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Preface
The Abstracts consist of six volumes. They contain the abstracts submitted and
accepted for the 65 Symposia of the 17th World Congress of Soil Science, the theme
of which is:
Soil Science: Confronting New Realities in the 21st Century
Most of the 65 Symposia were proposed and accepted during the IUSS Council
Meeting in April 2000 in Bangkok under the present structure of Commissions,
Subcommissions and Working Groups. A few Symposia were added into the
structure of the Scientific Programme of the Congress at later dates on specific
requests by Chairpersons, International Agencies and National Soil Science Society,
approved by Council Members through correspondence. Over 2300 abstracts were
received but their actual number in these Abstracts is less than 1800. These six
volumes of Abstracts have been structured as follows:
Volume I
Volume II
Volume III
Volume IV
Volume V
Volume VI

Symposia 01-12
Symposia 13-21
Symposia 22-36
Symposia 37-52
Symposia 53-65 (This Volume)
Index of Subjects and Authors

The voluminous publication of diverse scientific studies and reviews in soil
science and related fields included in the Abstracts, Programme and Transactions of
the Congress is considered a product of collective effort among soil scientists and
scientists in related fields. It can serve as a basic tool to help confront new realities in
soil science and mark the beginning of a new phase of soil science to advance into the
twenty-first century. We have tried very hard to minimize our mistakes in editing
and formatting each individual abstract in these books. However, due to very diverse
styles of authors, it has been very difficult. We accept this with no excuses.
Nevertheless we hope you will find the 17th World Congress of Soil Science fruitful
and enjoyable.

Irb Kheoruenromne
15 July 2002
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Symposium no. 53

Paper no. 893

Presentation: poster

Quality of irrigation water in Kutch (Gujarat)
after earthquake
AKBARI K.N.. SUTARIA G.S., H1RPARA D.S. and PATEL V.N.
Main Dry Farming Research Station, Gujarat Agricultural University, Targhadia-360 003. India
The earthquake which struck in Gujarat and Api centre was located in Kutch. Ultimately
topography has undergone massive vibration which might change the quality of underground
water. Hence, the total 79 irrigation water samples (19, 21, 14, 11, and 14 from Bhuj, Mundra,
Anjar, Bhachau and Rapar taluka, respectively) of bores/wells from various villages of the most
affected areas were collected after the earthquake were studied. The various quality parameters
were determined using standard procedures and water was classified as per USSL standard. On an
average, pH, EC (dSm1) and SAR of the irrigation water under study were 7.72, 3.70 and 12.15
respectively. Average value of salinity (EC, dSm') for water of Bhuj, Mundra, Anjar, Bhachau and
Rapar was 4.75, 3.77, 2.61, 2.7 and 4.67 respectively. The 34.2 and 62.0 percent water under study
were categorised as high (C3) and very high (C4) salinity class. While, 68.50, 57.10, 50.0, 45.5 and
85.7 percent water of Bhuj, Mundra, Anjar, Bhachau and Rapar were categorised as very high (C4)
salinity class. In case of sodicity, mean SAR values were 11.97, 22.08, 9.52, 8.37 and 12.82 of
Bhuj.Mundra, Anjar,Bhachau and Rapar, respectively.
According to USSL standard (integrating both salinity and sodicity) 7.59, 17.52, 8.86, 10.12
and 43.04 percent water were categorised as C3S1, C3S3, C3S4. C4S3 and C4S4 class, respectively.
Critically look to the data for each taluka, 42.11, 57.14, 21.42, 27.27 and 57.14 percent wells of
Bhuj, Mundra, Anjar, Bhachau and Rapar, respectively have water of C4S4 class. The higher
number of samples were recorded under S4 class of sodicity after earth quakes. Irrigation water in
the category of C3S3 and C4S4 were increased to the tune of 3.86 to 17.72 and 5.12 to 43.0 percent
respectively in spite of a reduction in salinity after the earth quake.
Keywords: irrigation water, earthquake, quality salinity, sodicity, depth
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Symposium no. 53

Paper no. 855

Presentation: poster

Runoff and particle detachment of a Ferralsol
under pastures (Cerrado, Brazil)
BRUNET Didier (1), BROSSARD Michel (1) and BARCELLOS Alexandre de O. (2)
(1) IRD, UR064, CP 7091, 71619-970 Brasilia DF, Brazil
(2) EMBRAPA Cerrados, CP 08223, 73301-970 Planaltina DF, Brazil
Cultivated pastures cover 49.5 Mha in the Cerrado area, and 50% of them have a low
productivity or are degraded. An inadequate management of pastures is one of the responsible
factors for that damage. Another one which intervenes is the soil factor and its physical attributes.
In fact, the topsoil of the old pastures which have a low productivity presents, in general, a low
porosity. Its structure is characterized by the juxtaposition of compact volumes, formed by
centimetric aggregates, and also by volumes more porous organized in agglomerated very porous
micro-aggregates. The pasture cover rate influences the stamping which facilitates the crust
formation. This work has for it is objective to highlight, during a field trial, the importance of runoff
and soil particle detachment of a clayey ferralsol of the Central Plateau (yearly pluviometry 1200
mm) under cultivated pastures. These two parameters are studied for the first time in that area at the
one-square meter scale .
Three pastures are compared, a 10 years old Brachiaria brizantha, cv marandu low
productivity pasture as control, a pasture associating the same graminee with the Stylosanthes
guianensis, var. vulgaris, cv minero legume, and a pure Brachiaria brizantha pasture. These last
two treatments, from the same origin than the control, were rehabilitated in 1999. Two crossed
superficial passages of diskplow were performed, in order to permit the raising of Brachiaria seeds
present in the soil, the legume sowing and fertiliser spreading. Every treatment includes 3 erosion
micro-plots installed in 1999 at lower, mid and upper slope, with a declivity of 3.5%, on average.
The pluviometry was recorded by a weekly paper tape-recording pluviograph. The runoff and
sediments sampling was done twice a week. The sediments were dried at 65°C.
During the period of observation, from October 2000 to March 2001, the runoff between the
three pastures was significantly different, as well as the particle detachment. The runoff is
correlated negatively with the average percentage of pasture cover (r: -0.91). Nevertheless, the
runoff coefficient is low, 0.14% for the Brachiaria treatment, 0.25% for the associated treatment
and 1.35% for the control, which confirms the observed data on large plots in the region. The
particle detachment is low as well, with the lowest average (42 g m" ) recorded in the pure
Brachiaria treatment, and the highest (116 g m"2) recorded in the control. This work shows that the
runoff and particle detachment intervene slightly in the degradation process of Cerrados' soils under
pastures with an adequate management.
Keywords: micro-plot, runoff, pasture, Brachiaria brizantha, Stylosanthes guianensis, Cerrados
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Symposium no. 53

Paper no. 1151

Presentation: poster

Continuous application of sewage effluent on soil properties
CHANDRA Sekaran N. and RAJKANNAN B.
Department of Soil Science and Agricultural Chemistry, Tamil Nadu Agricultural University,
Coimbatore, Tamil Nadu, India
To study the long-term effect of irrigation of raw / primarily treated / secondarily treated
sewage on soil properties, soil samples were collected from different sewage farms of Tamil Nadu
having 6 to 100 years of sewage irrigation. The study revealed that the clay content of soils of both
surface and sub-surface increased marginally to moderately in the order of raw > primarily treated >
secondarily treated sewage irrigation. The sewage irrigation tended to improve the soil physical
properties such as porosity, bulk density, hydraulic conductivity and water holding capacity
considerably in both surface and sub-surface soils. The sewage irrigation also increased the organic
carbon content, CEC and fertility of the soil. However, accumulation of heavy metals like Ni, Pb
and Cr in excess of critical limits was observed in surface and sub surface soil.
The texture of the soil in the sewage farm varied from sandy to sandyloam. The continuous use
of sewage was found to bring about enhanced accumulation of finer particles.The long-term sewage
irrigation was found to influence the porosity characteristics. Not only the total porosity but also
the proportion of microspores were found to be increased as the result of sewage irrigation. Longterm sewage irrigation tended to decrease bulk density. When raw sewage irrigated area recorded a
bulk density of 1.50 as compared to 1.60 Mg m~3 in the adjacent unexposed site. Water holding
capacity of soils were found to be increased by the influence of sewage irrigation. To cite an
example, application of raw sewage for 6 years increased the value from 48.68 to 55.63 percent.
Long-term sewage irrigation tended to increase the hydraulic conductivity. In 6 years of raw
sewage irrigation increased the hydraulic conductivity from 9.03 to 12.61 cm h .
Keywords: sewage effluent, heavy metal, sewage farms
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Symposium no. 53

Paper no. 2024

Presentation: oral

Modeling the shrinkage curve of a soil clay matrix
CHERTKOV Victor Ya.
Faculty of Agricultural Engineering, Technion, Haifa 32000, Israel
Understanding the shrinkage of a soil clay matrix is a necessary prerequisite for that of a
swelling clay soil including, besides clay, sand and silt as well as cracks and other voids. The
objective of this work is the further development of an earlier proposed model of the shrinkage
curve of a soil clay matrix based on its microstructure. The shrinkage curve is expressed through
three macroparameters: the density of solid phase, the volume fraction of solid phase at maximum
water content (equal to liquid limit), and the minimum relative volume of the clay matrix. A
physical definition of the residual water content, shrinkage limit, and liquid limit of a clay matrix is
given. A corresponding more rigorous and objective procedure for estimating these two Atterberg
limits of a clay matrix is proposed. Comparison between model estimates and relevant available
data on characteristic points of the shrinkage curve of the soil clay matrix shows satisfactory
agreement.
Keywords: clay, matrix, microstructure, shrinking, swelling
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Symposium no. 53

Paper no. 1413

Presentation: poster

Estimating soil water status as environmental factor
and application
CHRISTOV Ilia D.
Poushkarov Institute for Soil Science, 7 Shosse Bankya Street, P.O. Box 1369, Sofia 1000, Bulgaria
Ecological concepts and methods for estimating soil water status, as an environmental factor
and its impact on living and productivity of plant ecosystems are developed and examined. New
soil integral index L of energy levels of soil moisture, taking into account weighing coefficients of
plant susceptibility for the different stages of ontogenesis, was introduced. The stage index Ls is a
quantity of measuring the physical components of the soil water status impact on crop yield. It is
proportional to the absolute value to power 'A of the minimum soil water potential, established at a
stage of the crop ontogenesis. The linear combination of Ls values for all stages is a unified index Le
of the "equivalent soil moisture energy level" for the whole growing season. Ls can be determined
using neutron moisture measuring techniques.
Plant susceptibility is defined as the degree of irreversible changes in a plant feature, caused by
the impact of an environmental factor. Theoretical basis of the ecosystem productivity formation
depending on soil water status was developed and applied. We used anthropogenic (agricultural)
ecosystems, called "agroecosystems", of maize fields in a serial experimental research of 26 years.
Agroecosystem productivity responses (as quantity and quality) to soil water deficiency during the
whole growing season, or at separate stages of it, were experimentally investigated.
We established that the ecological concept explains the effects of soil water status on maize
yield formation when other environmental factors did not limit the plant growing. The relationship
between the maize grain yield and the soil-plant water status index L was proved with a high
correlation coefficient equal to 0.973. The maize susceptibility to soil water status is different for
the extreme-critical, critical and important stages of the growing season: the grain yield reduction is
respectively 52.6, 28.0 and 19.9%.
A strong dependence of the yield reduction on lowering the soil-moisture energy level at the
extreme-critical stage was found. Dependency of the production quality indices (such as nitrogen,
phosphorus and zinc contents in grain) on soil-water status index L were found at different
fertilising rates.
The concept of soil water status estimating and of plant susceptibility to this status is of
theoretical and practical significance concerning:
• agricultural activities of creating specific soil water statuses;
• interaction between water and nutrients in soil;
• modelling and monitoring activities;
• efficient management of agroecosystem productivity for optimum benefit;
• minimising of soil destruction by irrigation;
• minimising or preventing of underground water pollution.
Keywords: soil moisture, energy level, and plant susceptibility
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Paper no. 619

Presentation: oral

Mechanical stability of soils derived from marsh sediments
FLEIGE H. and HORN R.
Institute for Plant Nutrition and Soil Science, University of Kiel, Olshausenstr. 40, D-24118 Kiel
Germany
As a measure for the mechanical stability of soils the precompression stress is used. The soil's
physical and ecologically important properties remain constant yet to the value of the
precompression stress. After exceeding the precompression stress the properties change usually
negatively because of plastic deformation in dependence of water suction, texture and structure.
Because the genesis of soils derived from marsh sediments is characterized by continious structure
development as a consequence of shrinkage and swelling processes after decreasing the
groundwater level different mechanical stabilities can be expected in dependence of the grade of
soil development.
Four types of marsh soils, partly under different landuse, were investigated with respect to their
precompression stress.
German classifikation: Typische Salzmarsch, FAO: Sulfi Thionic Fluvisol, Soil Taxonomy:
Salorthid Sulaquept; (comparison between natural salt meadow and sheep pasture)
German classifikation: Typische Kalkmarsch, FAO: Fluvi Calcic Gleysol, Soil Taxonomy:
Fluvaquoll; (comparison between agriculture landuse and natural vegetation)
German classifikation: Haftnasse Kleimarsch, FAO: Fluvi Mollic Gleysol, Soil Taxonomy:
Fluviaquoll; (agricultural landuse)
German classifikation: Typische Knickmarsch, FAO: Fluvi Dystric Gleysol, Soil Taxonomy:
Fluvaqualf; (agricultural landuse)
All investigated soils have a low respectivly very low precompression stress in the lower part
of the subsoil near to the groundwater level, because of the very low aggregation (coherentprismatic structure). Therefore, this part of the subsoil reacts extremely sensitively towards
compaction. In the upper part of the subsoil a higher grade of aggregation (polyeder, subpolyeder)
is already achieved and the precompression stress is medium, partly high. The more advanced the
soil structure development the higher the stability of the subsoils. The comparison of two Fluvi
Calcic Gleysols under different landuse shows the antropogenetic influence with respect to the
precompression stress in the soil profile. The plow pan with platy structure formed under
agricultural landuse shows an extremely high precompression stress value. A similar effect is
caused by sheep on a Sulfi Thionic Fluvisol. Due to the compaction, the precompression stress is
2.5 times higher in the topsoil in contrast to non-pasture use, which is a positive aspect concerning
the protection of dikes against erosion. Pedotransfer functions for estimating the precompression
stress for different soil texture groups at different water tensions were calculated.
Keywords: oedometer-test, precompression stress, angle of the internal friction, Fluvisol, Gleysol
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Paper no. 367

Presentation: oral

The results of heat and water transfer study
in soil-plant-air system
GERAYZADE A.P.
Institute of Soil Science and Agri-chemistry, Baku, Azerbaijan
The decision of a construction problem of model on heat and water transfer in soil-plant-air
system for concrete agricultural plant and environment conditions is suggested. To this purpose the
heat and water entering and leaving from the system is investigated quantitatively and qualitatively.
The heat and water transfer are two interdependent processes in soil. Therefore we
experimentally investigated them both in field and laboratory conditions separately, and together.
Heat and water conductivity was studied in a wide range of the initial moisture, density, gradient of
temperature, etc. It was allowed to received the satisfactory consent between the results of
laboratory and field researches.
On the base of theory of heat and mass transfer the thermal and hydrophysical factors of soil
are determined. The tasks of heat and water transfer in soil are solved at various gradients of
temperature and moisture with allowance for influencing them against each other. Both thermal and
moisture conductivity coefficients of investigated soils varies at wide limits. The great influence by
initial data of humidity, density, mechanical structure and other parameters of soils is received. It
caused the research of laws in behaviors of both parameters depending on various types of soils.
It is shown that the dependence of thermal and water conductivity coefficients of soil on its
density is linear. However, in a case of the thermal conductivity the increase of density causes
growth of thermal conductivity coefficient size, but in a case of moisture conductivity on the
contrary the increase of density causes reduction of moisture conductivity coefficient. Their
dependence from initial moisture is identical. At the same time their dependence on mechanical
structure more complex, and basically depends on change of the size of particles, etc.
The energy that is accumulated in plants was determined too. On the base of the revealed
feedback the optimum quantity of water necessary for maturing the given kind of plant is
established on concrete soil and concrete climatic conditions. The quantitative distinction of energy
in various parts of plant in vegetation period is established. It is shown that the size of energy
accumulated in vegetative matter can become a basis for establishment of irrigation rate in irrigated
agriculture.
That is way we can decrease the water and fertility using for production of agricultural produce.
It is decrease the undersirable phenomena such as secondary salinity and water erosion of soils, or
the negative phenomena connected with applying fertilizers, and so on.
Keywords: soil, plant, air, heat, water, transfer
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Paper no. 387

Presentation: oral

Stress strain effects in structured unsaturated soils on coupled
mechanical and hydraulic processes
HORN Rainer
Institute of Plant Nutrition and Soil Science, Olshausenstr.40, 24118 Kiel, Germany
The stress strain processes in structured unsaturated arable and forest soils very much depend
on the internal soil strength and on the existing hydraulic and mechanical boundary conditions,
which affect soil deformation by compaction and shearing to a great extent. As soon as the internal
soil strength defined as the precompression stress value is exceeded by external forces, an intense
virgin compression process and in combination with shearing forces at high pore water pressure
values a complete homogenisation of the soil profile down to depth occured. Consequently both the
hydraulic and the gas fluxes will be affected which results in an intense alteration of ecological and
mechanical properties of the site. The consequences of such compaction and shearing on strength
and sustainable landuse have to be considered with respect to the sustainability of the system.
Keywords: shear stress, precompression stress, strength, hydraulic conductivity, structured soils
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Paper no. 1083

Presentation: oral

Wide range reduction in water permeability by compression
and pore-structural change of soils
ISHIZUKA Makiko and MIYAZAKI Tsuyoshi
The University of Tokyo Graduate School of Agricultural and Life Sciences, Department of
Biological and Environmental Engineering, Yayoi 1-1-1, Bunkyo-ku, Tokyo 113-8657, Japan
Soil compression results in both volume decrease in a macroscopic view and soil fabric change
in a micoroscopic view. Although soil compression causes the decrease of void ratio, the discussion
on the relations between void ratio and permeability of soils has been limited within a relatively
narrow range of void ratio. The object of this study is to clarify the effects of soil compression on
the relationship between void ratio and permeability experimentally by extending the range of void
ratio as far as possible.
Disturbed and Undisturbed soil samples of Kanto loam topsoil, its subsoil, Menuma topsoil and
its subsoil were obtained for the measurements. Disturbed soil samples were compacted by a
rammer, packed by hand, or consolidated after hand packing. Undisturbed soil samples were used
as a control. The void ratio and permeability of each sample were measured after pre-saturation for
compacted samples and hand packed samples while they were measured after pre-saturation and
successive consolidation for the third treatment. During the consolidation, we measured sample
height and permeability at each pressure point. After measurement, samples were dried, sliced, and
horizontal and vertical sections were observed with a CCD camera.
A typical change in permeability consisted of three stages, namely, the first gradual decrease,
the second rapid decrease and the final gradual decrease. These three stages of permeability
transition were related to structural unit scale changes. The changing permeability of compacted
soils with void ratio were different from the other two treatments. The visualization of the
microstructure of soil will provide important information on constructing a suitable model.
Keywords: soil compression, permeability, structural unit, void ratio
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Size distribution of sediment detached by interrill erosion
LEGUÉDOIS Sophie. LE BISSONNAIS Yves and RENAUX Bernard
INRA,- Unite de Science du Sol, Avenue de la Pomme de Pin, BP 20619, Ardon, 45166 Olivet
cedex, France
Dynamics of sediment transport during interrill soil erosion influence sediment characteristics
evolution, especially the sediment size distribution. Sediment size distribution is determined by the
original soil erodibility and the selectivity of detachment and transport processes. In this work we
will particularly investigate the influence of soil erodibility and detachment selectivity at 1 m2 scale.
The aim of this study is to examine the sediment size distribution and the relationship between
aggregate stability and soil erodibility.
The methodology is based on rainfall simulations and aggregate stability tests in order to
characterize both original and detached soil.
Rainfall simulations were performed on 20 French cultivated soils. These soils were selected so
as to cover a wide range of aggregate stability and soil erodibility. The texture ranges from sand to
clay loam and silt with a majority of silt loam texture. The organic matter content ranges from 2 to
more 6 g 100 g"1.
The aggregate stability is assessed with the procedure presented by Le Bissonnais (1996).
Rainfall simulations are performed on air-dried soils in small plots of 0.25 m2 (0.5 x 0.5 m) with a
5% slope. The rainfall intensity is about 30 mm h . For each experiment, runoff volume and
sediment discharge are measured. Aggregates size distribution of sediment transported in runoff
flow is assessed with a laser diffraction particle sizer. Duplicate samples are chemically dispersed
and analyzed as well for primary particles size distribution.
The results of aggregate stability tests will be related with the soil erodibility. First results on
clay soil show that the main part of aggregates transported by runoff flow is less than 500 um in
size. There is also a temporal evolution of the aggregates size distribution that is correlated with the
evolution of the runoff rate.
Keywords: soil erosion, rainfall simulation, aggregate stability, sediment, detachment
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Characterizing hydraulic conductivity of
compacted field soils using non-similar media concept
NAKANO Keiko (1) and MIYAZAKI Tsuyoshi (2)
(1) National Institute for Agro-Environmental Sciences, 3-1-3 Kannondai, Tsukuba-shi, Ibaraki,
Japan
(2) The University of Tokyo, Yayoi 1-1-1, Bunkyo-ku, Tokyo, Japan
Degradation of field drainage by subsoil compaction has become an increasingly serious
problem in non-rice farming areas in Japan. While the increase in dry bulk density caused by
compaction tends to decrease the hydraulic conductivity, it is not necessarily the predominant factor
in field soils. The objective of this study was to characterize the dependence of saturated hydraulic
conductivity on the dry bulk density in compacted lowland agricultural field soils (Eutric Fluvisol,
FAO) by applying the non-similar media concept (NSMC).
The study area was located near Tone River in Saitama Prefecture, Japan. The fields were
planted with Allium flstulosum L. One poorly drained field and three well-drained fields, including
a deep tilled (1 m tillage depth) field and a field with organic matter application, were chosen. A pit
was excavated in each field and penetration resistance was determined within soil profiles
perpendicular and parallel to the path of vehicle traffic. Dry bulk density and saturated hydraulic
conductivity were measured for soil cores taken from different depths. The NSMC model was
developed to consider changes in dry bulk density in a chosen soil. According to this model, the
saturated hydraulic conductivity of a sample is expressed as a function of the current bulk density, a
set of known values for saturated hydraulic conductivity and bulk density, and a shape factor for the
solid phase. We classified soil layers into several groups according to the soil texture and applied
the NSMC to each group by taking the saturated hydraulic conductivity and dry bulk density of the
deepest layer as the known values. The shape factor is a fitting parameter applied the relationship
between the dry bulk density and saturated hydraulic conductivity.
The penetration resistance was highest at 0.2 - 0.4 m depth and decreased with depth to at least
0.8 m. At 0.2 - 0.5 m depth in soil profiles perpendicular to the direction of the vehicle traffic,
isolated zones of higher penetration resistance, formed by vehicular soil compaction, were
observed. The penetration resistance would show relative impact from compaction by traffic.
Saturated hydraulic conductivity was clearly dependent on the dry bulk density in the subsoils of all
fields except the deep-tilled one. The shape factors were 0.535 - 0.555 for clay loam, and 0.555 for
sandy clay loam. Saturated hydraulic conductivity predicted by the NSMC agreed well with the
measured values in non-tilled subsoils of both well-drained fields and the poorly drained field. In
contrast, the saturated hydraulic conductivity was independent of the dry bulk density in the tilled
topsoils and in the deep-tilled subsoil. In these soils, the NSMC failed to predict the relationship
between the dry bulk density and the saturated hydraulic conductivity. This was presumably
because changes in soil structure not considered in the NSMC were the dominant in hydraulic
conductivity in these layers.
Keywords: soil compaction, non-similar media concept, penetration resistance, dry bulk density,
saturated hydraulic conductivity
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Electrical fields and soil properties
POZDNYAKOV Anatoly (1) and POZDNYAKOVA Larisa (2)
(1) Central Peat Bog Research station, Dmitrov, Moscow, Russia
(2) Rutgers University, The Philip E. Marucci Center for Blueberry and Cranberry Research and
Extension, Chatsworth, NJ, USA
The electrical fields in surface of soils appear as many different kinds. Methods of selfpotential (SP), electrical profiling (EP), vertical electrical sounding (VES), and noncontact electromagnetic profiling (NEP) was used to measure electrical properties of basic soil
types, such as Spodosols, Alfisols, Histosols, Mollisols, and Aridisols (USA Soil Classification) of
Russia in situ. The density of mobile electrical changes, reflected in measured electrical properties,
was related to many soil physical and chemical properties. Soil chemical properties (humus
content, base saturation, cation exchange capacity (CEC), soil mineral composition, and amount of
soluble salts) are related with the total amount of charges in soils. Soil physical properties, such as
water content and temperature, influence the mobility of electrical charges in soils. The
electrical parameters were related to soil properties influencing the density of mobile electrical
charges in soils by exponential relationships based on Boltzmann's distribution law of statistical
thermodynamics (r=0.657-0.990). Generally, the electrical methods can be used for in-situ soil
mapping and monitoring when the studied property alone highly influences the distribution of
mobile electrical charges in the soil. The electrical properties were used to improve soil
characterization for soil morphology and genesis studies; to develop accurate soil maps for
precision agriculture practices; and to evaluate soil pollution, disturbance, and physical
properties for engineering, forensic, and environmental applications.
Keywords: stationary and non-stationary electrical fields, soil morphology, soil genesis, electrical
resistivity and potential, soil properties
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Laser granulometry in soil particle size measurement:
interest and significance
DUR Jeanne-Chantal (1), CHAPLAIN Véronique (1) and TESSIER Daniel (2)
(1) Phytopharmacy and Semiochemicals Unit, INRA, Route de Saint Cyr, 78026 Versailles Cedex,
France
(2) Soil Science Unit, INRA, Route de Saint Cyr, 78026 Versailles Cedex, France
The reactivity of soil particles is a fundamental parameter in understanding most soil
properties. Soil constituents are microdivided components, which develop large reactive surfaces.
However, due to their degree of aggregation, only a part of their total surface can be accessible to
organics and cations.
When the soil is dispersed in water, the particle size ranges from fine clays (0.04 urn) to coarse
particles (2000 um). Average particle diameters, as well as quantitative amounts of each particle
class, can be determined. The results are expressed in percent of the total volume of the sample or
in percent of the particle specific area.
In most of the soils tested, the amounts of clay, silt and sand fractions are identical using laser
granulometry or the sieve-pipette method. However, the advantage of laser granulometry is to
obtain a larger range of particle size.
Particle size distribution in water is a function of the energy input and of the stirring time in the
instrument. Kinetics of stability as well as percent of stable aggregates in water can be defined.
The study of fractions < 2 urn allows a very fine texture analysis of the colloidal fraction, in
particular from 0.04 urn to 0.1 urn using the general theory of Mie. Each component is then defined
by its refraction index. Combinations of refraction index is used in complex cases.
The results are discussed on the basis of the knowledge of (i) component nature, for example
their clay and organic matter content, (ii) their geochemical environment, in particular with variable
charge components, and (iii) the nature and amount of exchangeable cations, for instance Na
percent.
Laser granulometry combined with other methods, in particular observations by electronic
microscopy and specific area measurements, makes it possible for a better approach to soil
reactivity, in particular accessibility of organics to adsorption sites, but also allows discussion of the
role of soil constituents in physico-chemical properties.
Keywords: soil, particle, granulometry, cations, clay
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Influence of puddling intensity on the water retention
characteristic of clayey paddy soil
YOSHIDA Shuichiro and ADACHI Kazuhide
National Agricultural Research Center, 1-2-1 Inada, Joetsu, Niigata 943-0193, Japan
Puddling is the most common method of land preparation for lowland rice cultivation in Asian
countries. The intensity of puddling influences the physical properties of paddy soil, such as bulk
density, water retentivity, hydraulic conductivity, and shrinkage characteristics. The present study
examined the effects of puddling intensity on the amount of water retained in the soil. The
experiment was performed in an experimental paddy field located in Niigata, Japan. The soil was
clayey, montmorillonitic, mesic, typic Epiaquepts, and containe 34-38% clay. A randomized block
design was introduced for the performance of the experiment. Puddling intensity was examined as a
unique factor. Nine plots were divided according to three intensity levels -light (puddled once),
medium (puddled three times), and heavy (puddled five times)- with each level given three plots. At
two time points, just after the puddling and three months after the puddling, undisturbed soil
samples were taken from 0-4 cm and 5-9 cm layers with cylindrical samplers that were 11.3 cm in
diameter and 4 cm thick. The moisture in the undisturbed samples was extracted in a pressure
chamber at backpressures of 3.1 kPa, 9.8 kPa, and 98 kPa, and the weight of the samples was
measured at each step. Puddling intensity significantly affected the water retention characteristics of
puddled soil. The effects varied between the soil layers and among the suction ranges. In the
subsurface layer, puddling intensity was seen to have an effect on short-term phenomena, such as
the fragmentation of large clods and hardening due to kneading. The retained water increased due to
intense puddling throughout the whole suction range. In the surface layer, puddling intensity was
seen to have an effect on long-term phenomena, such as physico-chemical changes due to reduced
conditions. Intense puddling enhanced the increment of water retained after three months in a
submerged condition.
Keywords: swelling paddy soil, puddling intensity, water retention, hardening, reduction, soil
shrinkage.
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Shearing-induced changes in saturated hydraulic conductivity
under different soil conditions
ZHANG Bin (1) and HORN R. (2)
(1) Institute of Soil Science, CAS, P.O. 821. Nanjing 210008, P.R. China
(2) Institute of Plant Nutrition and Soil Science, CAU, 24118 Kiel, F.R. Germany
Shearing stresses and soil property changes due to stress play an important role during
formation of seals in a series of rainfall events and during tillage. In this investigation we aimed to
study the effects of shearing on changes in saturated hydraulic conductivity at different initial
conditions. The preparation of soils included shearing the soils at different initial contents by sliding
hands in an opposite direction. The soil cores were prepared to different bulk densities, and
saturating the soil cores to different times before the measurement of saturated hydraulic
conductivity (Ks). The results indicated that shearing decreased or increased Ks, which were
attributed to the resistance of the soil against soil aggregation due to rearrangement of soil particles
during shearing. Longer time of saturation decreased the Ks of initial air-dried soils while it
increased Ks of initial wetted soils in most cases. Agricultural cultivation resulted in a reduction in
saturated hydraulic conductivity due to shearing as compared to the untapped soils. These results
indicate that shearing during rainfall and tillage unfavorably change soil mechanical and hydraulic
properties with time.
Keywords: shearing, saturated hydraulic conductivity, Ultisols in subtropical China
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Dissipation studies of the herbicide clopyralid
in an AUophanic soil
AHMADRiaz (1), JAMES Trevor (1), RAHMAN Anis (1) and HOLLAND Patrick (2)
(1) AgResearch Limited, Ruakura Research Centre, P. B. 3123, Hamilton, New Zealand
(2) Cawthron Institute, Private Bag 2, Nelson, New Zealand
Among various classes of pesticides, herbicides are the compounds of major concern for the
environment. Issues of herbicidal efficacy, carryover damage, and leaching through soil profile to
contaminate the groundwater necessitate investigations of their dissipation rates. Various
environmental factors such as temperature, UV radiation, plant growth, and cultivation may affect
degradation rates of herbicides. Clopyralid (3, 6-dichloropicolinic acid) is a broad-spectrum
herbicide commonly used in New Zealand for the control of certain broad leaf weeds in pastures
and a range of crops. However, little work is reported on its fate and persistence under New Zealand
conditions. Therefore, laboratory and field studies were undertaken to investigate the influence of
different factors on the dissipation and half-lives of clopyralid.
The study comprised two experiments. The first consisted of clopyralid dissipation under
controlled laboratory conditions at 10°C, 20°C, 30°C, and day/night (20±5°C) in freshly collected
Horotiu sandy loam soil, which is classified as Typic Orthic AUophanic soil (OC, 55 g k g ' ; clay
content, 230 g kg"1; pH 6.9). To establish the role of micro-organisms on the dissipation of
clopyralid, the study was also conducted on sterile soil at 20°C. The soil samples were spiked with
the herbicide @ 0.84 mg kg" soil. Water contents in all treatments were maintained at 60% of
maximum water holding capacity of the soil. Samples were taken at 0, 3, 7, 14, 28, 42, 56, and 84
days after spiking. Residues of the herbicide in the soil samples were extracted with
methanol/water, partitioned into dichloromethane, derivitised to butyl ester followed by column
clean-up with activated Davisil, and quantified on GC/ECD. Half-lives of 58, 46, 7, 5, and 4 days
were found for clopyralid at sterile (20°C), 10°C, 20°C, day/night (20±5°C) and 30°C, respectively.
Disappearance of clopyralid was considerably faster in non-sterilised (20°C) than in sterilised
(20°C) soil samples, demonstrating the importance of micro-organisms in the breakdown process.
Temperature significantly influenced the degradation of clopyralid. At day/night treatment, the
enhanced degradation appears to be due to activation of microbes by temperature fluctuations and
day/night cycles. At higher temperature, the enhanced degradation is likely to be due to higher
microbial activities.
To gain a better understanding of the fate of clopyralid in the soil under practical farming
conditions, a field experiment was initiated to study dissipation under different management
regimes at the Waikato Experimental Orchard located near Hamilton, New Zealand. The
management regimes were: a) permanent pasture, b) bare ground, c) bare ground shielded from
direct sunlight, and d) pasture shielded from direct sunlight. The herbicide was applied at the rate of
600 g a. i. h a ' . Samples were collected at 0, 3, 7, 14, 21, 28, 42, and 56 days after treatment. They
were thoroughly mixed and frozen soon after collection. The chemical analysis of the herbicide
residues is currently underway and the results will be communicated later.
Keywords: clopyralid, dissipation, temperature, pasture, bare ground, half-life
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Plant toleranceand groundwater management to
environmetal stress at the delta of wadi sudre (Ras- Sudr)
using conventional and non-conventional techniques
AI-GAMAL S.A.. GADALLA A.M. and SALLAM M.F.
Egyptian Atomic Energy Authority, P.O.Box 7551, Nasr City 11762, Egypt
Crop management on salt-affected soils has been attempted at the delta of Wadi Sudre. Fifteen
wells and springs tapping Quaternary and Oligocene aquifers were used for this coordinated
research project between the Nuclear Center at Inshas and the International Atomic Energy (1AE) at
Vienna.
The groundwater related to the Quaternary aquifer shows salinity, that ranges between 3,313 to
8,997 mg kg"1 with pH in the range of 7.2 to 7.7. Depth to water table fluctuate between 5 and 10 m
from ground surface with aquifer saturated thickness of 10 m. Salinization due to overdrafting and
the consequence groundwater quality deterioration has been detected. Groundwater vulnerability
resulting from heavy pumping in summer times has led to the detection and selection of tolerant to
scmi-tolerant crops. Salt free or slightly salt-affected soils are encountered within Wadi main
stream and the lower reaches of Wadi Sudr as well.
Groundwater table maps for the Quaternary aquifer at the delta of Wadi Sudr were drawn on
seasonal basis. The origin of the groundwater that is related to the Quaternary aquifer was
delineated using environmental isotopes of 0-18 and H-2. Whereas, sources of recharge were
detected using the unstable isotope of H-3.
Sampling program for environmental isotopes (stable and unstable) was carried out twice on
seasonal basis (wintry and summarily).
Keywords: O-18, H-2, isotope hydrology, saline water, plant, saline soil
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Potassium dynamics in major benchmark soil series of India
under long-term cropping
BANSAL S.K. (1), RAO Ch.Srinivasa (2), PASRICHA N.S. (1) and IMAS Patricia (3)
(1) Potash Research Institute of India, Sector 19, Gurgaon-122 001, Haryana, India
(2) Indian Institute of Pulses Research, Kanpur-208024, Uttar Pradesh, India
(3) IPI Coordinator for India, c/o DSW, Beer-sheva, Israel
Potassium fertility of Indian soils is progressively depleting due to the heavy withdrawal of
potassium from soil under intensive cultivation, and may become a limiting factor in crop
production. To monitor the changes occurring in potassium fertility of soils under cropping, 100
surface soil samples from each of the 10-benchmark soil series were collected initially and after 10
years of cropping. These soil series are located in intensively cultivated areas of different states of
India, representing Inceptisol (Nabha, Lukhi, Rarha, Khatki and Akbarpur), Alfisol (Kodad,
Vijayapura and Tyamagondalu) and vertisol (Noyyal and Kalathur) soil orders.
A significant decrease in water-soluble K content was observed only in the Akbarpur soil series
where it decreased from 0.037 to 0.029 me 100 g"1 after 10 years. Water-soluble K constituted from
0.05 to 0.10% of total K in alluvial (Inceptisol) soils, 0.06 to 0.57% in red (Alfisol) soils and 0.19 to
0.44% in black (Vertisol) soils. Significant depletion in exchangeable K content was observed with
time only in the Nabha, Akbarpur, Vijayapura and Kalathur soil series. In alluvial and red soils,
exchangeable K constituted a very minute fraction of the total K. Non-exchangeable K content in
alluvial and black soils was higher than in red soils. Depletion was significant only in Nabha and
Akbarpur. In alluvial and black soils, non-exchangeable K contributed more to the total K than in
the red soils. Lukhi, Nabha and Akbarpur soils were not able to maintain their reserve K content
over time.
Positive intercorrelation among the three K forms indicated the existence of a reversible and
dynamic equilibrium among different forms in these soils. With long term cropping, the proportion
of water-soluble K per unit of exchangeable K slightly increased in all the soils except in
Tyamagondalu soils. No change in the K buffering power was observed with continuous cropping
except in the kaolinitic red soils. Higher PBCK values were observed in black soils. Equilibrium
activity ratios (ARKo) were higher in the kaolinitic red soils. KL was generally higher and Ko was
lower than neutral IN NH4OAC extractable K (includes water-soluble + exchangeable K). Effect of
soil texture on Q/I parameters was observed in all the soil series except in the alfisols.
As per soil test ratings (based on neutral IN NH4OAc extractable K Nutrient Index Values),
initially Noyyal and Kalathur series were high (>2.33 N1V) Lukhi, Nabha, Khatki, Akbarpur,
Rarha, Kodad and Tyamagondalu were medium (1.67-2.33 NIV), while Vijayapura was marginally
medium (~ 1.68 NIV). After 10 years, only the Vijayapura soil series changed to low category
(<1.67 NIV) though number of samples testing low increased in Nabha and Akbarpur by 29 and
28%, respectively. Depletion of K with cropping was less in finer textured soils in the same soil
series. Present K addition of 36 and 42 kg K2O ha"1 y"1 in the rice-rice cropping system of Kodad
and Kalathur soil series, respectively was not adequate to maintain the soil K fertility status.
Keywords: potassium, changes, cropping, benchmark soils, India
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Development of improved water and nutrient management
strategies through strategic modeling
BR1STOW Keith L. (1,2), HOPMANS Jan W. (3), COTE Claire M. (1), CHARLESWORTH
Philip B. (1,2), THORBURN Peter J. (4,2) and COOK Freeman J. (5)
(1)
(2)
(3)
(4)
(5)

CSIRO Land and Water, PMB Aitkenvale, Townsville QLD 4814, Australia
CRC Sugar, James Cook University, Townsville QLD 4811, Australia
Dept. of Land, Air and Water Resources, Uni. of California, Davis CA 95616, USA
CSIRO Sustainable Ecosystems, 120 Meiers Road, Indooroopilly Qld 4068, Australia
CSIRO Land and Water, 120 Meiers Rd, Indooroopilly, QLD 4068, Australia

Many of our agricultural landscapes are currently experiencing degradation associated with
inappropriate management of water and solutes (salts, nutrients and chemicals). This includes rising
water tables, salinisation and pollution of groundwater systems. We believe a more proactive
approach is required to foster development and application of modeling and scenario analysis at a
range of scales to address these issues and the likely future benefit of current, changed, and new
management practices. Good models capture our current best understanding of how parts of a
system and/or the whole system work. We need to make more use of these models to challenge our
current thinking, to guide our experimental efforts, and to 'look ahead' to ensure we develop more
robust and sustainable management strategies in agricultural areas. In this paper we give an
example of benefits that can accrue by using models to explore effects of changed management
practices. We use the HYDRUS2D model to analyse impacts of soil properties, soil profile features
such as layering, and changed management practices on water and solute transport in buried trickle
irrigation systems. We show that by changing the fertigation strategy to involve application of nonadsorbed mobile nutrients (e.g. nitrate) at the beginning of an irrigation cycle rather than near the
end of the cycle, larger amounts of nutrients can be maintained near to and above the trickle emitter.
This makes them more available for plant use and less susceptible to leaching losses. These results
demonstrate how counter-intuitive behaviors can be unraveled through strategic application of
modeling and scenario analysis. We hope they also provide incentive for greater effort to be
invested in developing and applying models to enhance understanding and management of water
and nutrients.
Keywords: water and nutrient management, modeling, trickle irrigation
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EPIC and GIS - a tool to reduce nitrogen leaching
CEPUDER Peter, AUS DER SCHMITTEN Volker and ALAMIREW Tena
Institute of Hydraulics and Rural Water-Management, University of Agricultural Sciences, Vienna,
Austria Muthgasse 18, 1190 Vienna, Austria
Contamination of groundwater from point and non-point sources is one of the major pollution
problems in many plains of Austria. The agricultural community has become keenly aware of the
impact of fertilization and irrigation on groundwater quality. In the plains of Austria, groundwater
is used as a major source of drinking water. However, the nitrate concentration in this water has
increased sharply. Agriculture is reported to be the main source of this increased nitrate
contamination. Due to the impact of nitrate on human health, the Austrian Nitrate Act demands step
by step reduction in the groundwater content. Additional information as regards to the percolation
and nitrogen leaching will help in making decision in water management in the future.
Mathematical simulation models have been used, besides field investigation, to estimate effects
of alternative land use on soil and water resources. Nitrogen leaching is calculated with EPIC
(Environmental Policy Integrated Climate) which is a physically based model for continuous
simulation. Desktop-GIS is used to organize, manipulate analyze and view these mainly spatial
data. In addition, all non-spatial data, functions and calculations can also be done with GIS building
dialogs and writing scripts. The linkage of GIS, simulation model and database provides a powerful
tool for the calculation of nitrogen leaching. All tools (models, dialogues, scripts and database) for
spatial modeling are compiled in one project file.
EPIC requires some soil parameters which cannot be obtained by field measurements for the
whole area. But these are calculated from the existing data such as soil texture, organic matter and
gravel content with empirical pedotransfer functions. The parameters estimated this way include
field capacity, wilting point, plant-available water capacity, bulk density, saturation and
permeability.
For the Marchfeld Plain, an intensively used agricultural area, actual crop rotations and tillage
operations are used to simulate percolation and nitrogen leaching for a period of 20 years. The
average temperature of the area is 10°C with an average rainfall of about 550 mm. Although the
precipitation is well distributed, irrigation is necessary for many crops.
To reduce nitrogen leaching, scenarios of cover-crop rotations, reduced and split fertilization,
and change in irrigation management were simulated to find out the optimal agricultural
management practice. Changes in crop rotation taking into account the soil condition were
incorporated. Yield had to be kept similar so as not reduce the income of the rural population.
Keywords: nitrate leaching, EPIC, GIS, EPICINT
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Documenting nutrient leaching and runoff losses
from urban landscapes
C1SAR John (1), ERICKSON John (1), SNYDER George (2) and VOLIN John (3)
(1) University of Florida, Fort Lauderdale Research and Education Center, 3205 College Ave, Fort
Lauderdale, FL 33314, USA
(2) Department of Soil and Water Science, University of Florida, Everglades Research and
Education Center, P.O. Drawer A, Belle Glade FL 33430, USA
(3) Division of Science, Florida Atlantic University, 2912 College Ave., Davie FL 33314, USA
Intensely maintained turfgrass landscapes have some potential for loss of fertilizer N, P and K.
Lower maintenance mixed species vegetation have been proposed as alternative landscapes for
reducing off-site nutrient losses. We compared nutrient losses between a sloped (10%) St.
Augustinegrass lawn and a mixed-species landscape designed for efficient resource utilization by
the Florida Yards and Neighborhoods program (FYN) over a two year period. The constructed field
site consisted of eight, 50 m~2 hydrologiocally-isolated cells. There were four replications of each
landscape type. Each cell had 80 cm of landscape sand soil without organic matter incorporation. A
blended granular complete fertilizer was applied at a rate of 300 and 150 kg N ha"' y on the
turfgrass and mixed species, respectively. During the year 1 establishment period in 1999, one
minor (<0.2 cm) runoff event occurred and N runoff losses were insignificant. Annual N leaching
losses were significantly greater on mixed-species landscapes, resulting in 4.8 g Nm~2 compared to
0.41 g N m"2 for the St. Augustinegrass. Furthermore, significantly greater P and K leaching was
observed for the mixed species treatment. In year 2, greater N leaching was observed in the mixed
species treatment. However, year 2 N leaching was reduced for the mixed species treatment and
there were no P and K. differences. Changes in soil organic matter, rooting, and nutrient uptake by
turfgrass were also determined.
Keywords: nitrogen leaching, turfgrass, nitrogen runoff, landscape, urban
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High soil As level in the area of a plant for pyrite processing:
natural anomaly vs pollution hypothesis
MARCHETTINI Nadia, DONATI Alessandro. PULSELLI Federico, BASTIANON1 Simone
and TIEZZI Enzo
Department of Chemical and Biosystem Science, University of Siena Via A. Moro, loc. S. Miniato 53100 Siena, Italy
The problem of arsenic pollution was studied in the area of an industrial plant which produces
sulfuric acid from pyrite combustion. The plant is located in a former wetland, close to the sea, in
the county of Scarlino, southwest of Tuscany. Horizontal distribution, shows a regular decrease in
the As concentration going far from the plant, but with the presence of hot spot at the distance of
4-6 km from the industry, where the As level were found very high (As>600 mg kg"1). Other
irregularities in the vertical distribution of As concentration in the clay-rich soil, were found.
This induced some chemists and geologists to propose the hypothesis of Natural origin of
arsenic anomalies, due to the fact that the site under study is down stream of a large area that is
characterized by large metal mineralizations.
On the other hand, several facts suggested that hematite dusts that are residue of the pyrite
combustion, and the stock of fine pyrite particles that have been disposed on the soil close to the
plant without control, are the major factors responsible for the widespread pollution.
Analytical and hydrological data, were collected and a geo-chemical map was produced in
order to verify which one of these two hypotheses was correct.
Keywords: arsenic pollution, pyrite processing, wetland, anaerobic soil

