) for Nagar loam but followed a quadratic trend (r2 = 0.84) for Tulewal
sandy loam; maximum average ESP attained after 5 years was 27.6 and 30.7 for
the two soils respectively. Maize fodder yield was significantly reduced with
increasing EC and SARadj of irrigation waters. Fifty per cent yield reduction of
maize occurred at an average ESP of 30.5 although wheat yield was almost
unaffected at this ESP.
MANAGEMENT OF SALT AFFECTED SOILS
609

Experience of desert soil irrigation with near-surface
salinized and stony rock bedding
V.M. BOROVSKY, E.U. JAMALBEKOV AND A.Kh. FAIZULLINA
Institute of Soil Science, Kazakh SSR Academy of Sciences, USSR

In extreme desert conditions a correct appraisal of soil-cover peculiarities of
territory is important.
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In Manghyshlak Peninsula the determining factor for the development of the
areas requiring irrigation is the thickness of loose soil-ground down to littering
limestones. Land sites with a considerable thickness of loose quaternary deposits
are limited; therefore, they must be treated with care and used only to organise an
irrigated agriculture. Because of the weak natural drainage of the territory, the
total salinity of soils, soil forming rocks and irrigation waters, construction of
collector-drainage system is needed for land development. It is also necessary to
adopt regular leaching to remove salts added with irrigation waters and also use
impulverization from the aquatory of Caspian Sea. When a complex of landreclamation measures (sowing of leguminous plants, applying of organo-mineral
fertilizers and systematic waterings) are adopted, it is possible to raise the fertility
and productivity of desert brown and grey-brown soils.
In areas where the loose soil mass above the compact rocks has a small
thickness and is highly saline, it is possible to plant selected trees into special
cavities cut in compact rocks for separate trees or plant shrubs in trenches which
are subsequently filled with earth brought from another site.

din

The stationary electric fields of dryland soils
A.I. POZDNJAKOV, L.O. KARPACHECSK.Y AND N.I. SHEVJAKOVA
127276 K.omaroff Street 8-36, Moscow, USSR

A natural electric field (NEF) of stationary (direct) currents exists in the soil at
the interface of inhomogeneties that are potential electric barriers and it may
account for the stability of soil formation. NEF is maintained because of the
unequal distribution of chemical energy. The total thermodynamic potentials of
mobile ions are balanced. Consequently the alluvial and non-saline horizons with
lower chemical potentials of mobile ions have higher natural electric potentials
(40-60 mV) than the alluvial and saline horizons in dryland soils. The interrelation between the concentrations of mobile ions and the energy of the stationary
natural electric field of direct currents in dryland Light Chestnut (Mollisol) soils
is described by the Boltzmann distribution:
K

2
/ = I

K

C iM =

2

CiN exp (-6

(<PN-^M))

/ = i

where b is coefficient and <PN - I^M is difference of potentials in NEF at points M
and N in soil.
Artificial stationary electric fields can also be created in soils using electric
four-electrodes, AMNB, arrays, placed on the surface of soil cover. An impor-
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tant parameter of these electric fields is the specific electrical resistance (SER) of
soils. The depth and volume of measured SER increases with interelectrode
spacing ABand MN. It is a method ofvertical electric probing (VEP). As a result
of measurements of VEP on the surface of soils, the SER curves of soils are
obtained. When the dryland soil is moistened to about "field capacity" SER is
much higher ( > 60 ohms/m) in nonsaline Light Chestnut soils than in saline
solonetz soils (10-30 ohms/m) and highly saline solonetz-solonchaks (< 10
ohms/m).
Measuring, mapping and monitoring salinity of dryland soils can be realized
using parameters of natural and artificial stationary electric fields.

611

Drainability characteristic of montmorillonitic clayey
soils in south Gujarat region
M.V. BAPAT
Soil Survey Division,4, Goyagate Housing Society, R.V.Desai Road, Pratapnagar, Vadodara, India

The basalt, on weathering, gives rise to typical montmorillonitic clayey soils.
Such soils extend over nearly 0.5 million hectares in the western and central
India. These soils are rich in CaCOi, are inherently fertile and can support
cultivation of a variety of crops. However, due to their expansive nature, high
plasticity, high capillary capacity and low permeability, they are prone to problems resulting from irrigation. In south Gujarat these soils occur in the alluvial
deep flood plains and have different stratification and hence needed an independent study under irrigation. Lysimeter studies were carried out to elucidate their
response to irrigation in relation to their physico-chemical properties. Results
showed that soils with a depth of 0.6 m underlain by a permeable substratum
responded to application of FYM as judged from growth and yield of crops and
changes in physical parameters like quantity of drained water, number of cracks,
bulk density and moisture utilization. Overall yields with FYM application was
less when the soil depth was 0.9 m. Application of gypsum in addition to FY M
did not improve the crop yield.
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Nutrient availability during reclamation of salt affected
soils
S. RAMAN AND N.N. GOSWAMI
Division of Soil Science and Agricultural Chemistry, Indian Agricultural Research Institute. New
Delhi-110012, India

The changes in nutrient availability and soil properties during reclamation with
application of gypsum, pyrite and FYM in rice-wheat rotation were studied in
pots using three salt affected soils (one representing Indo-gangetic alluvium,
Typic Ustocrepts, and the other two-coastal black soils of south Gujarat, Vertic
Ustrocrepts). The impact of reclamation was more on wheat than on rice and
gypsum was superior to the other two amendments. Per unit of gypsum applied
better reclamation effect was observed in the alluvial than in the black solis.
Both gypsum and pyrite reduced while FYM increased the available P and
DTPA-Zn of the soils. The ratio between pH and l/2Cagavea better indication
of calcium availability to the plant but not the lime potential. During reclamation, for availability of P, the dominance of quantity factor, ESP in the black
soils and intensity factor, SAR in the alluvial soil was promising. The Na/Ca
ratio in the plants confirmed the relatively higher susceptibility to sodicity of
wheat as compared to rice.

613

Effect of pyrite application on soil properties and crop
growth in saline sodic soil
ANIL KUMAR, K..N. TIWARI AND A.N. PATHAK
Department of Soils and Agricultural Chemistry, Chandra Shekhar Azad University of Agriculture
and Technology, Kanpur-208002, Uttar Pradesh, India

Field and greenhouse studies were performed to evaluate the effectiveness of
pyrite vis-a-vis gypsum as an amendment for improvement of a highly saline
sodic soil. In the field experiment the treatments included 4 levels of gypsum, (0,
25, 50 and 75 per cent of laboratory estimated gypsum requirement) and 4 levels
of pyrite in equivalent quantities. The amendments were mixed either in upper 10
or 20 cm soil and treatments were replicated 4 times. Rice, variety IR-24 was
transplanted after applying a basal dose of N, P, K and Zn fertilizers. After
harvesting rice wheat and another crop of rice were grown in succession. In the
greenhouse experiment effect of gypsum, pyrite and cropping sequence on
sodium removal and crop growth was evaluated.
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Results from field studies showed that yield response from application of
gypsum and pyrite was nearly same for the first rice crop although the yield of
subsequent wheat and rice crops was significantly higher in gypsum than in pyrite
treatment. Mixing the amendment in upper 10 cm proved better than mixing in
upper 20 cm. Increase in yields were significant upto highest level of application
of the amendments. Greenhouse studies confirmed that gypsum was better than
pyrite considering sodium removal from soil and crop yields.

614

Performance of five perennial forage grass-species as
influenced by gypsum levels in a highly sodic soil
ASHOK KUMAR, I P . ABROL AND K.S. DARGAN
Central Soil Salinity Research Institute, Karnal, 132001. Haryana, India

Growing of grasses appears a promising land use for vast areas of sodic soils lying
barren in the Indo-gangetic plains. This paper reports the results of a field study
to evaluate the performance of 5 grasses, Rhodes grass (Chloris gayana). Blue
panic (Panicum antidotale Retz), Panicum Laevifolium, Karnal grass
(Diplachne fusca Linn) and coastal Bermuda (Cynodon dactylon Linn) in a
highly sodic soil. The soil of the experimental field had high exchangeable
sodium percentage (94 in 0-15 cm) and high pH( 10.6 in0-15 cm) throughout the
profile and are classified as Aquic Natrustalf. Treatments included 3 levels of
gypsum 0, 5.2 and 10.4 t/ ha applied to each of the grass replicated 4 times in a
split plot design. Two years yield data showed no reduction in the yield of Karnal
grass and Rhodes grass in the controlplots(nogypsum)compared totheiryields
in normal soil, although the two panicums yielded only 15 to 20 per cent in
control plots as compared to their yields in normal soils. Soil improvement as
shown by change in ESP and infiltration rate following growth of grass was
maximum in Karnal grass and coastal Bermuda grass plots. The results show
that the relative tolerance of grasses was in the order Karnal grass > Rhodes
grass > coastal Bermuda > Blue panic > Panicum laevifolium.
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CLASSIFICATION AND RFXLAMATION OF SALT
AFFECETED SOILS
61S

Observations on the characteristics, nomenclature and
classification of the salt-affected or "Salsodic" soils
G. AUBERT
ORSTOM, France