1623

Symposium no. 54

Paper no. 180

Presentation: poster

Studies on the biogeochemistry of Fe, Zn and Cu
in the soils of Egypt
ELGALA Abdelmonem M.
Department of Soil Science, Faculty of Agriculture, Ain Shams University, Cairo, Egypt
Studies were conducted to investigate the role of humus in the chemical behaviour of certain
micronutrients.
Composting rice straw for 165 days resulted in an increase in the content of humic acid (HA)
and fulvic acid (FA) during the composting period. The FA content was more than HA up to the
second month then HA percentages gradually increased and was almost double the amount of FA at
the final stage of composting. The amounts of Fe, Zn and Cu associated with the separated humic
and fulvic acids fractions increased with time particularly for Fe. The magnitude of the increase was
related to the ratio of HA / FA, The nature of the element and the stability constants of the naturally
formed chelated compounds.
To study the ability of naturally formed and separated humic acid under Egyptian soil
conditions in solubilizing Fe, Zn and Cu from their chemical forms, three minerals were chosen as
sources of these elements; namely: Ocker (Fe2C>3; H2O) calamine (ZnCCb) and malachite
(Cu(OH)2.CC>3). Results indicated the ability of HA to bring the elements in solution and the soluble
amounts increased by increasing the amount of HA. Adding equal amounts of each mineral to the
HA solution represent different amount of each of the studied element as 0.35 g Fe, 0.26 g Zn and
0.14 g Cu in each mixture. However, the percentages solubilized from the insoluble form were
higher for Cu (originally least added) than from Fe or Zn. The results were explained as due to the
nature of the mineral and its solubility products as well as to the nature, type of functional groups
and capacity of complexing sites of humic acid.
In another study the amounts of Fe brought into solution by humic acid from the Nile
suspended matter was generally higher than that for Cu and was the least for Zn.
On the otherhand studies on the effect of inoculating the soil with Azotobacter or Mycorrhizac
and their combined inoculation on the availability of certain elements to growing plants was
conducted. Results indicated that microbial inoculation particularly the combined treatment
improved plant growth and plant contents of N, P and Zn.
Keywords: humic substances, natural chelates, micronutrints, biological activities
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Evaporative self-mulching of soil and moisture
diffusivity function
GLOBUS A.M.. NEUSYPINA T.A. and TOPAZH A.G.
Agrophysical Research Institute, 14 Grazhdansky pr., St. Petersburg, 195220, Russia
Under intensive evaporation demand self-mulching of soil eventually occurs, manifesting itself
in form of a relatively dry surface layer. The existence of this layer influences the following water
loss from deeper soil as well as imbibitions of rain or irrigation water. When a drier mulch layer
exists, the vertical moisture content profile displays a typical "knee", with a smaller moisture
content gradient than in the deeper layer. These means that the moisture diffusivity function D(W)
must increase with diminishing of the moisture content in some moisture content range and have a
local maximum and minimum in the moderate moisture content range. Such form of D(W)function is the result of a changing mechanism of moisture movement from a predominantly liquid
flow to predominantly water vapour movement and is incompatible with the D(W)-function
following from Mualem-van Genuchten formula, since the latter is based on the capillary tube
bundle model and the Poiseuille liquid flow. Such behaviour of D(W)-function was described by
J.R.Philip (1957). Due to probable interaction of liquid water and water vapour even during
"isothermal" soil moisture movement, apriori estimation of D(W)-function in the range discussed
is difficult and must be done experimentally or by combination of physical and computer
experiments, as in the program SIMPARD, developed by the Agrophysical Institute. The program
SIMTRANS is being developed which allows the use of functions found for solving various
problems of soil water dynamics.
Keywords: moisture diffusivity, soil mulching
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Use of hidrogels as a chelate carriers in phytoextraction
GRCMAN Helena. KOS Bostjan and LE$TAN Domen
Agronomy Department, Biotechnical Faculty, University of Ljubljana, Jamnikarjeva 101, 1000
Ljubljana, Slovenia
Heavy metal contamination of soils has become a serious problem in areas of intense industry
and agriculture. Phytoextraction has emerged as a promising, cost-effective alternative to the
conventional engineering-based remediation methods. Recent research has shown that chemical
amendments, such as synthetic organic chelates, can enhance phytoextraction by increasing heavy
metals bioavailability in soil thus enhancing plant uptake, and translocation of heavy metals from
the roots to the green parts of tested plants. Of the chelates tested, ethylene diamine tetraacetic acid
(EDTA) was often found to be the most effective. In situ application of chelating agents can cause
groundwater pollution by uncontrolled metal dissolution and leaching therefore new techniques of
chelate application to safely increase bioavailability of heavy metals in soils (i.e., controlled release
of chelate adjusted to physiological characteristics of plants) need to be developed.
In the present study carrageenan, starch and commercial acrylamide hydrogel stockosorb were
used as a carriers for EDTA (1,877 mmol g"1). The release of EDTA from carriers into deionised
water was determined. During 30 days of incubation 20, 41.5 and 59.3% of EDTA were released
from carrageenan, starch and acrylamide hydrogel respectively. In seven week soil column
experiment the effects of different modes of EDTA (5 mmol kg"' soil) application on Pb uptake by
test plant Brassica rapa and leaching through the soil profile were studied. In treatments with
weekly addition of EDTA in water solution 49.6% of initial total Pb in soil was leached through soil
profile. 5.4, 20.6 and 23.6 of initial total Pb in soil were leached in treatments with carrageenan,
starch and acrylamide hydrogel as carriers for EDTA respectively. Results of both experiments
indicated very quick release of EDTA from starch. The effect of EDTA on Pb speciation in treated
soil was examined with sequential extraction. The highest concentration of Pb in shoots of Brassica
rapa was measured in treatments with weekly addition of EDTA in water solution (295 mg kg"'
DW). The effects of EDTA from carriers were significant less effective: Pb concentrations in shoots
were 80, 45 and 22 mg kg"' DW in treatments with acrylamide hydrogel, starch and carrageenan
respectively.
Keywords: phytoextraction, contaminated soil, lead, EDTA, controlled release
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N processing in grass seed crops differing in soil drainage
and disturbance in Western Oregon, USA
GRIFFITH Stephen M. (1), NELSON Machelle A. (1) and OWEN Jeffrey S. (2)
(1) USDA Agricultural Research Service, Corvallis, OR, USA
(2) Institute of Earth Sciences, Academia Sinica, Nankang, Taipei, Taiwan
Recent listings of Willamette River runs of chinook salmon under the Endangered Species Act
and the need to prepare watershed-scale water quality management plans have focused considerable
attention on the impact of agricultural practices on environmental quality in the Willamette Valley,
Oregon. Since perennial grasses grown for seed comprise 55% of the Valley's land-use, a better
understanding fertilizer use by crops and the N cycle as a whole, would lend itself to improving
crop fertility practices and preserving ground and surface water quality. The objectives of this study
were: 1) to determine the effects of tillage on mineralization and nitrification processes and the
factors (e.g., soil moisture and temperature) that regulate these processes at three different
Willamette Valley sites contrasting in soil drainage class and grass species grown for seed; and 2)
to relate crop above and below ground biomass accumulation and N uptake to soil mineralized and
fertilizer available N. These data were compared with temporal soil N and mineralization process
data to determine relationships between soil N availability and plant uptake throughout the season.
We hypothesized that establishment year perennial grass seed crops using no-tillage will have net N
mineralization rates lower than those found in tilled fields and that microbial biomass N will
increase. Increased soil drainage will also enhance mineralization. Tillage incorporates crop
residues and aerates the soil making it more conducive to soil microbial degradation and N
mineralization, hence greater N loss. Following the establishment year, perennial grass seed
production systems will return to a more N-conserving system that will reduced annual N
mineralization losses and enhanced sequestration of N and C. With the absence of tillage during
grass seed crop establishment, soil organic matter degradation will be slowed, less NOi" leached,
greater C and N sequestrated, and more N will be available longer in the crop root zone. Research
plots were located in Willamette Valley at two locations with contrasting soil drainage
classifications and different grass species being grown that were established in 1992 as part of the
long-term integrated agricultural systems project. The in-field buried bag method was used to
quantify N mineralization. Soil biomass C was determined using the chloroform fumigation
extraction method with 48 h fumigation period. Total organic carbon was quantified with high
temperature catalytic combustion and infrared detection. Soil organic matter was estimated using a
loss on ignition method. Findings have shown that net N mineralization and immobilization were
greater for the well-drained soil with the fine fescue seed crop compared to the moderately drained
soil with the tall fescue seed crop. Conventional tillage resulted in greater net N mineralization and
immobilization in the fall and spring compared to no till treatment. This was particularly
pronounced for the well-drained soil. By the third year of fine fescue or tall fescue seed production,
net immobilization was reduced.
Keywords: mineralization, denitrification, grass, perennial ryegrass, nitrate, ammonium
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Kinetics of nonexchangeable potassium release from soils
and soil separates in some central region soils of Iran
HOSSE1NPOUR Alireza (1) and KALBASIB Mahmoud (2)
(1) Department of Soil Science, College of Agriculture, Buali Sina University, Hamadan, Iran
(2) Department of Soil Science, College of agriculture, Isfahan University of Technology, Isfahan,
Iran
The release rate of nonexchangeable K (NEK) plays a significant role in supplying available
K, particularly in soils containing K bearing minerals. Information about NEK release rates in
Iranian soils is limited. The objective of this work was to study the dynamics of NEK in 8 soils and
their separates from the central region of Iran (Isfahan and Char-Mahal Provinces) by successive
extraction with 0.5 mM citric acid over a period of 2,500 h. The amount of NEK released after
2,500 h in all the soil, silt and clay fractions ranged from 0.22 to 0.82, 0.21 to 0.54 and 0.62 to 1.18
cmol kg"1 respectively, which corresponded to 9.0 to 26.4, 11.2 to 19.8 and 11.0 to 28.4% of their
total NEK respectively. The kinetics of cumulative NEK release were evaluated using the Elovich,
zero order, parabolic diffusion law, first order diffusion, and power function equations. Based on
their lowest determination coefficient (r2) and highest value of standard error of estimate (SE) the
Elovich and zero order equations could not describe the NEK release kinetics. In contrast, parabolic
diffusion law, first order and power function equations described the data satisfactorily, indicating
diffusion controlled exchange. Rate constants are very different in samples. Variations in all the soil
were attributed to differences in particle size distribution and in silt and clay fractions to the type
and content of clay minerals. The data provided evidence that even after 2,500 h extraction of
samples with 0.5 mM citric acid, still a large portion of NEK was remaining in the samples and
may be utilized by plants over a long period of time.
Keywords: non-exchangeable K, soil fractions, released, kinetics
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Nitrate and sulfate transport in volcanic ash soil
of A and B horizons
ISHIGUROMunehided) and SEO Shoji (2)
(1) Faculty of Environ. Sei. and Tech., Okayama Univ., 3-1-1 Tsushima-Naka, Okayama 700-8530,
Japan
(2) Tetta Village Office, Tetta-cho, Atetsu-gun, Okayama 718-0303, Japan
Contamination of groundwater by nitrate has been a world wide problem. About 50% of the
non rice producing crop areas are covered with volcanic ash soil in Japan. Therefore, to clarify
nitrate movement in that soil is important for the conservation of groundwater quality. We
investigated nitrate transport in volcanic ash soils of A and B horizons under competitive conditions
with sulfate. Miscible displacement experiments were performed using a soil column of 13-cm
length and 5-cm i.d. Nitrate eluted before 1 pore volume from the A horizon soil column due to the
anion exclusion. On the other hand, its movement retarded in the B horizon soil column because of
electrostatic adsorption. When sulfate was adsorbed on the soil before nitrate solution percolation,
the nitrate breakthrough curve (BTC) shifted to the left. When nitrate solution included sulfate, the
nitrate BTC shifted much more to the left. These faster nitrate elution was due to the competition of
adsorption with sulfate. Some sulfate strongly adsorbed on the soil and it was not easily exchanged
with nitrate. It gradually desorbed and discharged from the soil column during percolation of
nitrate solution. The nitrate for 10 molc m'3 solution flowed faster than that for 1 molc m~3 solution,
because the solid-liquid distribution ratio for 10 molc m"3 solution was smaller than that for 1
molg m~3 solution. As sulfate increases the nitrate flow rate in the B horizon soil, application of
sulfate to the soil is not recommended from the viewpoint of nitrate contamination of groundwater.
Keywords: nitrate, sulfate, volcanic ash soil, adsorption, transport, groundwater contamination
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Retardation and net surface charge during ion transport
in an unsaturated Andisol
KATOU Hidetaka (1) and UCHIMURA Koji (2)
(1) National Institute for Agro-Environmental Sciences, Tsukuba 305-8604, Japan
(2) Kagoshima Tea Experiment Station, Chiran, Kagoshima 897-0303, Japan
Dependence of cation and anion exchange capacities of variable-charge Andisols on pH and
ionic strength is widely recognized, but the prediction of adsorption and retarded transport of
electrolyte ions is not straightforward owing to the fact that both pH and the ionic strength may
change as a salt solution passes through the soil. The objective of this study was to investigate
simultaneous cation and anion adsorption/transport and changes in the net surface charge in an
unsaturated Andisol under varying solution concentration conditions.
One-dimensional horizontal absorption experiments were carried out in repacked Kannondai
subsoil (Hydric Hapludand) columns (i) by supplying 0.025 M CaCb or MgCb solution to the soil
pre-moistened with distilled water, and (ii) by supplying distilled water to the soil premixed with a
concentrated (0.05-0.2 M) CaCb or MgCli solution. After sectioning the column, cation and anion
contents in soil were determined following the extraction with 0.5 M NH4CI and 0.01 M NaOH,
respectively.
A remarkable difference was observed in the extent to which the invading Ca + replaced
antecedent Mg2+ and the invading CF replaced indigenous SO42 during imbibition of 0.025 M
CaCb. Nevertheless, the net surface charge, as inferred from the difference between the total anion
and the total cation contents, was kept nearly constant (= 27 mmolc k g ' ) throughout the column,
and both the cation and anion fronts located at about 0.65 times the front of water derived from the
invading solution. The results show that increases in the total cation adsorption and the total anion
adsorption were simultaneous and nearly equivalent, so that the resultant velocities of the both
fronts were virtually the same. The difference between the total cation and anion contents was also
kept practically constant during imbibition of 0.025 M MgCh, and imbibition of water into soils
premixed with salt solutions. The nearly equivalent changes in the total cation and anion adsorption
stemmed from the fact that the amount of proton transported by the moving solution was negligible
in comparison to that adsorbed on the surface. Under such conditions, solution pH is not an
independent variable, but a variable which depends on the ionic strength and the net surface charge
of the soil. An important implication of the results is that ion adsorption during transport process
can conveniently be described as a function of liquid-phase ion concentrations only.
Keywords: anion adsorption, ion exchange, net surface charge, solute transport,
variable-charge soil
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Removal of endocrine disruptors in soil by cyclodextrln
KAWASAKI Naohito, NAKAMURA Takeo, TANADA Seiki and ARAKI Mamiko
School of Pharmaceutical Sciences, Kinki University, Kowakae, Higashi-Osaka, Osaka 577-8502,
Japan
The solubility of 4-nonylphenol in cyclodextrins (CDs) solutions were investigated to evaluate
them for soil remediation. The relative aqueous-phase concentration of 4-nonylphenol linearly
increased with the increasing CD concentration. As the inner core of ß-CD is the most hydrophobic,
the addition of ß-CD (degree of substitution • 0.6) produced the largest change. The relative
solubility of 4-nonylphenol in the CD solutions depended upon the cavity diameter and the degree
of substitution for CD. Ozone and activated carbon treatments have been used for removing organic
compounds from tap water. As the inclusion complexes moved into the groundwater, the ozone
degradation of the inclusion complexes was estimated. The 4-nonylphenol-CD inclusion
complexes were easily degraded by ozone. Weakly acidic compounds were produced from the
4-nonylphenol-CD inclusion complexes by ozone treatment. CDs and ozone treatment could be
utilized for the removal of 4-nonylphenol from soil.
Keywords: inclusion, cyclodextrin derivatives, endocrine disruptors, 4-nonylphenol, ozone
degradation
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Measurements of convective chemical fluxes in vadose zone
by suction controlled lysimeter
KOSIGI Kcn'ichirou and KATSUYAMA Masanori
Graduate School of Agriculture, Kyoto University, Kyoto 606-8502, Japan
It is difficult to quantify convective chemical fluxes in vadose zone although they are important
to groundwater quality. This is partly attributable to the existing sampling techniques of unsaturated
soil water which are not necessarily appropriate considering the mechanism of soil water flow. In
this study, a newly-developed suction controlled lysimeter was applied to measure water and solute
transport in unsaturated forest soil. The lysimeter consists of a porous plate connected to a suction
system and two tensiometers. Soil matric pressure heads just above the horizontally-installed porous
plate and at the same depth in the natural soil profile, are measured at three-second intervals. The
suction system is automatically controlled so that the readings of the two tensiometers match each
other. Field observation at a sparse forest showed that the lysimeter succeeded in keeping soil
moisture condition in the water-sampling profile almost identical to that in the natural soil profile,
and measuring convective chemical fluxes as well as unsaturated water flux. About 58% of rainwater was discharged at 30 cm depth; about 5,100 mg m'2 of Si was discharged at 30 cm depth as a
result of soil-weathering; NO3' was not detected in discharge-water because of extraction by plant
roots. As a result, the proposed water-sampling method could provide quantitative information on
water and solute transport in unsaturated soils, which are important for management of the vadose
zone.
Keywords: unsaturated infiltration, soil water flux, convective chemical flux, water quality,
sampling method, lysimeter
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Use of surfactant to decrease nitrate leaching and
improve nitrogen use efficiency in potato production
LOWERY B„ ARRIAGA F.J. and KELLING K.A.
Department of Soil Science, University of Wisconsin-Madison, Madison, Wisconsin, USA
Nitrate leaching under vegetable production on sand plains of Wisconsin, USA is of great
concern since groundwater is relatively close to the soil surface, and in some cases it is within the
root zone. The problem of nitrate leaching is very serious with respect to the environment as nitrate
has been indirectly linked to the hypoxic zone in the Gulf of Mexico. A large section of the Gulf of
Mexico at some period of most summers suffers a shortage of oxygen (thus, the term associated
with this is hypoxia), which some scientists believe caused by an abundance of nitrogen in water
entering the Gulf from the Mississippi River. Drainage water from several north central states such
as Iowa, Illinois, Missouri, Minnesota, and Wisconsin contribute to this problem. We think much
of the groundwater that feeds the Wisconsin River, which discharges into the Mississippi River,
comes from groundwater recharged by drainage water with an abundance of nitrate from the sand
plains, and thus leads to elevated levels of nitrate in the river, therefore affecting the aquatic life in
the Gulf. Thus, there is an urgent need to reduce nitrate leaching from crop land. In most cases in
potato production in Wisconsin, nitrogen is band-applied to the shoulder of the row. However, we
discovered that in sandy soils with potato production the center of the row, where most of the potato
plant roots are located, becomes nonwetting midway through the growing season causing greater
water flow through the shoulders of the row resulting in excessive nitrate leaching. Following this
discovery we used a wetting agent to keep the center of the row wettable throughout the growing
season allowing water to move into this dry zone resulting in reduced nitrate leaching by as much as
50%. In addition to assessing N leaching we evaluated the use of surfactant under different levels
of N fertilizer use. Surfactant treated plots had a similar yield as the control with less N-fertilizer.
Yields were 45.9 Mg ha'1 at 134 kg ha" N with surfactant compared 46 Mg ha"1 at 202 kg ha"' N for
the control plot. The interaction terms of surfactant and N application rate have probability values
of about 0.23, which is usually considered not statistically significant.
Keywords: nitrate leaching, solute flux, potato production, dry zone, soil water content
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Solute transport and geochemistry modeling in
the vadose zone: application to soil salinisation,
alkalinisation and sodification
CONDOM Nicolas (1), LAFOLIE Francois (2), HAMMECKER Claude (3), MAEGHT JeanLuc, VALLES Vincent (4) and MARLET Serge (1)
(1) CIRAD-AMIS, programme Agronomie, TA40/01, 34398 Montpellier cedex 5, France
(2) INRA, Unite "Climat, Sol et Environnement", domaine Saint-Paul, Site AgroParc, 84914
Avignon Cedex 9, France
(3) IRD, UR "ARIANE", BP 5045, 34032 Montpellier Cedex 1, France
(4) Université de Provence, Laboratoire Chimie et Environnement, Case 29, 3 Place Victor Hugo,
13331 Marseille Cedex 3, France
A model is presented for one-dimensional simulation of water flow, solute transport and major
ions kinetic reactions suitable for alkaline and sodic soils. The water flow and solute transport
model is derived from the model PASTIS proposed by Lafolie (1991). Richards' equation is used to
model one-dimensional saturated-unsaturated water flow in layered soil profiles. Solute transport
has been modeled with the assumption of physical equilibrium. The convection-dispersion equation
(CDE) is used to model conservative solute transport. Each aqueous component is defined as its
analytical concentration. The geochemical mechanisms of interaction between soil and solution are
modeled by the model IRRICHEM (Marlet et al., 1998) which accounts for speciation of the major
chemical component, precipitation or dissolution of few minerals and cation exchange. The
equilibrium have been previously calibrated and first-order kinetic reactions are considered for
mineral precipitation or dissolution and cation exchange. The models are coupled by the
introduction of sink terms in the convection-dispersion equations which become non-linear. A
numerical procedure is implemented to ensure the convergence of the solution. The time step
calculation takes into account the most restrictive phenomenon between transport and
geochemistry.
The model has been calibrated under a 2 months column experiment with an undisturbed
irrigated soil monolith (60 cm high and 23 cm in diameter). Non-reactive solute breakthrough
curves (BTCs) show a moderate dispersivity and allows to describe transport using the local
physical equilibrium assumption and the convective-dispersive equation. However, reactive solute
shows a very high chemical non-equilibrium and kinetically control chemical reactions must be
taken into account. The sensitivity of the model has been assessed according to the kinetic of
mineral dissolution and cation exchange. The results show that cation exchange plays the main part
in short term experiments and the kinetic coefficient of cation exchange has been calibrated as
8 10"5 molcL"1 h' . The model shows a good agreement with experimental data.
Keywords: solute transport, geochemistry, modeling, soil, salinisation
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Role of ditches on water exchanges between two shallow
groundwaters in an agricultural catchment
MAROFISafai-m. MOUSSA Roger (2) and VOLTZ Marc (2)
(1) Department of Irrigation and Drainage Engineering, Faculty of Agriculture, Bu-Ali Syna
University, Azadegan Boulevard (Charmsazy), Hamadan 65174, Iran
(2) Laboratoire de Science du Sol INRA, 2 place Viala, 34060 Montpellier Cedex 1, France
In Mediterranean agro-systems, there are several factors resulting in hydrological
discontinuities. Specially, networks of ditches, channels affect and the water circulation. In Roujan
catchment located in the Languedoc region South of France, a major network of ditches has been
developed throughout the area. Rapid fluctuations in the groundwater tables are a major
characteristic and can result from surface infiltration or changes in ditch levels during storm
periods. These fluctuations have a considerable effect on water exchange between the ditches and
ground water. This study is a part of the ALLEGRO-Roujan program, realised by the soil science
laboratory of INRA-Montpellier.
The objective of this study was to determine and identify the role of the ditches at water
exchanges between two shallow ground waters tables, located at high level and low level of
catchment. In this regards, ditch discharge, ground water table fluctuation, rainfall and soil moisture
were monitored at several sites of catchment, during several hydrological periods.
Analysis of the field data shows that the ditches have an important influence at water table
dynamics. This role is variable in time and space. The ditches operate as recharge ditches at certain
places in the catchment, and in other places, operate as ground water drains.
The hydrological balance, calculated for the high level ground water, indicated that the volume
of water drained by ditches was more important than deep percolation volume. On the other hand,
the results show that most water exchanges between the ground waters are realised by ditches.
These results have been used to develop a mathematical model of surface water and groundwater
exchanges.
Keywords: ditches, groundwater, hydrological balance, Mediterranean climate, agricultural
catchment
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Adsorption of some herbicides in soil
MIHALACHE Daniela. PREDA Mihaela, PLAXIENCO Doina and MOTELICA D.
Research Institute for Pedology and Agrochemistry Bucharest, Romania
Adsorption of herbicides in soil represents their retention by soil constituents and is influenced
by soil pH, moisture, organic matter and clay content, temperature, herbicide properties, etc.
Adsorption influences almost all the other processes occurring in the soil.
The fate of herbicides and their behavior in soil is influenced by several factors including
adsorption, movement and decomposition. Adsorption influences the magnitude of the effect of
other factors. It is considered to be one of the major processes affecting the interaction occurring
between herbicides and the solid phase in the soil environment. Adsorption is generally evaluated
by the use of adsorption isotherms, especially Freundlich or Langmuir types.
This paper presents the results obtained from laboratory batch experiments concerning the
adsorption of herbicides (EPTC, Butylate, Alachlor, Trifluralin) on two soil types (Reddish brown
Soil and Sandy Soil).
The estimated values for Freundlich K coefficient are given, as well as the adsorption curves.
The adsorption data show that Trifluralin is the most strongly adsorbed on both soils.
Keywords: herbicides adsorption, soil, isotherms
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Heavy metals affect the microbial populations
and their activities
GHORBANI N.R., SALEHRASTIN N. and MOE1NI A.
Faculty of Natural Resource-Karaj, 31585, Iran
The effects of heavy metals on natural microbial communities have attracted increased
attention. Heavy metal pollution resulting from human industrial and agricultural activities affects
biological system.
This pollution affects the growth, morphology and metabolism of
microorganisms in soil, through functional disturbance, protein denaturation or the destruction of
the integrity of cell membranes.
Microorganisms are far more sensitive to heavy metal stress than soil animals or plants
growing in the same soils. Microbial parameters appear very useful in monitoring soil pollution by
heavy metals. Microbial parameters that can be used as indicators in monitoring soil pollution by
heavy metals fall into two main groups. The first is those that measure the activity of the whole
microbial population. The second type measure the size of the microbial population. Some of these
parameters are respiration, C and N mineralization, biological nitrogen fixation, microbial biomass
C and some soil enzymes.
Keywords: heavy metals, soil pollution monitoring, microbial biomass
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Effluent movement through mole-tile drainage systems in a
grazed, effluent-irrigated, New Zealand dairy pasture
MONAGHAN Ross (1) and SMITH Chris (2)
(1) Land & Environmental Management Group, AgResearch, Invermay, Private Bag 50034
Mosgiel, New Zealand
(2) Land & Environmental Management Group, AgResearch, 204 Woodlands-Morton Mains
Road, RD1 Invercargill, New Zealand
Artificial drainage is an important requirement for intensive dairy farming on soils with
naturally poor drainage. These artificial drainage systems can, however, provide preferential flow
pathways for the movement of nutrients and faecal organisms to surface waterways, particularly
when pastures are irrigated with effluent. However, there is little information available as to the
actual significance of this potential source of nutrients and faecal organisms in surface waters.
Consequently, there is little information on what are 'safe' or appropriate guidelines for the
application of dairy shed effluent to artificially drained soils. The objectives of the work described
here were to (i) quantify the amounts of nutrients (N & P) and faecal organisms transported through
mole- and tile-drainage systems under pastures treated with dairyshed effluent, under a range of
hydraulic loadings and soil moisture conditions, and (ii) identify and demonstrate Best Management
Practices for the application of dairy shed effluent to mole- and tile-drained soils.
Mole-tile drainage flows were monitored from 2 large (27 x 40 m), hydrologically isolated field
plots that were part of a long-term dairy pasture. Drainage flows were measured using large tipping
buckets equipped with a siphon system to continuously capture and store approximately 0.2% of
total drainage flow. One plot was grazed-only whilst the other plot was irrigated with untreated
dairyshed effluent, shortly following grazing events in spring and summer.
Effluent was applied to the relevant plot using a rotating-arm travelling spray irrigator, as is
commonly used by local dairy farmers. This method of irrigation resulted in distinctly non-uniform
effluent applications, promoting preferential flow into tile drains. Areas to the outside of the
irrigator run effectively received double the average application depth, and at an instantaneous rate
greater than 100 mm h . A summer effluent irrigation depth of 23 mm (average), at a time when the
recorded soil moisture deficit was greater then 30 mm, resulted in preferential flow of the effluent
through the mole-tile system. Although the volume of preferential flow was small, representing
only 2% of the total effluent volume applied, the concentrations of nutrients and faecal bacteria in
the resulting tile drainage were large, with Total-N, ammonia-N. and Total-P concentrations of 140,
53 and 40 g m" , respectively. The concentration of Faecal Coliforms in the tile drainage induced by
the preferential flow was 300 colony-forming units per mL. In contrast, background concentrations
of Faecal Coliforms in drainage collected in winter from the plot not receiving effluent ranged
between 1 to 10 colony-forming units per mL.
The delivery of high nutrient and faecal bacteria concentrations in tile drainage, due to high
effluent loadings during summer, represents a high impact landuse activity because receiving
surface waters at this time of year are more susceptible because of low flows and high water
temperatures. On-going work is seeking to (i) improve the uniformity of effluent application
through improving irrigator design, (ii) reduce effluent application rates on farms which have soils
with mole-tile drainage, and (iii) determine the extent of preferential flow of effluent when soil
moisture deficits are much lower.
Keywords: effluent irrigation, tile drainage, preferential flow
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Contamination of banned/restricted use cyclodiene
organochlorine pesticides in ground water
in Varanasi, Uttar Pradesh
RAHA Privankar and SINGH Sanjay Kumar
Department of Soil Science and Agricultural Chemistry, Institute of Agricultural Sciences, Banaras
Hindu Universuty, Varanasi-221005 (U.P.), India
Ground water samples (2.5 L) were collected from dug wells in Varanasi city (25 20 N and
83 00' E) and its adjoining villages during post south-west monsoon (June to September) and northeast monsoon (December-February) period for the analysis of the level of contamination of long
presistence, fat accumulative, cyclodiene organochlorine pesticides, viz., aldrin, dieldrin, heptachlor
and chlordane which are banned (Thakar et al., 1987) for use in agricultural and pubic health
programme. The samples (500 mL aliquot) were immediately extracted by liquid-liquid (n-hexane)
partitioning, cleaned up and estimated in GLC using electron capture detector. The levels of
contamination were in order of aldrin > chlordane > heptachlor > dieldrin.
Banned/restricted use cyclodiene organochlorine pesticide residues (mean) in ground water of
Varanasi.
Pesticide

Aldrin

Rural
Mean (ng mL"')
S.W. Monsoon
N.E. Mansoon
0.24
3.66
(0.06-20.0)

Dieldrin
Heptachlor
Epoxide
Heptachlor

y-Chlordane

(0.05-0.96)

Urban
Mean (ng mL"1)
S.W. Monsoon
N.E. Mansoon
3.04
0.28
(0.01-35.0)

(0.03-0.48)

0.83

0.01

0.20

0.002

(0.0-20.0)

(0.01-0.08)

(0.02-3.0)

(0.01-0.03)

0.02

0.005

3.15

0.08

(0.06-0.20)

(0.01-0.10)

(0.06-40.0)

(0.02-0.67)

0.51

0.004

0.61

0.004

(0.10-4.0)

(0.01-0.06)

(0.20-10.0)

(0.03-0.06)

2.20

0.03

0.16

0.10

(0.20-10.0)

(0.02-0.30)

(0.03-0.70)

(0.01-1.29)

Keywords: residue, organoclorine, pesticide, ground water, Varanasi
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Chemical forms of lead in adjacent soil of
several highways in Iran
RAHMANl Hamid-Reza (1), KALBASI Mahmoud (2), HAJ RASULIHA Shapoor (2) and
REZAEIMoslehedin(l)
(1) Soil and Water Division, Isfahan Agricultural Research Center, P.O. Box 81785, Isfahan, Iran
(2) Dep. of Soil Science, College of Agriculture, Isfahan Univ. of Technology, P.O. Box 84154,
Isfahan, Iran
Lead gasoline additive, is one of the most significant contributors to atmospheric Pb emissions
which cause soil pollution. Soil lead pollution from on road vehicle emission was studied in RashatAnzaly (Anzaly), Kelachay-Ramsar (Ramsar), Tehran-Karaj (Karaj), and East and west sides of
Tehran-Esfahan (Deliejan-E, Deleijan-W) highways. Soil sample from the 0-5 cm soil surface
along a 100 meter transact perpendicular to the road was analyzed for total lead content, and lead
exchangeable, oxide, carbonate, organic, and residual fractions using a sequential extraction
method.
The results showed that the exchangeable and organic-mater fraction of lead were low in all
samples. The residual fraction in soil of Anzally, Ramsar and Delijan (west side of the highway)
were the dominated form. However, in Karaj area carbonate fraction and in the Deleijan-E the oxide
fraction is the dominated form. The higher the total lead contents are the higher would be the
carbonate and oxide fractions. However, in this case, the relative amount of carbonate and oxide
fraction decrease faster from the roadside, while the relative amount of residual fraction shows the
opposite trend. The residual fraction and carbonate faraction were the dominated form in slightly
and highly polluted soils, respectively.
Ramsar and Deleijan-W, Anzally and Deleijan-E, and Karaj are the least, medium, and most
lead polluted sites. The lead fraction in different chemical form depend on traffic density and the
total soil lead content resulted from the on road vehicle emission.
Keywords: lead, sequential extraction, emission, highway, automobile
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Mobilization of trace and toxic metals from tailing
to soil and some wild plants near gold mines at South Egypt
RASHEDlVl.N.(l) and SANZOLONE R. (2)
(1) Chemistry Department, Faculty of Science, 81528 Aswan, Egypt
(2) US Department of the interior, Geological Survey, Box 25046, Federal Center, Denver CO
80225-0046, USA
Toxic elements Hg, Cd, Al, Pb and As resulting from gold extraction process as well as
associated trace elements Ba, Cr, Li, Ag, Ni, Au, Mo, Zn, Mn and Cu and major elements Ca, Mg,
Na and K may be mobilized by weathering to the adjacent soil and plants. These elements were
studied in the gold extraction tailing, soil and wild plants (Ada Raddiena and Aerva Javanica)
collected from Allaqi Wadi (170 km east of Aswan, Egypt) near gold mines used by incident
Egyptian and for 100 year by some companies. Element concentrations were measured using
atomic absorption spectrophotometer, 1CP-AES and CVAA. The results reveal that elements K, Cr,
Li, Zn, Ni, Ag, Au, Zn, Hg, As, Ag, Au and Pb in soil decreased faraway from tailing, while Al,
Ca, Mg, Na, Fe, Ti, Mn and Cu increased as the result of input from surrounding rocks. Wild plants
show positive and significant correlation coefficient (r >0.500) with their root soil for the elements
Cr, Cu, Ni and K (r; 0.595,0.912, and 0.863) which indicated the high selectivity of the plant for
accumulation of those elements. Ada Raddiena concentrated and accumulated toxic elements As,
Cd and Pb in higher levels than Aerva Javanica. The overall results of this study show that the soil
and plants near the gold mine tailing was highly toxic, and the plants and soil must not be used for
grazing or agriculture.
Keywords: toxic, trace elements, wild plants, Egypt, gold tailing, pollution
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Effects of pressure and density on the transport
of gas-phase chemicals in the vadose zone
ROLSTON Dennis E . ( l ) , ALTEVOGT Andrew S. (1) and WHITAKER Stephen (2)
(1) Land, Air and Water Resources, University of California, One Shields Ave., Davis, CA 95616,
USA
(2) Chemical Engineering and Material Science, University of California, One Shields Ave.,
Davis, CA 95616, USA
Concern about the fate of gas-phase chemical contaminants in soil systems stems from many
possible contaminant scenarios including spills and improper disposal of industrial solvents and
gasoline, intentional application of agricultural chemicals, as well as the natural occurrence of
compounds such as radon. Several field studies have found that gas-phase contaminants can arrive
at the water table ahead of a liquid contaminant plume, underscoring the importance of a rigorous
knowledge of the transport mechanisms, which function in the gas-phase. Under natural conditions
(i.e. no disturbance to the soil system) forces such as gravity, and temperature and pressure
gradients in the soil coupled with diffusive fluxes will control the fate of gaseous contaminants.
Laboratory experiments were conducted to explore the transport of a dense gas (Freon-113) through
columns of air-dry Oso-Flaco sand with a large concentration of Freon-113 maintained at the inlet
to the columns. No external pressure forces were imposed. Gas densities (concentrations) were
monitored at the inlet and the outlet of the columns. Gas densities within the columns and outlet
fluxes were measured during transport. Significant differences in fluxes and density profiles were
observed for the three primary flow directions (horizontal, vertically upward, vertically downward)
at high source densities. Pressure gradients due to the non-equimolar diffusion of freon and air were
measured in the first 2.5 cm of the soil column. Numerical models based on the standard DarcyFickian transport equation did not fit the measured fluxes. Slip flow was found to be significant
relative to Darcy advective flow, but did not account for the discrepancy between model
simulations and data. Further theory development was necessary in order to ascertain why the
standard equations did not adequately describe the diffusive and advective transport processes for
dense gases. Equations governing the transport of gaseous chemicals in porous media were derived
by applying the method of volume averaging to the point equations for mass and momentum flux.
The closed form of the averaged equations demonstrates the effects of coupled transport
phenomena. Modifications must be made to the traditional advective-dispersive transport equations
in order to account for this coupling of the mass and momentum transport. The form of the new
transport parameters provide possible explanations for discrepancies between experimental and
numerical modeling results for systems where neither diffusive nor advective driving forces
dominate.
Keywords: diffusion, advection, Fick's Law, Darcy's equation
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Nitrate-N pollution of groundwater under
intensive loading conditions
ROOPNA and KANSAL B.D.
Department of Soils, Punjab Agricultural University, Ludhiana (Pb.)- 141 004, India
As we strive to produce more food by applying increasing quantities of nitrogenous fertilizers,
it becomes increasingly important to consider seriously the fertilizer N related environmental issues.
Increase of nitrates in drinking water seems to be the most important. The consumption of water
containing nitrate-N of more than 10 mg L"' can lead to methemoglobinemia in infants and cancer
in adults.
The present investigation was therefore planned to determine the pattern of groundwater
contamination with nitrate-N in relation to changing fertilizer use patterns in the last decade and
animal waste disposal practices. Two hundred and seventy seven groundwater samples were
collected from deep tubewells (7.5 to 45 m deep) situated on the cultivated fields of blocks with
high fertilizer consumption and shallow handpumps (7.5 to 21 m deep) located in village
habitations from Ludhiana district, Punjab, India. These samples were collected in the months of
July 1999 (before the commencement of monsoon rains) and November 1999 (winter season). The
samples were transported to the laboratory in ice boxes and stored in the refrigerator to avoid loss of
nitrates before being analyzed. These were then filtered and analyzed for nitrate-N on Dionex
model DX 500 Ion-Chromatograph (Using Ionpac AS12A anion exchange column). Nitrate-N
content of handpumps located in and near village habitations was significantly higher than that of
tubewells from cultivated fields. Animal wastes, old village ponds and shallow depth of
handpumps seemed to be the major contributor in the village environment. Mean nitrate-N content
was 4.1 mg L~' in tubewells and 7.3 mg L"1 in handpumps. Nitrate-N content was found to have a
significantly negative correlation with changing depths of groundwater. Also, a significant and
positive correlation was observed between N applied in the vicinity of tubewells located on
cultivated fields and nitrate-N thereby suggesting that fertilizer N applied to agricultural land is
affecting groundwater quality. Probability of occurrence of nitrate-N was not conspicuously
influenced by the monsoon season.
The results obtained in the above investigation are a signal for agriculture in Punjab, India, that
if appropriate measures are not taken right now, the groundwater of the state will be polluted to an
extent that there might occur scarcity of nitrate free drinking water.
Keywords: nitrate-N, groundwater, tubewells, handpumps, ion-chromatograph, correlation
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Model of vadose zone solute transport with root water
and solute uptake
SCHOUPS Gerrit and HOPMANS Jan W.
Hydrologie Sciences, Department of Land, Air and Water Resources, University of California, One
Shields Avenue, Davis, CA, USA
An efficient method is presented for calculating one-dimensional solute transport through the
vadose zone in the presence of vertically distributed root water and solute uptake. The method is
based on an analytical solution of the convective transport equation, which is derived by the method
of characteristics. The solution requires the leaching fraction to be time-invariant, and assumes that
transport occurs by convection alone, i.e. hydrodynamic dispersion and molecular diffusion are
neglected. From this solution, two variables of practical importance are calculated, (1) the average
solute concentration in the root zone, weighted by the root distribution, and (2) the cumulative
solute flux into the groundwater. Model parameters are related to water management, crop type, and
soil type. Both downward and upward flows are considered. In the case of upward flow, solute
concentrations are affected by depth to the water table and the concentration at the water table.
Simulation results are presented for downward and upward flow scenarios, and the sensitivity to
different model parameters is explored. Finally, it is discussed how dispersive mixing and temporal
changes in leaching fraction are readily accounted for with the current model. Although potentially
simplistic, the methodology presented can be extremely useful for longer-term and field-to-regiona!
scale characterization of contaminant movement.
Keywords: vadose zone, solute transport, root uptake
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The Qio relationship of soil respiration in the ecosystems
of the Eastern Carpathians Mts
SHPAKIVSKA Irvna and MARYSKEVYCH Oksana
Institute of Ecology of the Carpathians National Academy of Science of Ukraine, 4, Kozelnytska
St., 79026 Lviv, Ukraine
Soil respiration was correlated with various factors including the temperature and nutrient
content in soil. It has been hypothesized that increased carbon dioxide concentrations in the
atmosphere may increase global temperature, which may stimulate the flux of carbon dioxide from
soils causing a positive feedback effect. Especially it concerns ecosystems on border of plant belts
and does not depend on equilibrium in environment, for example on the forest timberline.
Our objective was to study the effect of temperature on rates of soil in the A, AB, B(Bt), BChorizons of the soils adjacent mountain ecosystems of forest timberline northern-eastern slope
Chornogora massive of the Ukrainian part of the East Carpathians (48°0916"N, 24°32'09"E).
They were represented by primary ecosystems of spruce forest (Picea abies (L.) Karst., 1320 m
a.s.1.) and the secondary postsylvatic ecosystems of shrub (Vaccinium myrtillus L., 1350 m a.s.1.)
and grassland (Festuca rubra L., Nardus stricla L., 1360 m a.s.1.). The silt loam soils are Cambisols
type. Soil samples were incubated for 28 days at 20, 25, 30, 35°C and respiration was measured
frequently during incubation every 7 days. Measurements of the CO2 evolutions from the soils were
made using the alkali absorption method.
For each soil horizons, rates of soil respirations varied significantly with time of incubations
and temperature. The A-horizons had the highest initial rates of soil respiration (6.28-14.4 ug CO2
g"1 dry soil per h"1) and was followed by the AB, B(Bt), BC-horizons for each temperature. The rates
of respirations from the A-soil horizon increased with temperature in accordance with the Arrenius
equation (r2=0.78). The behavior of the AB, B(Bt), BC-horizons soils conform less well with the
predictions of the Arrenius equation (r2=0.49; 0.35 and 0.28 respectively). The Qio for the A
horizon calculated from initial respiration rates were 1.5-1.7 for soils grassland ecosystems 1.9-2.0
for soils shrub ecosystems and 2.3-2.5 for soil forest ecosystem over temperature range of 20 to
30°C. Generally rates of respirations decrease during the incubation. All soils had lower final
respiration rates than initial respiration rates. The decrease in respiration rate with time suggests that
the amount of labile substrate (H20-soluble C and C microbial biomass) is low relative to rates of
respiration.
The flux of CO2 from all soil horizons was low relative to the total organic C in soils. This is
consistent with the high ratio of recalcitrant organic matter (humic and fulvic acid) relative to the
total amount of organic matter in all soil horizons of each ecosystem (37-75%). Soil under post
forest grass ecosystems contains a higher part of stable organic matter, than under the forest
ecosystem. Higher rate of mineralization and Qio at increase temperature was confirmed.
Keywords: soil respiration, temperature, Qio. Eastern Carpathians Mts
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Ground water characteristics as influenced by irrigation
with mixed industrial effluents
SINGH S.K.(l), SHARMA R.K. (2) and SURENDRA Singh (2)
(1) Department of Soil Science, College of Agriculture, G. B. Pant University of Agriculture and
Technology, Pantnagar-263145 (Uttaranchal), India
(2) Department of agricultural Chemistry, A. S. (P.G) College Lactate, Bulandshahr
With the rapid increase in industrialization and urbanization, the disposal of industrial effluents
on agricultural lands is becoming a serious problem all over the world. The indiscriminate disposal
of industrial and sewage effluents on agricultural lands is becoming a major source of heavy metal
contamination in soil and ultimately in ground water. Considering the above aspects of soil and
ground water contamination, a study was conducted around Sikandarabad industrial area with the
sole aim to study the effect of effluent irrigation on ground water characteristics.
The Sikandarabad industrial complex has more than 90 factories of paper, paint, electronic
goods, drugs, chemicals etc.situated in Bulandshahr districts of Uttar Pradesh. All the factories
discharge their effluents into a common Nallah which spread over the neighboring agricultural
fields. Moreover, farmers use this mixed effluents for irrigation particularly for wheat and other
vegetable crops during rabi season. Three representative Village sites Viz.Jokhabad (15 years
effluents irrigation), Rajpura Khurd (10 years effluents irrigation) and Hasanpur Jagir (Tubewell
irrigated) were selected for study.Water samples from hand pumps and tube wells were collected to
examine the possible contamination of ground water by heavy metals. Effluents and ground water
samples were analyzed for pH, EC, Fe, Cu, Mn, Zn, Cd, Ni, Co and Pb following standard
procedure.
Effluents used for irrigation exhibit a wide variation in pH (4.3-9.0), EC (1.3-6.7 dSm') and
heavy metals concentration were generally high as per recommended maximum concentration of
trace elements in irrigation water. Hand pump water from effluent irrigated sites (Jokhabad and
Rajpura Khurd) exhibit an increase in pH, EC and heavy metals concentration as compared to
control site (Hasanpur Jagir).This trend may be due to the contamination of ground water by
industrial effluent used for irrigation. An increase in pH and EC were recorded in hand pump water
as compared to tube well water. Heavy metals content in ground water were above the maximum
permissible limit of IS1 in few cases.
Keywords: mixed industrial effluents, contamination, heavy metals, ground water
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Nitrate contamination of groundwater under
different anthropogenic activities
THIND H.S. and KANSAL B.D.
Department of Soils, Punjab Agricultural University, Ludhiana 141 004, India
Nitrate in water supplies has become one of the major environmental issues because of its
implications on human health. Nitrate accumulation in shallow groundwater, originating from
fertilizers has been reported from many parts of the world. Recently, an alarming situation with
regard to high nitrate content in hand pump water of many villages has been observed by authors.
However, there was a wide variation in nitrate content within each region, which suggests that,
various edaphic, environmental and management factors affect the build up of nitrate in shallow
groundwater. It is therefore, imperative to elucidate the contribution of various factors to the build
up of nitrate in groundwater.
Keeping above objectives in mind a case study was undertaken to find out the variation in NO3N content of groundwater in an area of approximately 600 hectares at Punjab Agricultural
University, Ludhiana, India. In this area various anthropogenic activities such as intensive
agriculture, vegetable production, horticulture, agroforestry, dairying, fishery, poultry farming,
office buildings, residential quarters etc. have been going on for about 35 years. The southwestern
boundary of the area is an irrigation canal. Water samples from various deep and shallow tubewells
used for irrigation and hand pumps installed in field area for drinking water by farm labour were
collected, transported to laboratory in ice boxes and analysed for NO3-N content on an ion
Chromatograph, Dionex DX500.
The results revealed that NO3-N content in deep irrigation tubewells varied from 1.3 to 10.6 mg
L~' in the month of March 2000. One sample containing 10.6 mg L~' of NO3-N, which exceeds the
critical level of 10 mg L"1 to be fit for human consumption, was found in the dairy farm area. The
NO3-N content varied from 0.4 to 10.8 (mean = 6.1) mg L"1 in shallow irrigation tubewells and 0.6
to 27.7 (mean = 10.6) mg L" in hand pumps. In shallow irrigation tubewell water samples, 55 per
cent contained NOi-N between 5 to 10 whereas 18 percent contained >10 mg L . The
corresponding values for hand pump samples were 23 and 50 percent, respectively. The lowest
NO3-N in all categories of samples was observed in the vicinity of an irrigation canal, which
indicated that seepage of good quality water from this canal resulted in lower NO3-N content. The
higher NO3-N was found in the samples near dairy and poultry farms and in the fodder growing
area where large quantities of farm yard manure and other organic wastes were used. Presently the
water of these hand pumps, even having toxic content of NO3-N, is being used for drinking
purposes by the farm labour which is of great concern and need immediate attention. Similar
alarming situations in many villages is attributed to unscientific management of animal dung, urine,
poultry manure and night soil in these villages.
Keywords: anthropogenic activities, groundwater, India, nitrate pollution
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Impact of hydroamelioration on soil moisture regime
and nitrate leaching
VIDACEK Zeliko, SRAKA Mario and BENSA Aleksandra
Soil Science Department, Faculty of Agriculture, University of Zagreb Svetosimunska 25, Zagreb,
Croatia
In the valley of the Drava river, tributary to the Danube in Croatia, several years impact of
hydroamelioration - canals and/or pipe drainage on nitrate leaching and changes of soil moisture
regime of Gleysols was studied, in the period from 1997 to 2000.
The dynamics of available soil water in the non-saturated zone of ploughlayer and subploughlayer was measured by gravimetric or electrometric method, and the ground water level was
measured by shallow and deep piezometers. The crops in the trial, with standard agrotechnical
measures, were maize, fertilized with 173 kg N h a ' , winter wheat fertilized with 199 kg N h a ' ,
winter barley fertilized with 110 kg N h a ' , and oil rape fertilized with 128 kg N ha"1. The nitrate
content in soil was determined by the yellow colour complex by phenoldisulphonic acid (USDASCS-NSCS, 1992). Nitrates in water were determined by AOAC method, 1995.
The ground water level in drained soil is below I m throughout the year, but in the soil
hydroameliorated only with canals the depth varies from 0 to 2.0 m, with maximum levels in the
winter and early spring season. The changes in available soil water content in the ploughlayer and
sub-ploughlayer are mainly the result of annual and seasonal climate and hydrological conditions in
the drained and non-drained soil, rather than due to the impact of hydroamelioration measures,
because of uncompleted agro-amelioration measures of surface and sub-surface soil.
Lower nitrate content was determined in the ploughlayer of drained soil in the range between
0.86 and 2.71 mg NO3" 100 g" of soil, and in soil hydroameliorated only with canals nitrate content
varied from 0.91 to 2.78 mg NO3" 100 g"1 of soil. The content and dynamics of nitrate in soil
depends on the quantity and kind of nitrogen fertilizer applied, and the quantity and distribution of
rainfall, and on adsorption by the plants. In ground water of drained soil the nitrate concentrations
were between 12.0 and 97.9 mg NO3" L"', and in ground water in soils hydroameliorated by canals
only, lower concentrations were detected, between 10.2 and 59.1. mg NO3' L" .
As expected, the impact of pipe drainage on the quantity and dynamics of nitrate leaching, as
well as on lowering of the high ground water level, is greater.
Keywords: hydroamelioration, agro-amelioration, soil water regime, leaching, nitrates
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A Markov-Chain approach to the spatial variability
of soil properties and PAH levels
WEIGANDH.(l), TOTSCHE K.U. (1), HUWE B. (2) and KÖGEL-KNABNER I. (1)
(1) Lehrstuhl für Bodenkunde, Department für Ökologie, Wissenschaftszentrum Weihenstephan,
Technische Universität München, 85350 Freising-Weihenstephan, Germany
(2) Universität Bayreuth, Abteilung Bodenphysik, 95440 Bayreuth, Germany
The consideration of spatially variable contaminant sources and sinks is crucial for the
quantification of contaminant transport in soils. To assess the seepage of contaminants at
contaminated sizes, an integrative approach was used which comprised a field survey, stochastic
representation of site heterogeneity and numerical simulation of contaminant mobility. Based on
field and laboratory data, the vertical transition probabilities of soil materials and PAHcontamination classes were derived and a non-stationary Markov chain model of site heterogeneity
was developed. The model was used to generate representative soil profiles by stochastic
simulation. Eighty profiles covered 6 1 % of the spatial variability of the site in terms of soil forming
materials and PAH levels. Positions and thickness of horizons agreed with the field survey. The
seepage of different PAH was calculated by numerical simulation using experimentally derived
isotherm data. The cumulative output for the individual PAH covered a range of 3 orders of
magnitude, reflecting the effect of site heterogeneity on contaminant transport. Stochastic
generation of soil profiles based on Markov chain theory provides a powerful tool for the
consideration of soil variability at contaminated industrial sites.
Keywords: contaminant transport, soil, industrial waste, aromatic hydrocarbons, stochastic
processes
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Reclamation of lands, disturbed by mine industry
BANOV Martin and MARINKINA Venera
N. Poushkarov Institute of soil science - 7 Shosse Bankya str., 1080 Sofia, P.O. box 1369, Bulgaria
Only for the past 10 years more than 3,000,000 ha of arable land has been distributed for living,
roads, different infrastructures, etc. Along with the other negative factors (erosion, salt, acidifying,
etc.) a great amount of lost arable land is added to the land that became privet property or was
disturbed by mining processes. Today the amount of arable land per person is 0.3 ha. If the process
of land disturbing continues this amount will soon drop to 0.1-0.2 ha per person.
The biggest part concerning the disturbing and destroying of the soil surface layer is given to
the mining industry. In this case the level of influence on the land is determined by the extracting
technology and the processing of ore, which is based on a few basic methods:
1. Classical method - includes building of pits and mines.
2. Classical underground method - it can be divided into two types:
a. The mining is done by construction of vertical shafts to the ore level and then
underground horizontal galleries;
b. The mining is done by construction of horizontal shafts.
3. Geo-technological method - installation of acidifying drills up to the ore level. Then the ore
is treated with sulphur acid and the enriched solution is extracted to the surface.
4. Construction of tailing-ponds for gathering the waste materials from the ore processing.
The main goal, of the remediation of land disturbed from the mining processes, is the
restoration of the soil fertility, as well as, by the creation of a balanced ecological system the
restoration of the agricultural or cultural function of the disturbed. This task also includes the
protection of lands form the negative effects of industrial activities.
The current article deals with different sites for mining and ore processing situated on the
territory of Bulgaria. Also, here are described the exact disturbances that they cause on the
components of the environment and specifically on the soil and lands. Also included are the
methods used for obtaining land reclamation and soil fertility in accordance with the conditions and
requirements of the land-use systems.
Keywords: mine industry, degradation, reclaimed lands
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Chemical content of the humic acids from Chernozems
of the urbanized territories
BEZUGLOVA Olga and GORBOV Sergey
Rostov State University, Bolshaya Sadovaya St., 105, Rostov-on-Don, Russia
Natural soil cover of the greater part of modern cities territory is destroyed or undergone
cardinal changes, therefore the specific urbolandascapes formation. Basic fond is presented by a
kind of special urban soils and screen-soils, related to industrial and residential parts of a city. In
refuges zonal soils obtain, as well bearing anthropogeny imprint in their profile.
The extreme heterogeny and heterochrony of alteration and qualities distinguish urban soils.
We have investigated humic acids (HA) elements composition, extracted from zonal soil (for
Rostov-on-Don, the city of the European Russia South, it is Chernozem ordinary), from Chernozem
ordinary of the forest-park zone and that of the center of the city, sealed under asphalt (screen-soil).
Elements composition detection has been processed with the help of CHN-analyzer "Carlo Erba" 1106.
In all the three types of soil we studied (screen-soil, forest-park Chernozem, plough
chernozem), an exceeding maintenance of carbon in the humic acids of the middle part of the
profile - horizon Bl was detected. Correlation (H:C) makes it clear that there at the carbonate
barrier level is an agglomerate of more condensed HA molecules. Most developed aliphatic part of
HA molecules is found in the leaf mould horizon, thanks to the regular vegetation rests addition
and, as a result, "rejuvenation' of HA.
For the same reason forest-park zone Chernozem HA are distinguished by their enriched azote
concentration. This accords with soils chemical analyses data, showing total quantities C:N
correlation is the narrowest for this particular kind of soil. A distinct tendency for azote
maintenance in HA decrease while deepening is indicated as for the forest-park zone Chernozem of
the city, so for the screen-soil. In the upper horizons with vegetation rests there come (or had been
coming, as in the case of the screen-soil) much more azote, than in the lower layers, and through the
process of humification it is "captured" by humic acids.
HA oxidation degree calculation showed that in Chernozems their characteristic was that of
reductive. In the forest-park soil gradual increase of the humic acids oxidation degree down the
profile was marked. In the screen-soil and the plough oxidation degree increase was detected in B2
horizon, that can speak of the most suitable conditions for humification at this depth. We conclude
the reason is the carbonates maceration.
Thus, changing the natural cycle of matter rubs off on the specificity of Chernozems' humusformation, and that is mirrored in HA elements composition. Related to this index, in comparison
with buried soils ploughed ones are much more carbonated.
Keywords: soil chemistry, humuc acids, Chernozem, urbanosem
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Organic matter accumulation in stony soils from
hard coal mining spoil
BRAUNERSREUTER Martin and BURGHARDT Wolfgang
Angewandte Bodenkunde/Soil Technologie, University Essen, 45117 Essen, Germany
Soil organic matter is one of the larger sinks of the global carbon circle. Especially some soils
of urban, industrial and mining areas can contribute to the fixation of carbon dioxide. Therefore it
is of interest to study the potential to accumulate humus in recently tipped materials.
The investigation was performed on a hard coal mine spoil heap in the Ruhr area, Germany.
The soils developed are Regosols on mine spoil. The climate was favourable for vegetation growth.
Limitation occurred through formation of sulfuric acids. The mine spoil had a high stone content,
which is also a characteristic of many other soils of urban and industrial areas.
In a recultivation field trial two different hard coal mine spoil had been studied. The three soil
variants were untreated, cover of 5 cm sandy loam and mixture spoil : loamy sand in a ratio of 3:1.
The vegetation was from air born seeding and from sowing of native herbs.
The soils were sampled by volume cores in the early springtime after 12 years of the start of the
trial. According to the coal content of the substrate we had to distinguish between coal and organic
carbon. The organic carbon fraction was determined by destruction in 6% hydrogen peroxide. The
difference to total carbon content was defined as carbon from coal. In addition the C/N ratio was
used to discriminate the coal content.
According to the stoniness of the soil the organic matter accumulation occurred in a reduced
fine earth mass. Therefore the increase of humus content was clearly visible and measure able.
From the volume samples it was possible to calculate the total amount of organic matter which had
accumulated within 12 years.
The organic matter content did increase to more than 3%. The amount of accumulated organic
matter was to a depth of 20 cm more than 1 kg m"2.
Keywords: organic matter accumulation, mining spoil, stony soils, recultivation, carbon sink
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Peculiarities of soil structure in urban, industrial and mining
areas and their effects on soil functions
BURGHARDT Wolfgang
Angewandte Bodenkunde/Soil Technologie, University Essen, 45117 Essen, Germany
In part the soil structure of urban, industrial and mining areas has been strongly changed.
Numerous peculiar structures occure. The reasons are transport and deposition of substrates,
young age of the soils, lack of bio-turbation, man-made materials, compaction, mixing and
stratification of soils, skeleton content, crystallization.
From import of sand and stones soils with single grain structure are wide spread in cities. A
peculiarity of rubble, ashes, slag is the porosity of the grains. Cementation occurs with high content
of iron, carbonate and sulfate. Coherent structure is formed from deposits of not structured loam
and clay through high pressure. Transport of loam and clay soils by water in pipes will create round
roll aggregates.
Excavation, transport and tipping of natural soil material results in mixtures or layers of
different forms of structure.
Usually soils of urban, industrial and mining areas are young soils. Therefore the degree of
aggregate formation is weak. Bio-turbation for crumb formation is not very advanced.
Platy aggregates are created by a greater number of processes such as high pressure, dust
deposits and setting of surface soils through lack of bio-turbation. High pressure on already
aggregated soils will create structures of deformed aggregates or thick platy structure which lock in
the aggregates.
Soils of high skeleton content have two forms of structure: either fine earth fills loose and not
totally the gaps between stones or aggregates are formed by the shape and size of the gaps.
The variation and heterogeneity of porosity of soils of urban, industrial and mining areas is
very high. Soil functions will be very diverse.
The new forms of structure will influence soil mechanical properties and soil air and water
household. The aeration, decay, root penetration, storage and transport of water and dissolved
compounds as well as other features will differ from other soils. That means the soils have altered
their qualities to fulfil functions in the living sphere of humans. The altered or new forms of
structure are also diagnostic properties for the designation of horizons and some soil types of urban
and industrial areas.
Examples are occurrence of stagnic water from compaction. Therefore Pseudogleys
(Stagnogleys) are found often. Or until now unknown, cemenation from secondary formation of
carbonate from e.g. slag is a characteristic of Carbonatosol.
Keywords: urban soils, soil structure, man-made material, soil function, soil classification,
compaction
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Urban areas and soils polluted
DUROUSSEAU Sylvie
Scientific Laboratory of Origin Crideau, 32 Rue Turgot, 87000 Limoges, France
The polluted grounds constitute a problem of recent environment, but whose magnitude
continues, as well in France as abroad. The consequences of the phenomenon are visible with the
level of the environment and the public health, but also of town planning.
On the legal level, the phenomenon raises problems of conceptualization, and responsibility.
Concerning the urban grounds, questions relating to information arise about the level of pollution,
with the reconditioning of the grounds, the re-use of the grounds for new projects of construction,
etc.
But the instruments of town planning and regional planning do not take sufficiently into
account the problem of pollution of the urban grounds, the industrial waste lands, the mines.
An integrated step starts to be set up, in particular under the impulse of the right comunautaire.
It is visible in France, with the recent adoption of the law on urban solidarity and renewal. It also
relates to the Netherlands, the United States and others.
It is inspired in particular by a principle of international law: the principle of the durable
development. Thus, the problem of the polluted sites is a worldwide step in the durable
development, in the right of the future generations and the protection of the common inheritance of
humanity.
Keywords: town planning, urban pollution, public right, sustainable development
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The effects of sewage sludge application on the yields of
berseem and forage maize in newly reclaimed soil
El LATEEF E.M. Abd (1). HALL J.E. (2), SMITH S.R. (3) and SHEHATA A.A. (1)
(1) National Research Centre, Agriculture Division, Cairo, Egypt
(2) WRc, Medmenham, Marlow, SL7 2HD, UK
(3) Imperial College, Dept of Civil and Environmental Engineering, London, SW7 2BU, UK
Two large-scale field trials with fodder crops (berseem and maize) were established under
centre pivot irrigation on a reclaimed desert soil in the Western Desert, near Sadaat City, Egypt,
comparing the use of air-dried raw sewage sludge with traditional farmer practice. The application
of sludge improved crop yields and strong residual benefits were observed in subsequent years. The
nutritional quality of these animal fodders was also improved by sludge applied to this deficient
soil, with useful increases in nutrient and trace element concentrations. There were no increases in
heavy metal concentrations.
Keywords: Egypt, nutrients, reclaimed soil, sewage sludge, trace elements, Trifolium
alexandrinum, yields, Zea mays
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Soils as archive of nature and culture history
of the city of Saarbrücken, Germany
FETZER Karl Dieter (1). DRESCHER-LARRES Katja (2) and WEYRICH Joachim (2)
(1) Landesamt für Umweltschutz, Don-Bosco-Strasse 1, D-66119 Saarbrücken, Germany
(2) ARK Umweltplanung und -consulting, Paul-Marien-Strasse 18, D-66111 Saarbrücken,
Germany
Soils in the Central European area are the result of a long development process. Formation and
distribution patterns allow conclusions on changes of climate and environmental conditions. Soils
are thus important evidences of the natural and landscape history of a region. Even traces of
settlement and cultural activities of man are preserved. Particularly in urban environments
anthropogenic impacts had a lasting effect on formation and substance composition of soils. Urban
soils are documenting the settlement and management activities of a community and hence
represent an archive to reconstruct the cultural history of inhabited areas. With passing of the Soil
Protection Act of the Fed. Rep. of Germany in 1998, the archive utility of soil for the natural and
cultural history was emphasized as a special subject of protection.
The municipal area of Saarbrücken in the Southwest of Germany served as a model to valuate
the archive utility of urban soils. The investigated area is typified by dense colonization and
traditional coal, iron, and steel industries, resulting in a characteristic mining-induced landscape
with various technological substrates.
Several digitized data sets from the Saarland Soil Information System (SAARBIS) are
available for the area of the City of Saarbrücken. However, a total area coverage of urban soils
mapping is not yet realized. To qualify the archive utility the following baseline information was
used:
- area data on urban habitats based on aerial photos, orthophotos and topographic maps
- area data on land use history (multi-temporal analysis of aerial photos)
- urban soil maps of selected sites
- soil profile records at certain points.
Regarding the methodological considerations of BURGHARDT (2001) among others the
following soils were identified and mapped as documents of a specific settlement and management
history:
- soils reflecting the urban development, i.e. sites on rubble caused by war action
- soils on mining - induced substrates, i.e. waste dumps, flotation discards
- polygenetic and layered soils resulting from changes in area management
- garden soils in ancient settlement areas
- soils of former agricultural localities, now being fallow due to socio-historical changes
- natural soils without significant anthropogenic impacts as "samples" of an original soil
development.
The selected sites are examples of pedotopes with important documentation value and their
worth being protected as defined by the Soil Protection Act should come up for discussion.
Keywords: urban soils, archive utility, soil protection
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Geochemistry of polycyclic aromatic hydrocarbons in soils:
behavioral issues
GENNADIYEV Alexander, PIKOVSKII Yurii, ALEXEEVA Tatyana and CHERNYANSKII
Sergey
Moscow State University, Faculty of Geography, Moscow, 119899, Russia
Among the diverse PAHs identified in soils, molecular structures are now recognized that may
be rather reliably subdivided by origin into natural and technogenic. Basically, technogenic PAHs
comprise 4-7-nuclei ortho- and peri-condensated structures which are frequently unsubstituted or
display a small number of substitutions (for example, benzo(a)pyrene, benzo(ghi)perylene, etc.).
Natural (pedogenic) formations are presented by phenantrene, chrysene and some other
hydrocarbons with angular annelation of benzene rings. The number, pattern and rate of substitution
of these PAHs in the soil profile depend on soil biological activity, intensity of humus accumulation
alongside with rates of organic matter mineralization, on illuvial processes, presence of radial
geochemical barriers, soil age and location of the soil profile in soil-geochemical catenas. PAHs
redistribution in soil is also under control of soil aggregate and microaggregate composition. The
analysis of soil profile differentiation in terms of PAHs relative amount revealed their different
profile pattern. The behaviour of heavy poly-nuclei PAH moleculas and low-nuclei aromatic
structures displays a distinct trend: the heavy PAHs accumulated in the topsoil, whereas low-nuclei
molecules are distributed more regularly in the profile. The accumulation of the former is explained
by low mobility of heavy poly-nuclei formations and their basically technogenic input from the
atmosphere or surface waters. The members of the second group are more mobile and capable to
originate directly in soil horizons. With incleasing molecular masses of the PAHs their mobility,
both relative and absolute, decreases. This phenomenon has been observed in podzolic, chestnut,
cinnamonic soils, chernozems, solonetzes and other soils. The PAH redistribution within the soil
profile becomes more evident, if relative parameters are used, for example, the hydrocarbon-humus
index. This is total content of polyarenes per unit of soil organic matter (humus). Since the
composition of PAHs in soils and its change throughout the solum easily respond to the changes in
ecological and functional states of the soil, PAHs may indicate soil degradation or progradation.
Thus, it seems possible to propose an index for evaluation of biotransformation potential of soils the ratio of concentrations of complicated alkylated phenanthrenes to allochtonous technogenic
PAHs, which, to a certain extent, is adequate to the intensity of reworking by soil biota of the
organic pollutants inflow. Very informative in terms of interpretation are data on the changes of
these ratios in time, obtained by sampling the same soils in different time. If the ratios remain the
same, the soil ecosystem is presumed to be stable: processes of certain contaminants inflow are in
equilibrium with the processes responsible for their biogeochemical transformation. Decreasing the
ratios indicate the overloading of the soil ecosystem by organic pollutants, i.e. insufficient
transforming capacity.
Keywords: polycyclic aromatic hydrocarbons, soil pollution
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Urban pollution management using soil and
stormwater infiltration devices
HAZELTON P. and BEECHAM S.
Faculty of Engineering, University of Technology, Sydney 2007, Australia
Contamination of soil and water is creating planning and construction constraints for
professionals such as engineers, builders, environmental managers and landscape architects. The
following project involves the collaboration between a soil scientist and a water engineer.
Gosford City Council located on the central coast of New South Wales, Australia, have
commissioned a number of drainage studies in recent years, aimed at determining the cause of the
long-standing drainage problems of the Woy Woy Peninsula. The area is situated on the remnants
of an ancient sand dune formation and is underlain by humic and sand Podzols. This paper
describes a field investigation to determine using soil survey and sample collection, the siting of the
installations and monitoring of pollutants collected in the stormwater infiltration devices at 15
locations in the Woy Woy Peninsula. The aim of the project is to determine the ability of the soil at
the specific sites to retain pollutants such as nitrogen, phosphorous and faecal coliforms. By
filtering stormwater and trapping pollutants near their source they will be prevented from entering
the waterways and better water quality achieved. The study, which is ongoing, involves a
comparison of stormwater movements and pollution removal/retention mechanisms and efficiencies
in these devices with the equivalent processes in areas with conventional drainage systems.
This paper will review how the local objectives of the current study have been met. Initial
work on the project provided general recommendations for stormwater infiltration practice
including the need initially for detailed soil survey to determine the most suitable location for the
construction of the infiltration devices. With the reduction of flooding as a result of these devices
the aim of this ongoing project is to determine the effectiveness of the soil types in retaining the
pollutants. To achieve this intact 30 soil cores have been collected from the sites and using a
constant head are being tested in the laboratory for pollutant (nitrogen and phosphorus) retention.
The samples are being analysed for conductivity and turbidity. Analysis of these samples is
continuing and results collected. After pollutant analysis is completed, particle size analysis will be
undertaken to determine correlation with pollutants retained. The wider objective is to demonstrate
that if stormwater flood and pollution reduction by infiltration is successful at Woy Woy, there is
scope to use this methodology and design in areas with similar topography and soil types.
Keywords: pollutants, stormwater, infiltration devices
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Harmful soil changes in storm water infiltration devices
HILLER Dieter, DORNAUF Christine and WINZIG Guido
FB 09, Institute of Ecology, Department of Applied Soil Science, University of Essen, D-45117
Essen, Germany
The investigation of chemical soil properties in storm water infiltration devices is based on the
concern that these soils accumulate harmful substances like heavy metals more than normal soils.
In case of confirmation of this concern, this investigation is to prove the dimension of the harmful
soil changes and to see if there is a transgression of trigger values of the Federal Soil Protection and
Contaminated Sites Ordinance of Germany (BBodSchV, 1999). Beyond this, it should found out
the timeframe till the transgression of trigger values take place.
The investigation took place in 29 storm water infiltration devices, aged between 3 and 8 years,
mostly in urban areas, the mean part in small towns or countrified areas. The storm water came
from sealed areas of concrete, plastic or asphalt of roofs or traffic areas (metals were only used as
additional material). The ratio of associated sealed area and infiltration area differs between 2:1 to
48:1. The soils of storm water infiltration devices were compared with reference soils near them.
The soil samples were examined for texture, the content of carbonate and humus and Cd, Pb,
Zn and Cu.
An accumulation of cadmium took place in 50%, lead in 80%, zinc in 83% and copper in 70%
of the evaluated storm water infiltration devices.
The pH-value dropped in 67% of the investigated locations. This was caused by storm water
infiltration too.
It could be pointed out that accumulation of Cd, Pb and Zn are normally higher in the
determined storm water infiltration devices of urban areas than in countrified areas. This trend can
not be verified for copper. If there were metal compounds in the roof material they also contributed
to the accumulation of the respective metal in the soil.
The determination also pointed out, that an acidification of soils by the use of storm water
infiltration devices depends on the acid neutralisation capacity of the soil.
The prognosed timeframe till the storm water infiltrations raise an accumulation of Cd or Pb
amounting to the respective trigger value of BBodSchV (1999) is in case of Cd longer than the
storm water infiltration devices will live.
But the forecast for lead shows that the fourth part of the investigated devices reach the
respective trigger values of BBodSchV (1999) during 10 years. For a third of the devices it is 30
years.
These results show that it is necessary to decrease the immissions into storm water infiltration
devices.
Keywords: storm water infiltration, heavy metal accumulation, soil protection
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Heavy metal release into the air while treatment of
a polluted industrial soil
HÖKE Silke and BURGHARDT Wolfgang
University of Essen, FB 9, Applied Soil Science, 45117 Essen, Germany
On a plain fallow land of a former factory site in the Ruhr area, measurements of dust release
and pollution in the dust during wind erosion were carried out between 1998 and 2000.
On the same area the dust release and its heavy metal contents were determined while treated
with a wheel loader. According to this a 50 m long lane of cross to the wind direction was marked.
During the treatment, in the luff of the lane in 25 m distance and in the lee side in 2.5 m, 5 m, 10 m
and 25 m distances the dust flux rates were measured with BSNE- traps in 3 heights above ground.
In addition on the same sites the depositions rates were determined. At the measuring points in 25 m
distance the PMio- concentrations were quantified with high volume samplers. In all deposits the
contents of cadmium, lead and barium were measured.
The soil surface consisted of small-scaled varying mixtures of rubble, sludge, slag, ashes and
natural soil materials. A sandy loam texture dominated. The skeleton content was varied between
16-57 weight-% and consisted mainly out of bricks. The soil pollutant content of the area was very
high.
During the 2 h of treatment of the soil surface near the lane, the dust and barium release was
twofold, the cadmium release threefold and the lead release fourfold higher than the normal flux
rates (background) over a period of 30 days.
The deposition rates within this time were in a distance of 25 m in the lee side of the lane
33 times (lead) and 53 times (cadmium) higher than the limit values of an ordinance of the "Federal
Soil Protection Act" allows, compute to 24 h. The PMio- dust concentrations were 6 times higher in
the lee side in comparison to the luff side of the lane. The barium concentration in the PM| 0 was 5
times, the cadmium concentration 14 times and the lead concentrations 28 times higher.
This comparison show, that the treatment of an industrial soil surface can cause an obvious
release of heavy metals (noxious substances) into the air.
Keywords: dust release, dust deposition, urban and industrial soils, risk of health, heavy metal,
PM,o
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The influence of industrial immisions on
the magnetic parameters of soils
KAPICKA Ales (1), PETROVSKY Eduard (1), JORDANOVA Neli (1,2) and FIALOVÄ
Hana(l)
(1) Geophysical Institute ASCR, Boni II, 141 31 Prague 4, Czech Republic
(2) Geophysical Institute BAN, Sofia, Bulgaria
Magnetic properties of soils and recent sediments are sensitive to the presence of ferro
(i) magnetic minerals. Present instruments and methods enable very sensitive determination of
concentration of strong ferrimagnetics (for instance magnetite), in the order of mg k g ' .
Ferrimagnetics in soils are of both primary (e.g., lithogenic titanomagnetites) and different forms of
secondary origin.
Practically all industrial fly ashes contain significant fraction of ferrimagnetic particles. Most
important sources of anthropogenic ferrimagnetic particles include fly ashes produced during
combustion of fossil fuel. Moreover other sources, such as iron and steel works, cement works,
public boilers and road traffic contribute to contamination by anthropogenic ferrimagnetics as well.
In contrast to particles of pedogenic origin, anthropogenic ferrimagnetics are characterised by
specific morphology and distinct magnetic properties. They are most often observed in the form of
spherules, with magnetic phase frequently sintered on aluminium silicates (e.g., mullite) or
amorphous silica. Prevailing ferro (i) magnetic phases are Fe-oxides, namely magnetite and
maghemite, with Fe ions very often substituted by other cations.
Deposition of atmospheric dust particulates around industrial centres or urban agglomerates
represents one of major environmental stresses. Magnetic properties of soils have been recently
beneficially used in determining levels of industrial pollution. Methods of "environmental
magnetism" are sensitive and enable detection of small changes in concentration of magnetic
particles in soils.
Magnetic susceptibility represents one of major parameters indicating concentration of (ferri)
magnetic particles in soils and sediments. Magnetic mapping (measurements of magnetic
susceptibility of surface soils) can be thus used as fast, effective and low-cost method for
approximate determination of contamination of soils due to atmospheric deposition of pollutants.
In our contribution results of magnetic mapping over different areas in the Czech Republic
exposed to major pollution sources are presented. Values of top-soil magnetic susceptibility well
outline polluted and relatively non-polluted areas. A set of laboratory measurements was carried out
in order to characterize magnetomineralogy of top soil layers (thermomagnetic analysis, AF
demagnetization of SIRM, kFD, X-ray diffraction, SEM). The uppermost layer, which is dominated
by magnetically soft magnetite of anthropogenic origin, can be reliably identified in depth soil
profiles over the studied regions. Subsoil horizons are characterised by significantly different
magnetic properties.
Our results suggest that soil magnetic mapping can be beneficially used in outlining hot-spots
for further (more expensive and time consuming) chemical analysis of contaminated soils.
Keywords: soil pollution, environmental magnetism, topsoil susceptibility
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Functions and models of urban soils
ABO-RADY Mustafa, BAUMGARTEN Hans, BURGHARDT Wolfgang, DAEUMLING
Thomas, FETZER Karl-Dieter, GRUBAN Werner, KNEIB Wolfram, KUEHN Karsten.
LEHMANN Andreas, MACHULLA Galina, MOEBES Andreas, SCHLEUSS Uwe,
SCHNEIDER Jürgen, SCHRAPS Walter-Goetz, SCHWARTZ Christophe, SIEM Hans-Kurt,
STASCH Dorothea and STOFFREGEN Heiner
Arbeitskreis Stadtboeden der Deutschen Bodenkundlichen Gesellschaft, Fb.9-Angewandte
Bodenkunde, Universitaet Essen, 45117 Essen, Germany
Concepts of soil functions are fundamentals of soil protection acts. They have been developed
on the knowledge about rural soils. The paper will give examples of soil functions and the
evaluation procedures for urban soils. In urban areas we have to consider that
- the soils will differ from those found in rural areas,
- the soil and ground use and therefore the demands to soil quality to fulfil them will differ,
- urban planning processes are not only based on the functions of landscape elements as soils
but also on models for the locality.
The Arbeitskreis Stadtböden has established an urban soil survey manual (1997). On this basis
functions of different urban soils have been evaluated. Differences to rural soils occur in the mode
that urban soils are in part scalped, tipped, compacted, low aerated, changed in structure,
groundwater lowered, segmented, isolated. Soil substrates will be mixed, stratified, contaminated,
accumulated by organic matter, natural and man made materials or consists total from man-made
materials. The soils are young. Beside this some particular soils occur new in urban areas or are
dominant compared to rural areas. From this sets of soil functions are numerous.
This situation has to meet the very diverse demands for different kinds of soil functions in the
city. It can be for production of green volume, food and organic raw-materials as from urban
woods, parks, lawns, ornamental garden, vegetable garden, street trees. Most of the recreation areas,
play and sport grounds, burial grounds, waste tips are bound to soils too. Soils have benefits for the
city by regulation of climate, renewal of ground water, dilution, fixation or decay of hazardous
compounds. Some urban soils are already habitat for rare animal and plant communities. In growing
large cities more and more kinds of soil uses of rural areas have also to be established in urban areas
or urban fringe.
In urban areas basic soil characteristics found will be similar to those of rural areas. What
differs are the dominance, the pattern of spatial distribution, the local differentiation, the sequences
with depth of the soil characteristics, the shift of soil properties with time. Plots are not used
independent from each other. They are arranged by planning processes to large units and patterns
which form economic, social and environmental units. Soils are parts of the units. Many of the
qualities of the planning units are dependent from features of soil individuals and their distribution
pattern. From this models of soil areas in the city can be established. Their content can by variable
and directed to different ideas which will give cities or city quarters their particular face and
identification. Some ideas of this alternative to soil function concept will be presented.
Keywords: urban soils, soil functions, substrates, soil properties, models of soil areas
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Soil pollution with cyanides and heavy metals
in the Baia Mare area; ecological reconstruction
LACATl)SUR.(l). BRETAN A. (2), CARSTEA S. (1), LUNGU Mihaela (1),
KOVACSOVICS Beatrice (1), LAZAR Rodica (1) and IANCU Viorica (2)
(1) Research Institute for Soil Science and Agrochemistry, B-dul Marasti nr.61, Sector 1,71331
Bucharest, Romania
(2) Office for Pedological and Agrochemical Studies, Baia Mare Str. Cosmonautilor nr.3, 4800
Baia Mare, Romania
The results of the research carried out one year after the Baia Mare ecological accident
(30/01/2000), which led to soil (25 ha) and water pollution with industrial waste water from the
mud-settling pond of S.C. Aurul S.A., loaded with cyanides and heavy metals, are presented.
Chemical analyses carried out on a great number of soil samples (511) collected from soil profiles,
down to 1 m, and from the topsoil pointed out that the soils are severely polluted with heavy metals
(Cd, Cu, Pb, Zn). Cyanide concentration is low, below the value of the warning threshold for
sensitive soil use. For the ecological reconstruction mechanical works (draining on 1/4 of the area,
20-30 cm deep ploughing), acid soil liming and organic and mineral fertilisation are recommended.
Soil should be better afforested with species taking up heavy metals, but, under a strict control of
the heavy metals in crops, other plants could be grown as well.
Keywords: soil, pollution, cyanides, heavy metals, ecological reconstruction
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Environmental remediation using purification function of
soil by multi-soil-layering system
MASUNAGA Tsugivuki. SATO Kuniaki and WAKATSUKI Toshiyuki
Faculty of Life & Environmental Science, Shimane University, Matsue 690-8504, Japan
Waste or polluted water treatments by Multi-Soil Layering (MSL) system were studied. MSL
system was composed of zeolite (gravel or pumice) and soils. Soils were arranged in a brick pattern
like units and being surrounded by zeolite. In this study, influence of change of MSL structure,
especially soil unit size, on treatment efficiencies was determined. In the first experiment, MSL
system with thinner soil unit, 2 and 4 cm in its thickness, removed 80-90% of CODcr, BOD, SS, TN and T-P from diluted domestic wastewater. The decrease of thickness of soil units improved
treatment efficiencies. Those relative removal efficiencies were 122-145% for above parameters,
except for T-N, when the removal percentages of each parameter in MSL system with soil units in
8cm thickness was counted as 100%. In the second experiment, MSL systems with soil units in 15
and 20cm width removed BOD and T-P more efficiently than MSL with wider soil units, 30 cm, at
a hydraulic loading rate of 4 m3 m"2 d ' . However, significant differences were not observed for the
other parameters. From these results and ones from 3rd experiment, relation between structure of
soil units in MSL system and treatment efficiency of the pollutants was summarized as fallowings:
(1) Thinner soil unit showed higher treatment efficiencies of CODcr, BOD, SS and T-P. This was
owing to higher infiltration of wastewater into the soil units. (2) Narrower soil unit showed higher
treatment efficiency of BOD and T-P, and more importantly it retarded clogging of the system,
which make possible to apply higher loading rate to MSL system. Then MSL structure fit to each
water treatment condition was recommended as follows: Thinner soil unit structure fits for the
treatment of highly polluted water with low hydraulic loading rate, such as toilet or restaurant
wastewater treatment. Narrower soil unit structure suits for high-speed treatment of less polluted
water such as river and pond water treatment. One another option can be both thinner and narrower
soil unit structure fits for the treatment of moderately polluted water with high loading rate, such as
advanced treatment of sewage or individual domestic wastewater treatment works.
Keywords: soil based eco-technology, environmental remediation, multi-soil-layering system, soil
function, treatment efficiency, wastewater treatment
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Update soil surveys on two military installations in Alabama
McGHEE Lawrence E. and BURNS John L.
United States Department of Agriculture, Natural Resources Conservation Service, P.O. Box 311,
Auburn, Alabama 36830, USA
Soil surveys or soil resource inventories have long been recognized as a valuable tool for land
use planning and natural resources management. Approximately 90 percent of public and private
lands in the United States have a modern published soil survey. Many of the military installations in
the continental U.S. have vintage soil surveys available, however, there is a need for updated soils
mapping, data, and interpretations in a digital format for use in Geographical Information Systems
(GIS). A concerted effort to obtain an updated, digital soil survey is currently underway on many
military installations throughout the United States and its territories.
Soil survey updates were recently completed on 24,300 hectares on two military installations in
northeastern Alabama. The surveys were conducted by soil scientists of the USDA-Natural
Resources Conservation Service under contract to the Department of Defense. The installations,
Pelham Range and the Anniston Army Depot, are near Anniston, in Calhoun County, Alabama.
Pelham Range is a facility operated by the Alabama Army National Guard and is used for artillery
fire, tank maneuvers, heavy mortar firing, and bivouac areas. The Anniston Army Depot performs
maintenance on heavy-tracked combat vehicles and their components. The areas include parts of
the Southern Appalachian Ridges and Valleys and the Sand Mountain Major Land Resources
Areas. A county soil survey report mapped at a scale of 1:20,000 and published in 1961 was
available. The original mapping was evaluated for accuracy. Soil boundaries were adjusted as
needed and transferred to 1:24,000 scale orthophotography. Map unit concepts were tailored to the
needs of the user. Map unit composition was determined by analysis of transect data.
Representative pedons of the major soils were sampled for chemical and physical characterization
and the soils were correlated using standard procedures of the National Cooperative Soil Survey.
Soil boundaries, hydrology, and special features were hand-digitized to exacting standards on a
digital orthophotography basemap. Soil map unit and taxonomie unit descriptions were developed
in tabular format. Data for each survey was populated in the National Soil Information System
(NASIS) and standard interpretations were generated for the reports. Special interpretations for soil
trafficability were developed for the Pelham Range survey. Delivered to the Army were a specified
number of printed soil survey reports including text, tables, and maps for each installation; an
electronic version of each report on CD-ROM; and a digital soil survey.
Soil surveys on military installations present obstacles not normally encountered during
surveys on privately owned lands or other government owned lands. Access is restricted and closely
monitored and some areas are inaccessible due to unexploded ordnance, biological, chemical, or
radiation hazards and training activities. Field work must be scheduled around training activities
and schedules must be strictly adhered to. Logistical concerns and safety precautions resulted in
reduced efficiency.
Keywords: soil survey, update, digital, Geographical Information Systems (GIS), trafficability
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Interactions of soil and archaeological investigations
MOROZOV Igor. BEZUGLOVA Olga and KAZAKOVA Ludmila
Rostov State University, Rostov-on-Don, Russia
Soil science and archaeology have a lot in common, and we realise the co-operation between
them is fruitful. The knowledge of soil scientists in geomorphologic and climatic circumstances of
investigating areas is of scientific value for archaeologists. However, of higher importance is the
co-operation of archaeologists with soil chemists, soil morphologists, who have a significant
knowledge of how to reconstruct geochemical situation of the far past epochs depending on some
morphological, chemical and physical properties of soil (e.g., depending on neoformations
containing in the soil and soil-like material).
The problem is that archaeologists in Russia receive mainly humanitarian education (studying
at the faculties of history in universities) and practically do not possess the methods of investigation
accepted in soil sciences, ground sciences, geology and other natural sciences. This produces
difficulties or even incapability when interpreting some of the results of investigations. However,
we consider that there is a necessity of the wider introduction of archaeological methods in the
practice of soil researches. All of us, soil scientists and archaeologists, have well known examples
of such collaboration. Paleopedologists have already been co-operating with archaeologists and
historians for a long time, adapting, for example, their receptions and approaches for dating and for
the study of morphological features of soil cultural layers.
We offer to reconsider priorities in methods and approaches for the investigation of soil cover
and soil properties, making an emphasis on detail preliminary study of historical, especially
archaeological, data (including archaeological maps). On the one hand, this proposal concerns the
soil investigation of anthropogenic and urban sites (e.g., industrial, mining, traffic, artificial soils,
etc.). On the other hand, it concerns the study of natural soils of adjacent territories with
archaeological objects.
The practice of our investigation shows that the neglect of archaeological data distorts the
information about soil genesis and soil properties. This situation was observed during our soil
investigations of urban landscapes and archaeological expeditions.
The investigations in the ancient Tanais (the town existed in III BC - VAD) could be brought
here as a dramatic example of the situation. A great number of cultural layers formed with
differences as for its genealogy ground was found. A multitude of differences in morphological,
chemical and physical characteristics of the layers makes difficulties in the archaeological
investigations for which a special scrupulosity is extremely important.
However, in buried cultural layers soil formation is proceeded and complicated with human
influence. Here, special neoformations are discovered, which did not match previously given
climatic zone soils. Depending on them, soil scientists can reconstruct the geochemical situation in
soil. Besides the chemical and physical characteristics of soil vary as well (amount mass, porosity,
etc.). Applying some specific soil science methods allows archaeologists to answer a whole
number of questions, which can not be resolved in any other way.
Keywords: soil science, archaeology, interactions, soil cover, soil properties
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Application of soils and land evaluation data for urban and
peri-urban land use planning of Kisumu, Kenya
D'COSTA V.P., OMOTO W.O. and ONYATTA J.O.
National Council for Science and Technology, Box 30623, Nairobi, Kenya
Population pressure has resulted in rapid expansion of urban unplanned development and
consequently deterioration of infrastructure and environment. Detailed soil surveys for agriculture
can provide valuable information for urban land use planning. This data is lacking for most everexpanding urban areas in Africa, except for minor peri-urban sites. A preliminary soil and land
evaluation survey (1:50,000 scale) was carried out on a broad strip of land, representing the major
soils of Kisumu, the third largest town in Kenya. Several soil transects were studied along this strip
of land running from the northern granitic hills at elevations over 2,000 m to the alluvial plains and
the lake shores at 1,130 m in the south. The soils were characterized following the FAO-Unesco
Legend into Soil Units, showing their soil depth and slope classes. The main soil units identified
are: Leptosols, Regosols, Cambisols, Acrisols, Luvisols, Vertisols, Fluvisols, Gleysols and
Anthrosolics soils. Based on the characteristics of the Soil Units, their physiography and parent
materials, 12 Soil Mapping Units were established. FAO Land Evaluation Framework, although
meant primarily for agriculture, was used in assessing the suitability of the Mapping Units (MU) for
building infrastructure and for urban and peri-urban agriculture. Land Suitability Classification of
each MU was based on its soil and land qualities and constraints (e.g. soil depth, slope, drainage,
erosion, flooding, water table and pollution). Four land suitability classes were established: well
suited (SI), moderately well suited (S2), poorly suited (S3) and, not suited (NSland NS2). The
study shows that the shallow stony soils of the steep slopes MU-1 and the permanent clay swamps
MU-11 are all NS for agriculture and urban infrastructure and are better left in their natural
conditions. Deep well drained MU-2 and MU-3 on the gentle footslopes of granitic hills are SI to
S2 for both agriculture and infrastructure. These areas are presently under agriculture with
increasing urban encroachment that requires proper planning, erosion and pollution control
measures. The deep colluvial MU-4 and MU-7 are S2 for agriculture and S3 for infrastructure. The
shallow plinthic MU-5 and MU-6 on the gentle slopes show S2 for infrastructure but S3 for
agriculture, except for pockets of deep soils suited for home gardening. Saline-sodic MU-8 of the
alluvial levees are S3 for agriculture and infrastructure. Poorly drained cracking MU-9 vertisols of
the extensive plains are SI for irrigated agriculture and S2 for infrastructure requiring flood and
drainage control measures. The MU-10 seasonally flooded clay swamps are NS for infrastructure
but S3 for agriculture with possibility for irrigation. The recent anthrosolic soils overlying MU-1 to
MU-8 are poorly suited for agriculture but moderately to poorly suited for building infrastructure.
This study at semi-detailed survey provides only a general understanding about the soil and the site
characteristics for agriculture and building infrastructure. A very detailed study of soil profiles and
sites with at least 10 borings 2 m deep per hectare will be required for providing necessary data for
detailed urban land use planning and management.
Keywords: urban and peri-urban soils, soil legend, soil mapping , land suitability classes, urban
agriculture, land use management
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Nickel speciation from soil to plant in
New Caledonian mining area
PERRIER Nicolas (1), COLIN Fabrice (1,2), JAFFRÉ Tanguy (3), ROSE Jerome (1) and
BOTTERO Jeans Yves (1)
(1) CEREGE, BP 80 13545 Aix en Provence cedex 02, France
(2) IRD, 213 rue La Fayette, 75480 Paris cedex 10, France
(3) IRD, BP A5, 98848 Noumea, Nouvelle Calédonie, France
In New Caledonia, some endemic plants are able to adapt to the high nickel levels found in the
soils. In order to give the distribution of nickel in these plants and soils we based our study on the
analysis of the nickel hyperaccumulator Sebertia accuminala and its associated soil both sampled in
the "Pare Territorial de la Riviere Bleue".
The different methods used were: separation of the different grain sizes by humid
sedimentation, ICP-AES (Inductively Coupled Plasma Atomic Emission Spectroscopy) to quantify
the nickel content of the plant and its soil, X-ray diffraction to define the soil mineralogy, a
sequential extraction to isolate bioavailable nickel, scanning electron microscope linked to a probe
to give the distribution of nickel in the plant and to better the mineralogy of the soil and X-ray
absorption spectroscopy analysis to study the atomic environment of the nickel atom in the plants. '
The natural soil contains approximately 1% fine fraction (smaller than 2 microns). It has
developed from alluvial rough sediments. The major element is iron, which is contained in the
major supergene mineral phases, i.e. goethite and hematite as a result of olivine and pyroxene
weathering. The silica is mainly located in the serpentine which is the only primary parent rock
mineral to be found. The total nickel content is approximately 1.5% and nickel is distributed mainly
in the crystalline network of goethite (1 to 2 w% Ni) and serpentine (below 1 w% Ni). The
bioavailable nickel has a weak value of approximately 900 mg kg"' located in the organic matter.
Sebertia accuminala contains approximately 24,000 mg kg"1 nickel on a dry weight basis, it is
distributed in the leaf cells inversely to silica which is mostly distributed around the leaf cells. Both
siliceous and nickeliferous phytolithes are found in the leaf. Biogeochemical processes may lead to
the fractionation of Si and Ni within the plant cells. The X-ray absorption spectroscopy analysis
shows that oxygen is the nickel atom's first neighbour in an octahedral co-ordination site whereas
light atoms make up the second and third layers. The nickel could therefore be linked to carboxyl
complex in the leaves.
Further works will have to extend our research to comparison with others plants and
anthropogenic mining soils as well as mud which may result from hydrometallurgic processes.
Keywords: nickel, nickel hyperaccumulating plants, saprolitic soils, bioavailibility, New
Caledonia
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Soil properties effect on the development and distribution of
urban vegetative cover of the forest zone
POPKOV Sergey (1) and DEMENT'EVA Elena (2)
(1) Department of Soil Geography, Soil Faculty, MGU im.Lomonosova, Vorobjovy gory,
Moscow, Russia
(2) Department of Plant Physiology, Faculty of Biology, Petrozavodsk State University, Lenina 33,
Petrozavodsk, Russia
Urban soils and plant cover were studied to find out the most important factors determining
vegetative cover in the city of Petrozavodsk (Northern European Russia).
According to the Russian soil classification (Stroganova, 1992), soils of the cities are
represented by urbotehnozems, urbanozems and agrourbanozems. Most properties of these soils
have been changed after various land uses. This has lead to the distinction of soil characteristics
under specific urban or industrial impact.
The vegetation and soil profiles were studied at 60 sample plots. All vegetative cover data
were estimated according to the Braun-Blanquet cover-abundance scale. For the ordination
Detrented Reciprocal Averaging (DCA) has been applied. The following soil factors were used for
analyses: depth of humified layer, depth of root penetration, amount of roots in root-containing
layer, amount of anthropogenic wastes, soil texture, soil moisture, soil density, pH, pH gradient in
root-containing layer.
The t ordination axis shows significant correlation (0,75) with soil type determined by soil
degradation grade. The depth of organic horizon and pH change in root layer are important factors
of plant growth. The type of urban soil as an integral factor of all soil properties has the largest
influence on vegetative cover distribution.
Keywords: urban soils, vegetative cover, ordination, detrented reciprocal averaging (DCA)

1672

Symposium no. 55

Paper no. 1261

Presentation: oral

Long term on-site experiments and mass balances
in waste water treatment by multi-soil-layering system
SATO Kuniaki (1), 1HA Yoshihisa (1), LUANMANEE Supakarn (2), MASUNAGA Tsugiyuki
(1) and WAKATSUKI Toshiyuki (1)
(1) Faculty of Life and Environmental Science, Shimane University, Matsue 690-8504, Japan
(2) Soil Science Division, Department of Agriculture, Bangkok 10900, Thailand
The results of ten years long term on-site testing of Multi-Soil-Layering (MSL) system tested
using model family of 2-5 persons for the treatment of domestic wastewater showed the high-grade
performance even 10lh year under optimum condition of aeration. In 10 years results, MSL system
could treat domestic wastewater of mean concentrations of BOD 106 mg L , COD K2O2O7 148
mg L , T-N 65 mg L , and T-P 9.6 mg L~' respectively, as following removal efficiency, i.e. BOD
and COD 90%, T-N 70%, and T-P 80%, respectively under optimum aeration with the hydraulic
loading rate of 130-210 L m"2 d ' . The best indicator to control the aeration was the pH of the
treated water, i.e., if pH became higher than 7, the MSL was aerated at the rate of 3.5 x 104 L m"3d''
through porous pipes installed at the 70 cm depth of the MSL. If pH of the treated water became
lower than 6, the aeration was stopped. Although excess aeration increased the removal of both
BOD and COD, which made pH of treated water lower than 5, and Nitrate as well as phosphate
leached out. The shortage of aeration resulted in poor removal of BOD, COD, especially COD, and
ammonium as well as phosphate. From the results of soil and zeolite analyses, accumulated amount
of N, P and COD in MSL during 10 year operation were estimated as 7, 19 and 0.4 kg N and COD
were likely released in out side of MSL through nitrification or decomposition.
Keywords: aeration, mass balance, multi-soil-layering system, wastewater treatments
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Development of soil chemistry and element cycles
at afforested post-mining sites
SCHAAF Wolfgang
Dept. of Soil Protection and Recultivation, Brandenburg University of Technology, P.O.Box
101344, D-03013 Cottbus, Germany
The development of element cycles in afforested sites after lignite mining were studied using
two chronosequences on typical spoil substrates in the Lusatian open-cast mining area (E-Germany)
covering a period of about 60 years. Intensive measurements were carried out in order to calculate
element budgets over a three-year period. The two dominating overburden substrates of the sites
are derived from tertiary and quaternary sediments, respectively, and are both characterized by
sandy texture and low nutrient contents. The main differences between the substrates are the
considerably high lignite and pyrite contents in the substrates from tertiary sediments. Pyrite
oxidation results in a high production of acidity subsequently leading to intensive primary mineral
weathering and to the formation of secondary minerals. These initial soil forming processes control
soil solution composition and consequently the element fluxes in the developing forest ecosystems.
The results show that during the first decades enormous element amounts are leached from the soil.
The output rates reach up to 50 kmol Fe ha"' y ' . 95 kmol Al ha"' y ' , and >200 kmol S0 4 -S ha ' y"1
at the younger sites. At the older sites these flux rates are considerably decreasing indicating the
termination of pyrite oxidation and advanced leaching of soluble salts. Nevertheless, output rates of
most elements measured are clearly increased even after 50 years compared to non-mined sites of
the region. The lignite components of these substrates seems to constitute an interesting feature in
long-term site quality, especially its role in water retention, nutrient availability, and nitrogen
cycling. All these effects together may explain the long-term success of site restoration. In
comparison the element fluxes at the lignite- and pyrite-free sites are manifold lower and show
much less temporal dynamics. The chronosequence approach to study "false-time series" of postmining sites has proven to be a very useful tool to identify dominating processes on the ecosystem
level. The results show that the post-mining landscape will have a completely different pattern of
completely different soil and site qualities compared to the situation before disturbance, and that it
is extremely difficult to estimate the long-term development of these site qualities.
Keywords: disturbance, soil development, chronosequence, Pinus sylvestris L., pyrite oxidation,
lignite
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Soil information for urban land-use planning
SCHNEIDER Jürgen
Niedersächsisches Landesamt für Bodenforschung, Referat N2.03, Bodenkundliche Beratung,
Stilleweg 2, D-30655 Hannover, Germany
To manage soils or to protect soil in urban areas, a knowledge about soil properties and
conditions that affect the soils in these areas is needed. The question is how to obtain this
knowledge.
Concepts have been developed for mapping urban soils by the German Working Group for
Urban Soils (AKS, 1997); in which the Lower Saxony Geological Survey participated
(Hammerschmidt, 1994; Schneider, 1994, 2000; Schneider et ai, 2000). The idea has been to
prepare a concept soil map from existing data. In a concept soil map, pedologically relevant data is
selected and subjected to a factor analysis in order to determine the initial geogenic situation and
the anthropogenic changes. The data is stored in various thematic layers for map overlays and
intersection in a geoinformation system. The information can be used to predict soil distribution
and soil properties and can also be evaluated with respect to the user's purposes. The concept soil
map is an effective basis for field work because the use of previously acquired pedologically
relevant data shortens the time required for a field survey. Moreover, it lowers the cost of
pedological mapping and evaluation of the soil data.
Data available in Lower Saxony that can be used for preparing a concept soil map is stored in a
geoscientific information system (NIBIS). NIBIS consists of several databases, a methodbase, a
geoinformation system and interfaces for user-friendly access. Soil maps at different scales are
stored, together with soil profiles and the chemical and physical characteristics of the soils. The
methodbase contains algorithms for evaluating soil data in a standardized way, for example,
methods for estimating the vulnerability of the groundwater to contamination by heavy metals or
nitrate leached from the soil. In most cases, these methods have been developed for soils in rural
areas, but they can be adopted to urban areas with some modification. In both rural and urban
areas, the soils are the product of the geogenic situation, the climate conditions, and the land use.
The big difference is the land use. NIBIS is used by the Lower Saxony Geological Survey to
prepare relevant data for urban land-use planning by the Lower Saxony government.
Keywords: urban land-use planning, soil mapping, concept soil map, soil information system
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Towards the development of a sampling strategy to
evaluate the spatial distribution of Cd in
contaminated irrigated rice-based agricultural systems
SIMMONS Robert (1) and PONGSAKUL Pichit (2)
(1) International Water Management Institute (1WM1) South East Asia regional Office P.O. Box
1025, Kasetsart University, Bangkok 10903, Thailand
(2) Soil Chemistry Research Group, Soil Science Division, Department of Agriculture, Chatuchak
Bangkok 10900, Thailand
Cadmium (Cd) contamination of agricultural soils and crops is of considerable concern due to
the potential effects of Cd on human health, and the longevity and relative mobility of Cd within the
soil-plant system. Current research indicates that Cd transfer in the rice food chain poses a high
risk to human health as compared with other food crops. In transitional countries in particular, due
to a range of constraints, the systematic surveying of each individual field within a potentially
contaminated area in order to assess rice Cd contamination risk is neither feasible nor applicable if
an effective sampling program is adopted. An effective sampling strategy to evaluate the spatial
distribution of Cd in irrigated rice-based agricultural systems must relate to the mechanism of Cd
transport. This requires a detailed understanding of the irrigation infrastructure and field specific
irrigation/redox management. In April-May 2000 three Field Groups (FG1-3) consisting of a total
of 154 fields were selected for sampling using aerial photographs in conjunction with detailed field
surveys and farmer interviews. Subsequently, primary irrigation canals, field boundaries, in-field
irrigation channels, primary outlets from in-field irrigation channels and inter-field irrigation flows
were identified. In this study, field specific Cd loading is used to evaluate spatial Cd distribution.
Over 71% (n=3) and 86% (n=3) of the FG1-3 Cd loading was associated with the first two and three
fields in irrigation sequence, respectively. This has major implications for the design of subsequent
sampling strategies and management solutions. If the 'high' risk fields could be identified and if
necessary isolated and appropriate soil and redox management options implemented to the
remaining fields, the overall 'bulk' field-group rice grain Cd concentration may be within
acceptable limits. Pre-sampling community participation is invaluable in obtaining information
essential to the development of an effective soil, crop and irrigation water, sampling program and
for gaining an overall understanding of the prevailing agricultural system. In addition, management
solutions will fail if they do not meet the needs and capabilities of all stakeholders concerned
particularly the individuals/communities that will implement field based remediation techniques.
Keywords: cadmium, irrigation, rice, sampling, community
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Cr in water, soil, plant and milk of carpet industrial belt
of Eastern U.P. (India) during 1990-2000
SINGH R.S., SINGH R.P., SINGH S.N. and SINGH A.K.
Department of Soil Science and Agric. Chemistry Udai Pratap (Autonomous) College, Varanasi,
(U.P.), India
Chromium concentration in soils from different sites of carpet industrial belt of eastern U.P.
was determined by Atomic Absorption Spectrophotometer (Perkin Elmer-3100) using 359.4 nm
wavelength. The purpose of the study was to evaluate the impact of carpet industries on
accumulation of Cr in water, soil, plants and milk during 1990 to 2000. Surface soil (0-15 cm.)
samples were collected from different sites under study. Available Cr (DTPA-extractable) was
extracted with solution consisting of 0.005M DTPA, 0.01M CaCb and triethanolamine (pH 7.3) and
metal was determined in the extract by AAS. To find out the effect of soil Cr on Cr content of
vegetation of the concerned sites, samples of selected grasses and weeds were collected and
analysed for Cr. Oven dried plant samples were digested in triacid mixture (HNOj + HCIO4
+ H2SO4) and the extract analysed for the metal. Water and milk (cow, buffalo and human milk)
samples were analysed to work out interrelationships between Cr content of water, soil, plant and
milk. Water samples were collected from selected water resources and Cr was determined. Cr in
milk was extracted by wet digestion method and estimated by AAS. The content of Cr in soil
samples varied from 0.34 to 5.16 mg kg"1 during 1990-2000. Plant samples taken from the
respective soil sampling sites also contained considerable amount of Cr in their different plant parts
viz; root, stem and leaf. Significant positive correlations have been found to exist between the Cr
content of soil and plants. Water and milk samples of the area were also found to contain large
amounts of chromium. Cr concentration in water and milk (cow and buffalo) samples varied from
7.00 to 9.00 mg kg"1 and 0.96 to 2.45 mg kg"1 respectively during 1990-2000. A few human milk
samples obtained from labour class females engaged in carpet industries were found to contain
considerable amount of Cr. Seasonal variations were observed in the content of Cr of water, soil,
plant and milk samples. Lower amount of Cr was found in the samples taken during mansoon. It as
found that the Cr content of water, soils, plants and milk slightly increased in the year 2000 in
comparison to 1990.
Keywords: carpet industry, Cr, soil, water, plant, milk
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Approach to a problem of urban soil study
STROGANOVA Marina and PROKOFIEVA Tatiana
Moscow State University, Soil Science Faculty, Soil Geography Department Moscow, Russia
Urban civilization existing during millenia produced specific soils, which were formed by
intricate combinations of natural soil forming factors and peculiar urban environment.
We described surface organic-mineral soil-like bodies occurring in towns as specific naturalanthropogenic soils. They require special methods of investigation, and follow the general soil
formations laws. Approaches to a study of urban soils base on idea about main role of land use type
and character of anthropogenic effects (recreational zone, residential zone, industrial zone etc.)
(Burghardt, 1994; Stroganova et al., 1998)
An original (and the first in Russia) classification of soils and soil-like bodies within urban
areas is proposed. We think it reasonable to specify the "urbic" diagnostic horizon. We
distinguished and described in detail two new groups of soils "Urbanozems" and "Ekranozems".
Urbanozems, is described as genetically individual soils combining properties of natural soils with
the specific «urbopedogenic» ones. Ekranozems are sealed by road covers urban soils.
We suppose, it needs to distinguish the urban soils study into original scientific branch and
investigate urban soils taking into consideration a specific character of natural and anthropogenic
agents interactions and regularity of there their distribution on city space.
Keywords: urban soils, environment, approach to a study, classification
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The concept of controlled afforestation of dredged sediment
landfills polluted with heavy metals
VANDECASTEELE Bart and DE VOS Bruno
Institute for Forestry and Game Management, Ministry of the Flemish Community, Gaverstraat 4,
B-9500 Geraardsbergen, Belgium
Landfilling with polluted dredged sludge from inland rivers is a current practice in Belgium.
The soil matrix of landfilled dredged sludge is very rich in organic matter, clay and calcium
carbonate, which means that leaching of heavy metals is of no environmental concern. Because of
the strong adsorbing matrix, chemical extraction of heavy metals is very difficult. Tree growth is
favoured by the rich nutrient status of the dredged sludge substrate. Phytoextraction with poplar and
willow species on dredged sludge landfills is characterized by a very low efficiency compared to
other polluted areas. Instead of trying to remediate or clean the soil, the goal of the afforestation
research is to control the heavy metal fluxes through the ecosystem and to monitor the
consequences for the environment.
The heavy metal cycling is monitored in several forests and other polluted dredged sludge
landfills with different land uses. A major aspect is the study of the control of heavy metal uptake
and circulation in leaves through a correct choice of tree species. Willow and Poplar species and
clones show elevated Cd and Zn foliar concentrations, while this is not the case with for instance
Black Alder, Common Ash, Pendunculate Oak and Wild Cherry. Subsequently, the transfer of
heavy metals trough foliar insects is screened. Litter layer quality and heavy metal bio-availability
for litter and soil dwelling insects is measured and a rational use of covering layers is proposed.
Tree growth is measured in detail and a comparison beween the different species is made.
Especially Common Ash shows an excellent growth prestation.
In a broader scope several land use types (meadow, maize monoculture, poplar plantations and
afforestations) are evaluated based on leaf samples and soil biota considerations and a concept of
well-considered land use of polluted areas has been developed. The revalorisation of polluted
dredged sludge landfills through afforestation is a useful tool for landscape planning and forest
expansion in urbanised areas.
Keywords: heavy metals, dredged sediments, afforestation, landfill
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Heavy metal load of soils around Mae Moh
lignite mining, Thailand
WONGVAI K. (1,2) and BASHKIN V.N. (2)
(1) Laboratory section, Geology Department, Mae Moh Mine EGAT, Lampang, Thailand
(2) Joint Graduate School of Energy and Environment, King Mongkut's University of Technology
Thonburi, Bangkok, Thailand
Waste materials containing heavy metals have a significant effect on surrounding soils. The
study area is a waste dump area where there is a large drainage basin and this study deals with the
effect of heavy metal pollution contained in the waste dump on the surrounding soils. Additionally,
the distribution of the heavy metals in the soil in the surrounding area was also tested. A soil
profile has been made at the borehole, and each profile has been sampled down to the bedrock at
ply by ply. The following variables were detected: Conductivity, pH, Sulfate, Cd, Cu, Cr, AI, Fe,
Mn, Ni, Zn, Pb As and Hg using aquaregia exposure. The concentrations of the heavy elements
was found exceeding significantly over the soil average value. They never reach the health limit,
but As concentration was found to be very high (230 mg k g ' ) in the topsoil (0-2 cm). The leachate
water from the waste dump was found to increase mainly the As and Cu content in the soil. This
study showed that even a slight decrease of pH would mobilize As, Cu and also Zn, and Ni making
the waste material dump dangerous for the environment.
Keywords: soil contamination, heavy metal, arsenic, and mine drainage
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Presentation: poster

Parameters indicating soil development on
lignite ash disposal sites
ZIKELI Sabine, JAHN Reinhold and KASTLER Michael
Institute of Soil Science and Plant Nutrition, Martin-Luther-University Halle-Wittenberg,
Weidenplan 14, D-06108 Halle, Germany
Lignite ash derived substrates cover an area of approximately 6,000 ha in Saxony - Anhalt,
Germany. Coal burning refuses from power plants have been either sluiced in settling ponds or have
been deposited in stock piled landfills, which are no longer in use since 1990. These disposal sites
are now exposed to weathering which induces changes in their chemical properties and
mineralogical constitution.
For our current research work we have chosen 5 disposal sites of different age (5 to 30 years)
and different methods of disposal (landfilling and sluicing to settling ponds). With the example of
these sites we can describe the alteration of the ashes and predict their future behaviour.
Soils developed on lignite ash derived substrates show certain properties which are uncommon
for soils of temperate regions like Saxony-Anhalt: They are characterised by low bulk densities
(<0.85 g cm'1), high contents of gypsum (max. 27%) and calcium carbonate (max. 46%), high pH
values (7-9), very high contents of organic carbon (about 20%) and high contents of ammonium
oxalate soluble compounds consisting of Si, Al and Fe. These features are determined by the
constitution of the lignite and the burning conditions.
As the substrates are initially not in equilibrium with their environmental surroundings they are
submitted to rapid weathering. A typical feature is the depletion of gypsum in the upper layers of all
profiles. Decarbonatisation is also visible in the topsoil of the profiles, except on the youngest site.
As the sites are covered by ruderal vegetation - despite low contents of plant available P and K
and high pH values - enrichment of pedogenic organic carbon takes place. The C/N ratio of the
profiles increases with depth, which indicates an accumulation of soil organic matter in the upper
layers. The high C/N ratios (80-120) in the deeper layers originate from the high C/N ratio of
lignite.
Keywords: lignite ash, weathering, oxalate extractable compounds
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Introducing the concept of soil biological fertility to
land managers: a soil biology education program
ABBOTT Lyn. MILTON Nui, MURPHY Daniel and HAQ Krys
Centre for Land Rehabilitation, Faculty of Agriculture, The University of Western Australia, 35
Stirling Highway, Crawley 6009, Western Australia, Australia
There is an urgent need to increase farmers' understanding of the health of agricultural
ecosystems, especially relating to the biological state of soil. Existing knowledge in the farming
community of the biological component of soil fertility in Western Australia is generally very low.
Although living organisms make essential contributions to soil health, land management practices
do not currently capitalise on this. This is primarily due to the lack of awareness of how soil
biological processes enhance the fertility of soil. It is also related to the inherently low levels of
chemical fertility in the farming regions of Western Australia and the economics of farming highly
weathered, coarse textured soils. The complexities of soil biology are such that it is not necessarily
easy for producers to directly apply this knowledge in their decision-making. There is a need for an
effective means of disseminating relevant knowledge of soil biology to producers to stimulate
informed discussion because the sustainability of agricultural production systems is strongly linked
to biological processes in soil.
In spite of the fact that farming systems in Western Australia do not capture the maximum
benefits of soil biological processes, there is a high demand for and interest in knowledge of soil
biology within the farming community. Therefore, we developed the Soils are Alive Extension
Program consisting of a range of media for disseminating information on soil biology to land
managers and advisors including workshops. The workshops are supplemented by a book, Soils are
Alive, a guide to soil biology for land managers, gardeners and students (Abbott, 2001). The book
provides the background for discussions of site-specific soil management issues. We also produce a
bi-monthly newsletter on soil biology. A website (www.soilhealth.com) and an internet questionanswer service on soil biology, articles in magazines, newspapers and talks and seminars help
maintain a constant flow of information.
The use of these educational resources on soil biology has been important in raising the
awareness of soil biology within the farming community and people who advise farmers.
Questionnaires have been used to determine prior perceptions about issues related to soil biological
fertility in comparison to knowledge gained by participating in workshops or though use of the
other resources. Assessment of the roles of these educational resources is ongoing and material
presented is modified according to the feedback received. The relationship between the depth of
understanding of soil biological fertility and the application of sustainable farming practices is
being investigated.
Keywords: education, training, soil biology, soil biological fertility, workshop
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Presentation: poster

Methodology of uninterrupted ecological education
and soil science
APARIN Boris and SUHACHEVA Elena
Dokuchaev Central Soil Museum, Birzhevoi proezd, 6, 199034 St. Petersburg, Russia
At present human society is not vulnerable to the problem of soil degradation and ecological
consequences. The main aspects of this problem are soil destruction, soil pollution and loss of soil
fertility. Therefore the school teaching program in natural sciences does not pay special attention to
soils (as an ecosystem component and its role in human life and biodiversity conservation). The
methodology of continual ecological education in soil science is developed by the Dokuchaev
Central Soil Museum and Department of Soil Science and Soil Ecology of St.-Petersburg State
University. It is supposed that the first steps of this education are given to children of preschool age.
Collaboration of traditional (lectures, field researches etc.) and modern (computer technologies
et al.) educational methods allow us to seread system knowledge about ecological soil functions.
The technology of continual ecological education in soil science may be used in the natural
sciences such as biology, geography, ecology, nature protection, agriculture and etc.
Keywords: education, soil museum, video film, exposition, ecology
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Karnataka Soil Reference Information Centre (KASRIC):
a novel centre for soil science education in India
BADRINATH M.S.. CHIKKARAMAPPA T. and JAYAPRAKASH S.M.
Dept. of Soil Science and Agril. Chemistry, UAS, GKVK, Bangalore-560 065, India
The exposition at the Department of Soil Science and Agricultural Chemistry is a selection of
soil profiles from ten agro-climatic zones of Karnataka. These soil types are of particular interest
for agriculture and environmental studies and are presented by major agro-climatic regions. Zone 1
and 10 form the extremes in terms of annual precipitation, which is clearly reflected in their
pedogenesis. From the day of the opening ceremony, all visitors to the University of Agricultural
Sciences have visited the soil exposition on a regular basis. These include students from other
Universities, farmers from Karnataka and other states, planners of the governments of India,
Scientists of ICAR and others. Comprehensive information on the soil exposition has been
published in local languages (13 Numbers) for the benefits of farmers of all the agro-climatic zones
in Karnataka. Soils of the different regions show different constraints including soil acidity and
salinity (Saline-Alkali soils) in combination with an Ustic moisture regime in the major part of the
state. This points at the need for future research on irrigation needs in Ustic zones in order to
permit growing of two crops per year which is crucial for increasing agricultural productivity in the
region.
Keywords: soil exposition, KASRIC, agro-climatic zone
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Presentation: poster

Teaching operational pedology in an agricultural university
BOCK Laurent
Geopedology Unit, Gembloux Agricultural University, 5030-Gembloux, Belgium
In a context where soil science department entities and time devoted to pedology teaching are
becoming increasingly rare, the Geopedology Unit of Gembloux Agricultural University (GAU) has
been developing for over 30 years an operational field-laboratory methodology. From macroscope
to microscope, this is constantly evolving towards a better use of pedological data. Examples, as
illustrations of a presentation (sequences, tables, sketches, structured legends), from supervised PhD
and MSc theses in Belgium but more often in Overseas contexts depict the progress made in this
methodology for the quick appraisal of an unknown biophysical context, its benefit for a
personalised soil fertility diagnostic at plot level and its usefulness for inviting people to discover
«the soil black box». An on-going study in China aims at establishing a geo-environmental
information system for sustainable soil management and pertinent land decision making.
Keywords: methodology, geomorphopedological identification, eco/agropedological evaluation,
soil analysis, data explicitation, reference system
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Specialists training in Romania within soil science master
organized by "AL. I. Cuza" university in Iasi
LUPASCU Gheorghe and BREABAN luliana Gabriela
University "AL.1. Cuza"of Iasi, Department of Geography, Bd.20A Carol I, Iasi 6600, Romania
Beginning with 1999-2000 academic year, the Master programme of Soil science is running at
the University "Alexandra loan Cuza". This master is organized within the Faculty of Geography
and Geology, Department of Geography and is extended for two years. The attendants are graduate
students, who have a major in geography, environmental science, and ecology, soil chemistry and
mineralogy, land assessment, cadastre, etc.
The academic curriculum consists of 4 semesters and has 24 fields of study. The 12 hours of
academic activity are held at the end of the week in order to allow students to work independently.
Based on the information and experience gained in the two years of study we ensure training of
specialized staff, needed both in the research fields and as practitioners, in order to make a
sustainable use of soil resources, in agriculture, forestry and environment protection. In the
academic curricula, the soil is viewed not only as an economic resource but also as a basic element
of terrestrial ecosystems and, consequently, geographical landscape.
The development of a strong facility will dynamize the research in the soil field the printing of
academic courses, graduation papers and materials for the public can lead to a revigoration of this
scientific and practical field that's needed now in Romania.
Keywords: soil science specialists, interdisciplinary approach
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A methodology for the teaching of soil science
to rural communities
ESCOBAR Carlos A.. GARCÏA-OCAMPO Älvaro, TORRENTE Armando and
ECHEVERRI Andres F.
National University of Colombia, Palmira, A. Aéreo 237 Palmira, Colombia
The intervention and quick degradation of ecosystems is a reality in the whole Colombian
territory; on the soil and its paper as a component of the environment many aspects are not known.
For the survival of the current societies each human being should know his responsibilities
regarding the maintenance of the capacity of the soil to support the life. The knowledge of the soil
should begin from the first years of school by means of the use of new methodological alternatives
to make it attractive and accessible. Since 1996 an educational model of sensitization is rehearsed to
the agricultural professional future imparting him a formation with parallel high social commitment
to the diffusion of the knowledge on the soil to children and adults of the rural communities. At the
time that the student is located in the socioeconomic, cultural, normative and political context of the
country relates the biophysical and environmental factors of the territory with the activity of
technology transfer and of small farmers training.
With base in secondary information on socioeconomic, biophysical and environmental aspects
and the one that is gathered in situ on the knowledge characteristics of the communities gets ready
audiovisual means and materials for participative workshops. Portable equipment is used for soil
and water characterization, computers, air photographies, thematic cartographies, GPS and
Georefereciated Systems of information.
Near 120 students they have participated in field activities and worked consulting to State
Governments of the Valley of the Cauca and Cauca, to several of their municipalities and to the
GTZ of Germany, in planning Agricultural Development and Territorial Classification and in
consolidation of participative processes and community organization. The interest of the students
and communities wake up when the outline of formal education is broken and he/she intends a
participative process with a theoretical-practical focus. Initially, low interaction capacity of the
student with the communities is observed and a rigid disciplinary focus is handled, with scarce
consideration of socioeconomic, biophysical and environmental aspects, that limits the
multidisciplinary work. The dynamic activities with the groups are finally able to sensitize the
student rising self-esteem, solidarity and theoretical-practical invigoration when managing a
methodology that invites he/she to their personal development and to become agent of the social
change. Due to the ethnic and biophysics diversity is difficult the use of a standardized
methodology, for what is required a permanent bring up to date and adaptation of the proposed
methodology.
Keywords: soil-science teaching, teaching methodology, communities appoach
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British Society of Soil Science: soil education policy
G All LP James H.
BSSS Administrative Centre, Macaulay Land Use Research Institute Craigiebuckler, Aberdeen,
AB15 8QH, UK
The British Society of Soil Science has a long and well-established history of dealing with
research and educational queries through the offices of their current Secretary (Dr. S. Nortcliff) and
the Administration Officer (Dr. J.H. Gauld).
Traditional methods of promulgating research findings has been through the publication of two
well-established journals, the European Journal of Soil Science and Soil Use and Management
along with regular meetings, some of which are themed whilst others deal with a range of soil
science disciplines.
Schools work is on-going and has been addressed through publication of the Jubilee soils
booklet. Recent initiatives include the 'Soil Story' designed by Dr. Roland Bol and attendance at
teacher training courses. Work on the Society Web pages will focus on the supply of precise
teacher requirements.
Young researchers are encouraged to join the Society through the operation of a successful
grant scheme where financial support is provided for attendance at meetings. Young Scientist
meetings are also organised every second year.
New initiatives are constantly being explored to increase soil education and public awareness.
For example, the Society Journals (EJSS and SUM) are freely distributed to libraries overseas in
developing countries. It is also planned to run field courses where senior members of the Society
can impart their personal field skills to young researchers or teachers. Attendance at this
Symposium will further provide an impetus for new work programmes to increase the educational
role of soil science specialists.
Keywords: soil education, British Society of Soil Science, soil science teaching
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Soil education and public awareness: studies in Ghana
OKAE-ANTI Daniel
Department of Soil Science, School of Agriculture, University of Cape Coast, Cape Coast, Ghana
Soils are essential for food production in most countries. Considering the fact that the world's
population is increasing but with one-third of the total land area being used for agriculture,
providing enough nutritious food on a sustainable basis is an on-going challenge. Degraded soil
means less food.
There is the need to introduce a soil-based knowledge into many policy-related topics
addressing environmental and social concerns. A wider and more productive use of soil may be
achieved by increasing the understanding of the characteristics of the soil and its environment,
particularly in the areas of bush burning, deforestation and soil fertility management.
How then can we present such knowledge, teach and develop soil scientists, as well as anyone
interested in soils, from a learning standpoint to create a general public awareness of the
consequences of mishandling the soil and its environment?
Key farmers cropping over 40 ha (100 acres) of farmland were selected across the country.
Content-validated interviews and inspection of their farmlands and farm properties were conducted
over a period of three years. The principal objective was to assess the farmers' contribution in
dealing with environmental issues such as erosion, burning of bush, deforestation, declining soil
fertility, proliferation of obnoxious weeds and erratic rainfall and intense heat (climate change).
There may be many end-users still out there with little or no knowledge about land use
management strategies. The key farmers could be called upon to organise some form of informal
education in their respective localities on the importance of maintaining a healthy soil and a healthy
environment.
Keywords: bush fires, deforestation, erosion, land degradation, soil fertility
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Enhancing distance learning through better interaction
using web technology: an Australian case study
PILLAI Usha
School of Agriculture and Horticulture, The University of Queensland, Gatton Qld. 4343, Australia
In tertiary teaching, an alternative to the traditional transmissive paradigm now gaining
popularity is the social constructivist paradigm, where teaching occurs through tools derived from
within an individual learner's environment and learning is considered to be a social activity with
interaction taking place within groups of learners as well as between learners and teachers. This is
particularly relevant to the teaching of Soil Science in a situation where learners and instructors are
remote from one another. A web-based tool, WebCT, was used to develop greater interaction
between learners, learner and instructors and learner-content, as a supplement to print-based
material. The intervention aimed to: compensate for isolation felt by distant learners through
enhancing interaction; foster deep learning through interaction between learners; minimise student
distress caused by lack of immediate feedback; evaluate web-based communication tools as a
supplement to print-based material.
The WebCT tools used for interaction were chat sessions, bulletin boards and self-testing
quizzes. Survey questionnaires were used to characterize the learner population and to assess the
feedback from the intervention, diversity of learning styles in the population was determined using
the VARK. test. The bulletin board was used for communicating asynchronously between students
and between staff and students, whereas synchronous interaction occurred through pre-organized
chat sessions. Self-test quizzes provided formative assessment and directly addressed the issue of
prompt feedback on student learning.
The outcomes of the intervention were: (i) the online interaction stimulated student interest in
the subject and provided an avenue for deeper learning by linking information to their own
experience, (ii) synchronous interaction produced the mechanism for building a community of
learners and minimised student isolation, (iii) presence or participation of the instructor was a
necessary component for student motivation for both the synchronous and asynchronous
interaction. The action-learning concept used to plan this study ensures that the data collected in the
intervention will provide a platform for formative evaluation, reflection, further planning,
implementation and re-evaluation for ongoing development of the instructional design.
Keywords: soil science teaching, WebCT, interaction
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Soil education and public awareness:
an international SOS2 campaign
RABAH Lahmar, DOSSO Mireille and RUELLAN Alain
Programme Mobilisateur Sol / Soil Campaign, fph, 38 rue Saint Sabin 75011 Paris, France
The "Soil Campaign" was born in 1996 within the framework of a collective and international
dynamic launch by the foundation Charles Lopold Mayer for the progress of humankind: the
alliance for a responsible, plural and united world. This dynamic aims to face the challenges of the
21 s ' century; soil is considered indeed as one major challenge of the beginning of this century.
The Soil Campaign considers that to preserve soil from degradation, to use it in a sustainable
way, it requires a real and deep change in the human attitude towards this resource. There are at
least three indispensable and inseparable conditions, for the achievement of such a change:
I. Rehabilitation of soil in the popular culture based on conventional and popular education;
II. To legislate on soil as a natural and very slowly renewable resource essential to life, whose
preservation is therefore indisputable;
III. To add soil to the natural and cultural heritage of humanity, the preservation of which
absolutely requires the human solidarity.
The Soil Campaign undertook, solely or with partners, a certain number of initiatives involving
the scientific community, the policy and decision-makers and the civil society - NGOs (Symposium
"Soil, culture and spirituality", Klingenthal, France 1998; Workshop "Effects of the market on the
success and on failure of the sustainable management of natural resources: water, soil,
biodiversity", IUSS, 16th world Congress, Montpellier, France, 1998; Conference "Soils in Central
and Eastern European Countries, in New Independent States, in Central Asian Countries and in
Mongolia. Present state and future prospects", Prague, Czech Republic, 2000; Conference "People
Matters, Food Security and Soils", Tutzing, Germany, 2001). In parallel, the Soil Campaign
supports and works for the acceptance of the Tutzing Initiative for a Soil Convention.
The synthesis of these various activities allowed to formulate, for each of the three above stated
points, a certain number of proposals for the change; proposals that may contribute to the
emergence of behaviours and practices leading to the preservation of the soils from the various
forms of deterioration and to the rehabilitation of soils that are already damaged.
These proposals have been grouped together in a basic document which serves an international
campaign titled "SOS2: Save Our soils to Sustain Our Societies". They are currently under debate.
This paper will present, in the form of a poster, the results of this debate.
Keywords: soil campaign, sustainable use of soil, soil preservation, soil education
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Decentralized management of urban wastes:
a Bangalore experience
RAMAKRISHNA PARAMA V.R., VENKATESHA M. and BHARGAVI M.V.
Department of Soil Science and Agricultural Chemistry, University of Agricultural Sciences,
College of Agriculture, GKVK, Bangalore 560065, India
Urban environment tends to deteriorate progressively due to dynamic development of a city.
The silicon valley of India-Bangalore with its 4 million population plus its industry is fast outgrowing its civic amenities. The management of domestic urban wastes in such a metropolis is an
enormous task. The handling of domestic urban wastes by municipal authorities is inadequate, in
this context the decentralized urban waste management with active citizens participation serves to
further the cause of a cleaner environment and recycling of plant nutrients from organic domestic
residues. This is all the more important given the scarcity of organic manures which are necessary
for the wholesome development of the soil. Organic matter is a component of fundamental
importance in the general fertility of the soil. The objectives of the study were to provide an
essential civic service that is not being satisfactorily provided, the programme aimed at increasing
awareness on the different aspects of solid waste management and the role of citizens in this
context, improvements in the collection and delivery systems, to advocate the need for scientific,
environmentally safe disposal systems, improvement in the process, monitoring and evaluation. To
achieve these objectives the local residents of four new housing layouts of Bangalore were
selected. They were appraised of the hazards of disposing the wastes in the open areas and along
the road sides. Several interactive sessions were organized involving scientists and extension
personnel to educate the citizens regarding the benefits of scientific management of wastes through
composting. Solid waste management committees were formed to oversee the collection and
processing of the domestic residues. Strategies were worked out to systematically collect the wastes
by trained waste retrievers from the participating households. The compost pit management and
processing of the final product was managed by trained personnel. The sale of the final product was
organized among the residents themselves for utilization in their gardens. The entire exercise
starting from waste generation to waste management was a successful event with a high rate of
sustainability achieved through motivation of the citizens. The outcome of the entire project is that
it could be replicated in other areas with a high rate of success thus reducing the onus of the civic
bodies and help maintain a cleaner environment and generate useful organic manure necessary for
soil nourishment.
Keywords: decentralized waste management, awareness, soil nutrition