The salt-affected soils category includes all the soils whose evolution is dominated by their content of soluble salts or ions derived from them and degrading
their structure which becomes diffuse. These soils can be termed "salsodic soils".
Among these can be distinguished non alkali saline soils with a non degraded
structure, non or medium saline alkali soils, and very saline alkali soils, with a
lamallar or swollen structure, or pseudo-sand in the surface horizon. These soils
corresponded to three very distinct categories. Sodium carbonate soils are saline
alkali soils in most cases. Some hydromorphic saline soils are rich in sulfides—Thionic soils. The last part of this communication gives the classification rules
for these salsodic soils in the framework of the French morphogenetic soils
classification (C.P.C.S.).

hih

The need for new criteria for the classification of sodic
soils in Zimbabwe
K.W. NYAMAPFENE
Department of Land Management, University of Zimbabwe, Zimbabwe

In Zimbabwe, soil surveys leading to the production of maps at detailed and
semi-detailed scales have only been done in less than 9 percent of the country. As
a result, most of the criteria for classifying the soils are based on reconnaissance
level observation. Extensive work currently going on to characterise sodic soils
has shown that the existing criteria for classification of sodic soils are unsatisfactory. A tentative lower limit of E.S.P. 10 had been suggested for defining a soil as
sodic but sodic morphology, thixotropy and clay dispersion have been observed
in soils with E.S.P. as low as 4. The existing classification is based almost entirely
on chemical criteria with peripheral reference to morphology. It is suggested in
this paper, that, in addition to defining new chemical limits, criteria which also
take cognizance of morphology be incorporated in the classification system.
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Achievements in reclamation of solonetz soils in Hungary
I. SZABOLCS
Research Institute for Soil Science and Agricultural Chemistry of the Hungarian Academy of
Sciences, Budapest, Hungary.

Solonetz soils nearly always contain varying quantities of water soluble salts,
mainly those of sodium. The salt content is not only a factor decreasing soil
fertility by increasing the osmotic pressure of the soil solution and sometimes, by
exerting direct toxic effect but by affecting the adsorption complex it also
exercises a continuous influence on the composition of the exchangeable cations
of the soil. In Hungary the total area of soils affected by salinization and/or
alkalization is estimated at 12716 ha.
The reclamation of solonetz soils is necessary and possible in large areas as
well as in smaller spots occurring in soils of good quality.
In spite of the extended territories a recent survey of the Hungarian soils
showed that the territory of solonetz soils to be reclaimed has not diminished for
a long time. This can be explained by several reasons:
1. During new surveys new salt affected spots have been discovered.
2. Secondary formation of solonetz soils is rather frequent in irrigated
territories.
3. Intensive farming involving use of high doses of mineral fertilizers also
contributes to development of adverse soil processes.
In Hungary and in the neighbouring countries the solonetz soils, in respect of
the possibilities of their reclamation, could be included into three groups.
Characteristics of these groups and reclamation measures for their improvement
are outlined. It is indicated that the properties and methods of reclamation of
solid soils in this region are closely related to solonetz soils.

618

Twenty years of research on reclamation of salt-affected
soils in Romanian rice fields
ALEXANDRU MAIANU
Soils Department, North Dekota State University, Fargo. ND 518105, USA

The biological and cultural particularities of rice enable this plant to obtain the
necessary oxygen for the roots through stems which are submerged in water. This
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characteristic permits the use of rice as a pioneer crop for reclamation of
salt-affected soils. Asa product of twenty years of research in the field, the paper
presents the results on designing irrigation systems, for saline soil reclamation
under rice, drainage, soil amendments, leaching and other factors at specific
stages and intervals of the reclamation period.
Specific data are provided on the problems of rice tolerance to salinity, crop
rotation in rice fields, fertilization, and irrigation practices for a high reclamation
efficiency and prevention of soil resalinization. Finally, the paper presents the
equations and data on water and salt balance in a particular case as an example
forjudging the indices of leaching efficiency water storage efficiency, and salt
balance index. The author also introduces some new indices.

619

Development of Soda Solonetz-Solonchak areas in the
Ararat Plain by the ditch-and-hole method
G.P.PETROSYAN
Research Institute of Soil Science and Agrochemistry, Ministry of Agriculture of the Armenian SSR,
USSR

In the Ararat Plain, Solonetz-Solonchaks, apart from occupying large tracts of
land, occur among cropped fields in patches of 10-15 ha in area. While it is
uneconomical to install drainage for such small areas, high soda content, alkaline
reaction (pH 9.0- 10.5), strong solonetzicity with exchangeable sodium percentage forming 50 to 80 per cent of the total adsorbed bases, and significant
carbonization (15.0-20.0 per cent) rule out the possibility of their development
by leaching alone.
Our experiments have shown the possibility of developing these areas
through replacement of strongly saline by non-saline soils to a depth of 60- 80 cm
in ditches and holes, and by local reclamation with comparatively smaller rates of
waste sulfuric acid and iron vitriol on the planting sites. Under conditions of
shallow and low-saline ground water (100-220 cm) the possibility of secondary
soil salinization was ruled out by maintaining a leaching irrigation regime and
cropping alfalfa for mulch. Flood irrigation of the entire area of the ditches and
holes suppressed both, capillary salt removal from the ground water and diffusive salt migration from the dry saline inter-row spaces. Furrow irrigation failed
to adequately maintain leaching regime and thereby contributed to the secondary salinization on reclaimed soils. Numerous fruit and grape varieties planted
in 1954-55 have grown well and yielded fruits up to this day.
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Desertification in Iraq
FLAYEH HASSAN ALTAIE
State Organization of Land Reclamation, Baghdad, Iraq

Iraq is a land of great contrast, characterized by vast desert, extensive alluvial
plains, low undulated hills, high folded mountains and rugged thrust zones.
From a phytogeographical point of view, the largest part of the country is
situated in the saharosindian region. The naturally sparsely developed natural
plant cover has, still, been reduced due to over grazing, cutting of trees for fuel or
charcoal and mismanagement.
Desertification in the country is largely man-made through overgrazing, over
cutting of trees and shrubs, cultivation of steep slopes, cultivation of submarginal
land, salinization due to irrigation without drainage and land mismanagement.
Besides other factors which induce desertification include long season of dryness,
vast flat areas without wind breaks, fine granular surface soils and high wind
speed in dry seasons.
Most processes of soil degradation are quite active in the country. It is
estimated that more than 90 per cent of the land is degraded to a certain degree
through various processes such as water and wind erosion, salinization, and
physical degradation which includes loss of structure, crusting of the soil and
formation of plow-layers.
Various means applied at the present to combat desertification include earth
dikes, wind breaks, covering the dunes with soil, spraying of petroleum byproducts and network of dry plants and branches on the dunes. Also an agroindustrial project has been suggested to combat desertification in the
mosopotamian plain.

621

Formation and distribution of salt affected soils in the
Indo-gangetic plain
G.P. BHARGAVA
Central Soil Salinity Research Institute, Karnal-132001, Haryana, India

Distribution and evolution of salt affected soils occurring between the NWtip of
the Indo-gangetic plain and the ganges delta has been elucidated. Representative
pedons of sodic and saline soils occurring under varying climatic and environ-
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mental conditions were studied and their physico-chemical characteristics described. Weathering of aluminosilicate minerals resulted in ionic release and
synthesis of electrolytes present in these soils. In the inland region, the sodic and
saline soils have formed as distinct entities under the influence of operating
continental cycles. Sodic soils occur in microdepressions in regions with 550 to
1000 mm rainfall where runoff from the Siwalik hills and other upland areas
repeatedly accumulates and is lost by evaporation. Underground waters beneath
these soils have an electrical conductivity of less than 1000 micromhos/cm and
are slightly sodic.
Saline soils in the inland regions confine towards the end of surface and
subterranean flow. These are extensive in regions with less than 550 mm rainfall
and occur also in regions with 1200 mm(subhumid) to 1600 mm (humid) or more
rainfall. Underground waters in rainfall regions of < 550 mm are invariably
saline, in 1200 mm (inland) vary from non-saline and non-sodic to slightly saline
and in 1600 mm (delta region) are markedly saline. Ingress of sea water and
inundation of the deltaic alluvium by sea water chiefly cause soil salinization.
PLANNING FOR WATKRSHKD MANAGEMENT
622

Shifting cultivation in north east India and strategy for
land and water resources management
D.N. BORTHAKUR, A. SINGH AND R.N. PRASAD
ICAR Research Complex, Shillong, India

Shifting cultivation and problems associated with the system have been discussed. Observations on soil erosion due to shifting cultivation showed wide
variability. Soil losses upto 200 tonnes/ha/year were estimated and these could
be attributed to the extent of human activities and the steepness of slopes put
under cultivation. Cropping in second year was more hazardous than in the first
year and soil erosion was drastically reduced when plots were abandoned for
regeneration of forest vegetation. Burning resulted in reduction of organic
carbon and increase of pH, exchangeable Ca and available soil potassium.
Studies on watershed based farming system lead in identifying of a composite
land use as an alternative to shifting cultivation which can be practiced in an
independent micro-watershed at farmer's level. The system was technologically
viable and ecologically safe from resource management point of view.
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Integrated watershed development to Fouta Djallon
(Guinea)
J. RIQUIER
Ducal U 14, Marina laic desanges, 06270, Villeneuve-Loubet, France