1695

Symposium no. 56

Paper no. 1831

Presentation: oral

Soil, support and provision for the plants:
a project for the elementary and the high school education
REYES-SANCHEZ Laura Bertha (1) and VIDAL JIMENEZ Leslie (2)
(1) Universidad Nacional Autónoma de México. Facultad de Estudios Superiores Cuautitlän
Departamentos de Ingenieria Agricola y Quimica. Correspondencia a Miramar 54 Cumbria
C.P. 54740 Cuautitlän Izcalli, México
(2) Universidad de Concepción. Facultad de Ingenieria Agricola. Chilian, Chile
This project's intended to initiate children and young adults into the world of Soil Science. Soil
will be understood as the physicalchemistry means for the development of plants and their
relationship with agriculture in a perfect balance with nature.
Taking into consideration that it's necessary to prepare tomorrow's scientists, the question is
what would be the best way to integrate a pedagogical statement and didactic strategy to teach soil
science while allowing students to record, measure, think, understand, analyze, integrate, criticize,
and be creative? Trying to put this into practice, we are presenting a general program which
includes articulate and well-organized units to work on a soil parcel which constitutes the
integrating unit of the program. For these purposes, soil use is the basic resource, and it is closely
related to different fields of knowledge. At the same time, we're taking advantage of the
immeasurable curiosity and surprise the germination of a seed and the growth of a plant bring about
in a child.
In order to achieve the goals, a wide variety of experimental activities along with specific tasks
on the parcel are suggested. Each student works at his/her own pace, and is given explanations of
the work and observations done on the parcel. In this form, at the end of the program, students are
able to come to the conclusion that the soil's the plant's support and the main supplier. Also, the
program's related to other fields of knowledge such as mathematics (areas, seed density, yield...),
geography (weather, soil, orography...), history, biology, etc. Team work, discussions and
integration of observations are of top priority to construct knowledge. However, individual
capacities aren't overlooked and they're integrated to the collective work, since we're convinced
that a great part of educational problems isn't due to an important lack of knowledge but to a
deficient development of attitudes and the capability to do things together. (Reyes-Sanchez, 2000).
Keywords: soil, education, constructivism, production, conservation

1696

Symposium no. 56

Paper no. 1361

Presentation: poster

A regional multimedia soil and landscape database on the web
in order to help use and teaching of soil data: BD sol-LR/web
ROBBEZ-MASSOIN Jean-Marc, MAZZONI Catherine, VALLEJO Sergio, ERNESTV
Delphine and FALIPOU Pierre
UMR Sol et Environnement INRA-ENSA.M, 2 place Pierre Viala, 34060 Montpellier cedex 2,
France
The national IGCS program (Inventory, Management and Conservation of the Soils) led by
French Ministry of Agriculture and 1NRA started in 1992. It aims to map the whole French country,
each of its 22 regions corresponding to a numerical sheet at the 1:250 000 scale. The ground survey
method has been refined an tested in Languedoc-Roussillon, experimental region which was the
first to get an extensive regional database available in a GIS: BD Sol LR. But despite it was the first
region to produce, to manage, to use BD Sol LR database in a great diversity of applications and to
manage its conditions of use, knowledge on the soils, the soil maps and the soil databases is not
widely spread among the scientists, engineers and teachers until now.
This paper presents the concepts, the structure, the contents and the use of an internet-based,
multi-purpose, multimedia soil and landscape database attempting to help the potential users of BD
Sol LR as much as teachers in soil science interested into the French Mediterranean soils.
The product is coupling two databases on the Internet: the BD Sol LR geographical database
(more than 390 cartographic units, 700 typological units, 3,000 profiles, 300 studies) and a
photograph database (more than 1,000 photographs, plus graphics, charts,...). Numerous navigating
tools allow to browse the whole information: (1) interactive and zoomable maps; (2) keyword ant
text searches; (3) hierarchical geographical guidance from regional, general level to local, accurate
level; (4) hierarchical thematical guidance from cartographic units to typological units, profiles and
horizons; (5) experience directory; (6) metainformation and definitions. The access to the web site
is categorized according to the status of the client: internet access for educational and information
purposes, extranet for some professional and institutional subscribers, intranet for strict research
purposes. Databases are fully evolutionary, and the contents of the web site reflects their most upto-date status. GIS, GPS, digital cameras are now the main input devices used for new information.
Some new keywords are about to be populated with photographs by extra contributors.
The BD Sol LR and "Sols & Paysages " repertories on Internet are among the tools dedicated to the
pedologists, agronomists, students and teachers and currently developed by a pool of public
institutions in Languedoc-Roussillon - regional council, chamber of agriculture and some
development associations - around the BD Sol LR database.
Keywords: database, internet, multimedia, landscape, GIS, soil survey
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GLOBE meets GAPS: utilizing student data to model
the atmosphere-plant-soil system
N Jessica (1). LEVINE Elissa (2), RIHA Susan (3) and TRAKHTEMBERG Izolda (4)

SSAI, NASA/Goddard Space Flight Center, Greenbelt, MD 20771, USA
NASA/Goddard Space Flight Center, Greenbelt, MD 20771, USA
Cornell University, Ithaca, NY 14853, USA
SSAI, NASA/Goddard Space Flight Center, Greenbelt, MD 20771, USA

GLOBE (Global Learning and Observations to Benefit the Environment) student data for soil,
atmosphere, land cover, and GPS were used to parameterize and validate a biophysical Earth
system simulation model (GAPS). GAPS (General Purpose Simulation Model of the AtmospherePlant-Soil System) is a menu-driven model that simulates soil, plant, and atmospheric processes
(e.g. evapotranspiration, soil water flow, plant water uptake) using a choice of algorithms and
robust graphical display of output. In this study, soil characterization data, as well as land cover,
climate, and GPS data collected by GLOBE students from Reynolds High School, Greenville,
Pennsylvania, USA were used to parameterize GAPS. The model simulated daily soil moisture
content by horizon at the Reynolds site for 1997 through 2000. The students' soil moisture data
were then used to validate model simulations. In the validation exercise, the optimal simulation
scenario for GLOBE data was chosen based on the best fit of the GLOBE data to model results.
Results of this study demonstrate that GLOBE student data could provide an important source of
input and validation information for simulation models such as GAPS and improve our
understanding of the Earth system. Similar simulations are planned using data from other GLOBE
schools in different biomes.
Keywords: modeling, soil water, evapotranspiration, education
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Scientific aspects of the United Nations convention
to combat desertification
TAHOUN Salah A.
Soil Science Department, University of El-Zagazig, El-Zagazig, Egypt
Land degradation has been recognized as a global phenomenon affecting the dryland regions of
the five continents. The driving forces are variations in climatic conditions and human pressure, and
the end products are eroded or salinized unproductive soils. The tragic events of the Dust Bowl of
the U.S.A. and the devastating drought of the African Sahel are cited examples. The United Nations
Convention to Combat Desertification (CCD) was formulated in 1994 to prescribe relevant
measures in the local, national, and regional levels. A Committee on Science and Technology
(CST) was established to elaborate the scientific aspects of the convention. The CST began its
deliberations in 1997 and has dealt with many issues. First, appropriate indicators were considered
to assess institutional trends, and evaluate the impact of undertaken measures to conserve and/or
rehabilitate soils. Second, traditional knowledge (TKs) as related to soil and water management was
considered, and also possibilities of integrating them with modern technology. Third, early warning
systems were considered to establish connection between meteorological, hydrological, and soil
moisture droughts. Management of water resources and upgrading the institutional capacity for
contingency response planning are pertinent issues. Fourth, possible synergy in the implementation
of the three Rio conventions was considered. The pretext is that productive soils offer larger sink to
sequester CO:, and are conducive to greater biodiversity. The CCD may be considered as both a
challenge and a reward to the soil science community. It poses a challenge as the need for
innovative interdisciplinary research is becoming too evident. It is a reward as it serves to
familiarize soil scientists with the fact that soils are being considered in new frontiers by many
international institutions including the World Trade Organization (WTO).
Keywords: desertification, degradation, convention, United Nations
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Changes in physical and chemical properties and crop yields
on an Ultisol following application of sewage wastes
MBAGWU Joe S.C., UDOM Bassey E. and AGBIM Nathan N.
Department of Soil Science, University of Nigeria, Nsukka, Nigeria
Soils degraded by a combination of prolonged water erosion and droughts abound in the
tropics. Also in the humid tropics losses of nutrients by leaching leave the soil exchange sites
dominated by AI"* which produce a lot of acidity. Application of inorganic fertilisers, especially N,
P and K and liming to reduce soil acidity have been advocated as soil mitigating measures,
especially for the few resource-rich farmers. These inorganic amendments are out of the reach of
the predominant resource-poor farmers who struggle to eke out a living on these devastated lands.
For such fanners the use of organic residues is attractive.
One source of such organic residues is sewage wastes (sludge + effluents) which is produced in
large quantities in areas such as the University of Nigeria, Nsukka, Nigeria, where modern sewage
discharge and collecting systems have been introduced in 1960. Whereas the effluents are
discharged into oxidation ponds, the solids settle in the Inhoff tanks from where they are collected,
dried and distributed to farmers free-of-charge for use on their farms. Over a period of about 40
years these farmers have been using this sludge on their soils without considering the consequences
of such soil management practice. Results of studies from temperate countries point to the problem
of such use of sewage sludge, especially on the physical and chemical properties of the soils. Hence
we set out to evaluate some changes in the properties of a sandy Ultisol (Arenic Kandiusult)
following extended use of sewage sludge.
This study involved the use of two soil profiles sited in the sewage disposal site (S/NSK/1 and
S/NSK/2) and one profile sited in the non-sewage site (NS/NSK). Comparisons were made between
these profiles in their chemical and physical properties. Soil samples collected from these sites were
used to grow maize and bambara groundnut. We also checked the microbial respiration of the two
contrasting soils. The results showed that the AB horizon of the sewage profiles had moderate Ks
values (4.21 cm h ' ) whereas in the non-sewage profile Ks was uniformly high (>15.0 cm h' 1 ). Also
this horizon had low bulk density (0.71 g cm" ), low macro porosity (8%) and very high clay
dispersion index (96%) associated with correspondingly high Na content. Organic matter (OM),
total N, exchangeable bases, CEC, available P and maize performance were higher on the sewage
than non-sewage soils. So also were electrical conductivity (EC), sodium adsorption ratio (SAR),
exchangeable sodium percentage (ESP) and salt concentrations of the soil.
Maize grew well on both soils but bambara groundnut did not perform well on the sewage-soil
until it was leached of excess salts to produce a conducive rhizosphere for its growth. Much higher
microbial respiration (CO2 evolution) was obtained on the sewage than non-sewage soil. Hence on
this and similar Ultisols, agricultural use of sewage sludge should be limited to salt-tolerant crops
and also in controlled amounts applied.
Keywords: Ultisol, sewage waste, soil properties
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Effect of organic matter content of manures and
temporary cessation of manuring on soil P behaviour
in heavily fertilised clay soils
ANDERSON Roy (1) and DONG Xiaoying (2)
(1) Department of Agriculture and Rural Development for Northern Ireland, Agricultural and
Environmental Science Division, Newforge Lane, Belfast BT9 5PX, UK
(2) Institute of Soil Science, Chinese Academy of Sciences, P.O. Box 821, Nanjing 21008,
People's Republic of China
In previous work it has been demonstrated that P sorption-desorption behaviour in the surface
layers (0-10 cm) of animal manure-amended soils may be poorly correlated with standard
agronomic measures of P, or with soil total P (TP), at higher P loading rates. In subsequent work, P
loading down the soil profile was compared with lysimeter-collectable MRP, on plots treated, longterm, with animal slurries. The present report takes this a stage further by considering changes to P
reserves and behaviour in soils with high manurial amendments after one year in which cropping of
grass continued on plots but manurial inputs ceased. Plot treatments examined in the main part of
the experiment were treated with either pig or cow slurry applied at rates of 200 m3 ha"1 y"1 (HPIG,
HCOW). The organic matter inputs for the two slurry types differed significantly with cow manures
containing approximately four times the dry matter content of equivalent pig manures, although the
inputs of P were similar. Other treatments in the experiment (in which withdrawal of manuring was
not practised) were: mineral fertiliser only, with 32 kg P applied ha'1 y (FERT); pig or cow slurry
applied at low rates of 50 m3 ha"1 y"1 (LPIG, LCOW); or medium rates of 100 m ha'1 y"1 (MP1G,
MCOW). Water-soluble P, Olsen P (bicarbonate-extractable), total P and Q/l parameters derived
from fitted isotherms were determined at 0-10 cm in all the plots. MRP was determined in soil
micropore water collected at two depths, 35 and 90 cm, using suction cup lysimeters, in all plots.
These data were used to determine the response of soils to withdrawal of manurial amendment and
to phosphorus change points previously estimated.
Soil reserves of bicarbonate-extractable P declined by 30-31% in both high input treatments
(HPIG, HCOW) after withdrawal of manure inputs for one season. This was not, however,
reflected in changes in the levels of MRP in soil micropore water from the lysimeters. A redrawing
of the change point graph with these data further refined the estimated position of the change point
for the two main treatment blocks but retained a significant difference in response according to type
of manure, this in turn relating to differing organic matter inputs. Characteristics of desorption
equilibria modelled upon the Freundlich isotherm also showed no significant change after
withdrawal of manuring, despite the significant decline in soil P reserves. The position of the
change point appears to be allied more to the value of the desorption rate constant (a) than any other
factor.
Keywords: animal manures, phosphorus, change point, P sorption, desorption isotherms, P tests
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Leaching of nitrogen from manures and inorganic fertilizer
BERGSTRÖM Lars and KIRCHMANN Holger
Swedish University of Agricultural Sciences, Department of Soil Sciences, Box 7072, SE-75007
Uppsala, Sweden
A field lysimeter study was used to evaluate leaching of manure derived nitrogen over a 3-year
period. Barley (Hordeum vulgare L.) was seeded in mid-May each year in the lysimeters (0.3-m
diam. and 1-m deep) containing an undisturbed, well-drained, sandy soil. Manure labeled with l5N
(poultry excreta), which was either fresh or had been decomposed under aerobic or anaerobic
conditions, was applied in May during the first year at a rate corresponding to 100 kg total N h a ' .
For comparison, labeled l5NH4'5NC>3 (100 kg N ha"1) was applied simultaneously to additional
lysimeters while others were left unfertilized (NO). During the 2 nd and 3 rd year, all lysimeters,
except the unfertilized ones, received unlabeled NH4NO3 at a rate of 100 kg N ha"1. Based on the
different method, leaching of total N during the first year was not significantly different (P > 0.05)
between lysimeters treated with NH4NO3, fresh manure and anaerobic manure, but lower from
those with aerobic manure (of added N, 22.5, 23, 15.1, and 6.0% leached from the respective
treatment). Regarding leaching of residual manure- and fertilizer-derived N estimated with the '5N
method, there was a significant difference (P < 0.05) between the NH4NO3 fertilized and manured
lysimeters. As much as 19, 28 and 26% leached in the treatments with fresh, anaerobically and
aerobically decomposed manure, respectively, whereas only about 3% leached in the NH4NO3
fertilized lysimeters in the two subsequent years.
The available literature on leaching of NO3-N from organic farming, in which only manures are
used as N-source, and conventional farming systems showed that both the sequence and type of
crops grown, and the input intensity of N was different in the two systems. Organic farming
systems had on average a lower N input and more legumes in rotation. Average leaching of NO3-N
from organic fanning systems over a crop rotation period was somewhat lower than in conventional
agriculture. If the different input intensities of N between organic and conventional systems were
taken into account and corrected for, no differences in leaching losses between systems were found.
Furthermore, if the goal is to maintain the same crop yield levels as in conventional farming, we
could not find any evidence that NO3 leaching will be reduced by the introduction of organic
farming practices. Reduction of NO3 leaching is not a question of organic or conventional farming,
but rather of introduction and use of appropriate counter-measures. This insight should guide our
thinking when developing environmentally friendly and sustainable cropping systems.
Keywords: organic farming, poultry manure, leaching related to N input, synchronicity between N
availability and leaching
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Enhanced biological cycling of phosphorus increases
its availability to crops in low-input
sub-Saharan farming systems
AYAGA George (1) and BROOKES Phil (2)
(1) Kenya Agricultural Research Institute, Nairobi, Kenya
(2) IACR-Rothamsted Experimental Station, Harpenden, Herts, UK
Phosphorus (P) has been termed the 'bottleneck of world hunger' and is commonly the limiting
plant nutrient in African small-farmer systems. The availability of P (unlike N) can only be
increased by increasing the P inputs from e.g.manures, rock phosphates or inorganic P fertiliser.
All of these materials are usually scarce in subsistence agriculture. Even if P is obtainable, many
African soils fix it so tightly that P is largely unavailable to plants, so that its use becomes even less
cost-effective.
One solution may be to enhance the cycling of P through the organic and microbial pools in
soil (Sanchez 1976. Properties and Management of Soils in the Tropics. John Wiley, London) by
supplying FYM and inorganic P in combination to these P-fixing soils. So, under these conditions,
fertiliser P that would otherwise be fixed on the soil colloids may be immobilised within the
microbial biomass as it decomposes the FYM and synthesises new microbial cells (high P demand).
This P then becomes available, slowly, as inorganic P, during the processes of biomass P turnover
and mineralisation.
We tested this by adding various combinations of P (superphosphate at 25 kg P ha'1) with and
without FYM (1.9 t ha" dry weight) to soils at two sites, Mau Summit (Mollic Andosol) and
Malava (Ferro-orthic Acrisol) in the Nakuru and Kakamega districts of Western Kenya
respectively. While both soils fix P, Malava soils have about three times the P-fixation capacity of
those at Mau Summit. Maize was the test crop. One harvest was obtained at each site in 1998 and
another in 1999.
A number of soil P fractions were measured and correlated against grain yield of maize at the
two sites and over the two years. These included NaOH-extractable P, 0.5 M NaHCOj-extractableP, resin P and microbial biomass P (measured by the resin strip method of Kouno et al. (1995) Soil
Biology and Biochemistry. 27:1353-1357).
Only biomass P was positively correlated (P< 0.05) with grain yield. Thus none of the standard
P availability indicators tested were valid predictors of P response by the crop in these P-fixing
soils. In fact, the relationships between biomass P and grain yield were surprisingly close within
sites (variance accounted for ranged from 87 to 93%). The rates of increase in yields with
increasing biomass P concentration were also much faster at Malava than at Mau Summit. This
increased response may reflect the greater P-fixation capacity of the Malava soils. Thus biomass P
at this site may be even more important in supplying P to the crop (compared to fertilizer P) than in
the less strongly P-fixing soil at Mau Summit.
The link between the increase in biomass P and increased crop yields due to supplying organic
and inorganic fertilisers in combination in this way, rather than singly, in these P-fixing soils, is
clear from our work.
Keywords: biomass P, P fixation, P cycling
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Effects of olive oil mill wastewaters on soil properties and
plant germination and growth
BRUNETTI Gennaro and SENESI Nicola
Dipartimento di Biologiae Chimica Agroforestale e Ambientalc, Universita di Bari Via Amendola,
165/A, 70126 Bari, Italy
Olive oil production in the Mediterranean area yields large volumes of wastewaters collected
seasonally from the olive oil mills. The disposal of these wastewaters, which are characterized by
relatively high contents of organic carbon and of potential fertilizing value, represents a relevant
and yet unresolved problem for its implications in agricultural production and environmental safety.
The objective of this study was to evaluate the effects of untreated and catalitically-treated
olive oil mill wastewaters (WW) on the chemical and physico-chemical characteristics of a
cultivated soil, and on the germination and growth of Lepidium sativum and Avena saliva seedlings.
The WW sample was collected immediately after the production cycle from an olive oil mill
located in the city of Putignano (Bari, Italy). Aliquots (2,000 L) of the WW were either lagooned
for approximately 8 weeks (WWL), or digested for the same period in the presence of 2 kg of Mn
(IV) oxide in a reactor provided with continuous mechanical stirring and bottom air bubbling
(WWT). The WW were analyzed for their main physico-chemical parameters before and after the
treatments. Each WW sample was applied to 2m x 2m-square soil plots at three different rates,
which were 80, 120, and 160 m ha . The experiments were run in three replicates. Surface (0-2Q
cm) soil samples were collected for analysis after 7 and 30 days from the application of the WW.
The germination test was conducted at 20°C in Petri dishes containing a thin layer of each soil
sample. The growth test was carried out on 10 germinated seeds each of Lepidium sativum and
Avena sativa placed in plastic pots kept for 21 days in a greenhouse, by measuring the fresh and dry
(16 h at 105°C) weights of shoots.
With respect to the fresh WW and the WWL, the WWT showed an increase in pH, N% and
humic acid yields, and a decrease in phenolic compounds.
With respect to the unamended soil, soils amended with intermediate and high doses of WW,
and especially WWL and WWT, showed an apparent increase of C content and CEC, a slight
increase of total N. available P and Ca contents, and a small decrease of pH. These effects tend to
decrease in soils sampled after 30 days.
The germination and growth indexes measured in experiments with soil samples collected after
7 days from the amendment were lower than those measured for the unamended soil. This result
suggests a phytotoxic effect possible due to the occurrence of polyphenol compounds in the WW.
The same tests conducted on soils sampled after 30 days do not reveal this effect, probably due to
the incorporation of fresh organic matter components, and particularly phenolic compounds, into
soil humic acids, and/or to the selective decomposition process of the WW organic matter in the
soil.
Aknowledgment: This work has been supported by the Program CNR-Reflui L.95/95 Ambiente,
Project "Riciclo Reflui del Sistema Agricolo Industriale, Reflui Oleari"
Keywords: olive oil mill wastewater, soil effects, germination and growth effects, Lepidium
sativum, A vena sativa
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Soil fertility comparison among organic and
conventional managed citrus orchards in Sicily
CANALI Stefano (1), TRINCHERA Alessandra (1), DI BARTOLOMEO Emanuela (1),
NISINI Luigi (1), BENEDETTI Anna (1) and INTRIGLIOLO Francesco (2)
(1) Istituto Sperimentale per la Nutrizione delle Piante, Via della Navicella, 2 - 00184 Rome, Italy
(2) Istituto Sperimentale per 1'Agrumicoltura, Corso Savoia, 190 - 95024 Acireale (CT) Italy
In these last years, organic farming is expanding in Southern Italy and in the Mediterranean
area, due to interests of consumers and EU agricultural policies.
Evaluation of organic farming system introduction on soil quality and fertility status should be
taken into account in order to define medium-long term environmental and agricultural strategies,
on both local and national scale. Soil physical, chemical and biological parameters represent
effective tools to evaluate soil quality and changes in soil fertility status, as a consequence of
different agronomic management (i.e. organic ra. conventional).
The aim of this work was to compare soil fertility status of conventional and organic managed
citrus orchards, using specific soil system descriptors.
The research was carried out in a Mediterranean environment (Sicily region, Southern Italy), on
Navelina and Tarocco orchards. Soil characteristics were analysed in 54 farms under both organic
and conventional management. Farms were selected to obtain similar pairs (27) in the same
environmental conditions. Moreover, orchard pairs were homogeneous for age, cultivar and
rootstock to reduce effects not linked to soil management. For each soil, total organic carbon, total
nitrogen, mineral NOj-N and NH4-N were determined. In addition, in order to evaluate biological
fertility status of considered soils, carbon mineralisation and nitrogen mineralisation in anaerobic
conditions were studied. Soils humic fraction was at least characterised qualitatively by isoelectric
focusing technique, to obtain information on soil organic matter stability.
Potentially mineralisable carbon and cumulative mineralised carbon after 21 days of
experimental trials differed significantly in organic and conventional soils. Since this significance
was detected also for cumulative mineralised carbon after 7 days, probably C-mineralisation
represents the more reliable and prompter indicator able to discriminate soil biological fertility with
respect to the other tested ones. Moreover, it should be remarked that some parameters (as total
nitrogen content, mineralised carbon after 1 day and the more humified organic matter fraction),
even if not yet significantly different, revealed a strong tendency to increase in organic managed
soils, attesting that the organic citrus orchards can be considered systems able to conserve energy
and store nutrients more than the conventional ones.
Keywords: organic fanning, soil fertility, citrus orchards, mineralisation, isoelectric focusing

1710

Symposium no. 57

Paper no. 1254

Presentation: poster

Soil structure influenced by management practices
ENACHERoxana (1), DUMITRU Elisabeta (1), SIMIONESCU Violeta (2), CALCIU Irina
(1) and MARINCA C-tin (3)
(1) Research Institute for Soil Science and Agrochemistry, Marasti 61, Bucharest 1, Romania
(2) Dobrogea" Irrigated Crops Research Station, 8763 Valu lui Traian, Romania
(3) Research Fruit Growing Station Caransebes, Valea Cenhii 1A, Caransebes, Romania
The purposes of this paper were to define soil structure and to quantify the changes occurring
over years, under cropping systems in specific conditions. The study was conducted in the eastern
part of the country on area with semi-arid climate and intensive agriculture on Vermusttol. The
long-term experiment was set up in 1970, in randomized complete blocks with split plots in four
replicates. The treatments were applied: crop rotation (wheat, maize, soyabeans), manure (0, 20,
40, 60 t ha"1), mineral fertilizers (NoPo, N0P50. N50P50, NiooPioo)- Samples were collected from 12
treatments (except N0P50) after wheat harvesting in summer 1999. Determined were many physical,
chemical and biological properties such as: granular size distribution, water stable aggregate
amounts, dispersion index, bulk density, porosity, resistance to penetration, saturated hydraulic
conductivity, organic carbon, PHH-,O, total nitrogen, available phosphorus, number and types of
bacteria and fungi.
In our research activity the soil structure concept is quite well defined, and we have a good and
applicable method for the quantitative characterization of the status of soil structure. In our
agrophysical studies we distinguish, those aspects, which affect, the topsoil i.e. these features
responsible for the entrance and the exit of water and gases; the subsoil, which is the storage body
for water and nutrient reserves of plant life, and take into account porosity, permeability and water
retention.
The data suggest that in the topsoil the amount of water stables aggregates is the most
important characteristic. Under the treatments applied there was no change much due to the
application of any treatment, having critical values, despite of the favorable genetical factors and
formation processes of the structural aggregates. Nowadays, in this area on soil surface negative
processes as: silting, sealing, crusting are common phenomena, affecting plant response mainly in
the first vegetation stages. For the soil profile the most important modification was the increasing
of the content of organic carbon under maximum manure dose. Other properties have presented
only a positive tendency under all treatments. All data obtained have shown that in the cropping
systems, for improving and preserving soil structure quality it is necessary to apply each
agricultural technological component according to local conditions. Used in the experiment over
years was conventional tillage which was not proper related to soil characteristics, having a
particularly vulnerability to destructuration. Therefore the positive magnitude of the expected
results was not according to the treatments applied.
Keywords: organic fertilizers, soil amendments, nutrients, soil structure, efficiency, environmental
issues
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Soil C, N, and P from poultry manure on grazed and ungrazed
bermudagrass in the Southeastern USA
FRANZLlEBBERS Alan J. and STUEDEMANN John A.
United States Department of AgricultureVAgricultural Research Service, 1420 Experiment Station
Road, Watkinsville, GA 30677, USA
The impact of animal manure application to grasslands is of importance to the understanding of
agronomic and animal productivity, soil quality, greenhouse gas emissions, and environmental
quality. Pastures have the potential to serve as a significant sink for carbon (C) sequestered in soil
organic matter.
Efficient utilization of nitrogen (N) is of concern agronomically and
environmentally. Plant production can be limited by low levels of available phosphorus (P) due to
high P fixation capacity in soils of the southeastern USA. On the other hand, there is increasing
concern about the excessive application of P to soil, especially when manure application rate is
based upon N content.
We evaluated the changes in soil C, N, and P during the first five years of bermudagrass
[Cynodon dactylon (L.) Pers.] management varying in fertilization [(1) inorganic. (2) crimson
clover (Trifolium incarnatum L.) cover crop plus inorganic, and (3) chicken (Gallus gallus) broiler
litter] and harvest strategies [(1) unharvested, (2) low and (3) high cattle (Bos taurus) grazing
pressure, and (4) haying].
Fertilization strategy had the greatest impact on total and extractable soil P, while soil organic
C and total soil N were minimally affected. At a depth of 0 to 6 cm, extractable soil P increased at
a rate of 0.8 mg kg"1 y"1 (4% of total P added) with inorganic only, 2.4 mg kg"1 y"1 (9% of total P
added) with clover + inorganic, and 8.7 mg kg"1 y (6% of total P added) with broiler litter
fertilization. At the end of five years of broiler litter application to grazed land, extractable soil P
was 135, 50, 22 and 4 mg kg'1 higher than with inorganic fertilization at depths of 0 to 3, 3 to 6, 6 to
12 and 12 to 20 cm, respectively, primarily because of greater P application with broiler litter.
Harvest strategy had large impacts on all soil elements. Soil organic C sequestration during the
first five years of management was similar between low and high cattle grazing pressures (140
g m"2 y"1), but much less in unharvested (65 g m"2 y ' ) and hayed (29 g m"2 y ' ) management. Most
of the net change in soil organic C and total soil N occurred in the 0- to 2-cm depth. With cattle
grazing of forage, fertilizer applications contributed to forage and animal production and 67-75% of
the total N applied was subsequently stored as total soil N.
Broiler litter fertilization was effective at increasing extractable soil P to an agronomically
acceptable level (50 to 60 mg kg" 15 cm" ) during the first five years, but continued application
could lead to excessive P accumulation that could threaten water quality from surface runoff unless
appreciable soil fixation or removal of forage biomass were to occur.
Keywords: carbon sequestration, grazing, extractable phosphorus, nitrogen cycling, pastures
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Use of flyash and biogas slurry for improving physical
properties of soil and wheat yield
GARG R.N. (1), DAS D.K. (1) and PATH AK H. (2)
(1) Division of Agricultural Physics, Indian Agricultural Research Institute, New Delhi 110012,
India
(2) Division of Environmental Sciences, Indian Agricultural Research Institute, New Delhi
110012, India
Annual production of flyash, a by-product during electric power generation from thermal
power stations, is around 90 million tonnes in India and is likely to increase to 140 million tonnes
by during 2020. Disposal of this large amount of flyash is of concern. Use of flyash in agriculture
is suggested to be one option for its disposal as it contains considerable amounts of plant nutrients,
particularly P, K, Ca, Mg, and micronutrients. Earlier studies have shown beneficial effects on crop
yields but the information on the influence of flyash on soil physical properties is inadequate.
Biogas slurry, the spent slurry from the biogas plant fed with cow dung, is also a good source of
plant nutrients and has potential in modifying the soil physical properties and improving crop
yields. The objectives of the study are to study the effect flyash and biogas slurry on changes in soil
physical properties and growth and yield of wheat crop. The study was conducted on a sandy loam
soil (Typic Ustochrept) of the Indian Agricultural Research Institute experimental farm, New Delhi,
India. Flyash at 4, 8 and 12 t ha'1 and biogas slurry at 4.5 and 15 t ha"' were applied 15 days before
sowing of wheat. Nitrogen, P and K at 120, 26 and 25 kg h a ' , the recommended dose for wheat in
northern India were applied in all treatments including the unamended control treatment. Leaf area
index and root length density of wheat crop; and bulk density, hydraulic conductivity, moisture
retention capacity of soil were determined periodically to study the effect of flyash and biogas
slurry amendments over the unamended treatment. The crop was harvested at maturity to estimate
grain and biomass yields. Flyash and biogas slurry application reduced bulk density of soil, the
effect being more on surface soil (0-15 cm) compared to deeper soil layers (15-30 and 30-45 cm).
Saturated hydraulic conductivity and moisture retention capacity increased by the amendments.
Leaf area index and root length density were more in amended plots. All the growth parameters of
wheat followed the following trend: biogas slurry > flyash > unamended soil. Grain yield was
maximum with biogas slurry followed by flyash treatments over unfertilized control. The study
showed that flyash and biogas slurry are useful as soil amendments for improvement of soil
physical environment, crop growth, and yield.
Keywords: flyash, biogas slurry, bulk density, hydraulic conductivity, moisture retention capacity,
wheat
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Near-infra-red spectroscopy (NIR) for characterisation of
plant residue quality: a new approach for predicting
decomposition and nitrogen release in agricultural soils
JENSEN Lars S. (1), PEDERSEN Anders (2), STENBERG Bo (2), LUNDSTROM Christina
(2), BRELAND Tor A. (3), HENRIKSEN Trond M. (4), PALMASON Fridrik (5),
GUDMUNSON Jon (4) and SALO Tapio (6)
(1)
(2)
(3)
(4)
(5)
(6)

Royal Vet. and Agricultural Univ., Frederiksberg, Denmark
Swedish Univ. of Agricultural Sciences, Skara, Sweden
Agricultural Univ. of Norway, Aas, Norway
Apelsvoll Research Centre Division Kise, Norway
Agricultural Research Institute, Reykjavik, Iceland
Agricultural Research Centre of Finland, Jokioinen, Finland

About 250 plant litters were sampled, representing 50 different species expected to cover a
wide quality range. NIR spectra were measured for all samples and Mahalanobis selection distances
(H) between samples used to select 120 representative items for analysis of C and N distribution
among Van Soest fractions. Selected samples proved to represent a wide range in residue quality,
with low co-variations between parameters, but a large and fairly constant proportion (>90%) of the
N is in the netutral detergent (ND) soluble fraction. NIR-calibrations performed well for N in total
plant and in the ND soluble fraction and for C in ND soluble and in holocellulose. However, NIRcalibrations did not perform sufficiently well for N in holocellulose or for C and N in lignin. The
independent validation indicated good predictive performance of NIR-calibrations, but in some
cases there was a strong bias, possibly due to differences in methodology for Van Soest
fractionation of the independent samples. Perspectives for use of the NIR method for characterising
plant residue quality seem promising.
Keywords: NIR, plant litter quality, C/N ratio, decomposition, nitrogen, modelling
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Effect of zeolite and chemical fertilizer on
the change of phycical and chemical properties on
Lat Ya soil series for sugar cane
JUNRUNGREANG Supapron, LIMTONG Pitayakon, WATTANAPRAPAT Kamalapa and
PATSARAYEANGYONG Touchamon
Organic Matter and Waste Products Sub-division, Soil and Water Conservation Division, Land
Development Depertment, Chatuchak, Bangkok 10900, Thailand
A study of the effect of zeolite and chemical fertilizer on the change of physical and chemical
properties in Lat Ya soil series for sugar cane was carried out in Amper Potharam, Ratchaburi
province during 1997-1998. The Experimental plan was completely randomized design. There
were 9 treatments in 3 replications which consisted of chemical fertilizer (15-15-15) as 0, 50 and
100 kg rai"1 (1 ha = 6.25 rai) with zeolite rate 0, 20 and 40 kg rai . The result in 2 years indicated
that the application of only zeolite solely chemical fertilizer and zeolite mixed with chemical
fertilizer did not effect on the change of bulk density pH level and cation exchange capacity in the
soil but there were some reversible effects for the chemical properties in the soil such as nitrogen,
phosphorus and potassium. The available nutrient content in the soil were increased by using
zeolite, chemical fertilizer and zeolite mixed with chemical fertilizer.
The application of only zeolite, chemical fertilizer and zeolite incorporate with chemical
fertilizer did not change the sweet quality of sugar cane but change the height, diameter and yield of
sugar cane. It was found that the application chemical fertilizer 100 kg rai"1 mixed with zeolite 40
kg rai"1 promoted the highest height, diameter and yield of sugar cane. The comparison of only
zeolite rate 20 and 40 kg rai"1 produced larger height, diameter and sugar cane yield than treatment
with no fertilizer and zeolite. Considering solely chemical fertilizer, it was shown that the
application of chemical fertilizer 100 kg rai'1 produced more height, diameter and yield of sugar
cane than the use of chemical fertilizer 50 kg rai', zeolite rate 20 and 40 kg rai"1 respectively.
Keywords: zeolite, chemical fertilizer, sugar cane, soil chemical properties, growth of sugar cane
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Acidification of a tropical Alfisol as influenced by
organic and inorganic amendments
NIINO Y. (1), TIAN G. (2), HONS F.M. (1) and JUO A.S.R. (1)
(1) Department of Soil and Crop Sciences, Texas A&M University, College Station, TX 778432474, USA
(2) Institute of Ecology, University of Georgia, Athens, GA 30602-2360, USA
This study was conducted in Ibadan, Nigeria to determine the extent of acidification due to N
fertilization and movement of cations (Ca and Mg) displaced from the surface layers of an Oxic
Paleustalf (Egbeda series). The N sources included two inorganic N fertilizers, urea (UA) and
ammonium sulfate (AS), and one green manure, Alchornea cordofolia (Ale). The decline in surface
soil pH after one year of cropping (2 seasons) followed the order of AS>(AS+Alc)>UAs
(UA+Alc)>Alc>Control. The pH (H 2 0) of the AS treatment decreased from 6.2 to 4.5. Acidity
induced by inorganic fertilizers decreased exchangeable Ca and Mg in the surface soils.
Magnesium leached more rapidly than Ca. Addition of organic input retarded the leaching of Ca,
Mg, and N0 3 -N.
Keywords: tropical Alfisols, acidification, leaching of Ca, Mg and nitrate
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Phosphorus dynamics in manure and compost based corn
systems in New York State
KETTERINGS Ouirine M. (1). BYRON Tim (2), CZYMMEK Karl J. (3) and BOSSARD
Shawn (4)
(1)
(2)
(3)
(4)

Crop and Soil Science, Cornell University, USA
Crop and Soil Sciences, Cornell University, USA
PRO-DAIRY, Cornell University, USA
Cornell Cooperative Extension, USA

Dairy farming is one of New York State's largest businesses. Keeping NY farms sustainable is
critical to the economy of the state, particularly in rural areas. Maintaining economic viability while
ensuring environmental quality is key to their sustainability. Sustainability of New York State farms
can be improved through more effective use of organic fertilizers and the use of environmental risk
indicators including the NY P index in development of comprehensive nutrient management plans.
In 2001, a study was initiated in Aurora, NY, to look at the effects of dairy manure and compost
application on soil carbon, nitrogen and phosphorus cycling and losses to the environment. Liquid
dairy manure and composted separated solids were applied in the spring at two levels: N based
(meeting N requirements) and P index based (applications equaled P removal rates). Fields were
planted to corn. In this presentation the results of the first two years of research on P storage,
dynamics and losses will be presented.
Keywords: phosphorus, corn, phosphorus runoff index, compost, manure management, organic
carbon
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Influence of chicken manure on cassava yield
and soil properties
KOGRAM Chamlong. MANEEKAO Sorasak and POOSRI Boonguer
Ubon Ratchathani Field Crops Research Centre, P.O. Box 69, Muang District, Ubon Ratchathani
34000, Thailand
Field experiments were conducted to study the effects of types and rates of chicken manure on
growth and yield of cassava and soil properties. They were carried out in Ubon Ratchathani Field
Crops Research Centre (UBFCRC), Ubon Ratchathani, Thailand (15° 14 N, 105° 02' E) in loamy
sand soil (fine-loamy, siliceous, Oxic Paleustults) between May 1998 and March 2000. The
experiments were designed in RCB with 3 replications. The treatments were applications of small
pellet chicken manure (SCM) at a rate of 625, 1,250 and 2,500 kg h a ' , large pellet chicken manure
(LCM) at a rate of 625, 1,250 and 2,500 kg h a ' , fresh chicken manure (FCM) at a rate of 1,562,
3,125 and 6,250 kg ha"1. These chicken manure treatments were compared to chemical fertilizer
(CF) application (46.9-46.9-46.9 kg ha"' of N-P2O5-K2O) and control (non-fertilization) treatments.
Chicken manure was broadcasted and then incorporated into the soil prior to planting cassava.
Cassava variety Rayong 5 was planted lxl m in spacing (10,000 plants ha' ). The results of the first
year (1998/1999) showed that the applications of SCM at 2,500 kg ha"1 and FCM at 6,250 kg ha"'
gave cassava root yields at 34.5 and 37.4 t ha" , respectively, and were not significantly different
from CF application (39.0 t ha' 1 ). However, these treatments increased cassava root yield about 5170% compared to control treatment. In the second year (1999/2000). it was found that an
application of FCM at 6,250 kg ha"' gave 31.3 t ha" of cassava root yield. This was about 44 and
273% greater than those of CF and control treatments, respectively. The increase of cassava root
yield was mainly due to the increases of number of roots per plant and root size (single root
weight). Furthermore, CM application slightly increased starch content of cassava. The soil
analyses showed that CM application particularly FCM apparently enhanced soil pH, organic matter
and available phosphorus contents but had no effect on exchangeable potassium. The results of this
study suggest that chicken manure application is an alternative source for chemical fertilizer and
long-term utilization of chicken manure leads to a sustainability of soil fertility.
Keywords: cassava, chicken manure, soil properties
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Sewage sludge-coir pith pellets: a source of organic manure
KR1SHNASAMY R.. SOMASUNDARAM J. and SAVITHRI P.
Department of Soil Science and Agricultural Chemistry, Tamil Nadu Agricultural University,
Coimbatore 641003, India
Sewage sludge, the semisolid fraction of sewage water is a highly heterogeneous material with
extremely variable physico-chemical properties and it contains all plant nutrients. Coir pith, a
fluffy, fibrous carbonaceous waste material from coir industries when applied to agricultural lands
improves the physico-chemical properties of the soil. The problems experienced in handling,
transporting and applying of sewage sludge and coir pith can be overcome by pelletisation making
use of the structuring properties of coir pith. The high content of lignin and cellulose in coir pith
slow down the decomposition rate of pellets, thereby reducing the bioavailability of trace metals. A
field experiment was conducted using fodder maize var. African tall as the test crop in a Vertisol by
employing factorial randomized block design, replicated thrice with three sources of organic
manures Viz., sewage sludge (SS), sewage sludge-coir pith mixture (SSC), sewage sludge -coir pith
pellets (SSCP). Four levels (0.00, 1.25, 2.50 and 5.00 t ha"1) of organic manures with the
recommended levels of N (30 kg ha"1) and P (40 kg ha"1) were applied basally. The crop was
harvested on 55th day of maturity. Organic manures enhanced the dry matter yield of fodder maize
to the tune of 22 percent even at the low level of 1.25 t ha"1 application. The dry matter yield was
increased progressively with increasing dosage of organic manures increasing and increased
progressively as the dosage increased. Sewage sludge addition recorded the highest dry matter yield
of 20.9 t ha"1 and the other two sources also enhanced the yield equally at all levels of application.
There was a progressive increase in the trace metals concentrations in soil and also in fodder maize
as the level of organic manures were increased. The two sources of organic manures Viz., sewage
sludge-coir pith mixture and sewage sludge-coir pith pellets at all levels of application were found
to increase the trace metals concentrations in soil as well as in fodder maize. The increase obtained
due to these two sources of organic manures being comparable with each other proved significantly
superior to control. Zinc content in fodder maize on 55* day of maturity was found below the
phytotoxic level while level whereas Pb, Cd, Ni and Cu contents exceeded the toxicity limit.
Keywords: sewage sludge, coirpith, pellets, heavy metals, lignin, cellulose
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Bio-solid compost ameliorates aluminium toxicity in wheat
KUMARESANK.R.(n, BOLAN N.S. (2), LOGANATHAN P. (2), SAVITHIRI P. (1) and
THIYAGARAJAN T.M. (1)
(1) Department of Soil Science and Agrl. Chemistry, Tamilnadu Agrl. University, Coimbatore-3,
Tamilnadu, India
(2) Soil and Earth Sciences Group, Institute of Natural Resources, Massey university, Palmerston
North, New Zealand
Soil acidity is a major constraints to crop production in many parts of the world. Aluminium
(Al) toxicity is one of the main problems in acid soils. Increase in pH and organic carbon content of
soils can reduce Al toxicity. A pot culture experiment was conducted to determine the effect of pH
and bio-solid compost application to a Tokomaru silt loam soil of Newzealand on the growth of
wheat and to investigate the relationships between different Al indices and wheat growth. Soil (250
g in plastic pot) was incorporated with lime and HCl for one week to amend the soil pH level and
incubated with bio-solid compost for another week. The treatments were five nominal pH levels (3,
4, 5, 6, 7) and four bio-solid compost levels (0, 2, 5 and 10% w/w soil) with three replications.
Wheat (Var. Monad) seeds were sown and thinned to 5 plants on the 10th day and harvested on the
42 nd day after sowing. Soil and soil solution were analyzed for various Al species, organic carbon
and pH. Increase of soil pH and rate of bio-solid compost application significantly increased in
wheat shoot and root growth and this was attributed to decrease in soil solution Al concentration
with increasing pH and bio-solid compost application. Application of bio-solid compost increase in
soil pH in strongly acidic soils. The effect of pH on shoot yield is more pronounced at Higher rates
of bio-solid compost application. The impact of bio-solid compost application in shoot yield is
greater at lower pH. Among the soil parameters tested, total soil solution Al concentration showed
the highest correlation with both shoot and root growth. Al concentration >50-100 um significantly
reduced yield. A multiple regression combining the effects of total soil solution Al and soil organic
carbon explained 90% shoot yield variation. Bio-solid compost reduced Al toxicity in acid soils and
thereby increased the wheat shoot and root yield. This effect was more pronounced at strongly
acidic soils. Wheat dry matter yield was related to a number of Al indices. Total soil solution Al
concentration in combination with soil organic carbon explained 90% of the yield variation.
Keywords: soil acidity, Al toxicity, bio-solids, amelioration
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Interest of the compost as a source of organic matter to restore
and maintain physical properties of French soils
L E V I L L I O M . d ) , ARROUAYS D. (2), DESLAIS W. (2), CLERGEOT D. (1), DAROUSSIN
J. (3) and LE BISSONNAIS Y. (3)
(1) CReeD, Zone Portuaire de Limay, 291 Avenue Dreyfous Ducas, 78520 Limay, France
(2) Unite Infosol, INRA Orleans, 45160 Ardon, France
(3) Unite de Science du Sol, INRA Orleans, SESCPF, 45160 Ardon, France
In France, the most important sources of organic amendment are manure and compost.
Compost is however poorly developed in France and to ensure its development, it is important to
determine when organic matter really presents an interest for French soils.
For sandy soils, a rising of organic matter content will have a significant effect on the available
water content level.
For loamy soils, a decrease in soil organic matter content bellow a threshold value of 2 - 3% is
one of the main controlling factors of the soil's physical degradations like crusting and erosion.
This is an increasing problem in France where an estimated 5 millions hectares are suffering from
significant erosion.
To restore and maintain minimum organic matter levels in these soils, two solutions can be
proposed:
• reducing the losses of organic matter due to mineralisation by reducing the frequency and the
depth of ploughing;
• increasing the input of organic matter by providing exogenous organic matter.
This study sought to estimate if the present production of manure would be sufficient to restore
and maintain the organic matter contents of French soils or if the addition of compost would be
necessary. And if the latter case prevailed, which amounts of compost would be necessary.
The sensitivity analysis shows that the reliability of predictions is highly dependant both from
the target threshold value and the calibration of model parameters.
Keywords: soil, organic matter, erosion, modelling, mapping, France
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Effect of organic fertilizers on soil improvement
in Mab Bon, Tha Yang, Satuk and Renu series
for corn cultivation in Thailand
LEAUNGVUTIVIROG Chaveevan, SUNANTAPONGSUK Vanlada, LIMTONG Pitayakon,
NAKAPRAVES Pracha and PIRIYAPRIN Siangjeaw
Soil and Water Conservation Division, Land Development Department, Paholyothin Rd.,
Chatuchak, Bangkok 10900, Thailand
The effect of serveral kinds f organic fertilizers on soil improvement was studied in Mab Bon,
Tha Yang, Satuk and Renu series for super sweet corn cultivation. Sites of the research were at
Rayong, Ratchaburi and Chiang Mai Land Development Station and Khao Suan Kwang
demonstration farm, Khon Kean province respectively. Randomized complete block design was
used in this experiment, and a total of 6 treatments with 3 replication which consisted of no
addition of fertilizer , application of compost, animal manure and chemical fertilizer, incorporation
of green manure and rice straw on change of soil chemical properties, corn yield and quality. The
result showed that application of compost animal manure and rice straw incorporation could raise
soil organic matter content in Mab Bon, Tha Yang, Satuk and Renu series when compared to
chemical fertilizer application from 0.50 to 0.86-1.02%, from 1.95 to 2.8-3.62%, from 0.42 to 0.650.71% and from 0.74% to 0.91-1.05% respectively. Mostly of organic fertilizer application
increased phosphorus content except incorporation of green manure in Tha Yang and Satuk series
due to low biomass of Sesbania rostrata. Furthermore, in all four soil series, Potassium content of
organic fertilizer addition was increased greater than chemical fertilizer addition. The growth of
super sweet corn in Mab Bon series was more responsive to organic fertilizer than the others due to
high increment of yield from 733.13 to 3,300-7,110.63 kg ha"1 especially after incorporation of
green manure. In the Tha Yang and Satuk series, the incorporation of rice straw increased super
sweet corn yield to 3,591.88 and 2,134.38 kg ha"1 respectively, which was greater than with other
organic fertilizers, but corn yield in Renu series was increased in the compost-amended soil. For
corn yield from addition of chemical fertilizer was increased when compared to the unamended soil
but was lower than with organic fertilizer application.
Keywords: compost, animal manure, green manure rice straw, soil organic matter, super sweet
corn
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Effect of municipal sludge and its composts on
the accumulation of organic pollutants in
Ipomoea aquatic grown in paddy soil
MO Cehui (I), CAI Quanying (1), WU Qitang (1), WANG Boguang (2) and LI Guirong (1)
(1) College of Resources and Environment, South China Agricultural University, Guangzhou
510642, P.R. China
(2) Guangzhou Institute of Environmental Science and Protection, Guangzhou 510620, P.R. China
Eight kinds of organic pollutants including 44 compounds in Ipomoea aquatic grown in paddy
soil fertilized with municipal sludge and its composts were systematically determined by GC/MS.
The results showed that twenty eight compounds belonging mainly to phthalic acid esters (PAEs),
nitrobenzenes, and polycyclic aromatic hydrocarbons (PAHs) were detected in Ipomoea aquatic.
Only individual or very few compounds for each kind of organic pollutants in Ipomoea aquatic
were predominant, while others were trace or not detected. Compared with control, compounds
detected in Ipomoea aquatic fertilized with sludge were commonly higher to a different extent, but
those detected in Ipomoea aquatic fertilized with different sludge composts were commonly lower
and even not detected, especially for Ipomoea aquatic fertilized by compost of sludge + rice straw
was detected only one compound. It was therefore concluded that direct use of municipal sludge as
organic fertilizer could result in bioaccumulation of organic pollutants in crops, but application of
sludge composts would be safe if proper compost treatments for sludge were conducted.
Keywords: municipal sludge composts Ipomoea aquatic organic pollutants
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Long-term effects of poultry manure and NH4NO3
on soil chemical properties and tall fescue yields
MOORE P.A. Jr.
United States Department of Agriculture, Agricultural Research Service, Plant Sciences 115,
University of Arkansas, Fayetteville, AR 72701, USA
In areas of the world where large concentrations of confined animal feeding operations
(CAFOs) exist, soils are often over-fertilized with phosphorus (P). Phosphorus runoff into nearby
waterbodies can result in eutrophic conditions, which can lead to fish kills and/or high water
treatment costs for municipal drinking water. One best management practice (BMP) that has been
shown to dramatically reduce P runoff from fields fertilized with poultry manure is the application
of aluminum sulfate (A12(S04)314H20), alum, to the manure. Additions of alum also reduce
ammonia emissions from the manure, which reduces atmospheric ammonia levels in poultry
houses, resulting in improved bird performance.
Due to these increases in performance,
approximately 500 million chickens are grown in the U.S. each year with alum. One of the
questions that has arisen is, what are the long-term effects of alum-treated manure on soil quality?
Therefore, the objectives of this study were to determine the effects of normal poultry manure,
alum-treated poultry manure and ammonium nitrate on soil chemical properties and tall fescue
yields. A long-term (20 year) small plot study was initiated in 1995 on a Captina silt loam soil.
There are 13 treatments: an unfertilized control, four rates of untreated poultry manure, four rates of
alum-treated manure and four rates of ammonium nitrate. The manure rates were 2.24, 4.49, 6.73
and 8.98 Mg ha'1 (1,2, 3, and 4 t acre" ). Ammonium nitrate was applied at approximately the same
N rate as alum-treated manure (65, 130, 195 and 260 kg N ha"1). Fertilizer applications are made
once per year in the spring. Both types of poultry manure resulted in significant increases in
Mehlich III P in soil, although increases in soil test P were much greater with untreated manure.
Water soluble P in soil was also increased with untreated manure, but was not affected with alumtreated litter. Both untreated poultry manure and alum-treated manure had a net liming effect on the
soil, with pHs increasing over time, particularly at the higher rates.
Ammonium nitrate
applications acidified the soil. Whereas exchangeable aluminum levels were very low in soils
amended with either type of manure, soils fertilized with ammonium nitrate had elevated levels, due
to acidic soil conditions. Although yields were highest with ammonium nitrate for the first couple
of years, soil acidity associated with this treatment resulted in very poor yields after six years of
fertilization. Yields (expressed as % of unfertilized control plots) were 338, 400 and 46 for the
highest rate of untreated litter, alum-treated litter and ammonium nitrate, respectively, at this time.
Most of the tall fescue in the ammonium nitrate plots had died or was replaced by bermudagrass at
this time. These results indicate that fertilizing with alum-treated manure is more sustainable than
fertilizing with normal manure or ammonium nitrate.
Keywords: manure, phosphorus, eutrophication, alum, water quality
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Co-application of biosolids and water treatment residuals
O'CONNOR George A.(\) and ELLIOTT Herschel A. (2)
(1) University of Florida and Penn State University P.O. Box 110510, Gainesville, FL 32611 -0510,
USA
(2) Pennsylvania State University, Agr. and Biol. Engr. Dept., University Park, PA 16802, USA
This study evaluated the ability of two WTRs to alter P solubility and leaching in a sandy soil
material amended with biosolids and TSP. Both Al-WTR and Fe-WTR were effective in adsorbing
P released from TSP- and biosolids-soil suspensions in batch equilibration studies. Because Al and
Fe salts are used in wastewater treatment and solids dewatering, leaching of P is quite small for
most biosolids, even when applied in excess of crop P requirements to soils with limited P-sorbing
capacity. For fertilizers and biosolids with meager AI and Fe and appreciable leachable P (e.g., TSP
and Largo cake), co-application with WTRs dramatically reduced vertical movement of P through
the soil profile. Biosolids/WTR mixing ratios based on total compositional parameters are typically
poorly correlated with P bioavailability or environmental mobility. Rather, a quantitative approach
using coagulation WTRs to reduce P flux from biosolids-amended soils should be based on
ensuring sufficient reactive AI + Fe in the WTR to immobilize leachable P in the biosolids. Oxalate
extraction can be used to measure both the P-fixing capacity of the sesquioxides in the WTRs and
the potentially releasable P in the biosolids. The phosphorus saturation index ([P0x] / [Alox + Fe0x]),
employed as a risk indicator of soil-P loss, also appears useful for determining co-mixing ratios of
biosolids/WTRs needed to control drainage P in land-based biosolids recycling programs.
Keywords: organic wastes, P-mobility, amendments
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Mobility and uptake of heavy metals in different land use
systems after long-term sewage sludge application
AL-NAJAR Husam (1), SCHULZ Rudolf (1), BREUER Jörn (2) and ROM HELD Volker (1)
(1) Institute of Plant Nutrition (330), University of Hohenheim, 70593 Stuttgart, Germany
(2) Institute of Agricultural Chemistry (710), University of Hohenheim, 70593 Stuttgart, Germany
The main environmental risk concerning the repeated utilisation of sewage sludge and
municipal wastes compost on agricultural land is the accumulation of heavy metals in the soil and
the contamination of the food chain. It is assumed that the degradation of organic matter in the soil
by intensive agriculture will increase the availability of heavy metals to plants and the risk of
leaching.
The main objective of the field experiment is to determine the effect of different land use
systems (conservative and intensive land use) after 10 years termination of long term application of
high amounts of sewage sludge (1972-1989) to a Loess-derived Luvisol in South-West Germany on
heavy metal mobility and uptake.
The former sludge treatments were: i) control without sludge, ii) mineral fertilizer application,
iii) 5 tons DM sludge ha"1 a ' , iv) 5 tons sludge aerobic stabilised, v) 15 tons and vi) 30 tons DM
sludge ha"' a ' . Each treatment has 4 replicates. The plot area is 50 m" and divided into two parts for
conservative land use (grass) and intensive cultivation (crop rotation: summer wheat 1999; potato
2000; maize 2001).
Ten years after the last application of sewage sludge, most of the metals added were still
present in the top soil layer. The results of the first cultivation (summer wheat and grass)
demonstrate that Cd and Zn uptake increased with increasing amounts of plant available Cd and Zn
in the soil (NH4NO3 extraction), while the uptake of Cu and Ni was not influenced by the amount of
plant available Cu and Ni. These results show that the so called plant available fraction in the soil
does not reflect the uptake of less mobile heavy metals, such as Cu and Ni. The residual organic
matter content in the soil, which was increased by excessive sludge application can therefore play
an essential role in retaining heavy metals.
The amount of each heavy metals removed by both conservative and intensive land use systems
depends mainly on crop species and dry matter yield. In the first and second cultivation period
summer wheat and potato (intensive land use system) and grass (conservative land use system) do
not show the expected differences in heavy metal uptake by plants. Moreover, no remarkable
leaching of heavy metals to the deeper soil layers is noticed.
Keywords: conservative land, heavy metals, intensive agriculture, sewage sludge
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Ameliorating soil quality in New Zealand dairy farm systems
RYAN Matt, Dl Hong J. and CAMERON Keith C.
Centre for Soil & Environmental Quality, Lincoln University, Canterbury, New Zealand
Studies have identified three potential environmental and soil problems, which could threaten
the sustainability of New Zealand pasture production systems. These problems are (i) leaching of
nitrate (NO3) and phosphate, causing ground and surface water contamination; (ii) emissions of
nitrous oxide (NiO), contributing to the greenhouse effect and stratospheric ozone depletion; and
(iii) degradation of soil quality (i.e. soil compaction) affecting pasture production and long-term
sustainability. The objective of this research programme was therefore to develop new soil
management systems, which alleviate nitrate leaching and nitrous oxide emissions, while improving
soil quality for sustainable forage production. A new soil management system known as carbon
rich organic material amendment (CROMA) was used to enhance the bio-filtering and loading
capacity of the surface soil. The basic underlying principal of the system was to enhance soil
nitrogen retention, improve soil physical conditions, and act as a buffer against nitrogen (N) loss
and soil compaction. Another system used was a nitrification inhibitor in combination with dairy
shed effluent (DSE), N fertiliser and cow urine applications to inhibit NO3 production and reduce
N2O emissions and potential NO3 leaching.
These management practices were tested under field and laboratory conditions on a Lismore
silt loam (Haplusteps) soil receiving applications of N in the form of DSE, N fertiliser or animal
urine. Their effect on a number of chemical, biological and physical soil parameters was monitored
in the surface soil (0-5 cm depth).
Results show that the CROMA system has the potential to improve nitrogen retention in the
surface soil by stimulating N immobilisation of applied N by the microbial biomass. Additionally,
soil compaction and strength were significantly reduced under CROMA treatments, giving rise to
improved soil physical conditions for pasture growth. Soil emissions of N?0 were significantly
reduced across all treatments with the addition of the nitrification inhibitor.
Keywords: soil, quality, environment, greenhouse gas, nitrate leaching
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Using forest slash to improve degraded soils
SANCHEZ Felipe G . ( l ) . CARTER Emily A. (2) and TRETTIN Carl C. (3)
(1) USDA Forest Service, Southern Research Station, P.O. Box 12254, Research Triangle Park,
NC 27709, USA
(2) USDA Forest Service, Southern Research Station, 520 Devall Drive, Auburn University, AL
36849, USA
(3) USDA Forest Service, Southern Research Station, 2730 Savannah Highway, Charleston, SC
29414, USA
Two studies are described that investigate the potential of utilizing forest slash to restore
degraded soils. Both studies involved loblolly pine (Pinus taeda L.) plantations that had been
clearcut and replanted with the same species. The broad objectives of these studies include using
mulching and tilling to incorporate forest biomass into the soil to: (1) increase the nutrient pool, (2)
improve soil physical properties, and (3) increase carbon sinks. The focus is on determining the
impact of this practice on the carbon storage patterns, greenhouse gas fluxes, soil chemical and
physical properties, and short- and long-term productivity of the system.
The first study was installed in the fall of 1997 on the Lower Coastal Plain in North Carolina.
The study compared mulching and tilling with conventional site preparation techniques in two sites:
a wet pine flat with a sandy loam horizon over a clay horizon and a pocosin site with deep organic
soil. A Rayco Model T275 Hydra-Stumper was used to install the study. The machine was equipped
with a 2.4 m horizontal rotating drum with 36 attached swing hammers that mulched logging slash,
stumps, and humus layer that remained in the soil surface or was incorporated to approximately 20
cm into the soil. Mulched slash and stumps as a treatment was compared to mulching and tilling
into the soil as another treatment. Finally, a comparison was made between mulching strips and
broadcast mulching.
The second study was installed in the fall of 1999 on the Upper Coastal Plain at the Department
of Energy's Savannah River Institute located in South Carolina. The treatments were imposed on a
sand and clayey soil and included: 1) an unmodified control with native slash levels (IX), 2) native
slash levels pulverized and tilled into the top 40 cm of soil surface (IX, tilled), and 3) native slash
supplemented with an equal amount of organic matter in the form of wood chips and pulverized and
incorporated into the plots (2X). To determine the amount of wood chips to be added to 2X plots,
the amount of coarse-woody debris remaining on the surface following the logging operation was
assessed for each plot using a line transect method. The pulverizing and incorporation was
accomplished using a CMI RS500 reclaimer/stablizer. This device pulverized coarse-woody debris
and stumps and incorporated the organic matter to a depth of 40 cm while tilling.
Application of findings from these studies are important in developing opportunities for
managing soil carbon pools, and restoring degraded forest soils. In each study, soil physical and
chemical properties were measured including soil carbon and nitrogen, bulk density, and soil
strength. Aboveground measurements included tree height and diameter, and survival percentages.
Finally, a time productivity analysis was done on both studies to determine the costs of
implementing the treatments.
Keywords: carbon sequestration, slash, mulching, tillage
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Differences between P availability of two Fluvisols
treated with municipal and pulp-mill sewage sludges
SERRÄO Maria da Graca (1), NEVES Maria Joäo (1), MENINO Maria Regina (1) and
FERNANDES Manuel Luis (2)
(1) Departamento de Ciência do Solo, Estacäo Agronómica Nacional, 2784-505 Oeiras, Portugal
(2) Departamento de Estatistica Experimental, Economia e Sociologia, Estacäo Agronómica
Nacional, 2784-505 Oeiras, Portugal
Application of sewage sludge on agricultural land presents economic and environmental
advantages, as compared with alternative disposal methods. A significant proportion of the
phosphorus (P) in biosolids applied to soils may be available to plants as P is in inorganic or
mineralizable forms. The main aim of this work was to compare two acid Dystric Luvisols, as
regard to the evolution of available P after application of several rates of two different types of
organic residues.
The Dystric Luvisols were located in Beira Interior (soil A) and in Cova da Beira
(soil B) regions. Topsoil samples (< 2mm) were mixed in cylindrical plastic pots with the municipal
sewage sludge (MSS) of Castelo Branco and with the pulp-mill sewage sludge (PSS) of Vila Velha
de Rodäo at the rates equivalent to 0, 10, 25, 30, 40, 50, 60, and 70 t ha"1, and then incubated for
two, four, and six months at 35°C, in a forced circulation oven. The initial soil samples and two
replicates of the incubated samples were analysed by the Olsen and the Egnér-Riehm extraction
methods for available P concentrations (Olsen-P and Riehm-P, respectively).
For each analytical method, the Soil type x Residue type x Residue rate x Incubation period
interaction was not significant when the statistical analysis of the data included both soils. When
each soil was statistically analysed in separate, this quadruple interaction was highly significant for
Riehm-P, but it was not significant for the Olsen-P. In the "nil" treatment, soil Riehm-P did not
change along the time. Two months of incubation with MSS were sufficient to reach the highest
Riehm-P concentration observed in each soil. For both soils, Riehm-P concentrations generally
increased with the MSS rate, in each sampling time. In contrast, Riehm-P values in soil A only
raised with the increase of PSS rates at the end of six months of incubation, and they did not change
in soil B with the time of incubation for the PSS rates > 40 t ha"1. From the significant interaction
Residue type x Residue rate, Olsen-P concentrations increased for the MSS rates > 25 t ha'1 and for
the 70 t ha"1 PSS rate in soil B, but they did not change in soil A with the increase of both residues
rates.
Soil B required higher MSS and PSS rates than soil A to reach significantly bigger Riehm-P
values than the initial ones. The effect of MSS on P availability was superior to that of PSS in both
soils. The results also suggested that the Egnér-Riehm method was more suitable than the Olsen
method to evidence the soil available P variations induced by increasing the residues rates and
incubation periods.
Keywords: available phosphorus, incubation, municipal sewage sludge, pulp-mill sewage sludge
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Organic phosphorus sources and environmental quality:
regulations and innovations in the USA
SIMS J.T.
Department of Plant and Soil Sciences, University of Delaware, Newark, Delaware 19717-1303,
USA
Organic sources of phosphorus (P), such as animal manures, municipal biosolids (sewage
sludges), and urban composts, are well-known to be useful soil amendments because they improve
soil fertility and soil physical properties (e.g., porosity, structure, water holding capacity). Decades
of research have resulted in cost-effective and practical recommendations for the efficient
agronomic use of organic P sources. However, it has also been recognized for many years that the
long-term use of most organic P sources will result in the buildup of soil P to values well in excess
of concentrations needed for economically optimum crop production. This increases the risk of
nonpoint source pollution of surface and ground waters by P and thus the potential for accelerated
eutrophication of fresh waters and estuaries. In the past five years concerns about the long-term
effects of organic P sources on soil and water quality have become a major environmental issue in
the USA, particularly in areas dominated by geographically concentrated animal agriculture (dairy,
poultry, swine). Several US states have passed laws and instituted regulations that restrict land
application of animal manures and municipal biosolids based on soil P levels. National advisory
and regulatory agencies are now incorporating P application guidelines into nutrient management
plans and permits. The economic impact of P-based land application programs is a serious concern
for both agriculture and municipalities. Consequently, a number of innovations in P management
are now being proposed, evaluated, and implemented in the US to allow for the safe, sustainable use
of organic P sources. This presentation first provides an overview of the status of regulations
affecting the use of organic P sources in the US and then describes recent research and innovations
in the management of organic P sources as soil amendments. Specific areas of research that will be
covered include: (i) advances in the use of soil testing as a risk assessment tool to identify soils
sufficiently high in P to be of environmental concern; (ii) modification of animal diets to reduce P
excretion and P losses in runoff; (iii) chemical treatment of animal manures and biosolids to
stabilize P in soils amended with these materials; and (iv) the use of water treatment residuals as
soil amendments in buffer strips to reduce P leaching and runoff.
Keywords: phosphorus, water quality, regulations, improved management
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Nitrogen mineralization potential of rice-wheat soils amended
with organic manures and crop residues
SINGH Bijav, VIRK Anshujit, YADVINDER-SINGH and KHIND C S .
Department of Soils, Punjab Agricultural University, Ludhiana 141 004, India
In intensive rice based cropping systems, a decline in the supplying capacity of N from soil
organic matter over time possibly due to development of more phenolic character, is now being
linked with reports of declining trends in yields of rice. Nitrogen mineralization potential of soils as
influenced by amending the soils with organic manures and crop residues on short- and long-term
basis was studied to help find a breakthrough in arresting the yield decline in rice. Mineralization
potential (No), an estimate of total quantity of soil organic N at time (t) zero that is susceptible to
mineralization in infinite time was estimated by incubating the soils for 12 weeks at 35±2"C. In 18
samples of soil under rice-wheat system collected from different agroclimatic regions in
northwestern India, No ranged from 21.5 to 61.1 mg N kg"' soil and was significantly related to
organic C and clay content of the soils. When data were plotted as per equation: log (A N/A t) = log
A - Bt, the plots deviated from the linear relationship for 8 out of 18 soils. It was found that a
quick (q) reaction was almost completed during 0 to 4 weeks, whereas a slow (s) reaction continued
till the end of incubation period. The amount of mineral N calculated from the slow reaction (based
on the linear relationship in the later period of incubation) was subtracted from the experimentally
determined mineral N during the 0 to 4 weeks and the difference was used for describing the quick
reaction, another first order reaction.
When three soils differing in texture and organic C content were amended with different
organic materials, the highest values of both Nos and Noq were observed for green manure (Sesbania
aculeatd) and the lowest values for wheat straw. The No followed the trend in C/N ratio of the
amendments. Lowest C/N ratios resulted in highest No values. Estimation of mineralization
potential in samples of soils taken from different plots of two long-term field experiments to which
manures and crop residues have been applied for 5 and 8 years revealed that unlike when applied
freshly, the organic amendments did not influence mineralization potential as per their C/N ratio.
Amending the soil with different organic manures enhanced N 0 in the order: Farmyard manure
(FYM)> green manure> poultry manure> press mud (waste from sugar industry). FYM enhanced
the mineralization potential to a greater extent than green manure that exhibited the highest No
values when applied freshly. Application of wide C:N ration organic materials such as crop residues
year after year may increase organic C content of the soil, but not necessarily the potentially
mineralizable N. Soil amended with crop residues for 8 years recorded Noq values even less than
those for unamended control. Interestingly when both rice and wheat crops were amended with crop
residues, no rapidly mineralizable fraction of N could be found in the soil.
Keywords: nitrogen mineralization, rice-wheat system, organic manures, crop residues
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Dietary effects on the turnover and plant utilisation
of animal manure nitrogen
S0RENSEN Peter. FERNANDEZ José A., WEISBJERG Martin R. and LUND Peter
Danish Institute of Agricultural Sciences, P.O. Box 50, DK.-8830 Tjele, Denmark
Animal manure is an important source of N for crop production. Part of the manure N is bound
in organic compounds and must be mineralised in the soil before it can be utilised by plants. The
composition of animal manure is influenced by the diet fed to the animal. We have studied the
effects of pig and dairy cattle feed composition on the turnover and potential utilisation of manure
N. Dairy cows were fed seven different forage types with or without supplemental concentrates.
Growing pigs and sows were fed 12 different diets with variable contents of fibre and protein (with
and without synthetic amino acids). Cattle and pig slurries consisting of a mixture of faeces and
urine were stored according to common agricultural practice in Northern Europe. The plant
availability of N from the animal slurries was tested in small field plots with spring barley, under
conditions with minimal N losses. Separate plots were applied with increasing amounts of mineral
fertiliser N. Nitrogen uptake by barley plants was determined and the mineral fertiliser equivalent
(MFE) of slurry N was calculated. The net release of mineral N from the slurries in soil was also
measured in a parallel incubation study.
The MFE of cattle slurry N was 56-81%. The plant availability and net mineralisation of cattle
slurry N was influenced by forage type and concentrate supplementation, and the MFE was
negatively correlated with the concentration of crude fibre in the diet. The MFE of pig slurry N was
72-100% and significantly influenced by feed fibre composition, but insignificantly influenced by
protein level. There was a significant positive correlation between enzyme-digestible organic matter
in the pig diets (measurement used for feed evaluation) and the plant availability of pig slurry N.
The ammonium content of stored pig slurry could not be used for prediction of the N availability,
since the net mineralisation of pig slurry N in soil was variable. For both pig and cattle slurry there
was a highly significant negative correlation between C/N ratio and the plant availability of slurry N
(1^=0.91).
The results suggest that the fibre content of both pig and cattle diets has significant influence
on the amount of residual organic manure N remaining in soil after a few months of decomposition.
Keywords: feed composition, mineralization, nitrogen cycling, dairy cattle, pigs, slurry
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The efficiency of some microbial activators in
organic composting from market wastes
SUBJAREARN Nuavarat. NAVANUGRAHA Charlie, LIMTONG Pitayakon, MAIRAING
Sompit and SUNGPETCH Acharaporn
Faculty of Environment and Resource Studies, Mahidol University, Salaya, Putthamonthon,
Nakhonpathom 73170, Thailand
This research studied the efficiency of some microorganism activators in organic composting
from market wastes. Market wastes were collected from Sie Moom Muang Market, Pathumthani
province. Three types of microorganism activators were used for this research, i.e. LD-1, F-60 and
Bionic. This study was conducted both in laboratory and field experiments at Khlong Sip-Song,
Pathumthani province.
There were 4 treatments which consisted of market wastes with LD-1, F-60, Bionic, and
without microorganism activator with 3 replications of laboratory experiment. The controlled
factors were the size of market wastes, moisture content, temperature, and aeration. Composted
samples were analyzed for physical, chemical, and biological properties. The results indicated that
the quantity of plant macro nutrients of all four treatments was in the standard of Land
Development Department. While the decomposition rate that was considered from C/N ratio could
not identify the difference of each treatment. Therefore, the decomposition rate was considered
from physical characteristics of the compost. Market wastes with LD-1 were selected for field study
because of the highest decomposition rate (35 days). Market wastes without microorganism
activator were also selected because the quantity of plant macro nutrients was in the standard of
Land Development Department and the composting time (42 days) was not very different in
comparing with LD-1.
In the field, the suitable turning frequency of the compost piles was studied with 2 sets of both
market wastes with LD-1 and without microorganism activator. Each set had 4 treatments, which
consisted of turning period of the compost pile at every 4, 7, 10 days, and no turning period. The
results showed that all treatments had the same composting time (35 days) and the quantity of plant
macro nutrients of all treatments was in the standard of Land Development Department. Each
treatment was no different because market wastes are easily decomposed materials (C/N ratio is
lower than 100:1). However, adding activator LD-1 affected a decline of odour.
Keywords: microbial activators, organic composting, market wastes, the decomposition rate
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Nutrient losses by leaching from an acidic tropical soil
amended with wood ash or paper pulp: a column experiment
VOUNDl Nkana J.C. (1), TACK F.M.G. (2) and VERLOO M.G. (2)
(1) Institut für Bodenkunde, Universität Bonn, Nussallee 13, D-53115 Bonn, Germany
(2) Laboratory of Analytical Chemistry and Applied Ecochemistry, Ghent University, Coupure
Links 653, B-9000 Gent, Belgium
To sustain optimal yields, nutrient element levels must be supplied to account for element
export through leaching and crop harvesting. This requires knowledge of the nutrients losses from
the soil and the nutrient uptake by plants. Nutrient losses by leaching from a tropical soil amended
with wood ash, paper pulp or lime were studied in a column experiment. Application of wood ashes
generally increased element leaching in the studied soils. Losses of Ca, Mg and K. were more
important upon application of wood ash than when applying equivalent amounts of lime. Paper pulp
reacted similar to lime. Estimation of yearly maintenance doses revealed that application of wood
ash should be complemented with Mg and K fertilization in order to achieve optimal plant growth
and yields.
Keywords: wood ash, paper pulp, nutrient balance
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The development of a biological sensitivity classification
of soils to heavy metals
TOWERS William (H, CAMPBELL Colin D (1), PATON Graeme I. (2), PATERSON
Edward (1), DAWSON Julian J. (2), CAMERON Clare M. (1), COULL Malcolm C. (1),
CHRISTIE Peter (3) and SCANLAN Clare (4)
(1) The Macaulay Institute, Craigiebuckler, Aberdeen, AB 15 8QH, UK
(2) Dept. of Plant and Soil Sei., Univ. of Aberdeen, St Machar Drive, Aberdeen, AB24 3UU, UK
(3) Environmental Science Division, Dept. of Agriculture and Rural Development, Dundonald
House, Upper Newtownards Road, Belfast BT4 3SB Northern Ireland, UK
(4) Scottish Environment Protection Agency, Greyhope House, Greyhope Road, Torry, Aberdeen,
AB 11 9RD.UK
Organic amendments provide many benefits to soil but some of them, e.g. urban waste-water
sludge and industrial wastes, can contain high levels of heavy metals. These are known to impact on
the functionality of the soil microbial population and may cause long-term harm. Heavy metals
interact in different ways with different soil components and an assessment has been made of the
metal binding capacity of Scottish soils using four relatively easily measured soil attributes, soil pH,
organic matter content, clay content and iron oxide concentration within a weighted parametric
rule-based classification.
Until now, the approach has not been tested in terms of any biological response. To address
this, twenty soils covering the full range of metal binding classes for copper, zinc and cadmium
were sampled from Scotland and Northern Ireland. The sampling strategy was based on a matrix of
three of the soil properties, pH, organic matter and clay content and the eight possible combinations
of high and low values for each attribute. Each soil was dosed with zinc, copper and cadmium
sulphate salts at 0, 0.5, 1, 2 and 4 times the respective UK metal regulatory limit. Biological
sensitivity was assessed using three bioluminescent bacterial biosensors and three microbial
community parameters namely microbial biomass, respiration and Biolog-community level
physiological profiles (CLPP). Re-measurement of the community parameters after 8 months was
used to give an indication of chronic effects.
The biosensors predicted the sensitivity to Zn well and showed increasing sensitivity with
lower binding strength class. They were less predictive of Cu and showed no response to Cd. The
community parameters and especially the Biolog-CLPP were more sensitive to Cu and identified
several soils in which sensitivity was greater than predicted by the chemical classification. Again,
there was little response to Cd. Biological sensitivity was not consistent between the two metals nor
the two sampling dates but an averaged biological response ranking did highlight those soils which
deviated from the predicted pattern in particular those with relatively low organic matter and clay
contents which were more sensitive than originally classified. These include agricultural soils under
arable management which would normally be favoured for organic waste recycling. The biological
classification is a modified inversion of the original, with the major modifications being made to the
weightings and thresholds of organic matter content.
The biological and original chemical classifications were applied to spatially referenced soils
data to produce regional sensitivity maps that can be used to identify the most vulnerable soils. The
biological classification has uses both at the strategic level in producing information useful in waste
management and land use planning and as a simple advisory field guide to indicate the likelihood of
damage of applying metal-containing wastes to a given soil.
Keywords: heavy metals, soil microorganisms, bioassays, biosensors, soil sensitivity, mapping
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Change of phosphoric regime in liming and
relation to manure application
TRIPOLSKAJA Liudmila
Lithuanian Institute of Agriculture Voke Branch 4002 Traku Voke, Vilnius, Lithuania
Experiments were set up at the Voke Branch of the Lithuanian Institute of Agriculture on sodpodzolic sandy loam (FAO classification Hapli-dystric combisol, CMd-ha), regularly manured by
different types of cattle manure (N6oo), manure (N6oo) and mineral fertilizers (N150P50K150) and
limed by dust limestone (1.0-3.5 rates according to hydrolytic acidity).
The objective of this study was to estimate the effect of regular manure application and liming
on phosphorus regime in the soil and on fractional composition of mineral phosphates.
Total phosphorus (P total) was determined by oxidation of the soil sample by a mixture of
concentrated H2SO4 and HCIO4. Mobile phosphorus was determined by the A - L method.
Fractional composition of phosphates was determined by the method of Chang and Jackson (1957),
modified by Askinazi, Ginzburg and Lebedeva (1963). Solubility of phosphates was determined in
hot water (1:5).
Under the influence of fertilizers the amount of total phosphorus in the soil almost doubled
(increased from 0.062% to 0.112-0.113 %). The fertilizers not only increased the amount of total
phosphorus in the soil, but also increased its availability to plants. The content of mobile
phosphorus in the soil increased to 322-495 mg P2O5 kg"' (in the control - 164 mg P2O5 kg"1 of
soil). An increase in the amount of mobile phosphorus, its best availability is indicated by an
increase in the amount of water-soluble phosphorus, determined in the solution of NH4CI. In
comparison to the unfertilized soil, under the influence of fertilizers, the amount of phosphorus
determined in NH4C1 increased by 12.2-39.4 mg P 2 0 5 kg"' of soil or from 0.9 % in the unfertilized
soil to 1.2-2.0 % from P total in fertilized soil. But more considerably increased the amount of
phosphorus carried away by hot water. In the unfertilized soil an insignificant amount about
7 mg P2O5 kg'1 of soil was determined, and in the soil applied with manure and NPK - 200-385
mg P 2 0 5 kg"1 of soil, it accounted for 7.8-17.5 % of P total.
Regular application of manure and mineral NPK changed the ratio of organic and mineral
phosphorus in the soil. In the unfertilized soil organic phosphorus accounted for about 37 % of its
total amount, in the treatment fertilized by peat and straw manure - 18.8-28.1 %, and the
application of semi-liquid manure, on the contrary, increased its content up to 43.4-44.3 %.
The effect of soil liming on phosphorus regime was weaker than that of manuring. The contents
of mineral, organic phosphate and mineral fraction of phosphates depended on the amount of
limestone and duration after application. The amount of mineral phosphate and Ca - phosphate was
higher in the intensively limed soil. The content of organic phosphate was higher in the soil, limed
10 years ago. Phosphorus fixation in the fraction, least available to plants depended on the soil
reaction (pHKci).
Keywords: soil, manure, liming, phosphorus regime
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A comparative study for the control of organic agriculture
in a region of Greece
VAVOULIDOU Evangelia. DIMIRKOU Anthoula. PAPADOPOULOS Pericles.
AVRAMIDES Elizabeth J. and ARAPAKIS Dimitris
NAGREF Soil Science Institute of Athens, S. Venizelou 1, 141 23 Lykovrissi, Greece
Increased interest in high quality agricultural products, environmental protection from
agricultural practices and proper EU regulations are persuading more farmers to apply organic
agricultural practices. Adherence to these rules is necessary for produce to be certified as organic
and control of their implementation is desirable for the protection of the consumer.
The project "Organic Agriculture" (1999-2000), financed by the Ministry of Agriculture, was
initiated with the aim of assessing the implementation of organic agricultural practices in Greece.
Within the framework of this project, soil samples were taken from different cropping systems
(olive and citrus groves and vineyards) and analyzed for some physical, chemical and biological
parameters such as pH, organic carbon content, total N, N-NO3", N-NH 4 \ earthworms abundance
etc.
A comparison between the mean values for organic practice soils and their controls (taken from
the aisles between rows rather than from beneath the tree of vine) shows an overall improvement in
the soil quality of the former, with increased organic matter, available P, exchangeable K, Ca, Mg,
Mn, total nitrogen and nitrates. Conventional practice soils are, on average, more acidic and contain
higher amounts of P and inorganic N than the organic practice soils.
It is concluded that the conversion to organic farming for olives, citrus and vines is progressing
satisfactorily in the Peloponnese region of Greece, with a gradual improvement in soil quality as
organic fertilizers are applied. The analysis of control samples and comparison of the results with
those for organic practice samples may provide an effective means of assessing conformity to
organic practice regulations. However, further data is required to examine this possibility and the
study must be extended to include year-round sampling.
Keywords: comparative, organic, conventional agriculture
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Effect of paddy-upland crop rotation with various
fertilizations on soil physical and chemical properties
WANG M.C. and YANG C.H.
Department of Soil and Environmental Sciences, National Chung Hsing University, 250 KuoKuang Road, Taichung, Taiwan 40227
The transformations of organic amendments in soil environment greatly affect the physical,
chemical, and biological properties of soils. The aim of this study was to investigate changes of
selected physical and chemical properties of soils from the field plots after 3 to 5 years of paddyupland crop rotations with various fertilizations since 1995. Other than the amendments of green
manure, compost, and peat, chemical fertilizer N in the amounts of 1/3 and 2/3 were complemented.
Spring rice (Oryza saliva L.) and autumn maize (Zea mays L.) were rotated to plant in the field.
After the harvests of rice and maize, the surface soils were collected from the four replicated plots
of each treatment. The soil samples were subjected to the measurements of pH, electrical
conductivity (EC), water content at 1/30 MPa tension, bulk density, organic C content, and
percentage of water stable aggregate. The applications of organic materials to the plots prevented
soil pH from decreasing, and increased the amounts of soluble salts. The sequence of the organic C
content of the surface soil in 1-2 and 0.5-1 mm particle size fractions was the soil amended with
peat > compost > green manure. After the harvest of maize, there was no significant difference
between the organic C content of the soil amended with green manure and the check. This is
attributed to faster decomposition rate of amended green manure during the growth of upland
maize. After the harvest of rice, the water contents of the plot soils at 1/30 MPa tension, amended
with peat and/or compost were significantly higher than that with chemical fertilizer and the check.
This is probably due to higher organic C contents of the plot soils amended with organic materials.
After the harvest of rice, the bulk density of surface soils of the field plots amended with organic
materials was significantly lower than that of the check. However, after the harvest of maize, the
differences in bulk density of the surface soils among the seven treatments of fertilization were
insignificant. This apparently results from the greater decomposition rate of organic materials in
upland cultivation. The percentages of water stable aggregate in 1-2 and 0.5-1 mm particle size
fractions of the soils, amended with peat and compost were significantly higher than that of the soils
amended with chemical fertilizer and the check. After the harvest of upland-maize, there was no
significant difference among the percentage of water stable aggregate of the plot soil amended with
green manure, chemical fertilizer and the check. This is probably because green manure is easily
decomposed in soil environment especially in upland condition. For the maintenance of better soil
physicochemical properties by organic amendments, matches of fertilizations and cultivation
strategy thus merit close attention.
Keywords: paddy-upland crop rotations, organic amendments, compost, peat, water
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Mineralization characteristic of the organic nitrogen
in effluents
ZHOU Jianbin (1,2) and SHAVIV Avi (1)
(1) Faculty of Agricultural Engineering, Technion-IIT, Haifa 32000, Israel
(2) Faculty of Resource and Environmental Sciences, Northwest Sci-Tech University of
Agriculture and Forestry, Yangling 712100, China
Irrigation with reclaimed wastewater (effluent) is one way to dispose this waste particularly in
water scarce arid and semi-arid areas. Secondary effluent used for irrigation contains considerable
amounts of N, both in inorganic and organic forms. Whereas attention was given to transformations
of inorganic N originated from effluent, little is known regarding the fate of the organic N in
effluent and soils. An obstacle in dealing separately with these two forms is a difficulty to separate
them. In this study, a method based on ion-exchangers was developed to adsorb the mineral N and
other ions from different effluents. These effluents were then incubated with soil (incubation). Two
methods, i.e. shaking a slurry of soil and effluent and soil incubation at field capacity, were used to
evaluate the mineralization rate (formation of ammonium and nitrate) of organic N originated from
secondary effluents.
The mixture (1:1) of the ion-exchangers, IRN-77 (H+) and IRN-78 (OH) was found effective in
removing mineral N and other ions from effluents of varying qualities, without significantly
affecting their content of organic N. The percentage of organic N in the investigated effluents
ranged between about 10% to 70% of total N. The treated effluents were further used to study N
transformations of the organic fraction.
In experiments in which the effluents were shaken in a slurry of a clay soil (modification of the
fast test used to evaluate potential nitrification), mineralization of the organic N began after about
2- 4 days reaching a maximum after about 9 to 12 days. This indicated that under favorable
conditions the organic N fraction could be mineralized in about one week. In soil incubation
experiments, the mineralization of the organic N from the effluent was completed in about 3-4
weeks in a sandy loam and a loess soil, while the original organic N continued to mineralize. For
Grumusol, the mineralization of the organic N from the effluent was completed in less than two
weeks, and again the original organic N continued to mineralize. Application of the different
effluents to short soil columns indicated that while most of the ammonium was adsorbed to the soil
a significant fraction of the organic N in the effluent was leached out.
The relatively high mobility and mineralization of effluent organic N implies that this fraction
affects significantly the short (days) and middle (weeks) range transformations of N in effluent
irrigated soils. This may affect N availability to plants and N losses via leaching or volatilization
(e.g., denitrification/nitrification products or ammonia).
Keywords: effluent irrigation, organic N, mineralization, ion exchange resin
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Presentation: poster

Chemical and bio-chemical characterization of coirdust
composts as influenced by pretreatment and enrichment
ANANDH.S. (1), SUSEELA Devi L. (2) and NAGARAJU H.R. (1)
(1) Railis Research Centre, Peenya Industrial Area, Phase-II, Bangalore-560 058. India
(2) Dept. of Soil Science, University of Agricultural Sciences, Q.K.V.K. Bangalore-580 065, India
Coirdust is a byproduct of the coconut industry. It is non-fibrous and constitutes as much as
70% of the coconut husk. In India about 60 metric tonnes of coirdust is being produced annually.
This is considered as a solid waste material posing the problems of disposal and environmental
pollution due to liberation of phenolic compounds and needs proper utilization. Because of its high
lignin content and slow decomposition, it has limited use in agriculture.
This lignin rich agro-industrial waste was used to synthesize high value compost with additives
like weeds, rock phosphate, micronutrients, cow dung and Pleurotus sajor-caju. The lime
pretreatment has resulted in significant reduction of lignin: nitrogen ratio, which is considered as
one of the compost maturity indexes for the materials rich in lignin content. It was found that
pretreatment of coirdust with lime resulted in faster degradation of lignin with concomitant increase
in humic fractions. Enrichment of compost with rock phosphate and zinc sulfate resulted in more
labile fractions of phosphorus (citrate soluble) and zinc (water soluble, exchangeable, chelated and
acid soluble fractions) in matured compost. Pre-treatment and enrichment with additives would not
only hasten the process of decomposition of coirdust but would also ensure large amounts of labile
fractions of nutrients in the compost. Thus increasing the quality of the compost.
Keywords: coir dust, compost, pre-treatment, enrichment, humic acid, labile fractions
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Presentation: poster

Soil organic matter decomposition and metal speciation
during microbial succession
BESPALOVA Anna, MOTUZOVA Galina and MARFENINA Olga
Moscow State M.V. Lomonosov University, Soil Science Faculty, 119899, Vorobiovy Hills,
Moscow, Russia
Metals, contaminating soil, mainly remain in upper organic horizons, which are
biogeochemical barrier to their further down migration. Metals here occur in different forms
associated with soil organic matter. Microbial degradation of soil organic matter may lead to the
change of metal speciation, their migration capacity, bioavailability and toxicity to plants. In this
work we attempted to evaluate the influence of soil microbial community on decomposition of
different forms of soil organic matter and metal speciation in soil during model microbial
succession. Soil samples were taken from the upper organic horizon of background and strongly
polluted podzol soil in the vicinities of copper-nickel smelter at the Kola Peninsula. The
differences in the rates of organic matter decomposition were found for these two soils. During the
microbial succession redistribution of metals between the forms with different availability took
place. The process was more clear in polluted soil. Microbiological decomposition of soil organic
matter here leads to release of copper, associated with it, and increase of copper content in soil
solution, availability and toxicity to the living organisms.
Keywords: soil organic matter, metal speciation
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Co-compost production from agricultural
wastes and sewage sludge
EL-HOUSSEINI M„ FAHMY Soheir S. and ALLAM E. H.
Soils Water and Environment Research Institute, ARC, Egypt
Agricultural wastes of bagasse, sugar beet (tops and green leaves) and rice straw were used in 3
mixtures with dried sewage sludge at C/N ratio of about 30:1 for compost production using turnover pile system. Temperature evolution and its variations were monitored throughout the
composting period (16weeks). Some of the physical and chemical characteristics, mineralization
rates of organic matter and transformation of nitrogen during composting stages were evaluated.
The relationship between CEC and C/N was statistically studied. Numbers of the main groups of
mesophilic and thermophilic microorganisms of bactetria, actinomycetes and fungi and some
pathogenic microorganisms were determined.
The main results exhibited slow mineralization rates during the first week of the composting
period, then rapidly increased to show maximal values at the third week for piles mix I, and mix II
and at the fourth week for pile mix III. There is a highly significant negative correlation between
the values of CEC and C/N ratios. This relationship is described as: LnCEC = 6.235 - 0.710 LnC/N.
The numbers of mesophilic and thermophilic bacteria, actinomycetes and fungi were greatly
affected by the temperature pattern curves. The pathogenic indicators and Salmonella & Shigella
were not detected after a composting period ranged between 8 and 12 weeks.
Keywords: compost and co-compost production, sewage sludge, agricultural wastes, recycling
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Soil organic matter mineralization determined by
incubation experiment
FRANCISCA Guerrero, FERNÄNDEZ-GETINO Ana-Patricia and GASCÓ José-Maria
Dpto. de Edafologia. E.T.S.I. Agrónomos Universidad Politécnica de Madrid. Ciudad Universitaria,
28040 Madrid, Spain
Evolution of forest soils is related to the environmental conditions and the nature of the
vegetation as source of soil organic matter. The aim of this research was to study the mineralization
of soil organic matter from two forest soils, a pine (Pinus pinea) soil with cryic-udic pedoclimate
and a holm oak (Quercus ilex sp. Rotundifolia) soil with mesic-xeric pedoclimate. This study was
carried out by an incubation experiment at controlled temperature and soil moisture. Soil samples
were taken from the A„ epipedon of both the pine and the holm oak soils, placed in the mountain
area of Guadarrama, in Madrid (Spain). Dried soil samples (<2 mm) by quadruplicate were
analysed using an incubation device at controlled conditions of temperature (28±2°C) and moisture
(-2/3 field capacity). The evolving CO2 was titrated with IM HCl. Total organic carbon (TOC)
was measured by dry combustion at 540"C and nitrogen (N) by Kjeldahl digestion. Humic acid
fraction (HA) was separated from the THS extracted with a mixture of IM Na4P:Os and 0.1M
NaOH, by acidification with H2SO4. C content of THS and HA, and total oxidable C were
determined by the Walkley-Black method. The mineralization in the holm oak soil was higher than
in the pine soil, which is related to the C/N and pH Ol-A'pH BwC ratios. Although both soils were
clasiffied Dystro, the behaviour of these soils with depth was very different, what it was related to
the soil organic matter evolution. The regression coefficient of the linear relation logio (C)-t was
r=0.99 for the holm oak soil and r=0.98 for the pine soil (CL=99%), so the cumulative
mineralization adjusted to the power model: C = k * tm, where C is the total C-CO2 evolved per 100
g of sample, t is the time in days, and k and m arc constants which depend on the environmental
conditions and the nature of the organic matter. In both soils, at the end of the incubation
experiment during two months we found that when N content increases, TOC content decreases, so
the C/N ratio went down with the incubation experiment. Results showed a larger C/N ratio in the
case of the pine soil (34.03) than in the holm oak soil (20.84), both influenced by the initial C/N
ratio, (42.36) and (25.04) respectively. Color-value at the end of the incubation was lower than at
the begining, according to the humification index (CFWCOX).
Keywords: soil organic matter mineralization, incubation experiment
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Maize uptake of heavy metals from chemical and
organic fertilisers applied to an Andisol and an Ultisol
HYLANDER Lars (1) and SOUTA Ikuo (2)
(1) Evolutionary Biology Centre, Uppsala University. Norbyvägen 20, S-752 36 Uppsala, Sweden
(2) Kanagawa Environmental Research Center, Hiratsuka-shi, Kanagawa-ken 254-0072, Japan
High contents of the toxic metals cadmium (Cd) and lead (Pb) in sludge cause that sludge often
cannot be used as fertiliser, but ends up on landfill sites. This results in that phosphorus (P) and
other valuable nutrients are removed from agriculture and have to be replaced by chemical
fertilisers, which in most countries do not have any limit for Cd content. This results in soil
contamination and subsequent health risks through the food chain or via polluted water. Plants take
up Cd and Pb from organic as well as chemical fertilisers. In addition to the chemical form of the
heavy metals, the uptake efficiency also depends on soil characteristics such as pH, cation exchange
capacity, clay and organic matter contents, and soil moisture. In this study we present results from
plant uptake of Cd and Pb from two different soils amended with sludge and chemicals. The aim
was to verify any difference in plant uptake of Cd and Pb by maize, which could be related to the
sort of fertiliser, soil type or organic matter content. It is to be evaluated whether the restrictive
attitude towards using sewage sludge but not towards chemical fertilisers containing heavy metals is
motivated. Maize was grown in pots filled with an allophanic Andisol or an Ultisol, fertilised with
different sewage sludges or with chemical fertilisers with or without peat amendment. Eight week
old shoots and roots were harvested, washed, dried, milled, digested, and analysed for contents of
Cd and Pb.
Results indicate sharply increased Cd content in plants grown in both soils amended with
sludge rich in Cd or Cd applied as a chemical. This indicates the need for regulations of permitted
Cd content in chemical P fertilisers, which is an important Cd source to agricultural soils in
industrialised countries. A relatively high Cd content of Japanese agricultural soils leads to a high
Cd content in Japanese rice and subsequently also in Japanese night soil. Plant uptake of Pb was
less clear than of Cd, partly because Pb showed a smaller relative difference between Pb
concentrations in sludge and soil compared to Pb in night soil. The low Pb concentration in night
soil from Ooiso indicates that there are possibilities to obtain sludge with a low Pb concentration.
This reduces the risk of leakage of Pb into the environment, which will be a risk if either the sludge
is used as a fertiliser or dumped on landfill sites as sludge or as ash after burning it.
Keywords: cadmium, chemical fertiliser, lead, nightsoil, plant uptake
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Influence of composted manure and salinity
on growth and nutrient content of maize tissue
IRSHAD M., YAMAMOTO S., ENEJI A.E. and HONNA T.
Laboratory of Soil Science, Faculty of Agriculture, Tottori University, Tottori City, Japan 680-8553
Manure has been commonly applied as a source of plant nutrients and its effect on the growth
and nutrient uptake of crops differs according to the nature of crop, type and condition of soil and
source of manure added. In a geenhouse, we carried out an experiment to determine the growth and
nutrient content of maize under salt-stress following composted manure application. Four levels of
manure were applied at the rate of 0, 100, 200, 400 kg N ha'1 denoted as M0, Ml, M2 and M3,
respectively to a soil with four salinity levels: control, low, moderate and high salinity. A total of 16
treatments were factorially combined using randomized complete block (RCB) design with three
replications. A basal dose of N-P2O5-K2O was also applied. Maize was grown as a test crop for six
weeks. Data were collected for plant height, shoot and root biomass and shoot samples were
analyzed for N, P, K, Ca, Mg and Na content. The electrical conductivity (ECe) and pH of the soil
after harvest were also measured. Salinity and manure significantly affected plant growth and
nutrient content of shoot. Plant height, dry weight of shoot and root decreased significantly with
increasing level of salinity. Composted manure enhanced the growth and dry matter yield under
control soil but not under saline conditions. High concentrations of N, P, K, and Ca in plant tissue
occurred with increasing manure amendment whereas Mg and Na were less affected. Nitrogen, Ca,
Mg and Na in the shoot of the crop increased with increasing salinity irrespective of manure level.
The trend observed for K. was inconsistent, increasing significantly with moderate salinity and
decreasing with high salinity. Phosphorus content was interfered with the level of salinity. Increases
in ECe and pH of the soil after harvest indicate that higher rates of manure can exacerbate the
severity of salinity in the soil. The poor perfomance of crop could be attributed to the increased
level of salt stress in the rhizosphere created by the interaction of salinity and manure. The use of
manure in saline soils needs more caution. However, under normal soil condition, better crop
growth production can be achieved with appropriate levels of composted manure.
Keywords: composted manure, maize growth, nutrient content, saline soil
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Effect of sawdust treatment at diesel oil contaminated soil
LEE Jong-Sik. KIM Jin-Ho, YUN Sun-Gang and KIM Won-Il
National Institute of Agricultural Science & Technology, RDA, Suwon 441-707, Rep. of Korea
As the amounts of petroleum hydrocarbon usage increased, the soil contamination with diesel
oil has been one of the environmental problems in agriculture. To find out the countermeasure to
plant damage at soil contaminated with diesel oil, several adsorbents such as muck, peat, sawdust
and PEAT S, that is commercial products for adsorbing oil, were treated at diesel oil contaminated
paddy soil. As the results, sawdust and PEAT S showed better effect for diesel oil removal from
the contaminated soil than muck and peat. Removal rate of diesel oil was higher than 95% with
sawdust treatment of which amount to the oil was higher than 1:2 (w/v). This efficiency was
similar with those of PEAT S treatment. However, this rate was lower than 50% with treatment
ratio of l:5(w/v). The released amount of oil from adsorbent-oil complex was very small at
treatment of sawdust or PEAT S with adsorbent treatment ratio higher than 1:1. With the diesel oil
treatment of 4,000 L ha"1 at tillering stage, rice plant height was decreased without any adsorbent
treatment. However, it was increased with sawdust treatment. Chlorophyll content of rice plant
leaves was decreased with increase of the amount of diesel oil. With sawdust treatment of 400 kg
ha" , its content was higher than control up to oil treatment of 4,000 L ha'1. Use of sawdust as oil
adsorbents will be useful to amend the diesel oil contaminated paddy soil economically.
Keywords: diesel contamination, peat, muck, sawdust, soil remediation
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Impact evaluation among factors affecting ammonia emission
from surface applied cattle slurry
MATSUNAKA Teruo and SENTOKU Asuka
Faculty of Dairy Science, Rakuno Gakuen University, Bunkyoudai-Midorimachi, Ebetsu, Hokkaido
069-8501,Japan
Pots experiments, where orchardgrass (Dactylis glomerata, L.) was grown, were carried out to
clarify effects of several factors, such as application rate, dry matter content (DMC) and pH of the
slurry itself, soil water condition and mean air temperature during the experiment, on ammonia
(NH3) emission from surface applied cattle slurry. Moreover, from results of the experiments we
attempted to elucidate what is the principal factor responsible for the emission.
We measured the NH3 emitted from the slurry with time for 120 hours. Loss of NH3 is the
percentage of the cumulative amount of NH3-N emitted for 120 hours to the ammonium nitrogen
(NH4-N) applied form the slurry.
Effect of the DMC of the slurry on the loss of NH 3 was examined at 3 levels (41, 62 and 124 g
k g ' ) under the same NH4-N application of 20 g m'2 from the slurry. The loss of NH3 increased with
the DMC and the maximum loss is 41%. It was 1.3 times greater than that of the minimum. The
effects of soil water condition and pH of the slurry itself were also studied at 3 levels. In these
experiments, the loss of NH3 increased with wetter soil condition and higher pH. When the
application rate of the slurry was 6 kg m~2 that was a recommended rate, the loss of NH3 varied
slightly from 23% at dry soil condition (matric potential: -310 kPa) to 27% at wet (-3 kPa), and
from 27% at pH 6.6 to 32% at pH 7.1. Even in the heavy application rate (12 kg m"2), the range of
loss of NH3 was from 33% at dry condition to 42% at wet, and from 30% at low pH to 4 1 % at high
pH. In the experiment for mean air temperature, however, the loss of NH3 under the recommended
application rate of slurry was 45% at 20°C and it was 1.5 times greater than that at 10°C. In the
heavy application rate, the loss at 20°C was 55% and it was 1.7 times greater than that at 10°C.
From the results, it appeared that mean air temperature during the experiment affected more
considerably the loss of NH3 compared with the other factors studied in our experiments. Impact
evaluation among the factors by multiple regression analysis showed the major factor responsible
for the loss of NH3 was not only the application rate of NH4-N but also the mean air temperature.
The mean air temperature is therefore principal factor responsible for the loss of NH3 from the
slurry, although it is very natural that the most effective factor on the loss is the application rate of
NH4-N from the slurry because it is a source of NH3 emission.
Keywords: air temperature, ammonia emission, application rate, cattle slurry, grassland,
orchardgrass
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Recycling of urban and rural wastes of Egypt to be used
as organic fertilizers and for environment protection
MORSY Mahmoud A.
Soil Sei. Dept., Faculty of Agriculture, Minia University, El-Minia, Egypt
This study was carried out in the Soil Science Department, Faculty of Agriculture, Minia
University, Egypt. The experiment was conducted using sandy calcareous soil treated with three
application rates (10, 15, 20 t fed' *) of town refuse compost (urban wastes) and plant residues
compost (rural wastes) compared with the applicable rate (15 t fed') of the traditional cattle
manure. Corn was used in this experiment as a test crop. Treating sandy calcareous soil with the
tested organic materials increased plant height, dry matter production, water use efficiency, uptake
of N, P and K by corn plants, compared with the control. Application of the tested materials to
sandy calcareous soil increased CEC, OM content, total nitrogen, available phosphorus and
potassium, water holding capacity and available water. compared with the untreated soil (control).
However it decreased hydraulic conductivity of the treated soil, compared with control. The
improvement of the above mentioned parameters was proportional to the increase in the application
rate of the tested materials up to 15 t fed"1.
Comparing the effect of the three tested materials at 15 t fed"' on improving most of soil
properties, plant growth and nutrients uptake by corn plants, they could be arranged in the following
descending order : plant residues compost > cattle manure > town refuse compost. Recycling of
urban and rural wastes for agricultural uses as compost is one of the alternative organic fertilizers in
Egypt.
Using the recycled wastes will increase the sources of the organic fertilizers, needed for the
newly reclaimed sandy soils in Egypt and decrease the environmental pollution due to the reduction
in using chemical fertilizers. Using recycled wastes at the rate of 15 t fed"1 improves soil physical
and chemical properties as well as water use efficiency and crop performance in coarse textured
soils of Egypt. Further studies on field level including the economic aspects are required.
* Fed = Feddan (Egyptian unit) = 4,200 m2
Keywords: recycling, urban, rural, wastes, organic, environment
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Transformation of earthworm composted by aquatic weed
PINTO Maria Romero
Fundación Universidad de Bogota Jorge Tadeo Lozano, Centro de Investigacionesy Estudios
medioambientales, Bogota, Colombia
This study determined the chemical characteristics of lombricomposts produced by Eisenia
fetida through the use of single or mixed organic waste (aquatic fern, AzollafllicuUcoidesLam. and
cattle manure) as a feeding manure. Six bed (2 m x 1 m x 0.40 mt) were arranged, and soil
layering was then placed on which 10 kg of aforementioned species were distributed. Control of
the chemical characteristics evolution was based on the application of three treatments, of two
replications each. Results were fully randomized. Data indicated that Eisenia fetida shows a great
tolerance to soil pH variations, ranging from 6.1 (combined diet) up to 6.9 (manure). Cation
exchange capacity, total bases, phosphorous contents as well as nitrogen percentage increased in all
lombricomposts. The relationship CAH/CAF, humification ratio, humification index and the
percentage of humics acids were adequate parameters to estimate the humification degree of
lombricomposts.
Keywords: earthworm, Eisenia fetida, vemicompost, organic matter, organic waste
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11 umic substances as potential antimutagenic agents
in root tip cells of horticultural plants
FERRARA Giuseppe, LOFFREDO Elisabetta and SENESI Nicola
Dipartimento di Biologia e Chimica Agroforestale ed Ambientale, Universita di Bari, Via
Amendola 165/A, 70126 Ban, Italy
The action of humic substances (HS) as potential antimutagenic agents in living organisms,
especially plants and bacteria, has been investigated only in the last years. In general, antimutagenic
agents are able to prevent damages and alterations of DNA produced by various mutagenic agents,
and they can act either inside or outside the cell on dependence on their nature and properties. In
this study, three humic acids (HAs) isolated from a mollisol soil (SHA), the Summit Hill soil
(SHHA), and a peat (PHA), and two fulvic acids (FAs) isolated from a peat (PFA), and a mollisol
soil (SFA), belonging to the Standard and Reference Collection of HAs and FAs of the International
Humic Substances Society (IHSS) were tested either alone or in the presence of the mutagens
maleic hydrazide (MH) or colchicine (COL), on germinating seeds of Viciafaba and Allium cepa.
Root tips were collected after seed germination and prepared adequately for the observation at the
microscope. The antimutagenic activity was evaluated through the decrease of micronuclei (MN)
and aberrant anatelophases (AAT) frequencies in the case of MH; and through the reduction of
polyploid cells (PC) in the case of COL. All the experiments were triplicated and statistically
analyzed. All HS samples examined did not show mutagenic activity in both plant species when
used alone. The reduction of each genetic aberration (MN, AAT and PC) was evident in all the
combinations of HS samples and the mutagen MH or COL. A clear difference in the antimutagenic
effects of HS was observed for the two mutagens. The reduction of mutagenic events was much
more evident in the case of MH with respect to COL. In V.faba PHA and PFA appeared to be more
efficient as antimutagenic agents with respect to SHA. A reduction of 75% and 69% of MN was
observed, respectively, for PHA and PFA at 20 mg L , whereas the decrease of AAT was of 68%
and 71% for PHA and PFA, respectively. In A. cepa only PFA and PHA at low concentration (50
mg L~') significantly reduced the PC, whereas the other HS did not exert a statistical significant
antimutagenic activity, although a slight decrease of the mitotic anomalies was induced. No
difference of antimutagenic behavior was generally observed between PHA and PFA. The genetic
action of HS appeared more effective at a low concentration in both species and with the two
mutagens. The various HS examined showed a different antimutagenic activity on dependence on
their origin and the effect was more effective towards MH than COL.
Keywords: humic acids, fulvic acids, antimutagenic action, Viciafaba, Allium cepa
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Evaluation of atmosphere C0 2 enrichment from
Italian agricultural soils: first results
SEQUI Paolo. BENEDETTI Anna and POMPILI Letizia
Istituto Sperimentale per la Nutrizione delle Piante - via della Navicella, 2-4, 00184 Rome, Italy
One of the main factor regulating biosphere's temperature is CO2. Global CO2 emission was
not considered as responsible of increasing the greenhouse effect until 1997, when the Kyoto
agreement was achieved. According to "Kyoto Protocol" and "Climate Change Joint Convention",
Italy adopted "Guide Lines" to realise political and national measures to decrease greenhouse gas
emissions. On the bases of these initiatives, Italian Agricultural and Forest Politicies Ministry
(MiPAF) recently approved the Finalised Project "Climagri - Climate Change and Agriculture ".
The aim was to establish the active role of different agricultural management on global climate
change.
During the first year of activity, the "Istituto Sperimentale per la Nutrizione delle Piante" dealt
in collecting atmosphere CO2 emission data from different management agricultural italian soils.
In general opinion agricultural activities exercise an erosive action on soil so much remarkable
to contribute to atmospheric CO2 content increase. As matter of fact, actually, we are not able to
define the amount of carbon fluxes through soil: nowadays in Italy, systematic and organised
database to confirm this supposition does not exist.
In present work, differently managed agricultural soils were investigated. Deep and superficial
tilled soils, intensive organic fertilized and amended soils, conventionally managed soils and so on
were considered. Each sample was classified by an informative card reporting soil pedology,
management, cultivation, locality and depths in which sampling was carried out.
In the paper, more than 150 respirometric curves, (corresponding of different areas in North,
Centre and South Italy), measured during 14 days of analyses, were reported. Curves were obtained
by Isermayer method (1952). Results allowed to point out microbial respiration activity in different
vocation soils, as daily CO2 values emission - at 1st and 14th day - and cumulative CO2 emission in
14 day. Each soil was also characterised by physical (pH, WHO pF 2,5) and chemical (total organic
carbon and nitrogen) parameters, in order to improve information about soil organic matter turnover
and organic carbon mineralization processes. A statistical descriptive indicator set (average values
and standard deviation) was calculated, supported by empirical correlation measures between
organic matter, basal respiration and cumulative CO2 emission values. At last, field measures,
obtained from laboratory's experimental values elaboration, were calculated by introducing climatic
parameters in an opportune equation.
Keywords: Kyoto protocol, carbon dioxide, global change, organic fertilizers
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The application of precautionary principle to soil
environmental and sanitary issues
TITTARELLI Fabio
Istituto Sperimentale per la Nutrizione delle Piante, Rome, Italy
The most widely accepted definition of the precautionary principle (pp) is Principle 15 of the
June 1992 Declaration of the Rio Conference on Environment and Development which states that:
"In order to protect the environment, the precautionary approach shall be widely applied by States
according to their capabilities. Where there are threats of serious or irreversible damage, lack of full
scientific certainty shall not be used as a reason for postponing cost-effective measures to prevent
environmental degradation". Since then, the precautionary principle has been integrated into
numerous international conventions and agreements including the Maastricht Treaty on the
European Union and the Global Climate Change Convention. At the same time, the issue of when
and how to use the precautionary principle has given rise to much debate, because of the perception
that sometimes a simplified approach to pp, which can be synthesised in the sentence "if in doubt,
restrict it", could have increasingly found favour among decision-makers. The risk of
misinterpretation of the precautionary principle to justify the adoption of arbitrary decisions and the
use of non-scientific issues to overrule scientific evidence have driven long discussions on this
subject worldwide and alarmed the scientific community. The Commission of the European
Communities has recently (02/02/2000) presented a Communication on the precautionary principle
whose main aim is to establish a common understanding of the factors leading to the recourse to the
precautionary principle and its place in decision-making. Moreover the Communication gives its
contribution in establishing guidelines for the application of the precautionary principle on the basis
of logic and coherent principles. Indeed, the precautionary principle is subjected itself to the
application of general principles like proportionality, non-discrimination, consistency etc., the
relative weights of which contribute to determine the final risk reduction measure adopted.
Soil is a natural compartment playing a key role in any of the main environmental and sanitary
issues which have recently frightened public opinion. Lack of data and their inconclusive or
imprecise nature, make it impossible to determine with sufficient certainty the risk associated with
these issues, creating the presupposition to the recourse to the precautionary principle. The
objective of this paper is to present the state of art in the definition of guidelines for applying the
precautionary principle and to underline the role soil scientists could play in its application to soil
related environmental and sanitary issues. Indeed, soil scientists could be determinant in the fair
application of the precautionary principle to any political decision regarding land use and soil
management, because only they have the necessary competence to help regulators in evaluating and
defining the consistency and proportionality of risk reduction measures adopted in the examination
of scientific developments.
Keywords: precautionary principle, soil environmental issue, soil sanitary issue
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Soil microflora! and faunal populations in
an organic agroecosystem in Oregon, USA
WUShanmei(l), INGHAM Elaine. R. (2) and HU Dunxiao (3)
(1) Nanjing Agricultural University, China
(2) Oregon State University, USA
(3) China Agricultural University, China
Soil microbial and fauna populations in paired organic and conventional green pepper
vegetable farms, both on the same Mollisols soil (Woodburn soil series) in Corvallis, Oregon, were
assessed.
Thirteen years following conversion to organic from conventional farming practices, densities
of bacteria, protozoa, nematodes, and arthropods in the 0 to 10 cm depth of soil were higher in the
organic than in the conventionally managed soil. Soil fungal biomass was higher in the
conventional agroecosystem. Microbivorous and predatory of nematodes and the plant parasitic
nematode Xiphinema sp. were higher in the organic agroecosystem throughout the year, except in
May. Greater numbers of Rhabditida, such as Rhabditis sp. were present in the organic
agroecosystem while Panagrolaimus spp. were higher than Rhabdilitis sp. in the conventional
agroecosystem.
Collembola were greater in number in the organic than the conventional system, while
individuals of the Family Eupodidae (mites) were equally numerous in both systems. Omnivores
and predators in the Mesostigmata, such as Digamasellidae and Laelapid, and Prostigmata, such as
Alicorhaiidae and Rhagidiidae, were more abundant in the organic agroecosystem. Fungivorous
Prostigmata such as Terpnacaridae and Nanorchestidae and Astigmata such as Acarida were higher
in the conventional ecosystem. These results support the fact that fungal biomass was greater in the
conventional agroecosystem.
There was a seasonal decrease in the numbers of the populations because of a marked decrease
in soil moisture. Higher diversities and numbers of soil biota survived in favorable, extremely hot
and dry conditions in organic soil ecosystem.
Keywords: organic agroecosystem, soil microbial population, soil faunal population, protozoa,
soil nematodes, mites
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Isotopic studies on the diffusivity of zinc in
some soils of Bangladesh
AHMED Sultana and RAHMAN S.M.
Bangladesh Institute of Nuclear Agriculture P.O. Box 4, Mymensingh 2200, Bangladesh
Diffusion is considered as one of the principal mechanisms through which movement of Zn
occurs from soil to plant roots. Thus a laboratory experiment was conducted using Zn-65 to study
the ionic diffusion rates (diffusion coefficient) as affected by 6 different Zn treatments on three soils
of variable pH, representing different agroecological zones. It was observed that the magnitude of
Zn diffusion in different soils ranged between 1.6x10"" and 6.0xl0"9. The values of Zn diffusivity
increased up to application of 10 kg Zn ha"' and decreased with further higher rates of Zn
application, in general.
The diffusion coefficient of Zn was considerably high in the acid soil of Srimongol to maintain
an optimum level of diffusive flux of Zn to plants root as compared to the other two soils under
study.
The capacity factor (B-value) of the three soils varied from 54.0 to 340.0 and decreased with
increasing rates of Zn application. The higher B-values as recorded in Paba (calcareous gray
floodplain) and Thakurgaon (black terai) soils indicated that Zn concentration was lower in the soil
solution. Probably, those soils were not well buffered with respect to Zn.
Keywords: diffusion coefficient, capacity factor, labile zinc, buffer power