The integrated development of Fouta Djallon is of importance to Guinea,
wishing to develope its agricultural, energy and industrial resources and also to
adjoining countries which are using the water of rivers, Casamance, Senegal and
Niger. An inventory of the present status in respect of physical, social and
economic conditions of the region is indispensable for a future planning
considering the political targets of the region and those of the adjoining
countries. The author points out the need of soil maps to accomplish this:
pedological map and land use map, map of soil potentialities or soil capabilities,
grade of present and future, physical and chemical degradation, hydric balance
and main soil's changes as a function of proposed management.
These maps have to integrate factors other than soil: slope, climate,
vegetation requirement, soil suitability to irrigation and drainage, mechanical
properties for building earth dams and so on. Finally all these maps are
proposed at two levels of generalization
a) at small scale (1/250,000 erne) to put managements in right place in the
whole Fouta Djallon
b) at greater scale (1/50,000 erne) to plan projects and to assist in a general
blance of hydric resources and their uses in each watershed.
624

Validity of sediment yield index procedure for determining priority watersheds
Y.P. BALI AND B.K.. PATHAK
All India Soil and Land Use Survey, Ministry of Agriculture, 1AR1 Buildings, New Delhi, India

The heavy rateof siltation of costly multipurpose reservoirs in India has led to a
programme of soil conservation in the catchments of 31 River Valley Projects
having a total catchment area of 75 million hectares. A sediment yield index (Syi)
procedure was used to demarcate priority watersheds for soil conservation
treatment. The method consists of systematic delineation and codification of
watersheds on a 1:50,000 scale drainage map, field surveys using topo maps/ae-
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rial photos and mapping of erosion intensity units which constitute characters
like physiography, slope, surface cover conditions, soil type and erosion. Suitable
wieghts and adjusted delivery ratios are assigned to each mapping unit and the
Syi is computed by an empirical relationship involving summation of the area
under each mapping unit times relative weight of the unit times delivery ratio
divided by the total area of the watershed. Higher the Syi value, higher is the
expected silt load.
The validity of this procedure was assessed by comparing the Syi values with,
(i) erodibility index values obtained from areas under different erosion classes
subsequently mapped under detailed soil survey, (ii) actual sediment load from
sediment gauging stations, and (iii) weight values of erosion intensity mapping
units with sediment yield determined from predictive equation. In all the three
cases, direct relationship was observed establishing the validity of the procedure
for a fairly reliable demarcation of priority watersheds.

62.S

Soil improvement maps used for substantiation of technical decisions in designing irrigation projects
E.P. GUSENKOV AND E.I. PANKOVA
All Union Designing Association, USSR Ministry of Land Reclamation and Water Management,
Moscow, USSR

The report deals with the experience of the USSR in soil improvement surveys
and investigations for designing of irrigation projects.

bit,

Evolution of Chernozems under flooded paddy
cultivation
G.M. MAYNASHEVA, S.A. NIKOLAEVA AND B.G. ROSANOV
Department of Soil Science, Moscow State University, 117234, Moscow, USSR

A fine loamy southern Chernozem, brought under paddy cultivation with weakly
mineralised bicarbonate-calcium irrigation water nearly a decade ago, was investigated. The results suggested onset of gley-eluvial degradation akin to the
solodization process. Compared to the adjoining non-irrigated soils, the paddy
growing soils had an increased concentration of iron compounds with evidence
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of their profile redistribution. The composition of the humus also changed
considerably: humic fractions associated with mobile sesquioxides and calcium
either disappeared or became less abundant whereas there was a marked increase
in non-specific substances resulting apparently from reduced mineralisation and
humification of organic residues. The soils showed an increased concentration of
exchangeable magnesium and sodium. There was a distinct tendency of sodicity
development as manifested by soil structure deterioration, increased compactness and reduced porosity. There was some evidence of the destruction of
smectite component of the soil clay. This found confirmation in appearance of
silicic acid, aluminium and iron in the drainage waters.
627

Seasonal frozen layer in north-eastern China and its influence on soil formation and significance in agricultural
production
ZENG ZHAOSHUN, SHEN SHANMIN, QIAO QIAO AND ZHUANG
JIPING
Institute of Forestry and Soil Science, Chinese Academy of Sciences, Nanjing, China

The seasonal frozen layer distributed widely in north-eastern China due to the
influence of monsoonal climate is characterized by its thick freezing, long
continuance and slow thawing. Under the effects of the frozen layer, there is a
widespread meadow process of soil formation in this region, in spite of the fact
that the ground-water table is rather low.
During the freezing period a large amount of moisture is stored within the
soils particularly in the upper layers. According to the possible rainfall and
available water storage in soil during the thawing period, we can forecast the
possibilities and extents of spring drought of the next year. It is possible to
overcome the spring drought to spring wheat if the thawing water has been used
effectively and if preventive measures are adopted in time.
628 P

Mapping of soil water management in Hungary
G. VARALLYAY
Research Institute for Soil Science and Agricultural Chemistry, Hungarian Academy of Sciences,
Budapest, Hungary

The Hungarian soils were classified into 9 main soil water management
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categories and quantitative limit values were tabulated for the water-physical
properties, such as, field capacity (FC), wilting percentage (WP) available
moisture range (AMR) infiltration rate (IR) saturated hydraulic conductivity
(HC) etc. of their characteristic soil profile variants. A soil water management
categories map was prepared in the scale of 1:100,000.
On the basis of the map the computer-stored plot list and the territorial data,
selecting the adequate profile-variant and calculation with the real thicknesses of
the various a-b-c (profiles without or no significant textural-differentiation) or
A-B-C (profiles with significant textural-differentiation) horizons, the FC, WP
and AMR values can be quantitatively determined for the various layers, or for
the different profiles of any Hungarian soil. These data represent a
comprehensive basis for the quantitative characterization of the water
management of a soil type, subtype, variant, or a physico-geographical,
administrative, farming or mapping unit and consequently, for the establishment
of an agricultural water management towards an optimum, or nearly optimum,
soil moisture regime.
A 1:500,000 scale map was also prepared indicating the 11 main water regime
types of Hungarian soils. Each type was characterized by the water balance of the
unsaturated zone, its determining and influencing factors, as well as,
consequences in the soil formation and soil degradation processes.

629 P

Watershed management planning for sustained
agricultural production
R.L. KARALE,' C. RATNAM', K.V. SESHAGIRI RAO', AND S.K..
MOINUDDIN 2
I. All India Soil and Land Use Survey, Government of India. Hyderabad; 2. Department of
Agriculture, Andhra Pradesh State Government. Hyderabad

In outlining the watershed management concept, the integration of technologies
for optimum development of soil, land and water resources of an area on
watershed basis is emphasised. As a case study, the detailed investigations on soil
and land characteristics, present land use and existing cropping pattern, meteorologie and hydrologie data are described and interpreted to evolve inventory
and conservation needs of Chakera-vagu subwatershed in south India. Based on
these and the demographic data, the local requirements of food and fodder are
worked out and a rational land use plan is proposed and illustrated vis-a-vis
present land use map. Soil map of the area and other interpretative maps are also
presented. It is estimated that an investment of Rs. 5.30 million over five years on
various soil and water conservation measures and improved agronomic practices
will yield a net profit of Rs. 2.55 million per year after providing for 10 per cent
interest over investment.
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Effect of soil bulk density and moisture level interactions
on the growth of soybean roots
M. MUNEER, I.U. AHMED, S.M.A. FAIZ AND M.R. BHUIYA
Department of Soil Science, University of Dacca, Bangladesh

A pot experiment was set up to evaluate the effect of four soil bulk densities (1.17,
1.45, 1.56 and 1.65 g/cm 3 ) and four moisture levels (30, 40, 60 and 100 per cent
available moisture) on the growth of soybean (Glycine max L. Merr. 'Bragg")
roots. At low bulk density the total length and surface area of roots increased
with moisture level. But at 1.45 and 1.56 g/cm 3 density root ramification
increased with initial increment in moisture supply and then decreased at the
higher available moisture range. At 1.65 g/cm 3 the growth of soybean roots
decreased with moisture increment in soil. At 30 per cent available moisture
range the root proliferation increased with soil compaction and this was attributed to moisture availability established by greater soil-root contacts. At 40 per
cent available moisture range the growth of roots, measured in terms of root
length and surface area, increased with initial soil compaction and then
decreased due to mechanical impedance at the high bulk density. There was a
progressive decrease in root development with soil compaction at 60 and 100 per
cent available moisture range, due to both mechanical impedance and restricted
oxygen diffusion rate in the soil. This detrimental effect of soil compaction was
more prominent at the lower region of the rooting zone. The rooting zone was
also restricted under such conditions. The effects of bulk density and available
moisture of the soil on root development are also manifested in the shoot and
root weights of soybean.

Irrigation by porous capsules under hydrostatic pressure
D.A. Da SILVA, H.O. CARVALLO, A. De S. SILVA AND H.R. GHEYI
Universidade Federal da Parafba, 58100-Campina Grande, Pb, Brazil

A field experiment was conducted at an experiment station of Embrapa in
Pernambuco, Brazil with the objectives to evaluate the technical feasibility of
irrigation by porous capsule under hydrostatic pressure and to determine the
effect of plant population on corn production. The experiment tested hydrostatic
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pressures of 0.35, 0.50 and 0.70 m and corn populations of 1, 4, 7, 10 and 13
plants/capsule with three replicates in a randomized block design. Each replicate
consisted of 10 capsules installed 0.25 m deep along the contour lines with
absolutely no slope.
The hydrostatic pressure significantly influenced water release from the
capsule.Total water consumption varied from 7.96 to 10 cm/ha indicating the
extent of water saving. The hydrostatic pressure did not affect production
significantly but the differences due to plant population were significant at 0.01
level. A second degree quadratic equation described satisfactorily the yield curve
and estimated that 9 plants/capsule would give the best grain production. In the
present study 7 plants/capsule gave the highest production with a water use
efficiency of 2.0 kg/m 3 , which is high compared to conventional irrigation
methods.