1761

Symposium no. 59

Paper no. 91

Presentation: poster

Effect of tree prunings on soil fertility and crop yield
in alley cropping system
ALI M.l. and HAQUE M.A.
Bangladesh Institute of Nuclear Agriculture P.O. Box 4, Mymensingh, Bangladesh
Declining potential soil fertility as a result of decreasing soil organic matter, and an increased
awareness that more sustainable production practices are needed have renewed interest in providing
nutrients for crops through agroforestry practices. The study was undertaken to find out the impact
of incorporation of green prunings from Samanea saman and Dalbergia sissoo in alley cropping
system on soil fertility, yield of rice and subsequently the residual effect of prunings on wheat. The
trees were selected mainly on the basis of high biomass production and nitrogen fixation. Six field
experiments in three cycles of rice-wheat grown on the alleys were conducted during 1997-98 to
1999-2000 on a silt loam soil of Bangladesh. At each cycle, rice (Oiyza saliva) was fertilized with
100 kg N ha"1 from l5N ammonium sulphate or 80 kg N ha" provided through prunings either from
D. sissoo or S. saman plus 20 kg N ha"1 from 15N ammonium sulphate. Basal applications of P, K
and S at recommended rate, were also made. Grain and straw yields and yield components were
measured for the rice crop and the fraction of i5N accumulated by the crop was determined. Wheat
(Triticum aestivum) was then grown during the rabi season with additional non-labelled N fertilizer
to determine the residual effect of ' N fertilizer and legume clippings. Average grain yield of rice
were increased by 23.8 and 32.1% through incorporation of prunings from D. sissoo and S. saman,
respectively compared to the treatment receiving no tree prunings. Percent ' N atom excess (a.e.)
and percent nitrogen derived from fertilizer (%Ndff) were higher in treatment receiving 100%
chemical fertilizer compared to those with tree prunings. Nitrogen contribution of tree prunings to
rice yield was 51.3% in D. sissoo and 54.1% in S. saman. The positive effects of prunings were also
observed in P and K uptake by rice grain and straw. Residual effect of added prunings on the
average grain yield of succeeding wheat crop was also noticed for both D. sissoo prunings (11.7%)
and S. saman prunings (11.3%). In wheat crop percent l5N a.e. and %Ndff were higher in 100%
chemical fertilizer treatment compared to the residues of those with tree prunings. Nitrogen
availability from the residues of tree prunings for wheat crop was 17.72 to 22.54%. Phosphorus and
potassium uptake in wheat were also more in previously tree prunings treated plots compared to the
untreated ones. Improvement of soil fertility was observed due to application of tree prunings. Total
N, available P, available K and organic C were increased, resulting in good soil health conditions
due to pruning treatments, while soil fertility remained unchanged or slightly depleted in treatment
where full dose of only inorganic fertilizer was used.
Keywords: agroforestry practices, nutrient uptake, l5N, soil fertility, yield
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Role of legumes in the N economy of cereal production in crop
rotations under conventional and no-tillage
ZOTARELLI Lincoln (1), TORRES Eleno (2), BODDEY Robert M. (3), URQUIAGA
Segundo (3) and ALVES Bruno J.R. (3)
(1) Departamento de Solos, Universidade Federal Rural do Rio de Janeiro, Seropdica, 23890-000,
RJ, Brazil
(2) Embrapa Soja, P.O. Box 569, Londrina 99001-970, PR, Brazil
(3) Embrapa Agrobiologia, P.O. Box 74.505, 23851-970, Seropdica, RJ, Brazil
In this study the effect of N fertiliser and BNF contributions to the soil N balance was
investigated for a crop rotation (soybean/wheat-soybean/lupins-maize/oats) proposed for grain
production areas in Southern Brazil. The crop rotation was evaluated in plots under conventional
and no-tillage arranged in a randomised block design with 4 replicates. This experiment began in
1997 in a thermic Typic Haplorthox that was previously under no-tillage for 3 years. The 3-year
rotation was established in three separate treatments starting at the three different years. The N
balance on these rotations under the two different tillage systems was based on the quantities of N
fertiliser added (80 kg N ha"1 for the maize and 40 kg N' ha" for the wheat), the N removed in
products (soybean, maize and wheat grain) and the contribution of biological nitrogen fixation
(BNF) to the soybean and lupins using the ' N natural abundance technique and the sap
ureide/nitrate index evaluated in stem extracts. Fertiliser N use efficiency was evaluated in wheat
and maize using l5N-enriched fertiliser. The tillage system made no significant difference to the
total grain yield of soybean and wheat, except that there was a higher yield of maize when it
followed lupins in the no-tillage treatment. It was found that under no-tillage, N fertiliser-useefficiency was higher, suggesting that conventional tillage stimulated mineralisation of soil organic
matter (SOM) resulting in excess in N supply to the crops at times when N fertiliser was added. The
contributions of BNF to the soybean and lupins were significantly lower under conventional tillage
and this was again attributed to the stimulation of mineralisation of SOM by the tillage operation
which liberated nitrate and inhibited nodulation and delayed the onset of BNF. The lupins in the
system were shown to contribute approximately 200 kg N ha"' from BNF to either crop tillage
system and there was a very significant benefit of this N to the subsequent maize crop under notillage such that in the 2000/2001 harvest maize yields averaged 8.0 Mg ha"' with no N addition.
When maize followed oats, even when fertilised with 80 kg N ha"1 yields were 1.4 Mg ha"1 lower.
Overall, the N balance was more positive for crops under no-tillage.
Keywords: N balance, fertiliser N use efficiency, green manure, biological nitrogen fixation
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The influence of quality parameters on plant N uptake
from organic residues
HOOD Rebecca (1), ATIE Willis (2), HARTI Sri (3), SYAMBUSUL Rizal (3), MATIJEVIC
Mirta (1) and HEILING Mare (1)
(1) Soil Science Unit, FAO/IAEA Agriculture and Biotechnology Laboratory, Austria
(2) Kenya Forestry Research Institute, P.O. Box 20412, Nairobi, Kenya
(3) Centre for Isotopes and Radiation, Pamulang Permai II, JI Benda Barat 15, Blok B-13 No. 21,
Jakatra 12070, Indonesia
At a time when there is increasing concern about the decline in organic matter content in the
tropical soils, the use of multipurpose tree prunings applied to the soil may play a dual role as a
fertiliser and as a source of organic matter. Experiments were conducted in the FAO/IAEAAgriculture and Biotechnology Laboratories, Seibersdorf, Austria, using Krumbach sandy loam to
test the influence of plant litter quality parameters on plant N uptake from decomposing leaves of
economically important trees and green manure speceies. The direct approach of isotope dilution
method was used in these experiments. In the first experiment the leaves were labelled with 15N by
tree injection, the labelled material was collected and incorporated at a rate of 100 mg N kg"1 soil
and sown with ryegrass (Lolium perenne L.). Ryegrass was harvested at 67 days and nitrogen
derived from the residues (Ndfr) was determined by the direct l5 N method. In a second experiment
N labelled residues of Casuarina, Leucaena, Albizia, Medicago, Gliricidia and Eucalyptus were
added at a rate of 100 mg N kg"1 soil, ryegrass was grown for 87 days and Ndfr was estimated using
the direct l5N method. In the third experiment two months old leaves and twigs from 1.5 year old
trees which had been continually fertilised with 15N labelled nutrient solution (low concentrations)
were used as dry and fresh materials. Ryegrass (Lolium perenne) was planted in soils amended with
tree litter already labelled with '5N isotope. The litter from Acacia auriculiformis, Albizia lebbeck,
Gliricidia sepium and Eucalyptus grandis were applied at a rate of 100 mg N kg"' soil as fresh and
dry residues. Differences between the two treatments in dry matter yield, total N, and N derived
from residue (Ndfr) per pot in the ryegrass were insignificant. But there were significant differences
when considering the different tree species. Relationships between residue quality characteristics
(lignin, acid detergent fibre -ADF, cellulose and total extractable phenol (TEP) concentrations and
the nitrogen derived from residue were determined. TEP concentrations were highly correlated with
nitrogen in the ryegrass derived from residues. The correlations with other quality characteristics
were not as strong. TEP concentration was the best predictor of plant N release in this experiment.
It should also be noted that determination of TEP concentration is a straightforward procedure
which could be developed as a simple method for field use by extension workers. Results from this
experiment suggests that drying procedure had little or no effect on the dynamics of N release and
that the relatively small analytical differences in TEP concentration may not necessarily lead to
differences in N release in the soil, or that drying at 70°C overnight does not affect TEP
concentrations significantly under well-watered glasshouse conditions there is little difference in the
mineralisation rates of residues whether added dry or fresh. The dry residues used in this
experiment were dried at 70°C and not stored for long before use. Results from the Eucalyptus
treatments suggested that there was a lag period, but whether this was due to due to the breakdown
of polyphenols or the establishment of more desirable C:N ratio is unclear. The Acacia treatments
showed the lowest N release suggesting that other allelopathic compounds may have been released
during breakdown as it did not have a particularly high TEP concentration or C:N ratio.
Keywords: polyphenols, soil, l5 N, tree residues, mineralisation
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Use of vetiver grass (Vetiveria zizanioides) for soil conservation
BABALOLA Ola Olu. JIMBA Samuel Chabane and MADUAKOLAM Onyema
Department of Agronomy, University of Ibadan, Ibadan, Nigeria
Soil erosion persists on agricultural lands in Nigeria. To curb erosive land degradation requires
soil conservation measures that are cheap, replicable and sustainable. The use of vetiver grass has
offered such prospects in a wide range of climatic environments (World Bank, 1990). Though the
grass grows in Nigeria, its potential for soil and moisture conservation has not been realized
(Randev, 1995), let alone quantified.
A study was conducted on the Teaching and Research Farm of the University of Ibadan, Ibadan
(7°24rN, 3°54'E), for two consecutive seasons to assess (i) the effectiveness of vetiver grass as an
erosion control measure; (ii) the effect of the grass on soil moisture content; and (iii) its effect on
crop yield. Vetiver strips were established on 3% slopes at a surface interval of 20 m on erosion
plots measuring 42 m x 3 m each. Plots with and without vetiver strips constituted the treatment and
control, respectively. Each was replicated thrice and laid out in a randomised complete block design
(RCBD). Erosion pins were installed at 5 m, 10 m, 15 m, 30 m, 35 m and 42 m away from the
upslope end of the plots. Calibrated rods were installed lm to each vetiver strip. Access pipes were
installed to a depth of 1 m at 10 m from the upslope end of the plots and lm behind the first vetiver
strip to enable soil moisture measurements using a neutron probe at those points. The plots were
sown to cowpea in the second season. Soil wash was measured through the depth of exposure of the
erosion pins while accretion (soil accumulation) was measured using calibrated rods as the height of
the exposed portion of the rod at installation less the height at measurement. Soil moisture
measurements were carried out weekly at 10, 20, 30,40, 50, 60 and 80 cm depths.
Vetiver strips reduced soil wash by 20.3%; increased cowpea seed and stover yields by 11.1%
and 20.6%, respectively and increased soil moisture content by a range of 1.9% to 50.1% at various
soil depths. Accretion was 9.4 cm and 0.17 cm at the first and second vetiver strips, respectively.
Keywords: vetiver grass, soil erosion, soil moisture, crop yield
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Evaluation of the appropriate different reference crops
to quantify N2 fixation in soybean (Glycine max L.)
using the ,5N isotopic method
BIERANVAND N. Piervali (1), RAST1N N. Saleh (2), AFARIDEH H. (1), SAGHEB N. (1)
andMAJEDF.(l)
(1) Nuclear Center for Agriculture & Medicine, Atomic Energy Organization of Iran, Karaj, Iran
(2) Department of soil science, College of Agriculture, Tehran University, Karaj, Iran
There are several methods available to assess the amount of biological nitrogen fixation (BNF),
among them both the N isotopic method and the nitrogen difference method can estimate BNF.
These methods require an appropriate non-N-fixing reference plant which must obtain all its N from
the same soil pools as the N-fixing plant, without any nitrogen derived from atmosphere.
The present experiment was conducted to evaluate the suitability of various reference plants for
determination of BNF in three soybean varieties, which are most cultivated in Iran. For this purpose
a factorial experiment was carried out under greenhouse conditions using pots containing a loamy
clay soil with a low level of nitrogen (530 and 12.5 mg kg"1 for total-N and mineral-N. respectively)
and no indigenous rhizobia. Seeds were pre-germinated in sterile conditions and. at the time of
plantation, each seedling was inoculated with one mL of Bradyrhizobium japonicum inoculum
grown in Yeast extract Manitol Broth containing about lO^cells mL"'. Soybean cultivars were
Clark-63, Williams and Pershing. The reference crops were two wheat cultivars (Omid and Tabas),
one local cultivar (Valfajer) of barley, an non-inoculated soybean and a non-nodulating isoline of
soybean Chippewa. Each treatment was replicated 4 times. For quantifying BNF using the A-value
approach, two solutions of ' 5 N enriched ammonium sulfate (9.616% and 2.086% ' 5 N atom excess)
were applied in amounts equivalent to 20 and 100 kg N ha"' at plant developmental stage V2
(vegetative 2) to fixing and plant developmental stages V2, R2 (reproductive 2) and R5 to reference
pots. Four months after planting (stage R6) the plants were harvested, oven dried (70°C) and ground
to a fine powder. Total N and N were determined using semi Kjeldhal and emission spectrometry.
The percentages of nitrogen drived from air (Ndfa%), soil (Ndfs%) and fertilizer (Ndff%) were
calculated.
Results showed significant difference between reference crops. The suitability of uninoculated
soybean reference plants (except Williams) was significantly similar to non-nodulating soybean
Chippewa despite Wheats and Barely. Also, this was the same about all of them for proportions of
nitrogen drive from atmosphere and soil sources. Furthermore, according to the Ndfa%, more than
90% of the N required by soybean cultivars were supplied through symbiosis. In view of amount
and proportion of nitrogen drived from air Pershing fixed significantly nitrogen more than two
another cultivars.
Keywords: N-fixation, l5 N, reference crops, A-value, soybean cultivars, BNF
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Innovations in the use of isotopes of sulfur
in soil/plant/water/animal studies
BLAIR Graeme (I). MURAOKA Takashi (2) and TILL Ray (1)
(1) Agronomy and Soil Science, University of New England, Armidale, Australia
(2) CENA. Universidade de Sao Paulo, Piracicaba, Sao Paulo, Brazil
Two isotopes of S are of considerable assistance in soil/plant/animal studies. Radioactive 35S
has proven to be a valuable tool in such studies because it has a useful half-life (87.2 days) and is a
soft pure ß emitter (Emax 0.167 MeV). Numerous studies have used 35S labelled materials to follow
the fate of S supplied in fertilisers. Strip or "hot spot" labelling, developed in the 1960's, have
greatly benefited studies of S cycling in grazed pastures. Sulfur-34 is stable and occurs naturally
(about 4.29%). It is important as an alternative tracer to 35S and also because the natural abundance
does vary slightly in S of different origin. It is becoming increasingly available as highly enriched
elemental S, although still extremely expensive, and a simple oxidation process to produce sulfate
has increased the usefulness of this isotope as a direct tracer in biological systems.
Stable S has recently been used to monitor the movement of S in a grazed pasture. A study on
the turnover of S from 34S labelled plant residues is currently underway at IAEA. Highly labelled
Na234SOj has been used to study the effect of sulfate concentration in water on sulfate reduction and
storage in lake sediments.
The small differences in the 34S content of S of different origin (8 34S) have been used in the
UK to investigate the contribution of atmospheric SO2 to plant S uptake. It was estimated that
anthroprogenic S contributed up to 50% of herbage S content at the peak of SO2 emissions and in
1998 accounted for about 30% of S stored in the topsoil. A study of the temporal trends in the
isotope signature of air-borne S in Central Europe has elucidated the reason for the seasonality in
34
S enrichment recorded in that region. Isotopic S abundance and composition have also been used
to monitor historical changes in S cycling in esturine sediments.
in situations where it is not possible to apply a label to the fertilisers, as with natural deposits of
elemental S or commercial fertilisers 35S or S is used to label the soil available sulfur pool which
is subsequently diluted with unlabelled S released from the fertiliser. Dilution of the S in the soil by
sulfur released from the fertilisers is monitored by measuring the changes in specific radioactivity
(SR) of sulfur in plants growing in the soil. The SR of the fertilised treatment is divided by the SR
of the unfertilised control treatment to produce a specific radioactivity ratio (SRR) and 1-SRR
represents the proportion of S in the plant derived from the fertiliser.
Measurement of 834S can be undertaken in a mass spectrometer and recently Inductively
Coupled Plasma Mass Spectrometry (ICP-MS) and Fourier Transformed Infra-Red (FTIR)
spectroscopy has been used successfully.
Improved availability and reduced cost of 34 S, together with improved measurement
techniques, will undoubtedly result in an increasing number of studies being undertaken with this
safe and stable isotope of S.
Keywords: stable isotope, radioactive isotope, sulfur, nutrient cycling
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Estimating soil erosion using fallout Caesium-137 in
cultivated land at the watershed of Maximo River, Cuba
BRIGIDO Flores Osvaldo (1), GANDARILLA Benitez Julio (2), MONTALVÄN Estrada
Adelmo (1) and BARRERAS Caballero Aldo (1)
(1) Department of Applied Nuclear Techniques. Centre for Attention of Nuclear Activity. Ave.
Finlay km 2.5 Esq. Circunvalacion. Rpto. Puerto Principe. Camagüey 8, 70 800, Camagüey,
Cuba
(2) Experimental Soil Station. Soil Institute. Cacocün 11. Rpto. Puerto Principe. Camagüey 8, 70
800, Camagüey, Cuba
A research project on ' 37 Cs technique for soil erosion studies was undertaken in Cuba under the
Regional Research Programme "Sustainable Development" and was carried out on small selected
study site at the watershed of Maximo River. A total of 160 soil samples were collected at the
study and reference sites for Cs analysis using either a steel core or sampling frame and scraper
plate. The soil samples were dried and analyzed for ' 37 Cs using high resolution gamma
spectrometry. By comparing l37 Cs inventories at individual sampling points with a reference
inventory representing the local fallout input and using the calibration models for converting l37 Cs
measurements to estimates of soil redistribution rates, estimates of s.oil loss were calculated to be
between 7.2 and 12.4 t ha"1 y" depending on the assumptions and methods used. In general.
Proportional Model and Gravimetric Method (7.3 t ha"1 y ) provided low erosion rates and
simplified Mass Balance Model high values of erosion rates (12.4 t ha"1 y ' ) . The low erosion rates
derived from the first two models are because the models do not take into account the time varying
deposition of' 7 Cs, the loss of some Cs input prior to incorporation into the plough layer, and the
dilution of the 137Cs concentrations in the soil within the plough layer due to incorporation of soil
from below the original plough depth after surface lowering by erosion, the results obtained are
likely to underestimate the rates of soil loss. The high erosion rates derived from Simplified Mass
Balance Model may be caused by the assumption that the total ' 37 Cs fallout occurred in 1963
instead of over a longer period extending from the mid 1950s to the mid 1970s. This model poses
an important improvement over the two mentioned models due to its taking into account the
progressive reduction in the ' 37 Cs concentration of the soil within the plough layer due to
incorporation of soil containing negligible ' Cs from below the original plough depth. The results
for this model are likely to be closer to reality for cultivated soils than those from the other two
mentioned models. Further sampling is required to investigate both the local and regional variability
of fallout input in the studied watershed region and to assess its influence on the error of erosion
estimates. The aim of this work was to introduce the use of environmental radionuclide l37 Cs in soil
erosion studies in Cuba. However, the preliminary results suggest that l37 Cs technique may be of
considerable value in assembling data on the rates and spatial distribution of soil loss and a reliable
tool for developing of an adequate soil conservation program.
Keywords: Caesium-137, soil erosion, redistribution rates, calibration models
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/// situ laser ablation on soil thin sections to investigate
the redistribution of l3C in a upland grassland soil
BRU1NEAU Patricia M.C. (1), DAVIDSON Donald A. (1), GRIEVE Ian (1), FALLICK Tony
(2) and OSTLE Nick (3)
(1) Department of Environmental Science, University of Stirling, Stirling FK9 4LA, Scotland UK
(2) S.U.E.R.C, Scottish Enterprise Technology Park, East Kilbride, G75 OQF, Scotland UK
(3) CEH Merlewood, Windermere Road, Grange-over-sands, Cumbria, LAI 1 6JU, UK
In grassland systems, soil fauna is a key for soil engineers and architects. Their role in
regulating carbon fluxes is widely acknowledged. The traditional approach to quantify carbon
tranfers in soil depends on bulk sampling and gross C budgets. This is of limited value to
understanding the dynamic relationship between soil structures and soil organisms.
Laser ablation isotopic ratio mass spectrometry (LA-IRSMS) was adapted specifically for
measuring at a micronmeter scale in situ 8 l3 C value in undisturbed organic soil enriched in stable
isotopes.
The work has been carried out within the Soil Biodiversity thematic programme (Natural
Environmental Research Council, UK) which has been investigating the ecosystem function and
soil biodiversity in upland grassland at a site in the Borders of southern Scotland.
As part of this project, a controlled in situ l3CC>2 pulse was applied on field plot. The 24-hour
pulse was applied as an enriched 13CC>2 (350 ppm 50 atom % '3CC>2 in air) and incorporated in the
soil by plant photosynthesis. Undisturbed soil samples were taken at 1, 5 and 40 days after
application of the pulse.
The soil samples were impregnated using polyethylene glycol at field moisture content and
vertical thin sections 80 urn thick were produced. Standard micromorphology techniques were used
to identify specific structural features as small as 100 urn in diameter. These were targeted for 1A1RMS. Features selected included faecal pellets from enchytraeids worms at various distances from
active roots acting as the source of' C.
This is used to map the spatial distribution 8I3C and to quantify the pathways of ' 3 C pulse from
its supply source (plant root) to a more permanent storage sink via soil organism activities
(consumption, excreta) for soil with different biodiversity.
Keywords:
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Use of stable isotopes in assessing belowground contributions
to N and soil organic matter dynamics
CADISCHG. (1), NDUFA J.K. (2), YASMIN K. (1), MUTUO P. (1), BAGGS E.M. (1),
KEERTHISINGHE G. (3) and ALBRECHT A. (4)
(1) Department of Agricultural Sciences, Imperial College at Wye, University of London, TN25
5AH, UK
(2) Kenya Forestry Research Institute, P.O. Box 20412, Nairobi, Kenya
(3) Soil & Water Management & Crop Nutrition Section, IAEA. A-1400 Vienna, Austria
(4) Soil Science Laboratories, ICRAF/1RD, P.O. Box 30677, Nairobi, Kenya
Recent studies suggest that belowground N contributions from legumes may have been
substantially underestimated. Thus the development of improved methodologies to assess the
amount and fate of belowground inputs to the soil system is crucial to increase our understanding of
short and longer-term nutrient and carbon dynamics.
The l5N-labelling of aboveground plant components has been proposed as a method for
estimating amount and turnover of N in root systems as N is rapidly distributed throughout the
plant. We have found leaf feeding with '5N-labelled urea to be the most effective method for
labelling small herbaceous plants, however for larger plants, such as agroforestry trees, stem
injection methods are more suitable. Multiple l5 N labelling events appear necessary to assess the
full contribution of belowground inputs over an entire growing period particularly where root
turnover occurs during the growing season. Our own data and that in the literature suggest that
belowground N inputs account for 8-61% in legume crops, 3-37% in pastures, and 27-51% in 9
month old tree fallows. These below-ground inputs also significantly contributed to improve N
balances from N2 fixation. To date, the forms and pathways in the soil of such root and rhizosphere
inputs have largely been ignored. Our results indicated that in improved fallow tree based systems a
large proportion (39%) of belowground N became protected in water stable meso- and macroaggregates while around 20% was associated with the clay-silt sized fraction. This contrasts with
the fate of L,N labelled foliage litter from which only 3 1 % was found in aggregates but a larger
proportion remained in the free organic fraction, suggesting an important role of roots in aggregate
formation. ' N recoveries of belowground N in the catch crop were small suggesting that these
inputs play a more important role in soil structure rather than in nutrient supply.
In order to better understand belowground N dynamics it is necessary to also evaluate carbon
dynamics at the same time. The combined use of ' C and 15N will provide a better assessment of
below ground contribution to N and soil organic matter dynamics and ultimately to the contribution
of these inputs to soil fertility and carbon sequestration.
Keywords: stable isotopes, belowground contribution; nitrogen, carbon, in situ labelling,
aggregates
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Efficiency of nitrogen and water use in rainfed wheat in China
CAI Guixin (1), DANG Tinghui (2), GUO Shengli (2) and HAO Mingde (2)
(1) Institute of Soil Science, Chinese Academy of Sciences, P.O. Box 821, Nanjing, China
(2) Institute of Soil and Water Conservation, Chinese Academy of Sciences, Yangling 712100,
China
Two rainfed wheat field experiments were conducted in the southern part of the Chinese Loess
Plateau from September 1998 to June 2000 for 2 years. Each experiment has 4 treatments with
Latin Square design. One experiment compared 4 nitrogen fertilizer treatments: CK (without N), N1
(100 kg N ha"1 as urea), NIO (100 kg N ha"1 as urea and 50 kg N ha"1 as organic manure) and N2
(150 kg N ha"1 as urea). The other experiment compared 4 mulching treatments including without
mulching, i.e. traditional planting (W) and three different methods of mulching planting (WMl,
WM2 and WT). A 15N study was carried out in the 3 treatments of Nl, NIO and N2 in the first
year; and their residual effect was investigated in the second year. Another 15N study was carried
out in the 2 treatments of W and WMl (plastic mulching and ridge planting) in the second year. All
of I5N micro-plots studies were carried out in the corresponding plots. Results obtained in the 2
years showed that grain yield was significantly increased by application of N fertilizer, but was not
significantly affected by increasing the application rate either additional urea or manure. Mulching
did not show any effect on wheat yield. Wheat yields in the second year were 1 t ha"' lower than in
the first year due to the lower soil water content at sowing and lower rainfall during the crucial
growing period. Water use efficiency (WUE) for CK was the lowest (7.6-8 kg ha'1 mm' 1 ), and it
increased to 9.7-13.2 kg ha"1 mm'1 for the fertilized treatments, and the highest WUE was shown in
the treatment WMl. The 15N study with different N fertilizer treatments showed that plant
recoveries were in the range of 36.6%-38.4% of the applied N; N remaining in the 0-40 cm soil
depth interval ranged from 29.2-33.6%. Fate of applied urea was not affected by application rate of
N. The recoveries of residual N by second cropping wheat were in the range of 2.1-2.8% of applied
N, and the fertilizer N remaining in the soil was rather stable. In comparison with traditional
planting mulching and ridge planting significantly increased N recovery in 0-100 cm soil (60% vs.
44%) probably due to its improvement in water infiltration. Most of fertilizer N remaining in 0-40
cm soil and it decreased greatly as soil depth increased. However, mulching and ridge planting
didn't significantly increase the N recovery in plant (43% vs. 39%), this is consistent with the
results of grain yield.
Keywords: ' 5 N, water, wheat, urea, soil management, efficiency
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Comparison of soil moisture sensors between neutron probe,
Diviner 2000 and TDR under tomato crops
HENG L.K. (1), CAYCI G. (2), KÜTÜK C. (2), ARRILLAGA J. L. (1) and MOUTONNET P.
(3)
(1) Soil Science Unit, FAO/IAEA Agriculture and Biotechnology Laboratory, Seibersdorf, Austria
(2) Soil Science Department, Faculty of Agriculture, Ankara University, 06110 Diskapi, Ankara,
Turkey
(3) International Atomic Energy Agency, Joint FAO/IAEA Division, Vienna, Austria
Accurate, precise, fast and ease of measuring soil moisture as well as the ability to measure
with depth are the characteristics that are desirable in routine large scale soil water monitoring. In
this study the soil moisture neutron probe (SMNP), Diviner 2000, a capacitance probe and TDR
were compared in a field tomatoe experiment carried out at the FAO/IAEA Agriculture and
Biotechnology Laboratory at Seibersdorf, Austria. The experiment consists of two irrigation
treatments: furrow versus drip and three nitrogen levels (0, 100 kg N ha"1, 200 kg N ha"1), with each
treatment replicated three times, giving a total of eighteen plots. The size of the plot was 3.4 m x 5
m. The soil is a clay loam, with high content of gravel. One SMNP aluminium access tube and one
Diviner PVC access tube were installed in each plot using the slurry method, 30 cm on each side of
the tomato plants. In addition, TDR probes were installed vertically to monitor soil moisture in the
top 20 cm. Readings were taken regularly over the growth season from May to September.
Calibration of SMNP and Diviner 2000 was carried out using gravimetric method. For SMNP, a
coefficient of determination r of 0.96 was obtained; a separate calibration curve was necessary for
the top 15 cm depth. For Diviner 2000, it was found that the manufacturer's calibration curve was
adequate for our soil. No calibration was done on the TDR. The soil water storage (SWS) was
calculated for the top 20 cm and 60 cm respectively. Under-estimate and over-estimate SWS were
observed with Diviner 2000 in the control treatments of both drip and furrow irrigation systems,
with higher standard error compared to SMNP, due probably to the small soil volume measured.
However, the two methods performed equally well under well-grown high nitrogen rate (200 kg N ha" )
plots, probably because higher root water extraction giving more even soil moisture. This result was
also observed in the top 20 cm with the TDR probes. Implications of these sensors for irrigation
scheduling and the importance of placement relative to the crop are discussed in the paper.
Keywords: soil water storage, soil moisture neutron probe, calibration and comparison of sensors
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Towards integrated soil, water and nutrient management in
cropping systems: the role of nuclear techniques
CHALK Phillip. ZAPATA Felipe and KEERTHISINGHE Gamini
Soil and Water Management & Crop Nutrition Section, Joint FAO/IAEA Division of Nuclear
Techniques in Food and Agriculture, International Atomic Energy Agency, P.O. Box 100, A-1400
Vienna, Austria
The Joint FAO/IAEA Division of Nuclear Techniques in Food and Agriculture has convened a
symposium at the World Congress of Soil Science on several occasions in the past, and has
provided financial support to Congress participants from developing countries. Symposium 59 at
the 17lh WCSS was organised through the Soil and Water Management & Crop Nutrition
(SWMCN) sub-programme within the Agency to provide a forum for the presentation and
discussion of advances in the application of nuclear-based techniques in the search for solutions to
major issues of agricultural productivity and sustainability. The symposium programme attempts to
highlight both through oral and poster presentations the many innovative developments that are
taking place in the application of nuclear-based techniques for developing integrated soil, water and
nutrient management practices in cropping systems. The symposium has attracted a great deal of
interest with almost 100 contributions that have been accommodated through the extension of the
normal half-day symposium to a full day event. The themes covered in the symposium include
• Soil organic matter dynamics and nutrient cycling
• Evaluation and management of nutrient sources
• Water management and conservation
• Soil erosion and sedimentation
• Environmental and pollution studies
• Advances in nuclear-based methodologies and instrumentation
The objective of the SWMCN sub-programme is to assist Member States to use isotopes and
nuclear techniques to diagnose constraints and pilot test interventions to intensify crop production
in a sustainable manner through the integrated management of soil, water and nutrient resources.
This objective is pursued through co-ordinated research projects involving international networks of
scientists from both developing and developed countries, and through Technical Co-operation
Projects that promote nuclear technology transfer to developing countries through human and
institutional capacity building.
Current knowledge for achieving sustainable crop intensification through measures that both
optimise the use of inputs and conserve resources within diverse cropping systems and agroecological zones is inadequate. Isotope and nuclear techniques provide quantitative, precise,
specific and dynamic information about such key components of productivity and sustainability as
the sources, availability, uptake and losses of major nutrients and water, as well as on critical
processes such as organic matter turnover and soil erosion. In addition, isotopic techniques such as
carbon isotope discrimination may be related to agronomic water use efficiency, a yield determinant
in C-3 crops. Nuclear based techniques can therefore help to identify crop cultivars with desired
physiological traits and tolerance to abiotic stresses, and to pilot test practices which take an
integrated approach towards the management of crops, soils, water and plant nutrients for increased
productivity, and which can be recommended subsequently to farmers, extension services and other
decision makers for widespread adoption.
Keywords: cropping systems, isotopes, nuclear techniques, nutrients, soil, water
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Natural 15N abundances of total soil-N, inorganic soil-N
and plant-N from paddy and upland fields
CHOI Woo-Jung (1), HOBBIE Erik A. (2), RO Hee-Myong (1), HAN Kyong-Hwa (1) and
YOOSun-Ho(l)
(1) Soil Science Laboratory, School of Agricultural Biotechnology, College of Agriculture and
Life Sciences, Seoul National University, Suwon 441-744, Korea
(2) CSRC-EOS Morse Hall, University of New Hampshire, Durham NH 03824-3525, USA
This study was conducted to investigate distribution of natural 15N abundances (8 I5 N) of soils
(total-N and inorganic-N) and plants in agricultural fields of Korea. Samples were collected from 60
fields consisting of 20 paddy fields treated with fertilizer (paddy fields), 20 upland fields treated
with fertilizer (fertilized fields), and 20 upland fields treated with composted manure (composted
fields). The SI5N of N sources used in the study area were -1.6 ±1.5%o (n=8) for chemical fertilizer
and +17.4 ±1.2%o (n=10) for composted manure. The 8I5N values of total soil-N were significantly
different among paddy (+2.9 ±1.5%o), fertilized (+5.9 ±0.7%o), and composted fields (+8.8 ±2.0%o).
Continuous application of 15N-enriched compost increased the SI5N of composted soils over those
of fertilized soils treated with '5N-depleted fertilizer. In paddy fields, restricted nitrification of N H /
under submerged condition probably resulted in low 5' N of soil relative to upland fields. Plant 8
' 5 N averaged +10.4±2.7%o for paddy fields, +4.1 ±1.7%o for fertilized fields, and +14.6±3.3%o for
composted fields. The higher 8 5N of plants in paddy fields could be attributed to plant assimilation
of' N-enriched NH 4 + (+7.2 ±1.9%o), while relatively lower plant 815N in fertilized fields probably
resulted from plant uptake of '5N-depleted NO3' (+4.7 ±1. l%o). Plant uptake of 15N-enriched N from
compost in composted fields resulted in relatively high 515N of plants compared with plants in other
fields. In composted fields, a positive correlation (r"=0.38) between %N and 8I5N of total soil-N
reflected continuous application of '5N-enriched compost. In addition, mineralization of NH4* from
the compost was also suggested from a positive correlation (r2=0.46) between concentration and 8
l5
N of N H / in composted soils. A negative correlation (r2=0.55) between %N and 8I5N of plants in
fertilized fields showed decreases in plant 8' N with increasing contribution of 15N-depleted
fertilizer-N to total plant-N. This study shows that 8I5N of soils and plants in cropping fields may be
affected by the 81 N of applied materials, although 815N is not a quantitative indicator for N
sources. However, long-term investigation is necessary to find a general effect of application of N
inputs having different isotope compositions on plants 8 N.
Keywords: natural l5N abundance, paddy, upland, fertilizer, compost
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Natural N abundances of maize and soil as affected by
urea and composted pig manure
CHOI Woo-Jung, RO Hee-Myong, CHOI Young-Dae, KIM Jeong-Han and YOO Sun-Ho
Soil Science Laboratory, School of Agricultural Biotechnology, College of Agriculture and Life
Sciences, Seoul National University, Suwon 441-744, Korea
To investigate the effect of inorganic fertilizer and composted manure amendments on the N
isotope composition (515N) of crop and soil, maize (Zea mays L.) was cultivated under greenhouse
conditions for 30, 40, 50, 60, and 70 days. Composted pig manure (815N = +13.9%o) and urea
(-2.3%o) were applied at 0 and 0 kg N ha"1 (C0U0), 0 and 150 kg N ha"1 (C0U2), 150 and 0 kg N ha'
(C2U0), and 75 and 75 kg N ha"' (C1U1), respectively. The 8'T>J of total soil-N was not affected by
both amendments, but 5 N of NH4+ and NO3" provided some information on the N isotope
fractionation in soil. During the early growth stage, significant differences (P < 0.05) in 81 N among
maize subjected to different treatments were observed. After 30 days of growth, the 8I5N values of
maize were +6.6%o for C0U0, +1.1 %o for C0U2, +7.7%o for C2U0, and +4.5°/«, for C1U1. However,
effects of urea and composted manure application on maize 8I5N progressively decreased with
increasing growth period, probably due to isotope fractionation accompanying N losses and
increased uptake of soil-derived N by maize. After 70 days of growth, 8' N of leaves and grains of
maize amended with composted pig manure were significantly (P < 0.05) higher than those with
urea. The temporal variations in 8 N of maize amended with urea and composted manure indicate
that plant ' N is generally not a good tracer for N sources applied to field. Our data can be used in
validation of L N fractionation models in relation to N source inputs.
Keywords: compost, natural l5N abundance, maize, urea
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Research regarding the nitrogen use efficiency at irrigated
wheat as a function of previous plant, fertilizer rate and
application period, using the nuclear tehniques
CIOBANU Gheorghe and CIOBANU Cornelia
Agricultural Research Station Oradea, Romania
In developing strategies for N fertilizer efficiency improvement in irrigated wheat it is
necessary that crop location, soil, type and seasonal variation of climate be taken into account. By
utilizing the neutron gauge in the determination of the soil moisture evolution it is possible to
establish quickly and correctly the right time for the application of the intended amounts of water.
The labeled l5 N utilization offers the possibility of determining individually the participation to
yield formation as well as the use efficiency of the N from fertilizer following the application rate
and time. The amount of N derived from fertilizer as determined in straw and grain yields is higher
when the labeled N fertilizer is applied in spring at tillering time, the values of this indicator going
higher with higher N rates. The figures for the N fertilizer use efficiency (%) range from 25.4 to
35.4%, the highest value being recorded with an N application of 54 kg ha"1 at tillering time, when
previous plant was pea. The results obtained show that TMD, yield response and evolution of the
soil NH4-N and NO3-N content was influenced by climatic conditions and in the same time by
previous plant and wheat crop benefits better from the fertilizer applied at early stage of tillering as
compared with N application at planting. Analizing the average of fertilizer N recovery (%), of
wheat from split application in 1994-1997 period we can summarize the following conclusions:
When the half of optimal N rates was applied at sowing, the value of fertilizer N recovery was
28.79% and when the same rate was applied at tillering this value is 41.68%. The total fertilizer N
recovery (%) of wheat from the whole quantity applied at both splits (60 kg ha"1), the value was
37.41.
When optimal N rate was applied at sowing the value of fertilizer N recovery was 31.3% and at
tillering it was 41.41%. The total fertilizer N recovery (%) of wheat from the whole quantity
applied (120 kg N ha'1) at both splits was 38.75%.
There are no signifficant differences in respect of fertilizer nitrogen recovery (%) between 60
kg N ha"1 treatment and 120 kg N ha"1 treatment. The highest values of fertilizer N recovery (%)
were registered on 180 kg N ha"1 treatment case. The value of fertilizer N recovery (%) is 35.66% at
sowing application and 72.67% at tillering application when previous plant was sun flower. We can
draw a conclusion that in irrigation conditions nitrogen tillering application lead to a higher values
of fertilizer N recovery (%). Lower and optimal application nitrogen rates have almost the same
total values of fertilizer N recovery (%). The increase the N rates lead an increase of fertilizer N
recovery (%). The highest value of fertilizer N recovery was obtained on 180 N kg ha"1 treatment
and where the previous plant was sun flower.
Keywords:
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Impact of irrigation and fertilization on N0 3 leaching and
soil-ground water contamination in Lebanon
DARWISHTalal(l). ATALLAH Therese (2), EL Khatib M. (2) and HAJHASAN Salah (3)
(1) National Council for Scientific Research. P.O. Box 11-8281. Beirut, Lebanon
(2) Faculty of Agricultural Sciences, Lebanese University, Lebanon
(3) Agricultural Research Institute, Tel-Amara, Bekaa, Lebanon
The farmers' practice in two different pedoclimatic conditions of Lebanon was evaluated in
relation to nitrate contamination. Peasants apply in the soil up to 600 kg N hamg kg" using mainly
macrosprinklers in Central Bekaa plain while they use mostly drip system in the northern parts of
the plain. Increasing nitrate concentration in groundwater was observed in the first while secondary
soil salinization was detected in the second area. The objective of the work was to follow the
impact of the current agricultural activities on the soil and ground water contamination. In Central
Bekaa, nitrogen and water use efficiency in conventional production (Tc) were compared to
fertigation (Tf) in potato field on clay soil using ' 5 N-tracer technique. Tensiometers inserted at 30
and 60 cm depth were used for irrigation scheduling. Water consumption was assessed using
neutron probe. Nitrates movement was monitored using suction ceramic cups inserted at different
depths: 30-60-80 and 100 cm. Results for 1997, 1998 and 1999 showed no significant difference in
the yield of fresh potato (Spunta), which fluctuated around 30 t ha"1. For total applied water of 859
mm by sprinklers and 496 mm by drip, consumed water ranged between 343 and 351 mm without
significant differences. A comparable N use efficiency (41.2%) was noticed in both treatments. The
removed soil solution showed significant nitrate leaching beyond the root zone in Tc which
amounted to 54.3 kg N h a ' . Consequently, the current farmer practice could be an early indicator of
soil and groundwater vulnerability to degradation. Similar farmer fertilization practice was
extrapolated to Northern Bekaa area. But, in the above-mentioned two climatic zones, final results
are different concerning the fate of NO3 and its pathway towards the groundwater. While in Central
Bekaa a rainfall of 600 mm is enough for NO3 leaching towards a relatively high water table,
nutrients accumulate mostly on the soil surface in the drier Northern Bekaa (less than 250 mm. of
rainfall). This has resulted in the appearance of Solonchaks in the area of Petric Calcisols of
Northern Bekaa. Shifting towards drip irrigation and the soil-plant-fertilizer-integrated management
resulted in 55% N recovery in the central part of the plain. However, the introduction of modern
irrigation techniques in its northern part did not show positive steps in combating soil salinization.
This is due mainly to the mismanagement of the drip irrigation and poor fertilization policy.
Keywords: fertigation, potato, N recovery, efficient water use, soil salinization, and groundwater
contamination

1777

Symposium no. 59

Paper no. 1681

Presentation: poster

Soil water management and crop water use studies using
nuclear techniques
DAS D.K. and BANDYOPADHYAY S.
Division of Agricultural Physics, Indian Agricultural Research Institute, New Delhi -110012, India
Judicious management of costly water resource through timely and accurate measurement of
soil moisture status and proper scheduling of irrigation is a basic-requisite to prevent environmental
degradation and attain resilience in agriculture. The paper presents research results from field
experiments on wheat and agroforestry plantations on measurement of soil water status and water
fluxes using neutron moisture meter (NMM) and array of tensiometer assemblies. The objectives
were to demonstrate the practical utility of nuclear technique in measurement of soil water balance
components and also to compare its role in efficient farm water management vis-a-vis other modern
techniques such as time domain reflectometry (TDR) and microwave remote sensing.
In winter wheat with 120 kg ha"1 N supply, seasonal water use (SWU) increased from 237 mm
in rainfed treatment (lo) to 312 mm in frequently irrigated plot (Ii) (irrigation at IW/CPE = 0.9).
While irrigation (Ii) triggered downward flux across rootzone and decreased upward flux over
rainfed treatment (lo), application of nitrogen fertilizer had the opposite effect because of greater
root proliferation and increased water extraction by plants due to greater water and nitrogen supply.
In another experiment soil water use by early sown (Di) (November 16) wheat was greater than late
sown (D3) (December 18) wheat by about 41 mm because of growth of rapid and deeper root
system in the former.
Study over a period of 9 months in agroforestry plantations revealed that, irrespective of
hydrological condition, soil water depletion and root water extraction were of greater magnitude in
Leucaena than in Eucalyptus plants. Under the shallow water table condition upward flux
contributed 29.1% and 33.6% of total water extraction by Leucaena and Eucalyptus plants.
Overlooking this contribution would result in serious underestimation of actual water use by plants.
In separate studies soil moisture data obtained by NMM were found to be in good agreement with
those of gravimetric and TDR techniques NMM soil moisture data were useful in developing
regression models to predict profile moisture content from microwave backscattering coefficients (0 ).
The role of NMM vis-a-vis TDR and microwave remote sensing techniques in monitoring soil
water status is discussed and the versatility of the nuclear technique in rootzone soil moisture
estimation and farm level water management is highlighted.
Keywords: water fluxes, crop water use, NMM, TDR, micro wave remote sensing
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Nitrate retention and nitrogen isotope discrimination in
a riparian buffer zone
DHONDTKarel (1.2,3). BOECKX Pascal (1), VAN CLEEMPUT Oswald (1), HOFMAN
Georges (2) and DE TROCH Francois (3)
(1) Laboratory of Applied Physical Chemistry, Ghent University, Coupure Links 653, 9000 Gent,
Belgium
(2) Department of Soil Management and Soil Care, Ghent University, Coupure Links 653, 9000
Gent, Belgium
(3) Laboratory of Hydrology and Water Management, Ghent University, Coupure Links 653, 9000
Gent, Belgium
Ground water NO3 7C1" ratios and natural abundances of ' 5 N in nitrate were used to evaluate
nitrate retention in a vegetated riparian buffer strip bordering a stream in an agricultural watershed.
Within the riparian zone monthly (May 2000-May 2001) shallow ground water surveys (< 2 m)
showed a clear temporal and spatial variation of nitrate concentrations. During all seasons nitrate
was efficiently retained within 20 m from the upper edge of the buffer zone. Temperature control on
the denitrification process in winter and alternating drying and wetting cycles in spring
('mineralisation-immobilisation turnover' concept) can result in a decrease of the buffering capacity
of the riparian zone. As NO3" concentrations in the ground water of the riparian zone decreased
during its flow through the riparian buffer zone, a clear progressive enrichment in l5 N-N03 _ and
consequently increasing delta values were observed. Consequently denitrification could be
identified as a major process for NO3' retention. Low temperatures limited the denitrification
process in winter resulting in a lower fractionation of the residual nitrate pool (8 N = 2.6 to
17.0 %o at the output side compared to 8I5N = -9.2 to 4.2 %o at the input side of the riparian zone)
than in summer (8I5N = 16.8 to 26.7 %o at the output side compared to 8I5N = -1.3 to 5.7 %o at the
input side of the riparian zone). As a result, fractionation is believed to be a temperature dependent
process. In spring much higher delta values (up to 58 %o) than those reported in literature were
produced at the output side of the riparian zone. These values could be attributed to flushing of
previously recycled nitrate towards the ground water and as such to additional fractionation during
the complete cycle of assimilation-decomposition-nitrification-denitrification.
Keywords: diffuse pollution, nitrate, ground water, riparian zone, denitrification, stable nitrogen
isotopes
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Advances and improvements in nitrogen isotope methodology
DOUTHITT C.B.
Thermo Finnigan, 9412 Rocky Branch Drive, Dallas, TX 75243, USA
The first use of an elemental analyzer with a mass spectrometer for measurement of N isotopes
came in 1965 when a US group modified a Coleman nitrogen analyzer and used CO2 to sweep the
nitrogen into a time of flight mass spectrometer. In 1983, an English group interfaced a Carlo Erba
elemental analyzer with an isotope ratio mass spectrometer which sparked the development of
"continuous flow-IRMS", and has led to the commissioning of over 600 EA-IRMS systems
worldwide. This approach, which was originally focused on measurement of ISN, has been extended
to include l3 C and S, and more recently to 1 8 0 and D. Currently, >60% of all new IRMS systems
are bought include an elemental analyzer. The samples that are being analyzed by EA-IRMS
include a wide variety of solids and liquids, in which the concentration of the analyte of interest
varies over a very large dynamic range. A number of recent developments in the practice of EAIRMS are of direct interest to the soil science community.
Enriched l5 N and natural abundance on one instrument: Measurement of highly labeled N
samples (at % excess range) on the same instrument as natural abundance measurements has always
presented a problem. A novel computer-controlled amplifier system has been developed which
allows the user to vary the amplifier range. Together with a weld-free monoblock source housing
and differential pumping of the source and analyzer, the externally variable resistors allow
researchers to use the same isotope ratio mass spectrometer for highly precise and accurate
measurements of both enriched and natural abundance l5 N.
Organic N, small samples: Careful attention to the procedure of blank correction allows the
combustion elemental analyzer to be routinely used for samples sizes of 10 \ig N; with minor
modifications to the combustion tubes, sub-microgram samples of N have been analyzed.
Nitrate: It is now possible to determine both N and O isotope ratios on nitrates. The model
TC/EA elemental analyzer uses a high temperature reactor (T of 1450°C) and a glassy carbon
reaction tube to perform the automated measurement of both 8 0 and 8N on ug amounts of nitrates
(NO3" + C = N2 + CO) with an accuracy of 0.3 %>. Elevated temperatures are required to achieve
the quantitative sample conversion that is required for high precision analysis.
The future: Together with current techniques for measure the isotopes of N2O, the soil scientist
has unprecented capabilities for isotopic characterization of the entire N cycle.
Keywords: nitrogen isotoge methodology, organic N, nitrate
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Intensity of nitrogen fertilization of sugarbeet at different
soil water regimens in Yugoslavia
DRAGOVIC Svetimir. MAKSIMOVIC Livija and KARAGIC Djura
Institute of Field and Vegetable Crops, M. Gorkog 30, Novi Sad, Yugoslavia
In the main agricultural regions of Yugoslavia, where the rainfall sum and distribution are
highly variable within a single year and from one year to another, irrigation is a supplementary
practice. The average annual rainfall is 600 mm, with variations from 400-800 mm. Variations are
also large during the growing season, especially in July and August, from 0 to 150 mm. In 70-90%
of the years the rainfall in July and August does not meet sugarbeet plant requirements and
irrigation becomes necessary.
A study was conducted on a loamy soil, with favorable water-physical and chemical properties.
The content of total nitrogen in soil layer 0-30 cm was 0.185%, i.e., below the sugarbeet
requirement. The objective of this study was to determine the amounts of nitrogen fertilizers
required at different soil moisture regimes.
Intensity of nitrogen fertilization was varied in dependence of desired root yield levels: A r
control - unfertilized; A2 - 601 ha"' root yield - 300 kg N ha"' A3 - 120 t ha"' root yield - 466 kg N ha';
A» - 180 t ha"' root yield - 540 kg N ha'. Based on the measurements of available nitrogen in the
soil at the beginning of growing season and mineralization rate during season, the following
respective amounts of N were added in 1996, 1997, 1998 and 1999: variant A2 - 150, 156, 60, 141;
variant A3 - 175,276, 170, 256; variant A4 - 234, 333, 309, 401.
Sprinkling irrigation was scheduled on the basis of soil moisture measurements with a neutron
probe. The irrigation variants included: B5 - 60 mm at soil moisture of 60-65% FWC, and reduced
amounts of water: B4 - 45 mm (75% of full rate), B3 - 30 mm (50%) and B2 - 15 mm (25%). Variant
Bi, the control, was not irrigated.
Sugarbeet root yields varied with the amount and distribution of rainfall per year and air
temperatures during growing season. In the fertilization variants, the highest average yield was
obtained in variant A3, 105.85 t ha'. The average yields in variants A2, A4 and Ai were 100.44,
100.62 and 84.42 t ha', respectively.
In the irrigation variants, the highest average yield was obtained in variant B3 - 105.56 t ha'.
This yield was higher than those in variants B, (87.00 t ha"'), B2 (96.93 t ha"'), B4 (102.76 t ha')
and B5 (96.90 t ha') by 21.3%, 8.9%, 2.7% and 8.9%, respectively. The relatively low effects of
irrigation were due to the relatively favorable rainfalls in the experiment years, resulting in high
yields without irrigation.
The best interaction between fertilization and irrigation was registered in variant A3B3, which
resulted in the highest yields 114.37 t ha'.
Keywords: fertilization, nitrogen, irrigation rate, neutron probe, sugarbeet yield
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Recycling of crop residues for sustainable crop production
in wheat-peanut rotation system
SAFWAT M.S.A. (1), SHERIF M.A. (2), ABDEL-BARY E.A. (3), SAAD O.A.O. (1) and
El-MOHANDES M.A. (4)
(1)
(2)
(3)
(4)

Department of Agric. Microbiology, Fac. of Agric, Minia Univ., Egypt
Department of Soil Science, Fac. of Agric, Minia Univ., Egypt
Department of Soil Science, Fac. of Agric, Zagazig Univ., Egypt
Dept. of Environment and Biological Agric, Fac. of Agric, Al-Azhar Univ., Egypt

Field experiments were conducted in sandy soil of West-Samalout, Minia, Egypt, under the
auspices of (FAO IAEA), Vienna, Austria, from December 1996 to October 1999. The main
objectives of these experiments are (i) to obtain long- term effects of applications of crop residues
on crop nutrition, yields and soil fertility; (ii) improve process level understanding of nutrient flows
through the use of isotopic techniques and (iii) to enhance the efficiency of using nutrients by
wheat-peanut rotation system. The experiment consisted of four treatments: (i) Tl- N labelled
(NH4)2S04, 60 kg N ha"1 at 9.82% l5N with unlabelled residues; (ii) T2-15N labelled wheat residues
26 kg N ha"1 at 1.94% l5N a.e, applied at the end of the first season; (iii) T3 to generate unlabelled
residues and yield and (iv) T4-l5N labelled (NFL^SO^ 60 kg N ha"1 at 9.82% 15N a.e., applied at
the beginning of the first season, without residues. The Ndff recoveries during the first season in Tl
and T4 treatments were 26.8% and 25.6% respectively, while '5N remaining in soil was 24.6% and
24.5% for Tl and T4, respectively. Thus, the total 15N accounted (in plant and soil) were 51.4% for
Tl and 50.2% for T4. After the second crop, the total 15N recovery was 24.9% and 13% for Tl and
T4 treatments, respectively. The application of the crop residues seems to decrease the N losses
from the soil. Recoveries of %Ndfr by wheat from the labelled residue (T2) were 1.0% and 0.4%
during the seasons 3 and 5, respectively, while recoveries of %Ndfr by peanut from T2 treatments
were 3.7, 4.1 and 0.3 during the seasons 2, 4 and 6 respectively. In the following five seasons
(peanut-wheat- peanut-wheat- peanut) total 15N recovery by plant and soil were 66.7, 52.5, 34.3,
24.9 and 16.4%, respectively.
Keywords: isotope techniques, crop residues, nutrient turnover, sustainable agriculture
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Phosphorus availability to ray-grass of urban sewage sludges
assessed by isotopic labelling and dilution technique:
effects of irradiation
EI-MOTA1UM R.A. (1) and MOREL C. (2)
(1) Plant Research Dept., Nuclear Research Center, Atomic Energy Authority, Cairo-Egypt
(2) National Institute for Agronomical Research, BP 81, F-33883, Villenave d'Ornon cedex, France
Urban sewage sludges are widely used as alternative P inputs because of their high P content.
Irradiation of sewage sludge is developed in Egypt to make it safe for spreading on agricultural
fields. Precise knowledge of sludge P bioavailability is required to optimise the application rate to
both meet plant requirement and avoid accumulation of P in soils. Five sludges were sampled from
representative urban wastewater treatment plants located in Egypt and analysed for their elemental
composition. Subsamples were irradiated (6 kGy). A pot experiment was conducted in a plastic
greenhouse. The soil, a sandy arable Egyptian soil, was thoroughly labelled with a solution
containing 32PÜ4 (about 3 MBq kg"' soil) after the addition of 50 mg P kg"1 soil as irradiated or
non-irradiated sewage sludge and commercial monocalcium phosphate. A reference treatment
without any P application but with addition of the radioactive solution was included. There were
five replicates per treatments. Aerial parts of Italian ray grass were harvested four times every 3
weeks. For all harvests, total P and radioactivity in aerial parts were determined. The ratio of
radioactive P to non-radioactive P, i.e. isotopic composition, was calculated. The isotopic dilution
principle was applied to evaluate the plant-availability of sludge P by the P taken up from sludge
(Psl) and the change in the plant-available soil P often called L Value. The total P content in the
different urban sewage sludge ranged from 6.2 to 13.8 g P kg"1 and was slightly affected by
irradiation. The plant-availability of sludge P was equivalent to that of monocalcium phosphate.
The irradiation did not decrease sludge P availability to plant. Irradiated sludge P was a safe and
effective source of P for plants.
Keywords: domestic and industrial sludge, four cuts, irradiated and non-irradiated sludge, plant P,
Prec., Pdfss
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Neutron scattering, capacitance, and TDR soil water content
measurements compared on four continents
EVETT Steven (1). LAURENT Jean-Paul (2), CEPUDER Peter (3) and HIGNETT Clifford (4)
(1) USDA-Agricultural Research Service, 2300 Experiment Station Road, Bushland, Texas
79012, USA
(2) Laboratoire d'Etude des Transferts en Hydrologie et Environnement, BP 53, 38041
GRENOBLE cedex 9, France
(3) Institut für Hydraulik und Landeskulturelle Wasserwirtschaft, Universität für Bodenkultur
Wien, Muthgasse 18, A-l 190 Wien, Austria
(4) Soil Water Solutions, 45a Ormond Ave., Daw Park, South Australia 5041, Australia
Neutron scattering, capacitance, and time domain refiectometry (TDR) methods of soil water
content measurement were compared in a wide variety of soils and environments. Comparisons
aimed to establish the accuracy and precision of each method and particular device, the need for and
amenability of the device to soil-specific calibration, the volume of measurement, and conditions of
successful use. Measurements were made in a soil in Australia, three soils in Austria, five soils in
France, two soils in Tunisia, and three soils in the United States. Except for conventional TDR, the
devices were used in access tubes. Several experiments included gravimetric sampling. Devices
tested included the soil moisture neutron probe (SMNP), Sentek EnviroSCAN and Diviner 2000
capacitance probes, the IMKO Trime tube probe, and conventional TDR systems from Soil
Moisture Inc., Tektronix, Inc. and Dynamax, Inc. The Sentek, IMKO, Delta-T and SMNP devices
all required soil-specific calibration. The conventional TDR systems were reasonably accurate
without calibration. Due to their small measurement volume, installation of access tubes without
soil disturbance outside of the tube was critical for success with the Sentek, IMKO, and Delta-T
devices, but not for the SMNP. Successful tube installation was difficult with the smaller diameter
devices (<30 mm), and was difficult in some soils for all devices except the SMNP. Access tubes
available from the manufacturers for the Sentek, IMKO, and Delta-T devices were expensive
compared with access tubes for the SMNP. Preliminary calibration vs. gravimetric sampling
resulted in coefficients of determination (r2) values of 0.42 and 0.53 in two Austrian soils for the
Diviner. Also, the Trime system, using its standard factory calibration, did not compare well with
SMNP, Diviner or EnviroSCAN measurements. Both the Diviner and EnviroSCAN devices were
highly sensitive to the electrical conductivity of soil water, with a 5% change in water content
caused by an EC increase of 5 dSm"'. Tests in Australia showed the EnviroSCAN to overestimate
water content near saturation and to underestimate near wilting point compared with the SMNP and
laboratory determined water holding characteristics. Plant available water capacity measured by the
EnviroSCAN system was twice that indicated by laboratory measures and the SMNP. In Tunisian,
the Trime system was calibrated vs. the SMNP in a silty clay loam with r2 of 0.60, but in a more
clayey soil in France, calibration resulted in r2 of 0.92. In Tunisia, comparison of the Trime device
to gravimetric samples showed a generally linear relationship with data centered around the 1:1
line. However, for all soils in France and Tunisia, the Trime factory calibration was not suitable and
calibration for different soil horizons was necessary. In the USA, devices were compared in soil
columns. The EnviroSCAN and Diviner overestimated water content by 0.03 m3 m" in dry soil,
while the Trime overestimated water contents by 0.06 m3 m"3. Conventional TDR measurements
were within 0.01 m3 m" of values determined by mass balance.
Keywords: profile water content, TDR, neutron probe, calibration, capacitance, dielectric methods
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Nitrogen contribution of sewage sludge to nutrition of crops,
using nuclear techniques
FERRE1RA Eugénio (1). CASTRO Isabel (1) and BARAJAS-ACEVES Martha (2)
(1) Dep. Microbiologia da EFN. Institute Nacional de Investigacäo Agraria, Quinta do Marques,
Av. Repüblica, Nova Oeiras, 2784-505 Oeiras, Portugal
(2) Centro de Investigacion y de Estudios Avanzados del IPN, Ave. IPN 2508, apartado postal
14-740, D.F.C.P. 07300, Mexico
Land applications of municipal sewage sludges are being practised throughout the world. Their
beneficial effects can include increases in crop yields, soil organic matter, cation exchange capacity,
water-holding capacity and fertility in general. High levels of nitrogen and phosphorus and
micronutrients make it an excellent fertilizer. At present, information on the availability of nitrogen
and other nutrients from sewage sludge to crops is limited.
To quantify the availability of N from irradiated sewage sludge, one of the objectives of an
IAEA/FAO programme, a pot experiment was carried out under glasshouse conditions, using an
irradiated anaerobically-digested sewage sludge. To the pots, containing 1,600 g of soil (pH 7.2),
dried sludge equivalent to 5, 10, 20, 50, and 80 t ha"1 was applied. Two controls were also included,
one without sludge application but with the addition of a standard mineral fertilization (PK), and a
second one without addition of sludge or fertilizer. Half of the pots were sown with grass (Lolium
multiflorum L.) and half with subterranean clover (Trifolium subterraneum L.). To the pots,
deionized water was added, to maintain the soil at 50-75% WHC. One month after sowing, or after
each cut, 5% '5N atom excess NH4NO3 was applied as a uniform spray at the rate of 2 kg N ha'1.
The 15N isotope dilution technique was used to estimate the N total derived from sewage sludge
and the % of total N in the sludge available to the clover and grass plants.
The % of nitrogen available for plants during three years showed that only a small % of the N
present in the sludges can be utilized. In the first year, the N availability ranged between 21.9% (5
t ha"1) and 28.4% (80 t ha"1) for grass plants and between 15.6% (5 t ha"1) and 5.2% (80 t ha"1) for
legume plants. As expected, in the second and third years, these values decreased drastically, giving
in the second year availability between 2.3% (80 t ha"1) and 4.8% (10 t ha') for grass plants and
between 1.5% (80 t ha"1) and 9.5% (20 t ha"1) for legume plants. In the third year the N availability
ranged between 1.7% (801 ha"1) and 3.4% (5 t ha"1) for grass plants and between 2.9% (5 t ha"1) and
9.0% (50 t ha"1) for legume plants. The legume obtained a large % of N through biological nitrogen
fixation. These values of available N, show that the sludge when applied at agronomic rates (5-10
t ha"1) can not supply the N requirements of grass plants, specially after the first year.
Keywords: nuclear techniques, sludge, nitrogen, legume, grass
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Use of isotopic techniques for environmental issues
in soil science
GERZABEK Martin H. (1,3), ULLAH Shah M. (2) and HABERHAUER Georg (1)
(1) Austrian Research Centers Seibersdorf, Department of Environmental Research, A-2444
Seibersdorf, Austria
(2) Department of Soil Sciences, Dhaka University, Dhaka 1000, Bangladesh
(3) Institute for Soil Research, University of Agricultural Sciences, Gregor-Mendel-Straße 33, A1140 Vienna, Austria
Answering soil scientific questions related to environmental issues needs high specificity and
low detection limits. Both can be offered by nuclear techniques like radioactive or stable tracers and
analytical methods as neutron activation analysis (NAA). These techniques allow the evaluation of
pool sizes and fluxes between these pools, which is needed for the assessment of the behaviour of
environmental pollutants.
In the present paper we try to examplify applications of the above methods:
• Use of NAA for analysis of soil and plant material, especially focussing on soil mass
loading on plant surfaces;
• 14C labelling to follow the fate of organic pollutants in the environment with special
emphazis on pesticides and the influence of humic acids;
• l5N and 180 in nitrogen dynamics studies on an ecosystem level.
Keywords: iodine, humic substances, isotopic methods, MCPA, nitrate, scandium
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Using chernobyl-derived 137Cs for assessment
of soil degradation: Present-day situation and perspectives
GOLOSOV Valentin
Laboratory for Soil Erosion and Fluvial Processes, Department of Geography, Moscow State
University, Vorob'evy Gory, 119899, Moscow, Russia
Intensive contamination of Europe by Chernobyl fallout in 1986 lead to numerous
environmental problems connected with water and soil pollution in areas with high levels of Cs
inventory. It was shown that behaviour of Chernobyl-derived '37Cs for a the most soil type is the
similar if compare with bomb-derived '37Cs. Most part of '37Cs concentrated in the top 5 cm of
undisturbed soil. Hence Chernobyl-derived l37Cs are excellent marker for different sediment sinks
with fix time of fallout deposition across vast area of Europe. Because the Chernobyl-derived 137Cs
fallout was associated with only one or two rains, it is characterised by high systematic spatial
variability, which follows the rain structure. However it is possible to establish the trend of initial
fallout for some plain areas (Walling et a!., 2000). Random spatial variability of Chernobyl-derived
137
Cs is in the most cases in the same range as variability of bomb-derived l37Cs (Golosov et al.,
1999). So the opportunity exists to use calibration models (Walling and He, 1999) for assessment of
soil redistribution within cultivated fields. It could not be directly done for areas with moderate or
lower levels of Chernobyl contamination because the overlapping Chernobyl-derived l37Cs pattern
onto the already transformed by erosion processes bomb-derived ' 7Cs pattern. However application
of geodetic GPS system for fixation of sampling point locations allows repeating measurements of
'37Cs inventory after few years. Several small catchments located in areas with different soil types
should be selected across the Europe. Typical for given region land use management and crop
rotation will be applied within each catchment. The sampling program for each key catchment is
based on large-scale geomorphologic mapping. A classification of characteristic morphological
elements should be produced and individual elements should be given specific codes. In the field
each measurement point should be designated by the appropriate code. The data set of three coordinates and a relief element code for each point should be processed in GIS software and a
computer-generated geomorphologic map of the catchment will be created. Regular measurements
'37Cs inventory within cultivated fields and in deposition sinks along pathways from cultivated
slopes to the river channel allows to collect quantitative data about soil degradation, sediment and
sediment associated pollutant transport from the cultivated slope to river channels, using uniform
approach. Some other methods of assessment of soil losses (soil morphological, erosion models,
etc.) are also applied. Net of erosion stations with monitoring of soil redistribution using '37Cs
technique is already organising in the most contaminated areas of Russian Plain. Detail description
of methodological approach and the first results are given in paper.
Keywords: soil degradation, '37Cs technique, Chernobyl, monitoring
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Biological \ : fixing capacity of Gliricidia sepium and
Calliandra calothyrsus and impact of alleys of them
and reference species on performance of coffee
GUNARATNE W.D.L. and HEENKENDA A.P.
Research Station, Department of Export Agriculture, Matale 21000, Sri Lanka
Biological nitrogen fixing capacity of Gliricidia sepium Jacq. Walp (gliricidia) and Calliandra
calothyrsus Meissn (calliandra) was investigated under soil conditions of Typic Rhodustalfs. '5N
isotope dilution method was used for the assessment of the proportion of N2 derived through
fixation (Pfix). Two non-nodulating tree legume species, Senna siamea (siamea) and Senna
spectabilis (spectabilis) were used as reference crops.
At the end of one year after planting, the highest above ground biomass and total N content
were found with spectabilis (5,622 g and 126.97g N plant"'). Calliandra produced a higher biomass
and were contained more N over gliricidia. Higher Pfix values associated with the estimations based
on siamea but no significant (/MJ.Ol) difference could be found between the two reference crops.
Estimated average Pfix values for gliricidia and calliandra were 56 and 42 percent, respectively.
Total amount of N2 fixed by above ground parts of calliandra (33 g N plant') is greater than that of
gliricidia (26 g plant"'). These values are equivalent to 110 and 88 kg N ha"' y"' (3,333 plants ha"').
Arabica coffee was grown under the alleys of gliricidia, calliandra, siamea, spectabilis and
kapok (control) to study the effect of tree species on performance of coffee. Growth of coffee under
gliricidia and spectabilis alleys was equally good but not significantly different from that under
siamea. Despite of the high biomass production of calliandra, plant height and stem diameter of
coffee under calliandra were not significantly different from the control. Highest coffee yield was
reported with Gliricidia followed by spectabilis. Soil organic matter increase under spectabilis,
gliricidia, siamea and calliandra, were 228, 256, 133 and 119 percent, respectively, over the control.
Similarly, wet aggregate stability of soils under gliricidia and spectabilis were superior to calliandra
and the control.
Keywords: N2fixation,Gliricidia sepium, Calliandra calothyrsu, Senna siamea, Senna
spectabilis, coffee
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Organic matter for increasing P-fertilizer use efficiency
of maize in Ultisols by using 32P technique
HAKIM Nurhaiati
Faculty of Agriculture, Andalas University P.O. Box 87, Padang, Indonesia
Phosphorus deficiency and low P-fertilizer use efficiency (P-fue) has been reported to be a
limiting factor for crop production in Ultisols. Two series of pot experiments were carried out by
using 2P technique to determine the P-fertilizer use efficiency of maize as effected by organic
matter (animal manure and green manure) application in Ultisols. The first series was animal
manure treatment, while the second series was green manure treatment. Treatments were arranged
based on organic matter content in soil, that was 0; 0.5; 1.0; 1.5; 2.0; and 2.5%. It was equal to 0;
25; 50; 75; 100; and 125 g animal manure or green manure per pot (5 kg soils pot"1). The effect of
organic matter was also compared to liming treatment as equal to 3 ton CaCC<3 ha"' (7.5 g pot"1).
Maize was grown for a 6-week period. The 32P activity in maize and in fertilizer was measured by
Liquid Scintillation Counting (LSC), while total P-uptake of maize by Spectrophotometer. The
increase of P-fertilizer use efficiency of maize in relation to animal manure application could be
expressed by the equation: Y = - 1.2407X2 + 3.6355X + 4.5589 (R2 = 0.98) and to green manure
application by the equation: Y = - 3.307 IX2 + 7.3867X + 2.4821 (R2 = 0.93). Based on these
equations, the maximum P-fertilizer use efficiency of maize in the first experiment was 7.22%
found at the rate of animal manure equal to 1.47% organic matter content (74 g animal manure
pot). The maximum P-fertilizer use efficiency of maize in the second experiment was 6.61%
found at the rate of green manure equal to 1.12% organic matter content (56 g green manure pot'1).
Whereas the application lime as 7.5 g CaCCh pot'1 (equal to 3 t CaCCh ha"1) caused fertilizer use
efficiency as 7.98%. It can be concluded that the effect of liming as 7.5g CaC03 pot"1 (3 t CaCC>3
ha"1) in increasing P-fertilizer use efficiency of maize in Ultisols is a little bit better than that of
using animal manure equivalent to 1.47% organic matter in soil (74 g pot'1 = 30 t ha"1) or than that
of green manure equivalent to 1.12% organic matter in soil (56 g pot" = 22 t ha"1).
Keywords: Ultisols, organic matter, P-fue, 32P
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Phosphorus fixation in highly buffered soil types
as assessed by a modified isotopic dilution procedure
HAMON Rebecca. McLAUGHLIN Mike and COZENS Gill
CSIRO Land and Water, PMB 2, Glen Osmond, SA 5064, Australia
Understanding the fate of inputs, such as phosphorus, to agricultural systems is necessary to
improve the efficiency of such systems, and to ensure that they are managed sustainably. In some
soils, a major portion of the P added in fertilisers can be strongly fixed (as opposed to sorbed) by
soil particles in non- or very slowly exchangeable forms, which are at best in a very slow
equilibrium with the soil solution. Under these circumstances, only a small percentage of the P
remains in a form which is bioavailable to crops. In other soils where the capacity for P fixation is
negligible, applied P remains mobile and hence even a small imbalance between cumulative inputs
and crop requirements can lead to detrimental offsite impacts such as eutrophication. Isotopic
dilution methods (E- and L- values) have been widely used to investigate the availability of P in
different soils. However, there is a general consensus in the literature that problems with the Evalue method, leading to overestimates of P availability, can be expected for soils with high P
fixation capacities. It has been speculated that the errors may be the result of factors ranging from
isotope fixation, measurement of non-isotopically exchangeable P contained in colloids,
interference of Si on measurement of P, to the fact that highly fixing soils typically have
concentrations of soluble P that are close to analytical detection limits. Through a modification of
the E-value procedure, we have been able to address many of these issues and hence minimise
errors associated with E-values in highly sorbing/fixing soil types. We have used this procedure to
examine rates of Pfixationin a range of soils.
Keywords: isotope dilution,fixation,bioavailability, speciation
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Development of preparation methods for 13C/,2C analysis of
soil and plant samples, using optical breath test analysers
HOOD R.C. (1), KHAN M. (1,2), HAQUE A. (1,3), KHADIR M (1,4), JUAN Pablo Bonetto
(1,5) LEO Mayr (1) and MARIA Heiling (1)
(1) Soil Science Unit, FAO/IAEA Agriculture and Biotechnology Laboratory, A2444 Seibersdorf,
Austria
(2) Nuclear Institute of Agriculture, Tando Jam, Pakistan
(3) Soil Science Division, Bangladesh Institute of Nuclear Agriculture, P.O.Box 4, Mymensingh
2200, Bangladesh
(4) Institut National de la Recherche Agronomique, BP 415 Rabat, Morroco
(5) Agronomic Group, Centre Atómico Ezeiza, CNEA, Argentina
Until recently the only reliable way of doing C analysis was using a mass spectrometer. For
many developing countries the high initial cost and running costs of a mass spectrometer precluded
the purchase of such an instrument. Recent developments in optical systems have provided a robust,
low-cost option for undertaking l3 C analysis.
Although these machines were initially developed for breath testing for Helicobacter pylori,
they have an enormous potential as a research tool for soil science. The relatively low cost of the
equipment at US$ 15,000-25,000 is within the research budgets of most institutes or universities.
The simplicity of the mechanisms and optical nature mean that the equipment requires relatively
low maintenance and minimal training.
13
C may be used to study numerous areas including: organic matter turnover, shifts in 5 13C
from C4 to C3 vegetation, organic matter residence times, determination of sources of stable
organic matter, A ' 3 C differences in drought and salt tolerant isolines, root turnover, soil respiration,
the breakdown of different pesticides in the soil, soil respiration as an indicator of soil quality and
mineralisation.
The paper presented will describe the preparation methods of soil and plant materials for
analysis using the breath test analyser. These will include testing the system at natural abundance
level and for enriched samples.
Keywords: organic matter, stable isotopes, FANci2

1791

Symposium no. 59

Paper no. 968

Presentation: poster

A study and question on the decay rate of organic carbon
under upland and submerged soil conditions
HUANG Dora-Mai. ZHU Pei-Li and WANG Zhi-Ming
Soil and Fertilizer Institute, Jiangsu Academy of Agricultural Science, Nanjing 210014, P.R. China
It might be a question that whether the decomposition rate of organic carbon in rice paddy soil
was lower, similar or even higher than that of dryland conditions, however, the prevalent concept
for this matter described in many papers and text is the anaerobic condition in rice field retard
organic matter decomposition, but a few isotopic study so far seemed not to be followed by this
point of view.
'4C-labeled goat manure, elephant grass and its root were incubated with Alfisol at 30°C for
365 days, under 70% WHC (upland) and submerged conditions. Another set of incubation
experiments using '4C-labelled rice straw and maize straw with Ultisol and Vertisol were conducted
at 30°C for 112 days under the same water regimes.
Uniformly C-labelled straw was obtained from a closed growth chamber in the presence
of '4CC>2 before being matured. '4C-labelled goat manure was collected by feeding l4C-labelled
elephant grass using a special designed goat living chamber, their '4C specific activities (kBq g')
were 725.20, 230.44, 442.45, 570.28 and 231.62 for elephant grass, elephant grass root, rice straw,
maize straw and goat manure respectively. Organic carbon of both soil and plant was analyzed by
wet combustion method (Amato 1983). All '4C activities were measured with a Beekman LS-9800
liquid scintillation counter.
The rate of decomposition of l4C-labelled goat manure and all the related plant material or
residue obviously proved faster in submerged soils than those in 70% WHC soils irrespective of soil
types, consequently the amount of residual 14C maintained in soils showed the opposite trend. The
half-life of added substrates was 1.4 to 2.0-fold greater in 70% WHC than that in submerged
condition. Contrary to the traditional concepts of decomposition rates of organic matter in upland
soil and submerged soil, it is considered that under cultivated condition, either the rate or the
amount of organic carbon decomposition in submerged soil is substantially greater than that in
upland soil if both soil conditions are adequate to the microbial metabolism.
Keywords: rate of carbon decomposition, '4C-labelled straw, root and goat manure, upland and
submerged soil conditions
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The use of lsN-isotope dilution technique to study the role
of Arbuscular mycorrhizas in improving soil N and P
availability to plants
IBIJBUEN J. (1), URQUIAGA S. (2) and BODDEY R.M. (2)
(1) Moulay Ismail University, Faculty of Sciences, B.P. 4010, Beni M'Hamed, Meknes, Morocco
(2) EMBRAPA-CNPAB, Km 47 Estrada Rio-Sao Paulo, Seropedica, Rio de Janeiro, Brazil
Two pot experiment were conducted under glasshouse conditions.
The objective of the first experiment was to investigate the effect of the interaction between the
inoculation with an Arbuscular mycorrhizal (AM) fungus and different phosphorus sources. Water
soluble source (Super phosphate 46% P2O5) and Phosphate rock ( Patos de minas 24% P2O5) using
different doses, on the growth and contribution of biological N2 fixation to common bean in a P
deficient soil (available P:4.5 ug g'). The '5N isotope dilution technique and non-nodulating bean
NOD 125 (control crop) were used to quantify the contribution of N2 fixation. All the pots were
inoculated with appropriate Rhizobium. The mycorrhizal inoculum was applied in the form of
spores Inoculation with AM fungus significantly increased the dry matter production, N uptake
depending on the P treatments and to the bean variety. The non-mycorrhizal plants required much
more phosphorus as did mycorrhizal plants irrespective of the solubility of the phosphorus source.
The fraction of N derived from the atmosphere increased significantly with AM fungus
inoculation and P fertilisation ranging from 38% to 60%, showing the best response for the super
phosphate at the equivalent dose of 200 kg P2O5 ha"' . In adverse, the addition of such source of P,
reduced dramatically and gradually the percent of root colonisation by Glomus darum. The
response was different according to the phosphorus source. For the rock P treatments the
improvement of nitrogen fixation was enhanced by the Glomus darum inoculation specially at the
third dose (200 kg P2O5 ha"1), showing that the mycorrhizal inoculation can greatly improve the
utilisation of P from this unavailable P source which is favoured by the acidity of the soil (soil
PHH 2 O = 5.5). The results reaffirm the indirect and positive effect of mycorrhizal inoculation on P
utilisation from different P sources with different solubilities.
The aim of the second experiment was to investigate the effect of arbuscular mycorrhizal fungi
on the growth and N uptake of two graminaceous plants growing in four fumigated soils which
have been labelled for several years with '5N. These soils were different in their P availability.
Positive responses to mycorrhizal inoculation were observed for all yield parameters except for the
soil with the highest available P. In the three other soils mycorrhizal inoculation increased N
accumulation, but the '5N enrichment of the absorbed N was lower in the mycorrhizal plants than in
those not inoculated. This suggest that this extra source of N available to mycorrhizal roots was of
organic origin, thus mycorrhizal hyphae absorb organic N from the soil which is not normally
available to non-mycorrhizal roots or the hyphae stimulate the mineralization of refractory forms of
organic N.
Keywords: Arbuscular mycorrhizas, l5N dilution technique, nitrogen, phosphorus, uptake, BNF
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Soil moisture neutron probe calibration and use
in five soils of Uzbekistan
EVETT Steven (1), IBRAG1MOV Nazirbav (2), KAMILOV Bakhtiyor (2), ESANBEKOV
Yusupbek (2), SARIMSAKOV Makhsud (2), SHADMANOV Jamaliddin (3),
MIRHASHIMOV Rahmonkul (3), MUSAEV Ruzibay (4), RADJABOV Tilak (5) and
MUHAMMADIEV Bahram (6)
(1) USDA-Agricultural Research Service, P.O. Drawer 10, Bushland, Taxas 79012, USA
(2) Uzbekistan National Cotton Growing Research Institute (UNCGRI), PO Box Akkavak, Kibray
Dist., Tashkent Prov., 702133, Uzbekistan
(3) Syrdarda Reg. Expt. Sta., UNCGRI, PO Khamid Olimjon, Gulistan Dist., Syrdarya Prov.
708322, Uzbekistan
(4) Fergana Reg. Expt. Sta., UNCGRI, Kuva town, Fergana Prov. 713910, Uzbekistan
(5) Kashkadarya Reg. Expt. Sta., UNCGRI, Kasbi dist., Kashkadarya Prov. 731204, Uzbekistan
(6) Khorezm Regional Experiment Station, UNCGRI, Urgench District, Khorezm Province
740006, Uzbekistan
Efforts to place irrigation scheduling on a scientific footing begin with measurement of crop
water use under the climate, soils, and other environmental factors specific to Uzbekistan. Crop water
use may be calculated from the soil water balance if changes in soil water storage due to irrigation and
precipitation and crop water uptake can be accurately measured, and if losses to deep percolation or
upward fluxes from shallow water tables can be eliminated in the experimental setup. We detail
accurate field calibrations of soil moisture neutron probes (SMNP) at five locations in Uzbekistan, in
soils ranging from deep, uniform silt loams of loessal origin to highly stratified alluvial soils near the
Amu Daryariver.All calibrations involved creating a wet site containing at least two access tubes in a
field that was otherwise as dry as possible. Two access tubes were also installed in the dry field so
that a wide range of water contents could be sampled at each depth in the soil. This allowed us to
discern whether different calibrations pertained to different soil layers or horizons. In all soils,
separate calibrations were found for the 10 cm depth due to closeness to the soil-air interface. Near
Tashkent and at the Syrdarya Branch Station, the soil below 10 cm was divided into two layers based
on the increased CaC03 and/or CaS04 content of the lower of the two layers. Distinctly different
calibration equation slopes were found for these layers. At the Kashkadarya Branch Station, a single
calibration was sufficient for the soil below 10 cm. At the Khorezm Branch Station, an abrupt change
in soil texture near 70 cm depth caused separate calibration equations for the 30 to 70 cm depth range
(silt loam) and the 110 to 170 cm depth range (fine sand). Calibration at the Fergana Branch Station
was successful for the 10 cm and the 30 to 90 cm depth ranges. Root mean squared errors (RMSE) of
calibration were in the range of 0.009 to 0.025 m3 m and r2 values ranged from 0.91 to 0.99. Data
gathered provide an excellent illustration of why calibration efforts should organize soil water content
data by depth range. Two examples of profile water content measurement for crop water use studies
are given, one for winter wheat and one for cotton, both in 2001. Soil water contents measured in
winter wheat at the Syrdarya Branch Station showed the presence of a watertable that hindered
calculation of crop water use. Similar measurements under cotton at Tashkent showed that the soil
profile remained well below saturation throughout the irrigation season, minimizing deep percolation
losses, and allowing cotton water use to be successfully calculated by soil water balance.
Keywords: neutron scattering, soil water storage, profile water content, calibration, access tube,
watertable
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Nitrogen fixation by lentil in farmers' fields under
rainfed dry conditions
IQBAL Mohsin M. (I), MOHAMMAD W. (2), SHAH S. Mahmood (2), NAWAZ H. (2) and
1DRIS M. (2)
(1) Nuclear Institute for Agriculture & Biology (NIAB), P.O. Box 128, Faisalabad, Pakistan
(2) Nuclear Institute for Food & Agriculture (NIFA), Peshawar, Pakistan
Published literature on the amounts of nitrogen fixed by legumes is readily available but
majority of these studies were conducted at research stations where experimental conditions are not
representative of the common farmers. Very little information on nitrogen fixation by legumes is
available at actual farmers' fields under dryland conditions. Such information is vital for developing
appropriate cropping systems for these areas.
Field experiments were conducted at farmers' fields at two sites near Peshawar to assess the
amounts of nitrogen fixed by lentil, using an isotopic technique, as influenced by tillage and
phosphorus level. The experimental area was semiarid receiving annual rainfall of less than 300
mm. The treatments comprised two tillage (conventional versus zero tillage) and two P levels (30
and 60 kg P2O5 ha"1 together with 20 kg N ha"1). Wheat was used as a reference crop. 15N labelled
urea was applied to wheat @60 kg N ha"1 having 1% 15N atom excess and to lentil @20 kg N ha"1
having 5% 5N atom excess. Nitrogen uptake by straw, grain and root of lentil were determined at
harvest and nitrogen derived by lentil from fertilizer, soil and atmospheric fixation were calculated.
The results obtained showed that lentil derived major portion of its plant-N (82-96%) from
atmospheric fixation. Only a small portion (up to 6%) was derived from the applied fertilizer, the
remaining portion (up to 12%) was taken up from soil. In comparison, wheat crop derived up to
39% of its N from the fertilizer. The amounts of N fixed by lentil were higher at Jalozai (70 to 91
kg ha"1) than at Urmar (42 to 66 kg ha'1). This was traced to differences in soil type and previous
cropping history. The effect of tillage or P level was not pronounced on atmospheric fixation at
Jalozai but at Urmar, the amounts of N fixed were higher at higher P level and under tillage. This
was explained by the fact that leguminous crops required greater amounts of phosphorus for higher
nitrogen,fixationand that tillage promoted the soil environment conducive to a greater N fixation.
Keywords: Nfixation,lentil, tillage, P level, farmers' fields, dry areas
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Water, nitrogen and wheat residues management
in a desert ecosystem
ISMAILIM.m and ICHIR L.L. (2)
(1) Faculté des Sciences, B.P. 4010, Beni M'hamed, Meknès, Maroc, Zimbabwe
(2) Faculté des Sciences et Techniques, B.P. 509, Boutalamine, Errachidia, Maroc, Zimbabwe
Three experiments were conducted in the experimental farm of Tafilalet in South Morocco. The
soil was sandy loam with 50 mm annual rainfall, low temperatures in winter (-3°C) and high
temperatures in summer (45°C), 8.4 soil pH, 0.069%N, 0.97% O.M., 5 mg kg"1 exchangeable K and
8.8 mg kg'1 available P. Our objectives were to study the effect of different watering, nitrogen and
crop residues treatments on nitrogen availability in a wheat - wheat (Triticum durum var. Karim)
cropping system. In Experiment 1, 85 kg N ha"1 labeled with 9.764 at % excess 15N was added to 16
m2 plots with four replicates and three treatments: Tl with '5N residues replaced with 14N residues.
T2 was amended with 1.711% atom excess 15N enriched residues, produced in Tl. Residues were
removed after harvest in T3. In Experiment 2, three irrigation treatments, maintained by a neutron
probe were used: 20% HCC (Humidity at 20% of Field Capacity), 40% HCC, and 60% HCC.
Within each watering system, two N treatments were used: Nl- received 835 g m'2 of 1.711% atom
excess l5N enriched wheat residues produced in T3 and 4.10 g N m"2, as ammonium sulfate and N2received 8.2 g N m"2 ammonium sulfate, enriched with 9.96% atom excess '5N. The hydroprobe
was calibrated under dry and humid soil conditions. Experiment 3 was an incubation study
conducted in micro-plots contained within cylinders which received 8 t ha"' of 1.711% atom excess
15
N residues 30(30DBS) 15(15DBS) and 0(S) days before seeding. A control without residues was
used.
The fertilizer N recovery by wheat in first, second and third crops were respectively 34.3%,
8.5% and 1.8 in Tl and 34.3%, 6.9% and 1.5% in T3. In T2, wheat recovered 14.7% and 3.88% of
N in residues added in second and third crop respectively or 2% and 0.45% of fertilizer N added in
Tl. After three crops the soil recovered 24% of the fertilizer N added in Tl and 20% in T3. In T2,
59% of residues N was recovered by soil (7% of fertilizer N added in Tl). In Tl and T3, 29 and
40% of added N was lost, respectively, after three crops. In T2, 37% of residue N (7% of added N
to Tl) was lost after two years. 40% HCC soil humidity doubles yield and residues production.
Higher yields were reached by keeping soil humidity at 60%HCC. Under 20% HCC, yield was
higher when wheat residues were added to soil than when fertilizer N was added. Under 40% HCC,
fertilizer N and residues treatments were similar. Under 60% HCC fertilizer N allowed more yield
than wheat residues. Mineralization of nitrogen (mgkg') during five months of wheat growth
decreased with soil depth: 0-15 cm (132.57) > 15-30 (120.56) > 30-45 (91.34). Wheat residues
maintained the process of immobilization during 5 months. Immobilization (mg kg') decreased
with time in the 0-15 cm soil profile: S (61.58) > 15DBS (46.40) > 30DBS (29.98). No
synchronization between mineralization of wheat residues and wheat growth occurred.
Keywords: water, hydroprobe, synchronisation, nitrogen-15, nitrogen recovery, wheat residues
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Decomposition and stabilization of 14C labelled maize residues
as affected by tillage and cropping
KANCHIKER1MATH Maniaiah (1), VORONEY Paul (2) and BEYAERT Ron (2)
(1) Nuclear Research Laboratory, Indian Agricultural Research Institute, New Delhi-110 012,
India
(2) Department of Land Resource Science, University of Guelph, Guelph, Ontario, NIG 2W1,
Canada
A better understanding of how soil organic matter (SOM) affects soil quality, ecosystem
functioning, and atmospheric CO2 concentrations would be gained through knowledge of its
dynamics. Intact soil cores from the surface soil layer (0-5 cm) of conventionally tilled (CT) and
no-till (NT) sites cropped to continuous maize, differing in soil texture, located at Delhi (Fox loamy
sand), Elora (Wellington silt loam) and Harrow (Brookston clay loam) in Eastern Canada were used
for the study. 14C-labelled maize residues @1 mg C g"1 soil were amended to each of the soils in
such a way as to approximate previous residue management i.e., thoroughly mixed in CT soils
while in NT soils applied on the surface. Soil cores obtained from adjacent forest sites that have
never been cropped to maize served as controls. Soils were incubated for 220 days under standard
laboratory conditions and sub-sampled periodically to determine the rate of decomposition of
labelled residue C and its stabilization in active microbial, light fraction and humic substances. In
the initial days of incubation period, the residues well mixed with the soils showed higher
mineralization than the surface applied treatments, however, at the end of incubation the proportion
of l4C-residue C evolved as CO2 was not significantly affected by tillage treatments. The
mineralization of residue C was substantially lower in the forest soils, suggesting that the presence
of litter organic matter has an important role in the transformations and stabilization of added crop
residues. The microbial biomass C increased nearly two fold 7 days after the addition of maize
residue but decreased thereafter, and at a relatively faster rate in the Delhi sandy soil. The
proportion of C derived from the labelled residue and incorporated in the biomass was higher in
forest soils (8-22%) as compared to cropped soils (5-8%). On the other hand the proportion of C
derived from the l4C-labelled residue remaining in soils and incorporated in the biomass was ranged
from 9-24% in forest soils and 6-12% in soils cropped to maize. The recovery of residue carbon in
hot water extractable C, light fraction organic C, humic substances (humic acid, fulvic acid, humin)
and different molecular size humic substances were also measured and interpreted. The data so
generated through these studies are useful in quantification of progressive incorporation of plant
residue C into SOM fractions for better understanding the C-transformation and stabilization in soil.
Keywords:

14

C labelled residue, soil organic carbon, soil microbial biomass, light fraction C,
humic substances
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Determination of rice provenance using strontium isotope
ratio and levels of selected trace elements of rice
KAWASAKI Akira (1), ODA Hisao W. (1) and HIRATA Takafumi (2)
(1) National Institute for Agro-Environmental Sciences, 3-1-3 Kannondai, Tsukuba, Ibaraki
305-8604, Japan
(2) Laboratory for Planetary Sciences, Tokyo Institute of Technology, 2-12-1, O-okayama,
Meguro, Tokyo 152-8551, Japan
The strontium isotope ratio (87Sr/86Sr) of brown (i.e., unpolished) rice (Oryza saliva L.) was
ascertained in order to evaluate the value of 87Sr/86Sr, to infer the area of rice production. In
addition, the levels of trace elements, Rb, Sr and Cd in rice were determined for more precise
identification. Forty-four samples of Japanese rice, 15 samples of Californian rice, and 5 samples
of Korean rice were studied. Sample solutions to determine the Sr isotope ratio were made with 5 g
of rice from each sample, using the acid (HNO3, HCIO4 and HF) digestion method. Removal of Rb
from the sample solutions was performed using ion-exchange resin (Dowex 50W X8). The isotope
ratio of Sr in rice was determined using multiple collector inductively coupled plasma mass
spectrometry (MC-ICP-MS). A microwave digestion system was used for the determination of
trace element contents. Rubidium, Sr and Cd contents of rice was determined by ICP-MS.
The Sr isotope ratios of Japanese rice samples ranged from 0.706 to 0.711. Among all rice
samples examined, Korean rice samples had the highest Sr isotope ratio (0.712 to 0.730), indicating
that it may be possible to distinguish Korean rice on the basis of the Sr isotope ratio. The isotope
ratios of Californian rice samples ranged from 0.703 to 0.707. These values were lower than, or
equal to the lowest value of Japanese rice.
Because the Sr isotope ratios of some Californian rice samples were the same as the lowest
value of Japanese rice, other indicators (Rb/Sr ratio and Cd content) were evaluated to distinguish
Californian rice. The Rb/Sr ratios of Japanese rice and Californian rice ranged from 3.0 to 48 and
from 2.4 to 57, respectively. The difference in the range of the Rb/Sr ratio between Japanese rice
and Californian rice was not significant. The content of Cd in Japanese rice ranged from 0.006 to
0.23 mg kg"1. The Cd content of Californian rice samples ranged from 0.003 to 0.022, a lower
value than in almost all Japanese samples. These results suggest that the Cd content can be used as
an indicator to distinguish Californian rice from Japanese rice.
Keywords: brown rice, cadmium, geographic origin, multiple collector inductively coupled
plasma mass spectrometry (MC-ICP-MS), strontium isotope ratio
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Fate of applied fertilizer nitrogen in a long-term
maize-bean cropping system in Kenya
KIBUNJA Catherine N. (1). MUGENDI Daniel N. (2), MWAURA Francis B. (3), KITONYO
Erastus M. (1) and SALEMA Manase P. (4)
(1)
(2)
(3)
(4)

Kenya Agricultural Research Institute, Kenya
Kenyatta University, Kenya
University of Nairobi-Kenya
IAEA, Vienna, Austria

The continuing high cost of mineral fertilizers and the adverse effects of continued fertilizer
application has caused a renewed interest in organic matter cycling and a search for alternative
sources of nutrient supply. Accompanying this is also the need to improve the rate of field
recoveries of applied nitrogen by the crops and the build-up of soil organic N reserves, which
contribute to long-term soil fertility.
A long-term field trial established in 1976 to investigate the effect of continuous application of
farmyard manure, crop residues and NP fertilizers in a maize-bean rotation system was used to
study the effect of the different management practices on the mineralization and availability of
nitrogen down the 3 m soil profile. Labeled ' 5 N fertilizer (10% a.e) as Calcium Ammonium Nitrate
(CAN) at the rate of 60 kg N ha"' y"1 was applied to maize in 1x2 m2 micro-plots. Soils were
collected at 0-20; 20-50; 50-100; 100-200 and 200-300 cm down the soil profile, three times per
season (at planting; at flowering and after harvesting) and analyzed for available mineral N (NH4-N
+NO3-N) as well as total nitrogen. Data on grain yields and plant ' 5 N uptake were collected for the
calculation of nutrient balances.
Results obtained so far indicate that continuous cropping leads to continuous loss of nutrients
from the soil system even with the application of moderate amounts of fertilizer (60 kg N). A
substantial amount of pre-season NC>3"-N was found at the 20cm plough layer (10 -25 mg N k g ' )
while a bulge occurred at the soil depths below 100 cm (40 -60 mg N kg"'). This nitrate
accumulation increased over time and reached a maximum at time of crop maturity. When fertilizers
were used in combination with organic amendments, higher yields were obtained but % ndff
declined with addition of organics to the fertilizer (14.5 to 11.6 in maize grains). Leaching was
found to be a major pathway through which great amounts of mineral nitrogen was lost from this
annual cropping system leading to low fertilizer use efficiency of 25-32%.
Keywords: fertilizers, isotopes, sustainability, nutrients, soil fertility
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Organic residual management and soil physical properties
MACEDOJ.R.(I), PIRES L.F. (2), REICHARDT K. (2), DORNELAS DE Souza M. (3),
BACCHI O.O.S. (1) and MENEQUELLI N.A. (1)
(1) National Center for Soil Research (CNPS) Embrapa Solos, Rua Jardim Botänico, 1.024,
22260-000, Rio de Janeiro, RJ. Brazil
(2) Center for Nuclear Energia in Agriculture (CENA), Universidade de Säo Paulo (USP) CP 96,
13.400-970. Piracicaba, SP. Brazil
(3) National Center for Enviromental Research (CNPMA), Embrapa Meio Ambiente, Cx P. 69,
13820-000, Brazil
Urban population growth promoted a significant increase in the production of organic wastes.
The treatment of these residues generates an organic matter rich material (sludge), its adequate final
disposal being a fundamental issue in respect to the preservation of natural hydrological resources.
One of the disposal alternatives is its use as fertilizer and soil conditioner. This disposal on
agricultural land can, however, promote changes on soil physical properties, as it is the case of bulk
density, surface sealing, and resistance to penetration and water transport. The objective of this
research was to study soil physical alterations due to the application of increasing rates of urban and
industrial sludge.
The experiment is being carried out at Jaguariüna, SP., Brazil, being 2001 the 3 ri of the eightplaned years. The chosen crop was corn (Zea mays L.). For this part of the project, 288 undisturbed
samples were collected with the aid of aluminum cylinders, on plots which received inorganic
fertilizer (based on soil analysis), with and without sludge at rates equivalent to 10 t, 20 t, 40 t and
80 t. With soil samples the following hydric and physical properties were measured: bulk density
via volumetric ring, gamma-ray transmission, and gamma-ray computed tomography, and saturated
hydraulic conductivity. Under field conditions, 36 water infiltration tests were also carried out.
The gamma-attenuation method opened the possibility to observe that the differences in soil
bulk density due to superficial sealing were significantly higher in relation to values measured at
greater depths. At greater depths methods did not differ significantly. The tomographyc analysis
also confirmed surface sealing, showing higher values at the surface, in relation to greater depths.
Results show, in general, that the application of sewage sludge promotes surface sealing affecting
water infiltration into the soil.
Keywords: computed tomography, gamma-ray, soil bulk density, sealing, sewage sludge
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Diester organic phosphorus in soils: 31P-NMR study
MAKAROV Mikhail (1). HAUMAIER Ludwig (2) and ZECH Wolfgang (2)
(1) Department of Soil Science, Moscow State University, 119899 Moscow, Russia
(2) Institute of Soil Science and Soil Geography, University of Bayreuth, 95440 Bayreuth,
Germany
Results of 3IP-NMR spectroscopy of alkaline solutions of organic P standards, acid, alkaline
and methanol-chloroform extracts from microorganisms, plants and soils showed that the resonance
at 0 mg kg"1, previously assigned to phospholipids and nucleic acids, was caused by DNA-P.
Resonances of phospholipids of plant and microbial origin were observed at about 1.5-1.7 and 0.60.7 mg kg', in regions previously assigned to teichoic acid-P by various authors. Teichoic acids
extracted from Bacillus subtilis resonated at 1.9 mg kg"1. 31P-NMR spectroscopy cannot
differentiate signals derived from P of phospholipids and non-lipidic compounds in the spectra of
alkaline extracts from soils, while quantitative differentiation of DNA-P and the other diesters
seems quite a simple task.
Soils of two climosequences in Russia were studied by 31P-NMR spectroscopy of NaOH
extracts. These climosequences were represented by (1) Dystric Podzoluvisols, Haplic Greyzems,
Calcic Chernozems, and Gypsic Kastanozems, which are located along temperature and
precipitation gradients of the Russian Plain, and (2) forest Humic Cambisols and Umbric Leptosols
of subalpine and alpine meadows, which are formed in different climatic conditions along an
elevation of the Mt. Malaya Khatipara (Northern Caucasus). Results showed that DNA-P and
phospholipids-teichoic acids P accumulated relatively independently in the soils. Accumulation of
DNA was higher in the cold, wet, and acid soils indicating reduced organic P mineralisation under
conditions unfavourable for microbial activity. Phospholipids and teichoic acids mainly
accumulated in the more microbially active soils.
Incubation experiment confirmed that microbial biomass growth produced labile (NaHC03 and
H2S04-soluble) P compounds resonating between 0.5 and 3.0 mg kg"1.
Keywords:
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Regulating N release from legume tree prunings by mixing
residues of different quality during 3 maize crop cycles
MALAMA Ngadi Costah (1), CADISCH Georg (2) and GILLER Ken E. (3)
(1) Misamfu Regional Research centre, P. O. Box 410055, Kasama, Zambia
(2) Dept. of Biological Sciences, Wye College, University of London, Ashford, Kent, UK. TN25
5AH.
(3) Plant Production Systems, Depart, of Plant Sciences, Wageningen University, P.O. Box 430,
6700 AK Wageningen, The Netherlands
This study was conducted in order to assess the residual benefit of the condensed tannin-protein
complex formed during cycle 1 between legume pruning mixtures in the subsequent cycles, and
whether the high N content of an intermediate resource quality would be made available to a maize
crop during cycles 2 and 3, as well as study the effect of addition of Polyethylene glycol (PEG) on
the residue-N release from an intermediate resource quality and its uptake by maize during cycle 1.
N recovery from '5N-labelled pruning mixtures of a high (high %N, low lignin and
polyphenol content) and intermediate (high %N, lignin and polyphenols and/or tannins content)
resource quality of Sesbania sesban and Calliandra calothyrsus, mixed in the following
proportions: (based on percentage dry weight of Sesbania: percentage dry weight of Calliandra
prunings) (1) mixtures of l5N-labelled Sesbania and unlabelled Calliandra prunings; 100:0, 75:25,
50:50, and 25:75 and (2) mixtures of unlabelled Sesbania and l5N-labelled Calliandra prunings;
50:50 and 0:100, were monitored over 3 maize crop cycles in a pot study. There were significant
differences (P < 0.05) between treatments receiving unlabelled Sesbania and l5N-labelled
Calliandra residues in N yield. 15N recovery was highest in 100% 'SN-Sesbania (49% ' N recovery)
followed by mixtures with 54, 28 and the lowest was mixture with 12% 15N-labelled Sesbania (13%
' 5 N recovery). Between l5N-labelled Calliandra, the mixture with 32% Calliandra produced double
(16% 15N recovery) the amount of ' 5 N recovered in 100% Calliandra treatments (8% ' 5 N recovery),
during the first cycle. The mixture with 32% 15N-labelled Calliandra produced a significantly (P <
0.05) higher cumulative N yield by maize compared with 100% 15N-labelled Calliandra and the
control. The cumulative 15N recovery was highest in 100% '5N-labelled Sesbania, followed by the
mixtures with 54, 28 and 12% 15N-labelled Sesbania. Between the 15N-labelled Calliandra, the
mixture with 32% l5N-labelled Calliandra produced a higher l5 N recovery compared with 100%
'5N-labelled Calliandra. The effect of tannin-protein interactions was to produce a lowered ' N
recovery in the mixtures relatives to 100% ' N-labelled Sesbania during short- and long-term
periods. By the third cycle about 80% 15N had been recovered from the 100% l5N-labelled Sesbania
but only 26% had been recovered from 100% 15N-labelled Calliandra. During cycle 3 there was an
increase in ' 5 N recovery of 3.1 and 4.1% respectively, over the first and second crop cycles from
100% l5N-labelled Calliandra treatment. This shows that low N release during the early
decomposition for certain legume tree species high in %N, condensed tannins and lignin, such as
Calliandra, could be compensated in the long term. Mixing of Sesbania residues (rich in N content
and low in condensed tannins) with those rich in condensed tannins like Calliandra, can help to
regulate release of N from such mixtures both in the short- and long-term basis. Addition of PEG
did not cause increase in N availability and recovery by maize from 100% '5N-labelled Calliandra
residues.
Keywords: Sesbania sesban, Calliandra calothyrsus, organic resource quality, ' 5 N recovery,
tannin-protein interactions
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Decomposition of plant residues in volcanic and
non-volcanic soils
ZAGAL E. (1), MARTINEZ C. (1), BOTTNER P. (2) and HETIER J.M. (3)
(1) Universidad de Concepción. Faculty of Agronomy, Department of Soil Science, P.O. Box 537,
Chilian, Chile
(2) CEFE-CNRS, BP 3423 Montpellier CEDEX 5, France
(3) IRD, BP 34032 Montpellier CEDEX 1, France
An investigation was conducted to study C dynamics of added '4C-labelled plant material; in
the presence of living plants in two soils with different clay content and composition (nonvolcanic, NV, and volcanic soil, V). Thus, the objective was to increase the level of understanding
on decomposition and humification mechanisms in soils derived from young volcanic ashes of the
south-central region of Chile.
Pots were prepared to be sown with ray-grass (Lolium perenne L.) after incorporation of 14Clabelled rye-grass material. They were placed in a completely randomized design, were provided to
allow for three successive crops of nine weeks (63 days) each, and for an entire experimental period
of 189 days. During the first crop three cuts were accomplished (21, 42 and 63 days). Total C and N
and '4C analyses were performed in non-fractionated soils and plant material, when corresponded,
at 3, 6, 9, 18, and 27 weeks. Total C and l4C were also determined in fractionated soils.
Our results showed that there were not significant (P<0.05) differences in '4C dynamics
between non fractionated soils, probably due to low allophan contents in the V soil. However, this
soil after 12 weeks showed a stabilization process (constant rate of decomposition), that appeared
more dominant in this soil than in the NV soil. Effectively, when soil was fractionated, differences
measured in soil fractions between soils in residual 14C were much higher than in non-fractionated
soil and during the whole experimental period. Thus, the V soil showed higher residual '4C
estimates than in NV soil. Furthermore, highest radioactivity was found in the fine fraction (F3, <50
(im) indicating that the material being stabilized is decomposed OM rather than non-degraded
resistant plant material. This study showed evidence that mineralogical components present in
volcanic soils, as postulated earlier in soil incubation experiments, are acting in the process of OM
matter stabilization and its importance apparently is related to their contents.
Keywords:

!4
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Water and fertilizer management for increasing wheat crop
productivity in rainfed (dry) area of Pakistan
MOHAMMAD Wisal. IQBAL M. Mohsin, MAHMOOD Shah S. and IDRIS Mohammad
Nuclear Institute for Food and Agriculture (N1FA), P.O. Box No. 446, Peshawar, Pakistan
Field experiments at NIFA research station and two at the farmers' fields were conducted
during the 1999-2000 to test the response of wheat to two cropping sequences (wheat-wheat and
lentil-wheat), two tillage treatments (conventional tillage and zero tillage) and four nutrient levels
(I. N30 + P30, II. N60 + P30, III. N30 + P30, IV. P60 + N60). The nutrient level (I) and (II) was
previously fertilized with N60 + P30 while nutrient level (HI) and (IV) was fertilized with N60 +
P60 kg ha"' during 1998-99. For residual availability of N, plant samples were collected at maturity
from previous year applied N15-microplots. These samples were analysed for N15 and C13 at
IAEA Laboratory Vienna Austria. Changes in moisture contents of soil profile were monitored by
using neutron moisture probe. The objective was to device profitable farming with improved water
and fertilizer management practices under the rainfed condition using nuclear techniques and to
extend their applicability at farmer level. It was observed that lentil exerted a pronounced effect on
yield of following wheat crop as compared to wheat-wheat sequences but the effect was found
statistically non-significant at farmers' field. The effects of lentil on yield were relatively more
pronounced at zero tillage and low N level (30 kg N ha"1) treatments as compared to tillage and 60
kg N ha"1 level. Lentil caused a net increase in grain yield of 0.93 and 0.54 t ha"1 at NIFA research
station and 0.52 and 0.21 t ha"1 at farmer's field in zero tillage and tillage treatments, respectively.
Tillage treatment improved significantly the grain yield of wheat at NIFA but did not improve
yield at farmers' fields. The nutrient levels significantly improved the yield at farmers' field and
NIFA Research Station, however, the effect was comparatively more pronounced at the farmers'
field. The highest yield was observed in plot receiving 60 kg N + 60 kg P ha'. The residual effect
of previous year applied nutrient (NP) was noted only in those plot receiving 60 kg P ha" in
combination with N. These plots produced higher yield than plots previously fertilized with 30 kg
P ha"1. The residual effect of nutrients on yield was more clearly indicated in wheat-wheat
sequences as compared to legume-wheat sequences. In legume-wheat sequences 30 kg N along
with 30 or 60 kg P ha"1 were found sufficient at research station to meet NP requirement of wheat
crop previously fertilized with 60 kg N + 60 kg P ha"1. However at farmer's field 60 kg N must be
applied along with 30 or 60 kg P ha"1 for higher yield product. The %Ndff, fertilizer N yield and
%N utilization data indicate that the wheat crop utilized less than 1% of the previous year applied
fertilizer N15. The C13 discrimination (delta) values at NIFA research station were more negative
under tillage than zero tillage which indicate that relatively higher amount of water was used under
tillage as compared to zero tillage. However, at farmer's field the values were less negative under
zero tillage and lentil-wheat sequences as compared to tillage and wheat-wheat sequences. The
Water Use Efficiency (WUE) improved by tillage and lentil-wheat sequence at NIFA research
station but at farmers' field RAINWATER Use Efficiency (RWUE) was enhanced by lentil-wheat
sequences. However, tillage treatments did not exert any effect on RWUE.
Keywords: cropping sequences, tillage, water use efficiency, N15 residual, C13 delta
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Fertilizer P distribution into different parts of plant and soil
under trickle fertigation on tomato by 32P
MOUSAVI SHALMANI Mir Ahmad. SAGHEB Nosratollah, HOBBI Mohammad sadegh,
RAFII Hamid and KHORASANI Ali
Atomic Energy Organization of Iran Nuclear Research Center for Agriculture and Medicine (Karaj)
Nuclear Agriculture Sec, Soil and Water Management & Plant Nutrition Group, P.O. Box 31485
/498, Karaj, Iran
The field experiment was conducted with tomato (Early Urbana V.F.) at the experimental field
of Nuclear Research Center for Agriculture and Medicine in four replications. The plot size was
3x10 meter (consist of 60 plants) with three irrigation lines (one meter apart from each other).
Water supplied with 41.8, 11.8 and 27.5 mg L"' of N, P and K respectively. Fifteen plants were
separated by the fence and three drippers in the middle row of each fence were blocked and plants
received 32P labeled phosphorus through plastic containers. The amounts of water, fertilizer,
fungiside and micronutrients applied through the containers were equivalent to the concentrations
applied through a single dripper. 4.5 mL ortho phosphoric acid (with activity of 17 mci) were made
in the experimental reactor of Tehran. After dilution, the specific activity of the labeled fertilizer
was 10.43 MBq gm'. The total amount of labeled fertilizer was divided into 36 units and applied
with each irrigation. Fruits were harvested 6 times. The canopy were taken at the end of cropping
season and separated for stem, leaf and root. In each replication, nine soil samples were collected
(at three different depths) and each sampling procedure was repeated twice (20 cm apart from each
other perpendicular to the irrigation line). Determination of the activity (dps) of the soil and plant
materials was done by radioassay technique using appropriate detector (Beta Counter). The results
show phosphorus fertilizer use efficiency 11.7%, 7.8%, 2.2% and 1.6% for fruit, leaf, stem and root,
respectively (23.1% of phosphorus fertilizer was used and 76.7% remained in the soil). There was a
decrease in efficiency between 99 to 111 days after cultivation that reflects a 2-week period of
tomato disease.
Keywords:
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P, trickle fertigation, tomato, phosphorus fertilizer use efficiency, phosphorus
distribution into the soil
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Use of the isotope technique for the evaluation of the common
bean-maize/canavalia -common bean crop rotation
MUNIZ Olegario, DUENAS Graciela, GOMEZ Luis, ALFONSO Claro and BIART Marilyn
Estación Experimental La Renée, Institute de Suelos. Carretera de Bejucal a Quivicän Km 33.5,
Quivicän, Habana, Cuba
Rhodic Ferralsol (according to FAO-UNESCO soil classification) of Havana province, Cuba,
support agricultural production destined to Cuba's Capital and surroundings (35% of cuban
population), but they suffer degradation because of intensive agricultural exploitation over many
years. In these conditions and considering that common bean (Phaseolus vulgaris) and maize (Zea
mays) are grains of traditional comsumption, 15N isotope studies demonstrate that common beanmaize-common bean crop rotation results in a good alternative that includes: minimum tillage; the
use of low quantities of fertilizer (15 kg N ha"1 to common bean and 40 kg N ha"' to maize); bean
seeds inoculation by Rhizobium bacteria (it allowed to fix from the atmosphere 60% of the common
bean N requirement) and recycling of crop residues (the bean crop residues incorporation
contributed 20 kg N ha"1 to the maize N requirement).
Canavalia {Canavalia ensiformis) is a green manure that in these soil conditions demonstrate
with the use of' N isotope, an early establishment, accumulates large biomass and N in 60 days and
is easy to incorporate and quickly decomposable. Thus, in present work and also using the isotope
technique the inclusion of Canavalia was evaluated for intercropping with maize (one row of
Canavalia every two rows of maize). Results show that the maize grain yield and N yield decreased
according to the lower plants population. However, the beneficial effect of intercropping on the
successive common bean was evident, improving 25% of the grain yield and with a significant
effect on soil fertility reclamation. The 15N isotope showed that the green manure incorporation
increased soil N availability but decreased the common bean biological Nfixation.Results indicate
the need of further researches in order to obtain a suitable combination between the N starter, the
green manure biomass incorporated to the soil and the moment of incorporation in relation with the
common bean sowing. Nevertheless, the common bean-maize/Canavalia-common bean crop
rotation on Rhodic Ferralsol of Havana province results in an economically and ecologically
sustainable alternative.
Keywords:
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Isotopic techniques, on-farm methods and simulation:
can these help resource-poor farmers on degraded lands?
RAMANA M.V. (1), REGO T.J. (2), K U M A R RAO J.V.D.K. (2), MYERS R.J.K. (2,3),
KHADKE K.M. (1), PARDHASARADHI G. (2) and VENKATARATNAM N. (2)
(1) Regional Agril. Research Station (RARS), Acharya N.G. Ranga Agril. University (ANGRAU),
Palem, Andhra Pradesh (A.P.) 509 215, India
(2) Natural Resource Management Program, ICRISAT, Patancheru, A.P. 502 324, India
(3) ICRISAT, Box 776, Bulawayo, Zimbabwe (Present address: 31 Woonalee St., Kenmore,
Queensland 4069, Australia
Sorghum and castor-based systems are the major rainfed cropping systems of Southern
Telangana region of A.P., India. The productivity of these systems is very low (around 0.5 t ha"1)
due to low and variable rainfall and nutrient poor soils. A collaborative research project involving
FAO-IAEA, Vienna; ANGRAU, and ICRISAT, was started during 1999 at the RARS, Palem,
Mahabubnagar district, A.P. The objective of this research is to develop a set of options for
improving the 'N' nutrition of these dryland cropping systems through evaluation of N source
partitioning between BNF, N fertilizer, N recycling from residues/FYM and soil organic matter.
The main experiment, rainfed, was conducted with traditional (sorghum - castor) and improved
(sorghum/pigeonpea - castor) cropping systems on a two year rotation cycle in split plot design
with 4 'N' management options (ON, 60 kg N ha"' as urea, 1.5 t FYM ha', and 45 kg N ha"' as urea
+ 1.5 t FYM ha"') on an Alfisol. '5N Labelled fertilizer and FYM were used as a source of nitrogen
and applied to micro-plots and a provision was made to study the direct, combined and residual
effect of N sources, and BNF by pigeonpea for four years. In addition on-farm participatory
research was conducted at farmers fields where the improved system was compared with the
farmers practice. The results showed that in spite of low rainfall during 1999 and 2000, both
sorghum and castor responded to applied 'N' fertilizer and FYM. The urea+FYM combination was
as good as highest urea treatment, thus saving of costly N fertilizer. The mean grain yield of
sorghum over two years was generally higher in sole sorghum (2.50 t ha"1) compared to that of
intercropped sorghum (1.96 t ha" ) at 60 kg N ha" as urea. Similar response was observed with
FYM+urea. The castor seed yields (kg ha') during 1999 were: 1000 (control '0' N); 1620 (60 kg N
ha'1); 1320 (FYM); 1500 (FYM and urea). We observed a beneficial effect of intercropped
pigeonpea grown during 1999 on the succeeding castor. The grain yield of pigeonpea did not differ
significantly due to 'N' management options imposed to sorghum. During 1999 we estimated 'N'
recoveries of 38% and 34% in sole sorghum and intercropped sorghum at 60 kg N ha"1 as urea. In
the FYM+urea treatment, the N recoveries in sole and intercropped sorghum from urea were 37%
and 30%. The contribution from FYM in sorghum ranged between 6 to 9%, while in castor it
ranged between 7 and 11%. In castor N recoveries (%) from fertilizer (29) and FYM (10) were
slightly better when fertilizer and FYM were applied together compared to only application of urea
(26) or FYM (8) alone. The pigeonpea crop took little N (<1.5%) either from fertilizer or from
FYM. The %Ndfa by pigeonpea using 15N isotope dilution method was estimated as 43 and 65 in
sole and intercropped pigeonpea respectively. In on-farm participatory trials, the yields of
sorghum, castor and pigeonpea were substantially higher in improved practice compared to the
farmers practice.
Keywords: Alfisol, BNF, cropping system, N recoveries, 15N, on-farm research
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Use of caesium-137 techniques in erosion assessment in
Zimbabwe
NEMASASl Happymore. DHLIWAYO David, SITHOLE Trust and MUPANGWA Walter
Dept. of Research & Specialist Services, Soil Productivity Research Lab, P bag 3757, Marondera,
Zimbabwe
Soil erosion is the most important land degradation process in the small holder farming sector
of Zimbabwe. Agricultural productivity and sustainability is threatened by accelerated rates of soil
erosion in the communal area farming systems. The capacity of most national dams and rivers have
been reduced drastically by continuous siltation.
Conservation strategies are meaningful only if erosion rates are known in the different land use
types. Caesium-137 method for quantifying medium term erosion rates was thus used in Zimbabwe.
The areas studied were Lake Manyame (also called Lake Chivero) and Mahusekwa Dam catchment
areas. Manyame river passes through Seke communal lands and supplies water for Harare, the
capital city of Zimbabwe. Mupfure river on which Mahusekwa dam was built, passes through
Chiota communal lands. This river has the greatest number of water permits in Zimbabwe. The
sampling strategy used in the study areas is the multiple transect approach. Three replicate cores
were taken at each position and bulked to make composite samples of 0-10, 10-20 and 20-30 cm
depths per sampling position.
The results indicate very high soil erosion rates of 54-65 t ha"1 y'1 in cultivated fields, 37
t ha"' y"1 in cultivated vleis, 88-142 t ha"' y in communal grazing lands and 35- 80 t ha'1 y"' in
disturbed woodland areas of the communal areas of Seke and Chiota. In the small scale farming
areas, erosion rates in the cultivated fields range from 39-48 t ha"1 f whilst in fallow and grazing
areas the magnitude of loss is 16 t ha"1 y ' . In the commercial farming areas studied, erosion rates
are equally high. Cultivated fields were found to have rates of 36-40 t ha"1 y"1 whilst pasture fields
or natural grazing area had calculated soil losses of 25 t ha"1 y'. This is a clear testimony of the
threat to agricultural sustainability if soil erosion rates of this magnitude continue unchecked.
National scientists and environmentalists, policymakers, farmers and various stakeholders are
challenged to develop strategic and practical conservation measures to check erosion and
environmental degradation in Zimbabwean agricultural systems.
Keywords: erosion, land degradation, caesium-137, redistribution, inventory, transect
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Determination of gross nitrogen mineralization by lsN-pool
dilution techniques under the condition of heterogeneity of
14
NH4+, 15NH4+ and microbial activities
LUXH0I J., JENSEN L.S. and NIELSEN N.E.
Plant Nutrition and Soil Fertility Laboratory, The Royal Veterinary and Agricultural
University, DK-1871 Frederilcsberg C, Denmark
Measuring gross N turnover rates, involves the use of l5N isotopic dilution techniques, where
labelling of one or more N-pools is necessary. Labelling techniques where intact or repacked soil
cores are injected with either solution or gas have been developed. Alternatively soils are sprayed
and mixed with the solution.
A number of assumptions are implicit when applying isotopic dilution technique. One is, that
the applied 15N is uniformly mixed with indigenous N-pools in soil. When measuring nitrification,
labelling of the NCV-pool is necessary. As NO3" is highly mobile, the above assumption will most
likely be fulfilled. When measuring mineralization and immobilization, labelling of the NH4+-pool
is necessary. As NH/ is strongly adsorbed in soil, the above assumption can only be fulfilled, when
the labelled NH/ is sprayed and mixed into the soil. If the labelled NH/ is injected into a soil core,
it is not expected to reach more than 50% of the soil volume.
The objective of this study was to examine, how important the original assumption of uniform
labelling is. How does heterogeneity of the fluxes and the labelling influence the measured gross N
turnover rates?
Soil was incubated in small PVC-tubes. Animal slurries were applied to the soil, and were
either (a) mixed homogeneously into the soil or (b) placed in a thin layer in the middle of the soil
core (Figure 1). The experiment was performed as a double experiment where either the NFf/ or
NO3' pool was labelled. The labelling was applied either (c) by spraying and homogeneous mixing
of an enriched solution, or (d) by injecting the solution with a multiple needle injection system, or
(e) by injecting the solution with a single injection system (Figure 1). The soils were extracted 2h,
48h or 96h after labelling. NH.|+, NO3" and org-N and their ' N excess were measured.
Figure 1 (a) Homogeneous or
(b) heterogeneous manure
application, (c) Homogeneous,
(d) semi homogeneous or (e)
heterogeneous 5N application
respectively.
Keywords: gross mineralization - immobilization, '5N, heterogeneity
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Spatial distributions of stable isotope ratios of carbon,
nitrogen and sulphur in urban soils and plants
NORRA Stefan, BERNER Zsolt and STUBEN Doris
Institute of Mineralogy and Geochemistry, University of Karlsruhe, 76128 Karlsruhe, Germany
The influences of anthropogenic activities on the abundance of stable isotope ratios of C (5I3C),
N (8I5N) and S (834S) of urban green areas (surface soils and meadow plants) were investigated.
The study was carried out for the example of the city of Karlsruhe in Germany. Geostatistical
methods were used to analyze the spatial distribution of the isotope ratios and to prepare contour
maps. The maps illustrate the spatial relationship of the considered isotope ratios with geology,
vegetation and urban land use. The content of carbonate and organic matter are the two main factors
that determine the carbon isotope signatures of soils. The natural distribution of 813C is overprinted
by effects of anthropogenic processes like cultivation of C4 plants, dumping of building rubble and
waste material, mixing and transfer of soils of different types, input of soot, traffic (exhaust,
abrasion of technical surfaces) and anthropogenically changed redox conditions of soils. The
contour maps include the whole city area and demonstrate the influences of these processes on the 8
'3C values of surface soils. The spatial distribution of 8,3C values of meadow plants (representative
mixed sample) indicates the input of C containing anthropogenic dust. Agricultural and horticultural
operations can change the natural isotope ratios of N in soils. Horticulture is typical for urban areas
and caused an increase of 8I5N values for the example of Karlsruhe since the city was developed in
a former large forest with naturally lower 8I5N values. Human activities also influence ratios of
stable S isotopes. The spatial distribution of S isotope ratios in urban soils did not allow specific
conclusions in regard to the degree of anthropogenic influences. Nevertheless, the anthropogenic
impact on S isotope ratios was obvious at two industrial locations, where relatively high 834S values
(> 10%o vs. V-CDT) were encountered. The S isotope ratios at theses sites statistically proved to be
outliers when compared to the variance of the other 59 sampling locations. The study demonstrates
that anthropogenic activities change the natural spatial distribution of stable isotope ratios in urban
areas. Furthermore, local deviations of stable isotope ratios from the urban spatial relationship and
the natural background indicate specific anthropogenic processes.
Keywords: urban soils, urban plants, stable isotopes, carbon, nitrogen, sulphur, geostatistics
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Determining the rice provenance using binary isotope
signatures along with cadmium content
ODAHisaoW. (1), KAWASAKI Akira (1) and HIRATA Takafumi (2)
(1) National Institute for Agro-Environmental Sciences, 3-1-3 Kannondai, Tsukuba, Ibaraki 3058604,Japan
(2) Laboratory for Planetary Sciences, Tokyo Institute of Technology, 2-12-1 O-okayama,
Meguro, Tokyol52-8551, Japan
This study was conducted to identify the geographical origin of brown-rice samples (Oryza
saliva L.) using the binary isotope signatures of "B/'°B and 87Sr/86Sr, and cadmium concentration
analysis. Rice samples were collected from 44 different locations in Japan, 15 from California, 4
from China, 3 from Australia, and 1 each from Korea and Vietnam. The results of this study
indicated that the 87Sr/86Sr ratio could distinguish the rice samples yielded in Japan (87Sr/86Sr:
0.706-0.711) from those yielded in Korea (0.730), from those in Australia (0.715-0.717) and from
those in China and Vietnam (0.710-0.711). The 87Sr/86Sr ratio could also partly distinguish rice
samples yielded in California (0.703-0.707). However, the "B/'°B ratio could distinguish the rice
samples yielded in Japan ("B/1 B: 3.97-4.13) from those in Australia (4.14-4.19) more accurately.
Though the binary isotope signatures could not clearly distinguish between Japanese and
Californian rice, the 87Sr/86Sr ratio and cadmium concentration analysis could distinguish Japanese
rice samples (Cd: 0.056+0.070, 0.006-0.230 mg kg"1) from Californian rice (Cd: 0.007±0.006,
0.003-0.022 mg kg'1) more precisely. This may be because the boron isotope ratio reflects the
characteristic information in water and the strontium isotope ratio reflects chronological information
in parent material of the provenance.
Analytical method: The two solutions were digested by dry ashing (ca. 5-10 g sample) and
microwave-assisted acid digestion (ca. 0.2 g sample). After purification by the ion exchange
method (IRA743), the "B/'°B ratios in the digested sample solution were determined by ICP-QMS.
Following purification by the ion exchange method (Dowex 50w X8), we obtained the 87Sr/86Sr
ratio in the digested sample solution by Multiple Collector-ICP-MS. After preparation of brownrice by acid digestion, Cadmium content in the sample solution was determined by ICP-QMS.
Keywords: (brown-) rice, boron isotope ratio ("B/I0B), strontium isotope ratio (87Sr/86Sr),
geographic origin, (multiple collector-) ICP-MS
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Effect of phosphate (P) sources and irrigation supply on yield,
transpirational water use efficiency, and carbon (C) isotope
discrimination of grain amaranth (Amaranthus cruentus L.) in
the humid tropics of sub-Sahara Africa
OJO O. David