632

Estimation of evapotranspiration rates of crops in weighing type lysimeter and their relationships with climatic
parameters
PRATAP NARAIN, BALV1R VERMA, S.P.BHARDWAJ AND D.H. RAO
Central Soil and Water Conservation Research and Training Institute, Research Centre. Kota, India

A mechanical weighing type (accuracy ± 200 g) lysimeter having an undisturbed
soil monolith of 120 X 120 X 120 cm, with provisions to measure seepage and
runoff, was employed to measure ET losses from sorghum and wheat for two
years. Seasonal ET from sorghum and wheat averaged 562 and 510 mm. Maximum ET of 8 to 10 mm/ day from sorghum occurred during August and October
in the two years and of 7-8 mm from wheat during March during both years.
Minimum LAI for achieving maximum ET was 2.00 in both crops when soil
moisture was not limiting. The ratio ET/ PE was 0.85 for wheat and 0.75 to 1.0
for sorghum. Correlation coefficients and regression equations between ET and
meteorological parameters are reported. ET from crop was significantly correlated with pan evaporation; solar radiation and potential evaporation computed
by Christiansen's formula.
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Estimation of evapotranspiration for the paddy crop
S.P. MAITY AND M.K. SARKAR
Department of Agricultural Engineering, Bidhan Chandra Krishi Viswa Vidyalaya, Kalyani-741235,
West Bengal, India

The evapotranspiration rate (ET) for rice was measured. A relationship between
the measured E r for two boro seasons (1971-72 and 1972-73) and temperature,
wind velocity, sunshine hours, vapour pressure deficit, water managment practices and fertility levels was developed. The estimated ET was found to agree with
the measured ET for the 1973-74 boro season reasonably well and as such it can be
used for estimating the ET for rice crop at Kalyani, West Bengal.

634

Irrigation management of wheat for short-duration
winter in the humid subtropics
A.K. MISRA, S. KAR AND T.K. SUBRAMANYAM
Agricultural Engineering Department, Indian Institute of Technology, Kharagpur-721302, India

In the humid subtropical eastern India the low-temperature spell of winter
season usually ends into an abrupt rise in evaporative demand. We conducted,
meteorological and field investigations to define water requirement and to
establish an efficient irrigation schedule for wheat, under such a climate at
Kharagpur. Ten years climatic data were used to characterise the climate,
seasonal variation in evapotranspiration (ETo) and estimated water requirement
of the crop. Water requirement of wheat was predicted at different probabilities
and was compared with the field water use by the crop irrigated with 60 mm water
after cumulative pan evaporation (CPE) of 66 ± 3 (To), 80 ± (T,), 100± 3 (T2)
and 133 ± 3 (T3) mm in each of the three growth intervals, namely, crown root
initiation to maximum tillering (Si), maximum tillering to milk stage (S2) and
milk to harvest stage (S3). Irrigation during other intervals was applied after a
CPE of 66 ± 3 mm.
The seasonal ETo exhibiting three well defined peaks in May, June and
October. Need for irrigation system design for wheat growing season was about
14 per cent higher at 90 per cent than at 50 per cent probability (4 mm/day).
Predicted water requirement of wheat corresponding to ET at 50, 75, 80, and 90
per cent probabilities were 299, 315, 318 and 329 mm respectively.
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Root development of wheat in relation to timing of small
irrigation on two soils
P R . GAJRI AND S.S. PRIHAR
Department of Soils, Punjab Agricultural University, Ludhiana-141004, Punjab, India

Temporal and spatial distribution of roots which has a great significance for
dryland crops, interalia, as affected by soil moisture conditions has not been
studied adequately. We studied the effect of pre-seeding, post-seeding or split
application of 60 mm water on the progressive vertical and horizontal proliferation of wheat roots on loamy sand and sandy loam soils for two years.
Initially root growth was higher with 60 mm and 30 mm pre-seeding irrigation. Irrigation 30 days after sowing, stimulated root growth by eliminating the
initial water stress and decreasing soil resistance, while the rate of root growth in
the pre-seeding irrigation had retarded by then. Root density at heading was
significantly higher with post-seeding than with an equivalent pre-seeding water
application. Average root density in 180 cm profile was a linear function of the
average moisture content in 0-30 cm layer during 30 to 60 days after seeding.
Effect of moisture storage on root depth was modified due to an early season
rain. Roots were finer in sandy loam than in loamy sand. Total water extraction
below 30 cm was proportional to the amount of roots present in the lower layers.

636 P

Field water balance of peas
D.K. DAS AND R.L. JAT
Division of Agricultural Physics, Indian Agricultural Research Institute, New Delhi-110012, India

In a field experiment soil water depletion and the amout and direction of flux in
the root zone of peas (Pisum sativum L.) grown in an alluvial sandy loam soil
(Typic Ustochrept) were measured to estimate actual evapotranspiration and
compute soil water balance. Water depletion was computed from soil water
content profiles and water fluxes were estimated from tensiometric measured
hydraulic gradients and predetermined hydraulic conductivity vs water content
relationships.
Upward water movement commenced in the 15-30 cm soil layer within 2-6
days of irrigation, while in the 120-150 cm layer downward flux continued for
longer time. At the latter depth interval downward flux continued for 66 days

ABSTRACTS OF VOLUNTARY PAPERS

191

and upward flux tor 120 days during the 96 day study and the maximum
downward and upward fluxes were 0.143 and 0.113 cm day ' respectively. The
actual evapotranspiration (AET) rate increased from 0.093 cm day ' in the early
stage of crop growth to 0.416 cm day"' during the grain formation stage. In the
four irrigation cycles of 28, 23, 31 and 14 days, water depletion overestimated
AET during the first 24, 15, 19 and 8 days and underestimated the same for the
rest 4, 8, 12 and 6 days respectively. Total AETand water flux at the base of the
root zone accounted for 85.2 and 14.8 per cent of the total water loss. The
experimentally observed net water storage change in the soil profile was in close
agreement with that computed from the hydrologie balance.

6.n p

Yield and water use efficiency of barley as influenced by
stored water, irrigation and nitrogen application
RAJ K. MAHEY AND S.S. CHEEMA
Department of Agronomy. Punjab Agricultural University. Ludhiana

141004, Punjab. India

Yields of crops grown in low seasonal-rainfall regions depend upon the available
water storage at seedling (AWS) and post-sowing water input as rain or
irrigation. Limited water can be used to enhance AWS or as post-sowing
irrigation or as split application. We studied the effect of levels or AWS,
post-sowing irrigation and nitrogen rates on barley grown on a loamy sand soil
during 1974-75 (rain = 5 cm) and 1975-76 (rain = 16 cm). In the first year higher
AWS was not reflected in grain yield as the surface layers dried out and the crop
suffered from water stress during early growth. Post-sowing irrigation(s)
increased root proliferation, water use, grain yield, water use efficiency (WUE)
and response to applied nitrogen. Same quantity of water applied as pre-sowing
and post-sowing irrigation was better than as pre-sowing irrigation alone.
During the second year post-sowing irrigation(s) had little effect on yield, N
application increased yield upto 40 kg in the first and 60 kg in the second year.
WUE increased with successive N increments from 57 kg ha~' cm" in N<> to 128
kg in Nso during 1974-75 and from 107 to 152 kg ha"1 c m ' i n 1975-76. There was
a strong interaction between soil moisture and nitrogen rate in 1974-75. One and
two post-sowing irrigation(s) increased yield by only 1.4and 3.4q/ha without N
application compared to 10.3 and 17.4 q/ha with N6o- For comparable
treatments the rooting density in 30-240 cm layer was greater in lower rainfall
year of 1974-75 than in 1975-76. These results suggest that early post-sowing
irrigation would help stabilise barley yields under limited water conditions.
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Root growth, leaf water potential and yield of irrigated
summer mung (Phaseolus aureus Robx) in relation to soil
water status and soil temperature under various mulches
T.N. CHAUDHARY, USHA, K. CHOPRA AND A.K. SINHA
Division of Agricultural Physics, Indian Agricultural Research Institute, New Delhi-1 10012, India

Soil water status and soil temperature changes under various mulches, and the
associated effects on root growth, leaf water potential (LWP) and grain yield of
summer mung (Phaseolus aureus Robx.) were studied on a sandy loam soil for
two years. Irrigation schedule and amounts were varied in the two years to
produce a range of water stress severity. Preceding irrigation, profile water
depletions from field capacity level were 13.8, 12.1, 9.4 and 10.2 cm under no
mulch (M0), straw mulch (M5), black polyethylene mulch (Mp) and polyethylene
covered with straw (Mps), respectively, in 1977. Corresponding values in 1978
were 8.9, 7.6, 4.9 and 5.1 cm. Soil temperature (0-15 cm) during the growing
season was comparable under M0 and Mp and averaged 5.6° C higher than that
under Ms and Mps treatments. Root density, LWP and grain yield were highest
under Mps and considerably higher under Ms than M0 in both the years. With
comparable soil water status, higher root density, LWP and grain yield under
Mps than Mp, seemingly, resulted from soil temperature mediated effect of straw
mulch. Nearly equal yields under Mp and Ms, despite a drier soil water regime in
the latter, also reflected similar effect. Results showed that grain yield of summer
mung can be significantly increased with efficient moisture conservation and soil
temperature moderation through mulches.
SOIL WATER MANAGEMENT
639

Systematic approach to water storage in soil based on a
dynamic model
DIPL ENG. AND N. FLOREA
Research Institute for Soil Science and Agrochemistry Bucharest, Romania

A model of soil water storage based on the concept of the soil as a reservoir
(porous, untight, divided in compartments, with filling in steps and with valve for
the self-regulation of the filling) is presented. The model integrates the soil, the
substratum, the ground water and the atmosphere, including the vegetation, in a
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system represented by the flux diagram and equations of the water storage
(inventory) and of the rates acting on the storages.
The rates of water supply, evapotranspiration, percolation and the discontinuities of the infiltration rate along the soil profile determine the loading and
unloading of the system and fluctuations in water storage. Some examples of the
simulation of the system behaviour are presented step by step and by temporal
diagrams. Large variations in the levels and rates, not only in time, but also in
space are typical for the system.
The generally open system has some loops with negative feed-back; the rates
of lateral eflux, capillary transport and ground water eflux being influenced by
levels tending to bring these to a steady state. The energetics and entropie aspects
are also examined. The systematic examination has offered possibilities of more
appropriate definitions of some notions (permeability, slowly permeable horizons, perched water etc.) and of a clearer explanation of several other phenomena
(local variations of soil moistening, rise of ground water level, salt migration
etc.).

640

The soil moisture balance of the vertical zones of the
Caucasus
R.G. MAMEDOV
The Azerbaijan Institute of the Soil Science and Agrochemistry of the Academy of Sciences, USSR

The report presents the generalizations and the results of continuous research
work carried out for many years in the vertical zones of the Caucasus. The
regular change in the main elements of the soil moisture balance (rainfall, flow,
total evaporation, infiltration etc.) were studied as a function of the ecological
factors. The empirical equations and coefficients of correlation for these relationships were evaluated.
The new equations for determining evapotranspiration, provided with water,
the height and the rate of soil water rise in vertical zones of the Caucasus are
offered. According to their moisture regimes and balance the soils of the Caucasus fall into nine groups. The recommendations for their regulations are given.
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Characterization of root water uptake by two varieties of
rainfed rice considering the spatial variability of soils
J.M. KALMS', G. VACHAUD 2 AND M. VAUCLIN2
I I . R A T , B.I». 6035-Montpellier. Detache a Idessa. H.I'. 635-Bouake-Coted'lvoire; 2. Institut de
Mecanique de Grenoble. Universite Scientifique et Médicale, B. P. 53X, 38041 Grenoble, Cedex

Experiments were performed, in an area 6000 m2 in Ivory coast with two
varieties of rainfed rice, to determine the root water uptake at different depths in
the soil profile, and to compare the water consumption of the varieties during a
drought at the panicular stage taking into account the natural heterogeneity of
the soils.
For each variety, daily soil water contents were obtained on six neutron
probes and 22 repetitions of tensiometric data were collected at different depths.
Three complete hydraulic characterizations were done on different points. From
the frequency distribution of tensiometric data, a criteria of significance for
comparison between water consumption of the varieties at the field scale was
obtained. The percolation flux below the root zone was negligible with respect to
the water consumption, and a detailed comparison of the daily water uptake at
different depths during two weeks was made. No objective difference could be
found between the cultivars in term of water consumption or root uptake.
Furthermore, the water uptake flux remained constant as long as the soil water
pressure was less than approximately -1 bar.

(.42

Root zone water balance of rice during water stress
V.S. TOMAR' AND J.C. OTOOLE 2
I. Department of Soil Science, Gobind Ballabh Pant University of Agriculture and Technology,
Pantnagar 263145, Uttar Pradesh, India; 2. Department of Agronomy, The International Rice
Research lnstitue, Manila. Philippines.

Greenhouse and field experiments were conducted to study the root zone water
balance in several rice (Oryza saliva L.) cultivars during water stress period.
Influence of soil hydraulic properties and rooting characteristics on water depletion patterns and the lower limit of available water was investigated. Neutron
moisture probe, gravimetric samples and tensiometers were used to monitor soil
water balance.
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Root zone water balance was affected by soil hydraulic properties and
rooting density (Lv). 70 to 80 per cent roots were located in the surface 30 cm soil.
L» ofcultivar IR 36 was low below 20 cm in loamy sand and below 40 cm in loam
in comparison to that of cultivar Dular. Zone of maximum extraction moved
downward with time. When the root zone moisture content decreased to a lower
critical limit predawn \P leaf decreased sharply. The threshold value of moisture
content at the lower limit of available water in the active root zone of silty clay
loam, loam and loamy sand corresponded to -7.0, -5.0 and -5.0 bar \P soil,
respectively. Deep rooted cultivars, Kinandang Patong and Dular extracted
water from lower profiles, whereas enough unused water was left under other
cultivars.
64.1

A limited irrigation—dryland farming system
B.A. STEWART
US DA Conservation and Production Research Laboratory, P.O. Drawer, 10, Bushland, TX 79012,
USA

A new system has been developed for the conjunctive use of limited irrigation and
rainfall for furrow irrigation of grain sorghum (Sorghum bicolor (L.) Moench)
or other drought-tolerant crops in semiarid regions. The unique feature of the
system is to actually adjust during the crop growing season, the amout of land
irrigated, since more land can be irrigated during above-average rainfall years
with a limited amount of irrigation water than during lower-than-average years.
Plant densities were reduced down the field to alleviate water stress on the lower
portion of the field where less water was available for crop production. Furrow
dams were placed about every 3 m. However, these were washed out by the
irrigation water to the distance the water advanced. The remaining dams stopped
rainfall runoff. Alternate furrows were irrigated and the extent that the field was
irrigated depended on the year—the wetter the year, the further distance the
irrigation water moved down the field.
644 P

Soil-plant-water relations of rice
P.R.S. REDDY AND B.P. GHILDYAL
Gobind Ballabh Pant University of Agriculture and Technology, Pantnagar, India

Unfavourable soil-plant-water, relations appear to be responsible for reduced
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growth and yield of rice under water-stress conditions. To investigate the differences in plant-water relations of rice grown under different soil-water regimes
greenhouse experiments were conducted. Soil plus plant resistance for water
transport in the dry regime was approximately 1.5 times greater than under
submerged regime. Per cent root porosity increased with increasing soil-water
stress. Diffusion coefficient of water in the root tissues (Dw) was greater for dry
regime plants than for submeged regime plants. Transpiration rate decreased
with decreasing soil-water content, 6, and plants grown under unsaturated
conditions showed greater transpiration rates, at any given time, than the plants
grown under submerged conditions. Root and plant permeability showed diurnal cyclic pattern. Relative water content decreased with leaf position from top to
the bottom.

645 P

Soil and water management studies in the major river
basins of northern Nigeria
A. SINGH 1 AND A.V. CHARI 2
I. University of Sokoto, Sokoto, Nigeria; 2. Institute for Agricultural Research, Ahmadu Bello
University, Zaria, Nigeria

The paper presents results of research on Soil and Water management in three
major river basins namely Sokoto-Rima River Basin, Hadejia Jama' are River
Basin and Lake Chad Basin of northern Nigeria and discusses the problems and
prospects of intensive agriculture.
Field experiments conducted at three Irrigation Research Stations located at
Bakura, Kadawa and Nngala representing the major river basins showed that on
light sandy loam soils of Sokoto-Rima Basin an irrigation interval beyond 5 days
reduced wheat yields drastically (52 per cent) while on Vertisols of Chad Basin 21
days interval reduced the yield by only 30 per cent. The loamy soils of HadejiaJama'are Basin were intermediate in this respect. Among the irrigation parameters tested, irrigation interval had most dominant effect on wheat yield, (r =
-0.97) at Sokoto-Rima Basin, where about 2800 m3 of water was needed to
produce one ton of wheat compared to about 1500 m3 needed in the other two
basins. The irrigation regimes and nitrogen levels showed similar wheat yield
response patterns but with difference in magnitude in Sokoto Rima and HadejiaJama' are Basins mainly due to differences in the native fertility status and
soil-water relationships. Some constraints in the development of irrigation and
intensification of cropping have been enumerated.
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Water re-use options for agricultural development in
Egypt
B.S. ZIKRI, M.S. EL-SAWABY AND A.F. EL-WAKEEL
Soil and Water Research Institute, Agriculture Research Centre, Giza-Egypt

In Egypt, water of the River Nile is not sufficient for irrigating new areas
required to produce the food necessary for the increasing population. Since
agriculture depends mainly on irrigation, it was always suggested that drainage
water could be used to partially satisfy the lack of enough water. The major
objective of this study was the assessment of the water balance and the salt
balance for the entire Nile Delta Region.
The total inflow of the Nile at Rod El Farag plus the inflow of El Rahawi
Drain in 1979 amounted to 43.9X109m3; the actual drainage to the sea was
26.7X109m' leaving for the actual evapotranspiration (Ea) for the entire Delta
17.2X109m3 corresponding with 3.0 mm per day on the average. The results of
the mass balance calculations for salts in the Nile Delta showed that tremendous
amounts of salts were discharged during the entire monitoring period into the
Mediterranean sea and the Suez Canal. This indicates a strong and continuous
leaching of salts from the region. Drainage water discharged into the sea, which
has a salinity above 2,250 ppm has been estimated to be in the order of
3,338X106m\ Consequently about 83 per cent of the total drainage water
discharged annually into the sea has salinity below 2,250 ppm.
Water released to the sea at each discharged site have been analyzed and
classified according to international standards for suitability for irrigation
purposes. The obtained data have enabled to draw up a plan for reclamation up
to the year 2000 in order to meet the demands of growing population.

647 P

Hydrologie variability of soils in a lateritic catchment
M.L. SHARMA 1 , E.S. DE BOER2 AND R.J.W. BARRON'
I. CSIRO Division of Land Resources Management, Wembley, Western Australia, 6014; 2. CSIRO
Division of Mathematics and Statistics, Wembley, Western Australia, 6014.

In situ sorptivity (S) and saturated hydraulic conductivity (K.M) of surface soils
were measured at 55 locations in a 94 ha lateritic catchment. In addition,
saturated hydraulic conductivity of clay subsoil was measured at 29 locations.
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Systematic trends in the spatial distribution of surface hydrologie properties
(S, K«) were examined by geostatistical techniques. Contour maps revealed no
specific trends. Correlograms and semi-variograms showed that the spatial
correlations of S and KM tended to decrease with distance, although even the
largest correlation (r < 0.37) at the least measuring distance (100 m) were not
significant for both parameters. Assuming independence, the frequency plots
indicated that the distributions of parameters were better approximated by the
log-normal rather than the normal model. The effects of variability and type of
frequency distribution on the calculation of the number of measurements
required to estimate the mean with certain precision, was demonstrated.
The scaling factors calculated according to the principles of similar-media
concept using S and KK were not identical, but they were highly correlated (r =
0.95). This supports the use of scaling theory in representing field heterogeneity
by a single stochastic variable.

648 P

Water harvesting procedures in alkali soils of India
V.V. DHRUVANARAYANA AND S.K. KAMRA
Division of Engineering, Central Soil Salinity Research Institute, Karnal, Haryana, India

Alkali soil regions of north India offer an excellent opportunity for harvesting of
runoff water. Field studies showed that in alkali soils, reclaimed with gypsum as
an amendment, runoff from sterms of 15-18 cm could be stored in bunded nee
fields without any harmful effect on the crop yields. It was further shown that
alkali soils could be utilized as grass lands without the application of gypsum
and with proper rainwater management. For this, an area is bunded and the
bunded plot divided into two compartments. In the upper compartment rain
water is harvested and in the lower compartment alkali tolerant grasses are
raised. Results showed that with the water harvesting compartment four times as
large as the grassed compartment, soil amelioration, moisture conservation and
the yield of the grass were better as compared with plots where water harvesting
compartments were not provided. Dugout ponds, located in the lower part of the
catchment, served as the second tier of the water storage. During rainy season,
nearly 6-10 cm of rain water was stored and the water recycled for irrigating the
crops in the dry spills. A hydrologie assessment of the system showed that the
drainage needs of the area were minimized by these water harvesting methods
and that a part of the water needs for reclamation could be met from the
additional water added to the ground water.
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Rainfall-runoff behaviour of an alkali soil watershed
modified due to reclamation
O.P. SINGH AND V.V. DHRUVA NARAYANA
Division of Engineering, Central Soil Salinity Research Institute, Karnal-132001, Haryana, India

The reclamation of alkali soils causes changes in the rainfall-runoff behaviour of
alkali watersheds due to increased rainwater retention capacity and infiltration
rate within the watershed. In this paper a mathematical model based upon the
instantaneous unit hydrograph concept has been developed for predicting the
runoff hydrographs of alkali soil watershed with different fractions of reclaimed
area. The model has been verified from the data collected from an experimental
alkali watershed where systematic reclamation work had been taken up. The
three different statistical tests showed a good agreement between the predicted
and observed runoff hydrographs from the experimental watersheds. A procedure for developing the design hydrographs has been explained based upon the
developed model.

650P

Management of sandy soils for increased crop production
R.P. GUPTA AND C.L. SANGHI
All India Coordinated Soil Physical Conditions Project, Division of Agricultural Physics, Indian
Agricultural Research Institute, New Delhi-110012, India

A large fraction of land is covered by the soils belonging to the orders aridisols
and entisols in the north-western India. These soils have low water retention
capacity and are highly permeable. Field studies showed that compaction of
Jaipur non-calcic brown sandy soil (Entisol) by making 20 passes of a bullock
driven 200 kg roller or 6 passes of a tractor driven 460 kg roller at optimum
moisture, induced a barrier of relatively high bulk density. The bulk density of
subsurface soil layer at 10 20 cm depth increased by 0.110 g/cm3 over 1.545
g/cm 3 under natural conditions, along with an increase in bulk density of surface
soil. Infiltration rate decreased from 17.9 to 13.2 cm/hr. Grain yield of pearl
millet, variety BJ-104, increased by 30 to 50 per cent over the control yield of
12.33 q/ha and that of subsequent wheat crop by 20 to 30 per cent over the
control yield of 16.27 q/ha. The quantity of water required to irrigate the wheat
crop decreased from 9 to 6 cm for each irrigation and the moisture conserved in
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upper 20 cm soil layer increased by 0.6 to 1.6 cm or 2 to 4 per cent. Significant
increase in the yield of pearl millet crop was also noted under the 'Transfer of
Technology' experiments conducted in the farmers' fields.
651 P

Gypsiferous soils and the factors limiting their
management under irrigation
N.G. MINASHINA
Dokuchaev Soil Institute. Pyjevski Moscow 17. USSR

The paper presents the result of investigations relating to management of
gypsiferous soils under irrigation. The classification of the gypsiferous soils was
worked out considering the criteria for their fertility and irrigability. These
criteria are as follows:
Group of gypsiferous soils: I—accumulative (in basins); II—eluvialaccumulative (on high lands).
Upper line of gypsic horizon, depth, cm: < 30—surface gypsic; 30-60—shallow
gypsic; 60-100— deep gypsic; 100-200—subsoil gypsic; > 200—ground
gypsic.
Thickness of gypsum horizon, cm: < 40—thin; 40-100—medium; >
100-thick.
Crystal size, mm: < 0.1—microgypsic (powdry); 0.1—I-fine gypsic;
1-10—coarse gypsic; 10-100—macrogyspic, > 100—stony gypsic.
Consistence of gypsum: compact, soft under watering, cemented, fibrous,
cavernous, stony cemented gypsum soil.
Gypsum content, per cent: < 25 per cent—slight; 25-50 percent—moderate,
> 50 per cent—high gypsum soils.
Increasing gypsum content, hardness and thickness of the gypsum horizon
and crystal size lead to deterioration of physical and agricultural properties of
the soil upto complete unfitness of the land for irrigated agriculture. On the
contrary, increasing of thickness of the non-gypsic top soil is favourable for
many crops.
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Does soil cracking reduce crop yields?
K.L. SRIVASTAVA, A.R. SHELDRAKE, N. VENKATRATNAM AND
N.P. SEXENA
International Crops Research Institute for the Semi-Arid Tropics, Patancheru,
Andhra Pradesh, India

The interaction of soil cracking and crop growth is an area which has received
little research attention. Some preliminary results on Vertisols have shown that
"dry weather cracks" reduce crop yields. It seems possible that yields could be
increased through the management of soil cracking.
MA NAG E MENT OF ORGANIC WASTES
653 P

Chemical characterization of waters of soils receiving pig
manure
C. CHEVERRY, S. BOUILLE AND J. BEDIER
Ecole Nationale Superieure Agronomique de Rennes 35042 Rennes Cedex, France

Animal productions (pigs, poultry, cattle) have sharply increased for a few years
in Brittany, France. Animal manures are land spread and play an important role
in the fertilization of the soil. When badly managed, these spreadings set up
pollutions, especially by accumulation of nitrates in the waters. The extraction,
by porous ceramic cups, of the waters of soil receiving pig slurry spreadings,
seems to be an interesting way for appreciating the respective part played by the
morphological features of the soil, and by the amounts and periods of spreading,
on the chemical composition of these waters and consequently on the risks of
pollution of the landscapes. These waters were more often rich in calcium and
nitrates. The exportations of mineral elements by leaching took place to a large
extent, within a short period, in December and January. Risks of pollution seems
to be true, even under temporary grassland.
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Improving basal till dense sub-soils, with organic amendments for alfalfa production
G.R. S A 1 N 1 , T.L. C H O W A N D 1. G H A N E N
Agriculture Canada Research Station, Fredericton, New Brunswick, Canada E3B 4Z7

Greenhouse and field experiments were conducted to evaluate the efficacy of
various amendments (lime, farm manure and sawdust), alone and in combination, in improving hydrologie properties of dense basal till soils and increasing
alfalfa yield. Laboratory determinations of hydrologie characteristic of greenhouse columns indicated that the saturated hydraulic conductivity of sawdust
treated sub-soil was 6 times higher than the manure treatment and over 53 times
higher than the control. Retention data suggested that pores > 29 microns were
the major difference in pore size distribution between the organic matter treated
and the non-treated sub-soils. The soil water matric potential (*m) of different
treated sub-soils, monitored during the greenhouse experiment showed that *m
decreased with increasing saturated hydraulic conductivities of the sub-soils.
From greenhouse, as well as field experiments, it was observed that all
amendment treatments gave significantly higher yields than the compacted and
loosened sub-soils but were not significantly different from each other. This
increase in yield was much more pronounced in the field experiment as compared
to the greenhouse one.

655

Utilization of some organic wastes in winged bean
(Phosphocarpus tetragonolobus) production
K. THIAGALINGAM
Faculty of Agriculture, University of Papua New Guinea, Box 4820 University P.O. Papua, New
Guinea

In Papua New Guinea large quantities of organic wastes from animals, agriculture and industry are produced (estimated at equivalent of 47001 of N, 29001 of P
and 44001 of K. perannum). Experiments utilizing some of the wastes as fertilizer
on winged bean production are presented.
Chicken manure and brewery waste increased pod number (28-42 per cent),
fresh pod weight (23-41 percent), tuber number (6-16 per cent) and tuber weight
(9-30 per cent). Fresh pod yield varied from 6.9 to 11.8 t/ha. Fresh pods were
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harvested 63 days after sowing and 80 per cent of the total fresh pods within the
next 20 days.
Significant yield increase was obtained with 20 t/ha rate of goat manure and
the seed yields ranged from 0.911 t/ha to 1.65 t/ha.
Ten winged bean varieties (UPS 31, 32, 45, 47, 53, 62, 99, 102, 121 and 122)
were tested for their response to chicken manure application. The varieties tested
differed significantly in their yield response in which UPS 121 produced the
highest yield with (1.83 t/ha) and without (1.36 t/ha) chicken manure application. Seed yield and the leaf area of the varieties tested ranged from 0.597 to 1.83
t/ha and 439 to 2107 cm2 respectively. An application of 5-10 t/ha of chicken
manure appeared to be adequate for winged bean. Long term studies are necessary to evaluate the residual effects.

656

Amelioration of paper-mill effluent for crop production
M.K. BADIGER AND P.B. DESHPANDE
Department of Chemistry and Soils, University of Agricultural Sciences, Hebbal, Bangalore-560024,
India

Paper mills utilize large quantities of water and the effluents are likely to be
hazardous. The effluent from Mysore Paper Mills Ltd., Bhadravati in Karnataka
state was periodically sampled for chemical analysis. Laboratory experiments
were performed to study the effect of several chemicals, Ca(OH)2, K-alum,
Fe-pyrite, Navipac, ferric chloride and phosphoric acid, as coagulents. Effect of
effluents on soil properties and crop growth was evaluated in greenhouse studies.
The effluent was dark brown in colour and contained high amount of
suspended (93.6 mg/1) and dissolved (948 mg/1) solids. pH of the effluent ranged
from 6.2 to 10.9 and the average Na+ content was 6.1 me/1. From among the
coagulents tested, Navipac at 100 mg/1 was most effective followed ferric
chloride applied at the rate of 100 mg/1. Fe-pyrite and calcium hydroxide were
least effective. Germination and dry matter production of french bean was more
adversely affected when raw effluent was used for irrigation compared to treated
effluent. Effluent treated with 60 mg/1, K-alum gave as high germination and dry
matter production as the soil irrigated with river water which acted as control.
Irrigation with raw effluent resulted in a significant increase in soil pH, EC and
exchangeable sodium whose effects were reflected on crop growth.
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Studies on the utilization of crop residues and other
organic wastes in rice-wheat cropping system in
north-western Himalayas
S.C. MODGAL, H.L. SHARMA AND M P . SINGH
Department of Agronomy, Himachal Pradesh Agricultural University. Palampur-176062,
Himachal Pradesh, India

Rice followed by wheat is an important crop rotation in the Kangra valley of
Himachal Pradesh. A field experiment was started in 1975 wet season {kharif) at
Palampur (mean annual rainfall 2500 mm; height 1250 m above msl) to study the
effect of FYM, crop residues and levels of N on long term changes in soil
properties and crop yields. The soil of the experimental site was a deep clay loam,
low in available phosphorus and nitrogen and having surface soil pH of 5.8. The
experiment was laid in a split-split plot design with FYM treatments randomised
in whole plots, residue management treatments in subplot and fertilizer N
treatments in the sub-subplots. The treatments were replicated 4 times. A uniform basal application of P and K. was given to each of the crops.
Application of FYM to both the crops resulted in improved organic carbon
status, reduced bulk density and increased cumulative infiltration and consequently enhanced crop yields. In the first two years residue incorporation
decreased crop yield but later the yields tended to stabilize. There was an
improvement in soil properties due to residue incorporation as seenfrom organic
carbon status and cumulative infiltration. Crop yields increased significantly
with increased level of nitrogen up to 100 kg/ ha.

COMMISSION VII
SOIL MINERALOGY
701

Pedogenic palygorskite in the arid environment
ARIEH SINGER
The Seagram Centre for Soil and Water Sciences, Faculty of Agriculture, The Hebrew University of
Jerusalem, P.O. Box 12, Rehovot, Israel

Pedogenic palygorskite occurrences are reviewed. Pedogenic palygorskite is
commonly associated with either: a. modern soils that are at present or have in
the past been affected by rising ground water; b. soil formations that include
distinct and sharp textural transitions, such as many paleosols; c. pedogenic
features, such as calcretes, crusts and caliches. Each one of these specific pedological or geomorphological settings, in association with an arid environment,
can apparently satisfy the threshold concentration requirements for palygorskite
stability. The pedogenesis of palygorskite in these formations appears therefore
to be altogether feasible, as far as requirments of the solution chemistry are
concerned.

702

An examination of the conventional schematic diagrams
of layer silicate structures
V.A.K. SARMA
National Bureau of Soil Survey and Land Use Planning Regional Centre, Bangalore, India

The conventional schematic diagrams of the structures of layer silicates contain
some anomalies that may give rise to erroneous impressions regarding features of
the structure. Taking kaolinite as example, it is shown that the diagrams indicate
that alternate pairs of Si-O tetrahedra share an edge, and alternate pairs of
Al-O-OH octahedra share two edges, in effect a face. The diagrams also do not
indicate that the structure is extended in the third direction as well, so that they
actually represent two-dimensional structures. An alternative structure is presented, which does not have these anomalies, and could preferably be used in
place of the conventional diagram.
205
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Soil mineralogy of some Vertisols in Venezuela
GRACIANO ELIZALDE AND JUAN A. COMERMA
Centro Nacional De Investigations Agropecuarias, FONA1AP, Maracay 2101, Venezuela

The use of most Vertisols in Venezuela is limited due to their poor surface and
internal drainage conditions. As soil mineralogy is, presumably, related with this
condition, we studied mineralogy and some other physical and chemical characteristics in respect of 6 typical Vertisols. The 6 soils represented different geographical situations, annual rainfall varying from 400 to 1400 mm. The general
composition of soils was somewhat different but all were derived from modern
sediments. Soil pH was, mostly, around neutral, although some were acid and
others alkaline. The cation exchange capacity (CEC) varied from 10 to 54
me/100 g of soil. In Soil Taxonomy and at family level, the mineralogical classes
were: one kaolinitic, two mixed, one vermiculitic and two montmorillonitic. The
coefficient of linear extensibility (COLE) was high in all cases, indicating a high
degree of expansibility.
A good correlation (r = + 0.88) was found betwen CEC and per cent
expansive minerals, also between CEC and COLE (r = + 0.73) specially with
those samples low in carbon, but the relation between COLE and expansive
minerals was not so clear.
704

Clay mineralogy of some soils from Himachal Pradesh,
India
R.D. GUPTA1 AND E. VAN RANST 2
I, Directorate of Extension Education, HPKVV, Palampur-176062, India; 2. Laboratoryfor Pedology, State University of Ghent, Krijgslaan 271, B-9000 Ghent, Belgium

The clay fraction of seven soils from lnceptisol, Alfisol and Mollisol in Himachal
Pradesh was studied with X-ray diffraction and chemical analysis. All the soils
have a similar mineralogical composition with mica, kaolinite, quartz, feldspars
and a complex of 14 A minerals. This complex has always a fraction that is heat
resistant (trioctahedral chlorite), a fraction that collapses on saturation with K.+
and does not swell with glycol (vermiculite) and a small amount swelling with
glycol (smectite). Some soil have a slight content of mixed layers mica-smectite.
Two of the soils have a predominance of smectite. An evolution from B to A
horizons is nowhere evident.
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Clay mineralogy of a few red and black complex soils of
Hyderabad, India
T.V. RAO AND G.S.R. KRISHNA MURTI
Division of Agricultural Physics, Indian Agricultural Research Institute, New Delhi 1101)12. India

The amorphous material-free clay fractions of the red soils derived from granite
are dominant in kaolinite while the black soils derived from basalts, and the
colluvic soils are dominant in smectite. All the soil clays have fair amounts of 0.5
N KOH extractable amorphous material.
Kaolinite in the soil clays studied contained considerable quantities of iron.
Unit cell cation composition, calculated with the assumption that iron is a
structural ccnstituent of kaolinite, indicated a substitution of 0.26 to 1.15 moles
for every 4 moles of Al in the octahedral layer.
Kaolinites have formed by neosynthesis from amorphous material in the red
soils in a geological era of higher temperature and rainfall which preceded
miocene—pliocene period. Smectite formation in the black soils was favoured by
the alkaline environment consisting of high Si and ferro-magnesian minerals.
Smectite mij ht also have partly been transformed to kaolinite in acidic to neutral
pH conditions in the higher elevations. Possible mechanism of mineral transformation in thsse soils, is suggested.

7(16

Mineralogy of a toposequence in the mid-upland Laterite
region of Kerala state
V.K. VENUGOPAL AND M M . KOSHY
College of Agriculture, Kerala Agricultural University, Vellayani-695522, Trivandrum. India

The fine sane! and clay fractions of a toposequence derived from the 'Warkalli
beds' in Varkala area of Kerala state were studied. The light minerals were
dominated by quartz, feldspars being completely absent. Among the heavy
minerals, the accumulation of opaques (red and black) along the toposequence
indicated a decreasing scale of weathering from crest to valley. The mineral
assemblage showed no stratification of the parent material and soils were developed from a uniform parent material. The clay minerals identified by X-ray
diffraction consisted predominantly of kaolinite. Chlorite and traces of 2:1
minerals were also identified. The content of chlorite was found to increase

208

ABSTRACTS OF VOLUNTARY PAPERS

downslope. Crystallinity of the chlorite was better in tneupperslope members of
the catena compared to the lower slope members.
707 p

A contribution of clay mineralogy and granulometry to
soil genetics
H. TRIBUTH
Institut fur Bodemkunde Gieben, Germany

With the aid of X-ray analysis it is possible to identify the changes in the
composition of the clay fractions (changes which have been influenced by the
contemporaneous soil environment), and also the state of the minerals. The
X-ray diagrams of the soil, with varying base supply (Chernozems, Gray Brown
soils, acidic brown soils) reveal the relationship between base reduction and the
degree of clay decomposition. These irreversible changes in the minerals and the
mineral reserves allow us to ascertain the previously completed phases of clay
formation; this is possible even when changes in vegetation, secondary formation
of limestone and agricultural use present the contemporary researcher with a
morphologically different type of soil.
The significance of granulometrical analyses for soil genetics lies in the
quantification of the changes caused by weathering in the granulometric composition in the clay and silt sub-fractions. The clearly differentiated fluctuation in
the granular spectrum in favour of finer fractions reveals splendidly, for example, superpositions and bed boundaries, so that the granulometrical analysis
thereby gains the significance of a diagnostic criterium when dealing with palaeosoils and palaeo-horizons.
MINERAL WEATHERING
70S

Mineral weathering clay formation and rubefication of
Terrae rossae in central Europe
A. BRONGER'AND J. ENSLING2
I. Geographisches Institut der Universitat Kiel, D-2300 Kiel, FRG; 2. Institut fur Anorganischeund
Analytische Chemie der Universitat Mainz, Ü-6500 Main/, FRG

In five of seven Terrae rossae of Pliocene to old Pleistocene age compared with
their specific limestone residues (SLR), no mineral weathering and clay mineral
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formation is detectable. In one of the Terrae rossaetheclay formation is low; the
largest part of the clay minerals must be regarded as inherited too. Only one
Terra rossa: shows a remarkable weathering of primary minerals (feldspars,
phyllosilicates) and a higher rate of clay formation especially of kaolinites.
Only goethite could be detected by Mossbauer effect measurements between
4 Kand 300 K. of the < 0.2 yum-fraction in two Terrae f uscae including their SLR.
In the seven Terrae rossae and their SLR, goethiteand hematite were identified
as the dominant (x-ray amorphous, mean diameter~ 160 A and ~ 60 A respectively) iron oxides. The red (Munsell) colour of the soils is mostly but not always
determined by the hematite/goethite ratio, independent of the degree of
weathering.

709

Role of the biochemical factor in soil mineral weathering
M. ROBEERT', M.K. RAZZAGHE 2 AND M A . VICENTE3
1. Department cle Science du Sol INRA Versailles, France; 2. Laboratoire de Geochimie Universite
Tabriz, Iran; and 3. Centra de Edafologia C.S.I.C. Salamanca, Spain

This paper is a summary of numerous results concerning the biochemical weathering obtained by the authors both experimentally and observed under natural
conditions. The role of the organic compounds (low molecular weight acids,
fulvic and humic acids) in the weathering of primary, (silicates: feldspaths,
feldspathoids or micas and carbonates) and secondary minerals (phyllosilicates,
oxides and hyroxides) was studied.
It is necessary to distinguish two weathering systems, acid or acid and
complexing, which involve different kinds of organic compounds and which give
different evolutions. The mineral stability observed in these studies was different
from the sequence defined by JACKSON and SHERMAN (1953). These two
systems can be found in the natural conditions under biological and biochemical
actions, and illustrations are given on the evolution of primary and secondary
minerals in acid mountain soils (rankers and podzolic soils).
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Disintegration of some Tuscanian rock due to activity of
lichen cover
V. VIDRICH, C.A. CECCONI, G. G. RISTORI AND PIERO FUSI
Instituto (ii Chimica Agraria E Forestale, Universita di Firenze, 50144 Firenze, Italy

In the natural Tuscan environment, rock weathering results in the dissolution of
primary minerals and not in the formation of neogenesis minerals. Large
amounts of Ca-oxalate were found in the weathered zones of calcareous rocks,
while in the ferromagnesian rocks, soluble iron oxalate is easily leached away,
thus facilitating further weathering. In the lichen sheets, the Fe++/Fe+++ ratio is
almost constant apart from the values found in the rock.

711

Morphology and genesis of dystrochrepts as influenced
by the weathering of mahoning sandstone
R.N. SINGH, W.E. GRUBE, R.M. SMITH, R.F. K.EEFER AND
O.L. BENNETT
West Virginia University, Morgantown, West Virginia and Appalachian Soil and Water Conservation Research Station. Beckley, West Virginia, USA

Field and laboratory studies were conducted on some Typic Dystrochrepts of
Northern West Virginia and underlying or associated bedrock to depths
approaching 18 meters. Rock samples, dominantly Mahoning Sandstone were
obtained from drilling of blasting holes for surface mining of Upper Freeport
Coal. Detailed comparisons were made of clay mineralogy, S, K2O, free iron
oxide and exchangeable bases of Dystrochrepts with those of Mahoning Sandstone. Apparently the sandstone involved, prior to weathering, was dominantly
quartz with minor proportions of kaolinite, mica, and small but significant
amounts of authigenic pyrite. Oxidation of the pyrite is believed to have resulted
in leaching of weathering rock with sulfuric acid before its exposure to soil
forming processes. The resulting soils are low in basic cations and high in
exchangeable Al and H and show only slight textural, morphological and free
oxides differentiation with depth. Coarse clay dominates the clay fractions.
Absence of argillic horizons in these soils is due to lack of mobile fines and
floculation of clays with Al and H. Kaolinite is the principal clay mineral in
surface horizons with lesser amounts of vermiculite and mica, the absence of
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vermiculite in the rock and the decrease in mica approaching the soil surface
indicate that a principal mineral weathering process is the conversion of mica to
vermiculite.
712

Kinetics of dissolution of some chlorites in 0.1 M
hydrochloric acid
SAROJA RAMAN' AND R.K. MAHESHWAR1 2
Department of Chemistry and Soil Science. Gobind Ballabh Pant University of Agriculture and
Technology. Pantnagar-263145. Uttar Pradesh. India

Dissolution kinetics of five chlorite samples from lower Siwalik area (Tarai,
Nainital), in 0.1 M HC1 gave very similar rates for the release of Fe2+ and Mg 2 \
Average first order rate constants for these were 9.1 xl(T 3 and I.8xl0~ 2 hr 'at 30
and 40°C respectively. Average activation energy calculated from Arrhenius
equation was 12.2 ± 1.2 k cal/mole. In some cases, an additional and faster initial
rate of release of Fe2+ and Mg"+ was also observed at 30°C. This is probably due
to interlayer, free oxides or adsorbed impurities.
713 P

Clay mineral transformations in some salt affected soils
S.C. GOSWAMI AND B.S. KAPOOR
Department of Chemistry, University of Delhi, Delhi 110007. India

Mineralogy o f four sodic profiles developed on alluvium in the semi-arid regions
of the states of Haryana and Uttar Pradesh, India were investigated using the
X-ray diffraction and microscopic techniques. The sand fraction was found to
contain quartz and feldspars as the dominant minerals, followed by muscovite,
biotite and chlorite in association with other accessory minerals. Semiquantitative estimates of clay minerals in the silt fraction revealed the dominance
of illite followed by illite-rhlorite type of two-component (10-I4)A mixed-layer
minerals, chlorite and vermiculite. A similar mineral suit was observed in the
clay fraction, which contained, in addition, smectite/chloritised-smectite and
three-compon;nt (10-14 14)A interstratified minerals. Illite was found to be of
both di-octahedral and tri-octahedral varieties and the latter appears to have
undergone preferential transformation to smectite-like minerals through intermediate stages of (10 14)A interstratification. Principle of'nucleation and silication', as a plausible mechanism, was considered responsible for the formation of
three-component (10 14 14)A mixed-layer minerals. Pedogenic formation of
analcime in a saline sodic profile has also been discussed.
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