Vegetable Division, National Horticultural Research Institute (NIHORT), PMB 5432, Idi Ishin,
Ibadan, Nigeria.
Studies have shown low soil P and water availability as major constraints to grain amaranth
(Amaranthus cruentus L) production in sub-Sahara Africa. Effects of phosphate sources (single
super phosphate-SSP; Sokoto rock phosphate-SRP; Ogun rock phosphate-ORP) and water supply
were therefore determined on yield, transpirational water-use efficiency (WUET) and carbonisotope discrimination (A) of dual purpose (vegetable + seed) grain amaranth in pots in a
glasshouse at the National Horticultural Research Institute (NIHORT), Ibadan (7°54'N, 7°30'E, 213
m above sea level), Nigeria. Phosphate sources and water supply had significant effects on yield,
WUEj and A. Compared with the control plants, which had adequate water and P availability, yield
was reduced by 32% by low water supply and by 46% by low P supply. Under adequate P-supply,
water stress increased WUET by 39%. Water stress increased A WUET by 0.537oo for low P plants,
and by 0.79 "1^, for adequate P plants. Under adequate water supply, A decreased from adequate to
low P supply by 0.23 "/^ while adequate supply of P increased A by 0.79 "/„o from adequate to low P
supply. Under adequate water supply WUET and A did not differ significantly between P-sources
but was in the order SSP> SRP> ORP. Indicating the potentials of using rock phosphate as
alternative phosphate source. Changes in A is attributed to changes in the ratio of external to
internal concentration of CO2, respiration rates, and chemical composition of the plant material.
Keywords: grain amaranth, phosphate sources, yield, water use efficiency, carbon isotope
discrimination, Tropics
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Impact of rice straw management on nitrogen balance and
residual effect of urea-N in a lowland rice cropping
PHONGPAN S. (1) and MOSIER A.R. (2)
(1) Department of Agriculture, Bangkok 10900, Thailand
(2) United States Department of Agriculture, Fort Collins, CO 80522, USA
Crop residue management and its impact on soil organic matter and nutrient recycling are
increasing in importance with the current renewed interest on sustainable soil fertility and crop
productivity. This study examined the impact of rice straw management practices on rice yield, N
uptake and fertilizer N use efficiency. Two field experiments were conducted under a rice-fallowrice cropping sequence during consecutive wet and dry seasons of 1999 and 2000 on a clay soil
(Ustic Endoaquerts) in Central Thailand. Treatments were laid out in a randomized complete block
design replicated four times in 4 by 4 m field plots. Plots were amended with no organic material
(control), rice straw (C/N) = 67:1) and composted rice straw (C/N = 24 : 1) which were applied at a
rate of 5 Mg ha"' and incorporated into the puddled soil 2 weeks before transplanting. Rice was
grown in field plots and 70 kg urea N ha" was broadcast into the floodwater shortly after
transplanting. Urea labeled with 10.1 atom % excess ' N at the same rate was broadcast to
microplots (1.2 by 1.2 m) established within the field plots. After the harvest of the wet season rice,
the field was then left fallow for about 112 days before establishing the dry season crop in the same
field using the same layout but without addition of fertilizer N.
Nitrogen-15 balance data showed that for the wet season recovery of labeled N in the grain was
low, ranging from 11 to 14% of the applied N whereas the percentage of straw N derived from
labeled N ranged from 5 to 7. Most of the fertilizer N remaining in the soil after the first crop
harvest distributed consistently in the top 0-0.05 m. The amounts of the applied urea recovered in
the soil profile ranged from 25 to 29% of applied N. The l5N balance also snowed that 53 to 55% of
the applied N was unaccounted for indicating substantial loss of fertilizer N from the soil-plant
system. Only less than 3% of the initial l5N-labeled urea applied to the wet season rice crop was
utilized by the succeeding rice crop to which no additional N fertilizer was applied. During the wet
season fallow NO3-N remained the dominant from of mineral-N (NO3+NH4) in the aerobic soil. In
the wet season grain yield response to N application was significant (P = 0.05). Organic material
sources did not significantly change grain yield and N accumulation in rice. In terms of grain yield
and N uptake at maturity, there was no significant residual effect of fertilizer N on the subsequent
rice crop. These results indicated mechanisms such as N loss through gaseous N emissions must
account for the low fertilizer N use efficiency from this rice cropping system.
Keywords: rice straw, compost, 15N balance, urea, lowland rice
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The effects of irradiated wastewater sludge cake on maize
and environment
PRASATSRISUPAB J. (1), SABUA V. (1), TAMMARATE S. (1), PUMKLOM M. (1),
CHAIWANAKUPT P. (1) and SRITHONGTIM S. (2)
(1) Department of Agriculture, Bangkok, Thailand
(2) Department of Environmental Quality Promotion, Bangkok, Thailand
A four year field experiment was conducted on a Raddish Brown Lateritic great group soil at
Praputtabart Crop Experiment Station, Saraburee province to compare the effects of N fertilizer
sources of ammonium sulphate and irradiated wastewater sludge cake in growth, yields and uptake
of nitrogen on maize (Zea mays L.). Six crops of maize variety DK 888 were grown. Heavy metals,
were determined in soil and plant. Total coliforms and some soil properties were determined in soil
after harvest.
Results of experiments showed that wastewater sludge cake from Sripraya Water Treatment
plant can be used for agricultural application. The results of Is', 2nd and 4' year in which sludge
cake was applied before growing maize also showed that in the third application of sludge cake (4lh
vear experiment) dry weight and N uptake in higher rate of sludge cake application gave better
results than chemical fertilizer. Study of Nitrogen residual effects from sludge cake was conducted
by growing the second crop of maize without applying fertilizer or sludge cake, there were nitrogen
residues from sludge cake but no nitrogen residues from chemical fertilizer. Nitrogen derived from
sludge cake (NdfSS) of the whole experiment was calculated using N - Balance Method, the result
showed that % Nitrogen derived from sludge cake increased when the times of application
increased and the higher rate of sludge cake applied gave better %NdfSS. The values of atom % N15 from the 3rd year crop were calculated to evaluate for %Fertilizer Use Efficiency (%FUE) and
showed that the plots which were applied a higher rate of sludge cake gave higher %FUE.
Comparison of the effects of irradiated sludge cake and non irradiated sludge indicated that
irradiated sludge cake gave better results in yields of maize, nitrogen uptake, %NdfSS and %FUE.
After the application of sludge cake and after harvest, the concentration of Cu, Mn, Pb, Zn, Cr, Cd
in the soil were the same as in the original soil, only Ni and Zn were a little bit higher, but there
were higher concentrations in all treatments. The increase of Ni and Zn concentration could come
from environment or contamination. Zn, Mn and Ni concentrations could be detected from maize
and the order of accumulation was found Zn > Mn > Ni, Cu, Pb, Cr, Cd not to be detectable. The
concentrations did not increase when the application of sludge cake rate increased so there was no
effects of sludge cake application on heavy metal concentration in maize. Microorganisms, yeast
and mold, coliform, E. Coli all were reduced by irradiation. Some pathogens such as Samonella,
Staphylococcus aureus, Acaris ova were not found in the wastewater sludge cake. The density of
total coliforms in the soil collected from yield sub-plots before and after the experiments showed
that the variation of total coliforms in soil was very high and total coliforms had already
accumulated in non sludge-treated soil. Sludge cake applications has no influence on soil properties
due to its insignificance among treatments.
Keywords: wastewater sludge cake, irradiation, nitrogen -15, soil properties, heavy metal,
pathogens
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Effect of different phosphate fertilizers on acid peaty soil
BOGDEVITCH Iosiff (1), PUTYATIN Yuri (1), TARASIUK Sergey (1) and ZAPATA Felipe
(2)
(1) Belarusian Research Institute for Soil Science and Agrochemistry (BRISSA), Kazinets str. 62,
220108, Minsk, Belarus
(2) International Atomic Energy Agency, Wagramerstrasse 5, P.O. Box 100, A-1400, Vienna,
Austria
The radio-ecological situation caused by atmospheric fallout after Chernobyl NPP accident in
1986 is still difficult and is characterized by presence of long-lived radionuclides in agroecosystems of Belarus. Application of extra rates of potassium and phosphorus fertilizers were and
remain the basic elements of the plant production technology in radioactive contaminated zone,
which results in essential change of soil agrochemical properties.
The direct application of finely ground rock phosphate (RP) has been suggested as an
alternative to the more expensive water-soluble monoammonium phosphate (MAP).
A pot experiment using 32P-isotope dilution technique was conducted to assess the P
availability of MAP and RP from Bryansk, Russia (RPb) and Mstislavl, Belarus (RPm) deposits.
Peat soils are one of the predominant groups in Belarus. Annual ryegrass was the test crop sown on
a peat soil with pHH2o 4.9 and low soil P status. The RPb contained 8.3% of total P, 2.9% of citric
acid-soluble P and the RPm, 5.6% of total P, 3.8% citric acid-soluble P. The MAP contained 21.8%
of total P and 20.4% water-soluble P.
All P fertilizers were applied at a rate of 40 P kg"' soil (40P), and RPb also at a higher rate of
80 mg P kg"' soil (80P). Shoot dry weight of rye grass was the highest in the MAP treatment (18.8 g
pot"'). There were no differences in shoot dry matter yield between applied RP fertilizers at the 40P
rate. Shoot dry weight of RPb at the 80P rate was significantly higher than that obtained by RPm at
the 40P rate. The % Pdff values in ryegrass were 22.1 in the MAP treatment and 14.9 in the PR
treatments at the 40P rate. The % Pdff value increased by 1.2 fold with the application of RPb at
80P but the P fertilizer recovery was the lowest in this treatment. In all P treatments, the P fertilizer
recovery values for RP and MAP were very low, ranging from 1 to 3%. These results are likely due
to the high acidity and low soil fertility status of the peat soil used. From the agronomic evaluation
it was found that one kg P as MAP is equivalent to 1.6-1.7 kg P as RPb at 40P rate and 2.9 kg P as
RPb at 80P rate. Although the application of MAP had better agronomic effect for ryegrass in this
acid peat soil, the RP sources showed good potential for application by the local farmers, taking
into consideration the price differences of the P fertilizers.
The maximal radiological efficiency of P fertilizer applications can be received on peat soil
with moveable P2O5 content up to 400 mg kg"' for '37Cs and up to 500 mg kg"' for ""Sr. The data
received can be used for development of counter-measures strategy on contaminated territories.
Keywords: phosphate rock, monoammonium phosphate, rye grass, 32P, soil P testing
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Isotope - aided studies of organic matter turn-over
and nutrient build-up in a Bangladesh soil
RAHMAN S.M. (1,2) and AHMED Sultana (1)
(1) Bangladesh Institute of Nuclear Agriculture P.O. Box 4, Mymensingh 2200, Bangladesh
(2) Present Address: 12E- 9/1 Mirpur, Dhaka-1216, Bangladesh
With the increase in cropping intensity, organic matter content has been declining in most of
the soils of Bangladesh. For improving the soil quality and sustain the fertility and crop
productivity, large scale efforts are now underway to adapt various soil management practices.
Application of crop residues / organic amendments have greater in nutrient cycling dynamics that
will improve the soil quality. The present study was initiated with a view to increase and sustain
crop production through management of crop residues and nutrient build-up in soil using N-15
isotope.
Field experiments were conducted with wheat-rice cropping pattern for four consecutive years
during 1996-2000 in a grey floodplain sandy loam soil of old Brahmaputra Floodplain
(Haplaquepts) to generate N-15 labelled crop residues and using the same in subsequent field
experiments to study the contribution of crop residues in the nutrient build up in soil.
Results indicated that wheat residue was labelled to the tune of 4.3-5.5% atom excess (a.e.)
whereas 10.5% N- 15 a.e. was used. The N- labelled wheat residue contributed about 3 kg N ha" to
the total N pool of first crop rice. Crop residues contributed 1.0, 0.4 and 0.2 kg N ha"' in 2nd, 3rd and
4th year, respectively. In the incubation study, N release from crop residues showed an irregular
trend with crop N uptake. The highest N-15 release from residues was recorded from the treatment
of longest incubation period.
Keywords: soil organic matter, crop residue, N-15 isotope, incubation study
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Availability and uptake of phosphorus from organic manures
in a groundnut-corn cropping sequence
MOHANTY Sangeeta and RAJ AN A. Raja
Radioisotope (Tracer) Laboratory, Tamil Nadu Agricultural University, Coimbatore - 641 003,
India
This investigation was taken up to determine the effects of organic manures on the availability
to and uptake of P by groundnut (Arachis hypogaea L.) and residual corn (Zea mays L.) grown in
sequence under pot culture. Four organic sources of P (FYM, poultry manure, vermicompost and
sewage sludge) were evaluated in comparison with the inorganic super phosphate, all applied on
equal P basis @ 34 kg P ha"1. These treatments and a control were replicated four times in a sandy
clay loam soil (Udic Ustropept). Carrier-free 12P was applied to all the pots and seeded to
groundnut. Another set of 24 pots, identical with the first in all respects but without 32P labeling for
groundnut crop, was maintained to study the residual effect of treatments on com. This set was
labeled with 12P just prior to seeding with com.
In both the crops, the organic sources had a significant effect on the uptake of P as compared to
the inorganic super phosphate and control. The highest P content and uptake in groundnut was due
to sewage application. The %P derived from applied source (%Pdff) was higher due to sewage
sludge than due to any other treatment. Poultry manure accounted for the highest uptake of P from
soil (%Pdfs). The mean "A" values ranged from 2.33 to 5.95 mg 100 g"1 soil, with poultry manure
exhibiting the most pronounced effect.
In residual com, the %Pdff was more for the organic sources than for super phosphate,
obviously due to greater residual availability and P release from organic sources. The highest "A"
value was associated with super phosphate and the lowest with FYM (FYM). A negative
correlation was observed between "A" values and P uptake by com. The highest P uptake, and
therefore the highest P use efficiency, was due to FYM.
Keywords: organic manures, available P, "A" value, groundnut, com, residual P
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Use of 15N dilution to study effects of soil temperature on
N mineralisation, immobilisation and nitrification
RECOUS S. (1,3), LUXHOI J. (2,3), FILLERY I.R.P. (3), JENSEN L.S. (2) and MARY B. (1)
(1) INRA, Unite d'agronomie, rue F. Christ, 02007 Laon, France
(2) Plant Nutrition and Soil Fertility Laboratory, The Royal Veterinary and Agricultural
University, DK-1871 Frederiksberg C, Denmark
(3) CSIRO Plant Industry, P.O. Private Bag 5, Wembley, WA 6913, Australia
Techniques using '5N enriched sources and employing the pool dilution principle ("gross flux
approach"), give information on instantaneous rates of nitrogen (N) mineralisation, immobilisation
and nitrification. These techniques have been shown to be useful in understanding in situ, or on
intact soil cores, how soil and crop management affect N turnover, or to evaluate some of the
concepts introduced in C-N biotransformations models. Alternative use of the gross flux technique
is developed here to study the effect of factors on soil N processes. In this later case, the gross flux
technique is used in controlled conditions. The 15N dilution/enrichment technique combined with
calculation with a numerical model, FLUAZ, enables independent quantification of rates of several
gross N transformations in soil.
We have used these techniques to assess, in controlled conditions and with short incubations 1)
the effect of temperature (in the range of 0-60°C) on gross mineralisation, gross immobilisation and
gross nitrification of nitrogen, 2) the effect of temporary increase of temperature in the range 30-50°
C with a special focus on the nitrification process. '5N was homogeneously added to soil by
spraying '5N-NH4 solution on the surface of thin soil layer which was repacked after l5N addition.
Amended soil samples were then incubated at different temperatures. Measurements of NH4, NO3,
organic N and their isotopic excesses were undertaken at t = + 2 hours and t = + 50 hours after
addition of '5N. Temperature response is assessed on five Australian soils varying by their texture
and chemical properties. N rates are calculated simultaneously using the model FLUAZ, which
combines numerical integration of differential equations and a non-linear fitting program.
Theoretical and technical aspects of the use of isotope 15N techniques are discussed. The results
highlight: i) the different sensitivity of gross mineralisation and immobilisation to temperature, both
in the low and the high ranges of temperature; ii) the very sensitive response of nitrification to
temperature up to 30°C and the rapid decline above this temperature; iii) the effect of soil type. The
environmental consequences of temperature response of the three N processes are discussed both
for agro-systems of cold to temperate and mediterranean climatic conditions.
Keywords: '5N dilution technique, modelling, nitrogen M.I.T, temperature effect
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Evaluation of fertilizer and water balance under
vegetable-fertigation system using nuclear techniques
RUSAN Munir J. Mohammad (1). ZURAIQI Said (2) and QAWASMI Walid (2)
(1) Soil Fertility & Plant Nutrition, Faculty of Agriculture, Jordan University of Science and
Technology (JUST), P.O. Box 3030, Irbid-Jordan
(2) National Center for Agricultural Research and Technology Transfer, Amman Jordan
Water and nitrogen are main limiting factors of agricultural production in semiarid regions.
Fertigation, is the application of fertilizers through irrigation water, where time and rate of water
and fertilizer application are precisely controlled and therefore, the use efficiency of water and N is
higher. The objective of this study was to determine crop response, nutrient uptake and water and
fertilizer use efficiency under fertigation system. Field experiment was conducted where the
following treatments were studied in an randomized complete block design with four replications:
Zero N (NO), 50 (Nl), 100 (N2) and 150 (N3) mg kg"1 N in the irrigation water. Additional soil
application treatment (NS) equivalent to the N2 was included. The fertilizers were either injected
into irrigation water by means of an injection pump for the fertigation treatments or applied directly
to the soil followed by irrigation for the soil application treatment. Squash was planted in plots with
four rows per plot. Each plant row has its own irrigation line and each plant its own dripper.
Irrigation was applied to replenish 80% of the Class A pan evaporation twice a week. Neutron
probe readings were taken before and after each irrigation at 15, 30, 45, 60 and 90 cm soil depth.
Labeled N fertilizers (15N) were applied to a microplots which contained four plants within each
plot. At harvest, plant samples were taken from the microplots for the 15N measurements and from
the mainplot for yield determination and chemical analysis. Yield increased with increasing N rates
in the range from NO to N2. The soil application gave higher yield than the NO treatment but lower
than other treatments. The N2 gave higher yield than other treatments. Shoot and fruit dry weight
had similar trend as the yield. Nitrogen concentration in fruits and leaves was higher with
fertigation where the lowest value obtained with NO. Similar trend was obtained for the total N
uptake. Nitrogen derived from fertilizers (Ndff) increased when compared to soil application
treatment. Nitrogen uptake dff had similar trend as the Ndff. Nitrogen use efficiency (NUE) by
fruits as determined ' N was lowest with soil application than with fertigation treatments and tends
to decrease with increasing N fertigation rates. NUE calculated by the different methods were
higher than that determined by 15N data. Phosphorus use efficiency (PUE) was enhanced by N
application due to the synergistic effect on P uptake.Water consumption increased with increasing
N rates. Water use efficiency increased with N application and was higher with fertigation
treatment. Water depletion was maximum in the 30 cm, suggesting the depth of maximum roots
growth. Soil pH and soil organic matter were not affected, while soil salinity was higher with N
application especially at the top 15 cm. Soil P increased mainly in the top soil due to phosphoric
acid application to all plots. It can be concluded that yield, NUE and WUE increased with N
fertigation rather than with soil application. The different methods tend to give higher values for the
NUE compared to that measured by l5N data.
Keywords: fertigation, nuclear techniques, nitrogen use efficiency, water use efficiency
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Stable isotope geochemistry of carbonates and
organic carbon in selected Inceptisols from
Chaharmahal Bakhtiari Province, Iran
SALEHI Mohammad Hassan (1), KHADEMI Hossein (1), EGHBAL Mostafa K. (1) and
MERMUT Ahmet R. (2)
(1) Department of Soil Science, College of Agriculture, Isfahan University of Technology, 84154,
Isfahan, Iran
(2) Saskatchewan Centre for Soil Research (SCSR), Department of Soil Science, 51 Campus
Drive, University of Saskatchewan, Saskatoon, SK., S7N 5A8, Canada
Soil carbonates precipitate under arid and semi-arid climates with annual precipitation <100 cm.
Stable isotope ratios of soil carbonates are useful indicators of the influence of climate on soil
forming processes. The objective of this study was to understand the conditions for calcic horizon
formation. The soil moisture and temperature regimes in the study area are xeric and mesic
respectively. The 8 I3 C and 5 18 O values of pedogenic carbonates and bulk soils were measured in 22
calcic horizons (11 pedons) belonging to selected Inceptisols derived from calcareous alluvium in
Central Iran. Besides, the 8 I3 C and 51 O values of three parent rock samples and the 813C values of
soil organic matter in six selected pedons and eight native plants in the region were determined. The
results suggest that the amount of pedogenic carbonate in soils range from 52 to 96.2% based on
formula given by Margaritz and Amiel (1980). The 818 O values of water (-4.8%o on average) from
which pedogenic carbonates precipitated accords well with the 818 O value of meteoric water
reported by Khademi and Mermut (1999) in the region (-7%o). This further indicates that carbonates
have accumulated in these soils under environmental conditions of recent times. Stable isotonic
composition of carbonatic pendants shows the upper parts (older section) are more depleted in 3C
in comparison with the lower parts (younger section). This suggests that the older parts precipitated
under conditions that were ecologically different from those of today. Carbon isotopic composition
of organic carbon shows the current vegetation consists of C3 plants but the pedogenic carbonate in
the soils was formed in conditions with a lower proportion of C3 plant species. This can be
attributed to degradation effects of recent years' management that caused some changes in the
community of plant species. As such, the stable isotope composition of organic carbon can be used
as a good indicator for assessing the degree of land degradation.
Keywords: stable isotopes, pedogenic carbonates, C3 plants
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Contribution of nitrogen fixation to the maintenance of soil
fertility with emphasis on promiscuous soybean maize-based
cropping systems in the moist savanna of West Africa
SANCINGA N. (1), OKOGUN J.A. (1), VANLAUWE B. (2), DIELS J. (1) and DASHIELL K.
(1)
(1) International Institute of Tropical Agriculture (UTA), Oyo Road, PMB 5320, Ibadan, Nigeria.
c/o L.W. Lambourn & Co., Carolyn House, 26 Dingwall Road, Croydon CR9 3EE, England
(2) Tropical Soil Biology and Fertility Program, Unesco-Gigiri, PO Box 30597, Nairobi, Kenya
Grain legumes have contributed the most to productivity increase in West African agriculture.
The potential amount of biological nitrogen fixation (BNF) for most grain legume species in the
moist savanna zone of West Africa is in the range of 11-188 kg N ha"' crop'. However, since crop
N is partitioned either into seed or vegetative parts at crop maturity, not all of the N2 fixed will be
available to return to the soil. The final contribution of fixed N to the soil following harvest will
depend upon the N balance at harvest. This review focuses on the N contribution by promiscuous
soybean in farmers' fields in the Northern Guinea savanna in Nigeria. Grain yield of promiscuous
soybean varied between 0.6 and 3.7 t ha"1 and the cost and benefit ratio of a rotation of soybean and
maize compared to a monoculture of maize receiving 90 kg N ha"1 was above five. The actual
amount of N fixed by promiscuous soybean varied between 38 and 126 kg N h a ' . Assuming that
only seeds of soybean were removed from the plots, it was estimated that the net N accrual to soil
ranged between minus 8 kg N ha"' and 47 kg N ha"' depending on the soybean lines. Residual
soybean N values between 10 and 24 kg N ha"1 representing 14 to 36% of the maize total N were
obtained in maize grown after soybean. Although it is traditional to attribute the increases in cereal
yield following legume cultivation to greater N accumulation, our data show that the relative
increase in maize N following soybean was smaller than the relative increase in dry-matter yield.
Also, yield increases occurred even in situations where the N contribution of soybean was estimated
to be negative. Hence, the increased yields of maize following soybean were not due entirely to the
carry-over of N from the soybean residue and to the soil N-conserving effect but probably also due
to "other effects" which enabled the subsequent crop to exploit the soil more when preceded by
legumes than by cereals.
Keywords: maize, N contribution, nitrogen fixation, Northern Guinea savanna, rotation
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Enhancing residual benefits of legumes through rhizobial
inoculation on productivity of succeeding rice
SATTAR M.A.. ISLAM M.Z. and HOSSAIN M.B.
Bangladesh Institute of Nuclear Agriculture P.O. Box 4, Mymensingh-2200, Bangladesh
Field experiments using '5N isotope method were conducted to investigate the residual
effect of lentil, (Lens culinaris Medik.), chickpea (Cicer arietinum L.) and soybean (Glycine max
(L.) Merr.J cultivars inoculated with appropriate strains of rhizobia and fertilized with urea (@ 20
or 40 kg N ha"1), triple superphosphate (@ 26 kg P ha') and mariate of potash (@ 33 kg k ha"1) in
different combinations on succeeding rice. The efficiency of the legumes were found varied greatly
in their residual effect in increasing grain and straw yield of rice. Inoculation of legumes with their
respective rhizobia increased the benefit which was further enhanced when triple superphosphate
and muriate of potash were applied with inoculation in preceding legume. Application of urea in
legume did not exert any impact on succeeding rice and was identical with uninoculated control.
Soybean was more efficient (29%) in increasing the grain yield of rice as compared to chickpea
(18%) and lentil (12%). The nitrogen uptake by rice was also found maximum after soybean and
minimum after lentil irrespective of inoculation or fertilization. The study clearly indicated that the
beneficial effects of legumes on succeeding rice were due to N-conserving effect and carry over of
N from the legume residue which was considerably higher with inoculated condition than
uninoculated ones.
Keywords: '5N isotope, legumes, residual effect, rice, fertilizer, Rhizobium
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Effect of phosphate rock and phosphogypsum mix on nitrogen
and water use efficiencies for a maize/groundnut rotation
in a degraded soil in Senegal
SENEModoutn. NIANE-BADIANE Aminata (2), KABLAN Richard (3) and YOST Rüssel
(3)
(1) Institut Sénégalais de Recherches Agricoles (1SRA) B.P. 53 CNRA de Bambey, Senegal
(2) Institut Sénégalais de Recherches Agricoles (ISRA) BP 3120 Dakar Senegal
(3) University of Hawai'i at Manoa, Department of Tropical Plant and Soil Sciences, 3190 Maile
Way Honolulu, 96822, Hawaii, USA
A four-year nationwide program has been implemented from 1997 to 2000 to boost the food
crop production. Phosphorus and Calcium soil amendment using locally available phosphate rock
is one of the strategies defined to correct soil P deficiencies or acidity. For the selected corn/peanut
cropping system, a four-year term randomized complete block design experiment is installed since
1997 in Nioro Agronomic Research Station in the Senegal Peanut Basin in order to assess the
agronomic value of the phosphate rock (PR) and the phosphogypsum (PG) mix used in a large
scale. The treatments under comparison are as follows : oxen-driven plow and NPK fertilizer as a
control (Tl), PR and PG mix at the rate of 700 kg ha"' (T2), manure at the rate of 5000 kg ha"1
applied once every two years (T3), and PG and PR mix combined with manure (T4). Soil fertility
changes have been measured from soil samples collected from the on-station trial in 1997 and in
1999 after corn harvest. Crop water balance has been determined using neutron probe and
tensiometers while 15N labeled fertilizer has been used in 1999 to determine the corn N efficiency
use.
The results obtained indicate that the important Ca movement observed within the profile is
strongly related to the amount of Ca added for each treatment. Regardless the treatment, deep water
percolation is observed every year, even in 1997 and 1998 despite the moderate amount of the
annual rainfall. In 1999, the soil samples analysis collected after corn harvest have confirmed the
improvement of few soil chemical characteristics down to 0.6 m depth, such as the Ca content and
base saturation. Soil pH remained very low (pH < 5.5), eventhough the manure application alone or
combined with PG and PR mix tend to increase the soil pH value. Corn yields (grain and stalk)
remained low for the second time (less than 2,000 kg ha" , i.e., 50% of the corn variety potential
yield). This confirms the still degraded soil fertility status. Compared with the control treatment,
the PG and PR mix has no significant effect on corn grain or stalk yield. But, the manure alone or
combined with the PG and PR mix has a significant effect on yield. Despite the large amount of
rainfall recorded in 1999 and 2000, the crop water balance indicated a low water use efficiency.
The drainage water accounted for at least 40%, and 35% of the 1999 and 2000 rainfall, respectively.
Treatment effects on peanut yield were different for 1998 and 2000 rainy seasons. In 1998, pod
yields are relatively high (grand mean of 1,700 ha"1) with no treatment effect. For the 2000 rainy
season, PR an PG mix application compared to control had no effect on pod yields, while manure
application alone or combined with PR and PG mix improved pod yield significantly.
After 4 years of experimentation, the results indicate the PG and PR mix as applied does not
show high efficiency in correcting P and Ca deficiencies. The importance of water loss through
drainage which favors Ca leaching down in the soil profile is one of the factors assumed to limit
the PR and PG mix efficiency.
Keywords: amendment, water, isotopes, N-uptake, corn, peanut, fertility, rainfed agriculture
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Effect of rice straw management practices on wheat yield and
N use efficiency in a wheat-rice rotation
SINGH Yadvinder. SINGH Bijay, KHIND CS. and SINGH Gurjit
Department of Soils, Punjab Agricultural University, Ludhiana, India
Crop residue management and its influence on soil organic matter and nutrient cycling are
increasing in importance with the current renewed focus on agricultural sustainability. Combined
harvesting of rice and wheat fields is now a common practice with the farmers of northern India,
which leaves large quantities of crop residues in the field. While wheat straw is generally removed
from the fields for feeding the animals, the majority of farmers burn rice straw because it interferes
with tillage and seeding operations for the next crop. Besides causing environmental pollution,
burning results in large losses of organic carbon and plant nutrients. However, crops grown
immediately after the incorporation of residues of cereal crops suffer from the deficiency of plant N
due to microbial immobilization of N. A long term study (1993-2000) was initiated on a sandy
loam soil to examine the effect of rice straw incorporation at different times before sowing of wheat
vis-a-vis burning or removal of straw on N immobilization, straw decomposition, yield and N
uptake of wheat, and soil fertility. In a few selected treatments l5N-labelled urea was applied in
micro plots to study recovery and losses of applied N. The amount of rice straw addition during
different years ranged from 6.0 to 7.5 t ha"1. The effect of rice straw on N immobilization was
investigated under controlled conditions in the laboratory. The decomposition of rice straw was
studied using buried nylon bag technique under field conditions.
Large amount of soil and fertilizer N was immobilized when rice straw and N fertilizer were
applied together. Allowing decomposition of rice straw for 20-40 days before application of N
fertilizer markedly reduced the immobilization of fertilizer N but mineral N content in straw
amended soil was always lower than in control (no straw) soil, irrespective of pre decomposition
periods of rice straw. The decomposition of rice straw as measured by loss in weight was 23.0, 35.2
and 51.1% at 10, 20 and 40 days after incorporation into the soil before sowing of wheat,
respectively. At the harvest of wheat total amount of straw decomposition was almost similar under
all the treatments. Allowing decomposition of rice straw for 20 or 40 days resulted in grain yield
and N uptake of wheat similar to that obtained on plots where rice straw was either removed or
burned. Application of a part of N (25%) at the time of incorporation to stimulate straw
decomposition resulted in greater N losses and produced lower wheat yield than applying N at the
time of sowing. Wheat yield on straw amended plots was higher when 150 kg N ha" than the
application of recommended N on plots where straw was removed. Long term application of rice
straw significantly increased soil organic carbon content. Available K content in soil was increased
only slightly butfixationand release of K. were significantly influenced by rice straw incorporation.
Availability of P in soil was increased by straw incorporation.
Keywords: N immobilization,' N losses, rice straw decomposition, rice-wheat rotation, soil
fertility
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The use of 15N to determine the N-contribution of
alley crop cuttings to food crops
SISWORO Elsie L.(l). RASJID Havid (1), SISWORO Widjang H. (1), RIZAL Syamsul (1)
and IDRIS Komaruddin (2)
(1) Batan, Center for Research and Development of Isotope and Radiation Technology, Indonesia
(2) Soil Department, Faculty of Agriculture, Institute of Agriculture Bogor, Indonesia

Most of the land left to be used by the program to reach self sufficiency in three food crops:
rice, soybean and corn in year 2001 are Red Yellow Podsolic (Ultisols and Oxisols). Many
constrains have to be overcome in such soils, which one of them is low fertility. The experiment
results reported is a program developed by IAEA to use N-fixing trees such as legume trees to
improve soils having low fertility and to be used as an N-source for other crops.
Methods developed in this experiment are to determine the N2-fixing ability of the legume trees
using l5N, which then could be used as one of many criteria's to be applied in soils having low
fertility. The legume chosen were implemented in an alley cropping system and food crops as rice
and corn were planted between the alleys. Here too l5N was used to determine the N-contribution of
the legume tree biomass-alley crop cuttings (a.c.c), a.c.c. + urea, and urea alone.
The three year field experiment was carried out in South Sumatera on a RYP soil, where an
alley crop system was set up using Gliricidia septum. The choice of C. sepium as the alley crop was
due to its easy establishment by cuttings and its fairly good ability to fix N2-atmosphere, 52.4% and
71.04% at the age of 10 and 27 months respectively. Between the alley crop upland rice and corn
were planted alternately. The treatments applied for the food crops were, NO: no nitrogen; Nl:
100% a.c.c; 15 t ha"1 equal to 56.4 kg N ha"'; N2 : 50% a.c.c + 50% urea : 7.5 t ha"1 + 75 kg urea =
62 kg N ha'; N3 : 100% urea : 67.5 kg N ha"1.
In the first year of the experiment both upland rice and corn showed quite high % '5Natomexcess (% a.e.) values ranging from 9% to 10%, in the grain and straw/stover. But in the second and
third year the value of % a.e. dropped to low value resulting in % '5N < 1%. This showed that in
second and third year for the control and other treatments, the soil N built up quite high N from the
N-sources applied. For the control apparently the underground plant residues (roots) have also
contributed N resulting in soil N increase.
Results obtained from this program are, the N methodology is able to determine the Njfixation capability of several legume trees grown in the field. Gliricidium sepium grown in an alley
crop system could be used as an N-source for food crops grown in a rotation system, upland rice
showed good results when grown between alley crops using the alley crop cuttings as an N-source,
ls
N methodology could be used satisfactory to calculate the N-partitioning derived from several
source in plants.
Keywords: alley crop, food crop, 15N, legume trees
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Biofertilization of cereal and legume crops for increasing
soil labile P uptake using nuclear technique
SOL1MAN S. (1), El-GALA A.M. (2), ISHAC Y.Z. (2) and El-GHANDOUR I.A. (1)
(1) Soils and Water Dept., Atomic Energy Authority, P.O. Box 13759, Cairo, Egypt
(2) Faculty of Agriculture, Ain Shams University, Egypt
Sandy soils usually are poor in most nutrients especially N and P. Its application in uncommon
sources such as N2-fixers and VAM fungi considered as an important source to save money and
pollution. In this concern, two pot experiments were carried out in sandy soil, to study the role of
these neutral organisms in increasing the fertility of sandy soil. Wheat and fababean were used.
Seeds of wheat or fababean were inculcated with Azotobacter or Rhizobium and planted in soils
inoculated with and without VA mycorrhizal fungi. 20 mg P kg"' soil in the form of single super
phosphate (15.5% P205) or rock-P (26.6% P205) were in the first experiment while (KH232P04) was
added in the second one. Dry weight, spore number, root infection total and specific P activity were
determined. Maximum growth was gained where either wheat or fababean inoculated with
mycorrhizae and N2-fixers. It was reached to 54 and 73%, respectively. P-uptake by shoots of both
wheat and fababean had been significantly increased upon inoculating with VAM and/or
Azotobacter or Rhizobium. Using 3 P help us to identify the P uptake from soil or fertilizer.
Mycorrhizal plants induced significant increase in Pdff by about 39 and 27% over inoculated with
Azotobacter for wheat and Rhizobium for fababean and it reached to 95 and 79% when inoculated
with combined inoculation. This may be due to VA mycorrhizal absorb more available P than do
nonmycorrhizal roots. FUE was increased from about 5 to 10% for wheat; 6 to 19% for fababean. It
can be concluded that, biofertilizers can increase crop production and soil fertility. Rock-P could be
recommended as P fertilizer to be applied with VAM.
Keywords: rock phosphate, VA mycorrhizae, Azotobacter,3 P, fababean, wheat
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Transformations of 15N-urea and N utilizations and nitrate
accumulations of Chinese cabbage in two soils
SONG Sung-Jun (I), KANG Tae-Woo (2), SOHN Sang-Mok (3) and U. Zang-Kual (2)
(1) Applied Radioisotope Research Institute, Cheju National University, Cheju 690-756,
Republic of Korea
(2) Faculty of Horticultural Life Science, College of Agriculture, & Life Science, Cheju National
University, Cheju690-756, Republic of Korea
(3) Research Institute of Organic Agriculture, Dan Kook University, Cheonan 330-714,
Republic of Korea
Laboratory incubation experiments were conducted to study the transformations of l5N-labeled
urea into ammonium and nitrate in the very dark brown volcanic ash (VDBV) and dark brown nonvolcanic ash (DBNV) soils and pot experiments were also carried out to determine N utilizations
and nitrate accumulations of Chinese cabbage, as applied at the different rates of 15N-labeled urea in
the VDBV and DBNV soils. In the laboratory experiments the hydrolysis of urea was faster at 20
and 30°C than 10CC and greater in the DBNV soil than in the VDBV soil while nitrification was
greater in the VDBV soil containing higher total N and organic matter than in the DBNV soil. In
pot experiments the amounts of N taken up by Chinese cabbage in the VDBV soil and in the DBNV
soil was 52% and 53%, respectively at the rate of the recommended application( 150 kg N ha"').
However, N absorption by plants in the DBNV soil decreased more with increased NO3-N leaching
and uncountable N losses (e.g. NH3 volatilization etc.) at four fold higher rate of the recommended
application than in the VDBV soil. On the other hand, the concentrations of NO3-N accumulated in
plants increased rapidly with increased N application. Owing to inferior growth of Chinese cabbage
in the DBNV soil the per cent NO3-N in the plants from 15N-urea applied was greater in the DBNV
soil (5.9-11.7%) than in the VDBV soil (3.95-6.67%). The per cent NO3-N leaching during the
cultivation of Chinese cabbage was greater in the DBNV soil (0.02-10.5%) than in the VDBV soil
(0.00-0.28%).
Keywords:

15

N-labeled urea, urea transformation, N utilization, nitrate accumulation, Chinese
cabbage, volcanic ash soil
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Measuring the endogenous N-reserve magnitude in
grapevine using 15N
SL1TEU George E., SERDINESCU Adrian and MIHAESCU Octavian
University of Agricultural Sciences, 71331 Bucharest, 59 Blvd Marasti, Romania
The N accumulated in the annual organs of perennial plants derives not only from soil and
fertilizer but also from endogenous N reserve. The N-reserve is built up by the plant during the
previous year. In order to discriminate the fractions of N deriving from these sources a procedure
can be used identical to that utilized for assesing the N derived from air in leguminous plants (Suteu
G.E. et al, 1985, Bulletin de 1'Académie des Sciences Agricoles et Forestières, 14, 65-69,
Bucharest, Romania).
The aim of our reserach was to check how this method works. The isotopic data that measure
the fraction of reserve derived N in the vairous annual organs were compared with the data obtained
through a chemical procedure (soluble N extracted in alchoolic solutions) which is frequently
utilized in the studies of N reserve dynamics. The contribution of soil, fertilizer and reserve nitrogen
to the accumulation of N in the annual organs was discriminated and the interaction between these
sources emphasized.
The purpose of the experiment set up was to build-up in grapevine plants increasing amounts of
N-reserve in order to see how the isotopic and chemical procedures confronted with several
controlled levels of the N reserve can reflect this variation. The experiment lasted 3 years. In the
first year a number of 36 soil filled pots were planted with grapevine plants (Cabernet Sauvignon
cv). The second year the following rates of unlabeled N as NH4NO3 were applied: 0, 0.5, 1.0, 1.5
and 2.5 g N pof' in the spring. The third year, on March 24 a number of 3 replicates of 6 were
sampled during dormancy period in order to measure the total N and C content of roots, stem and
canes and also the soluble nitrogen extracted in an alchoolic solution. The remainder replicates
were heavilly wetted with water to leach out the residual nitrogen. An extra number of 5 pots were
filled with soil resulted from sampled pots and seemed with Italian rye-grass. These 5 pots as well
as the other remainder 18 planted pots received 2 g N as labelled NH4NO3 (2.6% excess 15N). The
rye-grass was utilized as isotopic referrence plant in order to calculate the percent of N derived
from endogenous N-reserve (% NdfR) in the annual organs of the grape vine. At the rippening of
the grapes in the fall, the annual organs of grapevine and the rye-grass were sampled and analyzed
for N and l5 N content.
The experimental results show that the N-reserve has important impact on the plant growth in
spite of the high rate of N applied the current year. The % NdfR in the annual organs varies
between 15% and 39% according to the rate of N applied previous year. The principal sink for
reserve-N are the leaves. The total dry matter production is strongly influenced by N-reserve
increasing from 105.5 g pot"1 to 142.9 g pot"' for a transfer of NdfR from storage sites in the annual
organs of 180 mg and of 270 mg respectively. As any nutrient the overcome of a certain threshold
of the N-reserve magnitude has no more a positive effect on the plant. There is a significant
correlation (r = 0.985) between the soluble N found in the perennial organs sampled in the spring
and the % NdfR found in the annual organs sampled in the fall. In conclusion this method is
reliable and can be used as a reserch tool for N-reserve study.
Keywords:

l5

N, N-reserve, perennial plants
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Accuracy and precision of soil water measurements by
neutron, capacitance, and TDR methods
EVETT Steven, RUTHARDT Brice, KOTTKAMP Sheen, HOWELL Terry, SCHNEIDER
Arland and TOLK Judy
USDA-Agricultural Research Service, 2300 Experiment Station Road, Bushland, Texas 79012,
USA
Accurate soil water content measurements are required for measurements of crop water use and
of the hydraulic characteristics of soils. Although the soil moisture neutron probe (SMNP) has
served this need well, increasing regulatory burdens, including the requirement that neutron probes
not be left unattended, limit the usefulness of the method. Newer methods, which measure the
electric properties of soils, typically allow data logging and unattended operation, but with
uncertain precision and accuracy. We compared the Sentek EnviroSCAN and Diviner 2000
capacitance devices, the Delta-T Profiler capacitance probe, the Trime T3 tube-probe, a prototype
TDR tube-probe, and the SMNP. All the devices can be used in access tubes. Experiments were
conducted in triplicate re-packed columns of three soils: 1) a silty clay loam (30% clay, 53% silt),
2) a clay (48% clay, 39% silt), and 3) a calcic clay loam (35% clay, 40% silt) containing 50%
CaCOj. Each 75-cm deep, 55-cm diameter column was weighed continuously to 50 g precision on a
platform scale. Conventional time domain reflectometry (TDR) measurements of water content and
thermocouple measurements of temperature were made at depths of 2, 5, 15, 25, 35, 45, 55, and 65cm in each column every 30 min. Depth resolution of each device was investigated by lowering its
probe from a height 30-cm above the soil surface and taking measurements at 2-cm increments until
the probe was 30-cm below the soil surface. Comparisons of soil water content reported by the
devices vs. soil temperature were made before the columns were wetted. The capacitance sensors
were significantly sensitive to soil temperature (0.0005 to 0.0010 m3 m"3 °C"'); but TDR and the
SMNP were not. The Trime T3 device was most sensitive to temperature (0.009 m3 m"3 °C"').
Measurement precision of the devices was investigated by repeated measures through time. Factory
calibrations produced water contents ranging up to 0.09 m3 m"3 larger than water content of the airdry soil determined by mass balance. The Delta-T system was most inaccurate, followed by the
Trime system, which gave water contents up to 0.06 m3 m"3 larger than actual. The conventional
TDR and EnviroSCAN systems were most accurate, giving readings within 0.02 m3 m"3 of actual
air-dry values. The capacitance systems and the Trime T3 generally were not sensitive to soil
volumes outside of their respective sensor heights, indicating small measurement volumes
generally, and suggesting that these systems may be susceptible to soil disturbance close to the
access tube during installation.
Keywords: neutron scattering, profile water content, calibration, temperature, salinity, soil horizon
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Influence of crop rotation and soil tillage system
in the organic C balance in an Oxisol (Typic Haplorthox)
UROU1AGA Segundo (1), SISTI Claudia (2), SANTOS Henrique dos (3), KOCHHANN
Rainoldo (3), ALVES Bruno J.R. (1) and BODDEY Robert M. (1)
(1) Embrapa Agrobiologia, Caixa Postal 47.505, Seropedica,, 23890-000,RJ, Brazil
(2) Departamento de Fitotecnia, Universidade Federal Rural do Rio de Janeiro, Seropica, 23890000, RJ, Brazil
(3) Embrapa Trigo, Caixa Postal 569, Passo Fundo, 99001-970, RS, Brazil
In Brazil, conventional tillage (CT), based on ploughing the soil at least once a year, has
contributed to soil degradation such that nowadays it is necessary to apply more agricultural inputs
to maintain productivity. This phenomenon is related to the effect of soil disturbance provoked by
tillage on stimulating the decomposition of soil organic matter (SOM) and reducing other
favourable physical and chemical soil properties. For these reasons the No-tillage system (NT) that
preserves crop residues on the soil surface, and contributes to control soil erosion, preserve soil
humidity and lower surface temperatures, is seen today not only as a means to contribute to
sustainable agriculture, but also to mitigate the emission of CO2 to the atmosphere. At present the
NT system in Brazil (14 Mha) now represents around 23% of the whole cultivated area of Brazil.
The objective of this study was to determine in a long term experiment (13 years) the effect of three
different crop rotations (1. wheat-soybean, 2. wheat-soybean-vetch-maize, 3. wheat-soybean-oatssoybean-vetch-maize) under two tillage systems (CT and NT) on the organic C balance in a clayey
Oxisol soil of Passo Fundo, Rio Grande do Sul. All these crops were fertilised according to soil
analysis and the soybean crop received annually the recommended Bradyrhizobium inoculant. The
input to the soil of organic C derived from crop residues was based on the grain yield and harvest
index of each crop in the rotation. After 13 years, soil samples were taken to 100 cm depth, for
chemical analysis and bulk density. Total N in plant and soil samples was determined using the
Kjeldahl technique and organic C, and l3C natural abundance were determined using an automated
CN analyser (LECO CHN 600) and a continuous-flow isotope-ratio mass spectrometer (DeltaPlus,
Finnigan Mat, Bremen, Germany), respectively. The results showed that: 1) there were no
differences between tillage treatments in C and N stocks in soil under the continuous wheat/soybean
rotation, 2) in the soil under NT plots the rotations 2 and 3 which included the green manure crop
(vetch) accumulated approximately 17 Mg ha"1 more C than under CT and between 43 and 68% of
this difference was below 30 cm depth, presumably soil physically undisturbed by the tillage
treatments, 3) under CT the increase in diversity of the crops in the rotations and the presence of the
green manure (vetch) had no significant impact on soil C and N stocks, 4) under NT an external
input of N from BNF appears to be crucial to the accumulation of SOM, but under CT BNF inputs
are lower and or N losses much higher such that this positive effect on C accumulation did not
occur and 5) the '3C abundance data suggested that in comparison to CT, the NT system favoured
the preservation the native soil organic C.
Keywords: '3C natural abundance, carbon stock, crop rotation, soil organic matter, tillage system
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Partitioning of cesium ( Cs) in wind eroded sediments:
implications for estimating soil loss
VAN PELT R. Scott (1), ZOBECK Ted M. (2), RITCHIE Jerry C. (3) and GILL Tom E. (4)
(1) USDA, Agricultural Research Service, 302 W. 1-20, Big Spring, Taxas 79720, USA
(2) USDA, Agricultural Research Service 3810 4* Street Lubbock, Taxas 79415, USA
(3) USDA, Agricultural Research Service, BARC-West Building-007 Beltsville, Maryland
20705, USA
(4) Department of Civil Engineering and Department of Geosciences, Texas Tech University, P.O.
Box 42101, Lubbock, Texas 79409-2101, USA
Wind erosion has degraded over one-half billion hectares of land worldwide. '37Cs has been
used as a tracer to study long-term water erosion and sedimentation trends and, to a lesser extent, it
has been used as an idealized tracer to study wind erosion rates as well. These studies assume that
the decline in l37Cs activity for a potentially eroded soil relative to that for a soil from an uneroded
soil is proportional to soil loss. While this may be the case for relatively non-selective rill erosion
caused by water, wind erosion is a selective process that tends to remove the finer portions of the
soil that are the sites of n7Cs binding. Therefore, '37Cs concentration may tend to overestimate soil
loss due to wind erosion. We investigated the partitioning of '37Cs in wind eroded sediments and
with soil surface samples sieved into contiguous ranges of particle sizes. We also compared the
137
Cs activities and stratification of several adjacent soils with known wind erosion and deposition
histories. l37Cs activities and mean diameters of samples captured at different heights above the
surface during an aeolian event indicated increasing ' 3 Cs activity and decreasing particle size with
increasing height above the surface and agreed well with the ' Cs activities and respective mean
diameters of the sieved surface soil samples.
Higher '37Cs activities and smaller mean particle
diameter of post-1954 attic dust and tractor air cleaner dust suggests further enrichment of Cs
concentration with decrease in particle size. While Cs activities of wind eroded soil profiles
decreased with increases in erosion histories, analysis of depositional profiles indicated that particle
size and 137Cs stratification are more important in determining depositional histories than are the
total 137Cs activities alone.
Keywords: wind erosion, soil degradation, '37Cs, dust, aeolian sediments
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Use of isotope techniques in studies on the management
of organic matter and nutrient turnover in Chinese ricefields
WANG Jia Yu. LU XIAO Nan, ZHENG Ji Zi, WANG Sheng JIA and CHEN Yi
Zhejiang Academy Of Agricultural Sciences, Hangzhou, P.R. China
This study focused on the impact of applying crop residues on the sustainable crop production
and N-fertilizer efficiency as well as soil chemical and physical properties.
The present study was conducted on an alluvial paddy soil (typical Haplaquept) with three
treatments (T-1 = 150 kg N ha"1 with crop residue; T-2 • only residue; T-3 = 150 kg N ha" without
residue) and four replications during the six crop seasons (from Jun-1997 to May-2000) by using
l5
N isotope trace technique in micro-plots (each 4m by 4m = 16m") placed in the main-yield-plots
(each 10 m by 15 m = 150 m2).
To return (T-1 plot) or remove (T-3plot) all crop residue to/from the field for six crop seasons,
there were no significant differences in crop recoveries of applied N between T-1 (48.33%) and
T-3 plots (48.86%). However, a slight increase in soil residue rate of applied l5N showed in T-1 plot
(28.33%) as compared with T-3 plot (23.62%). This is well agreed with the estimations of NdfF%
in plant and in soil (0-50cm), i.e. the NdfF% in T-1 plant (7.99%) was almost the same as in T-3
plant (8.77%); the NdfF% in T-1 soil (0.436%) was slightly higher than in T-3 plot (0.356%). To
apply crop residue showed a positive effect on crop P, K. uptake and crop production, i.e. crop P2O5and K^O-uptake of T-1 plot were 9.36% and 20.89% higher than that in T-3 plot, respectively; and
the crop straw, grain and total DM yields for the period of 1998-2000 in T-1 plots were estimated at
16.07%, 7.00% and 11.46% higher than that in T-3 plots, respectively. To apply crop residue for
six crop seasons, there were no obvious changes in soil total N and exchangeable NH4-N, P as well
as CEC in T-1 plot as compared with T-3 plot. But, a slight tendency in increase in soil
exchangeable K and NO3-N and decrease in soil pH showed in T-1 plot as compared with T-3 plot.
Also, the differences in soil bulk density and soil moisture between T-1 and T-3 plots were rather
small. The crop uptake and soil residue rates of applied crop residue-N in T-2 plot were estimated
at nearly to 10% and 85%, respectively. This implied the fertilizer/residue-N remaining in soil was
rather stable to microbe's decomposition. Obviously, the effect of crop residue on the agroecosystem should be monitored by long-term experimentation.
Keywords: N fertilizers, isotopes, plant nutrition, soil fertility, paddy soils
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Effects of tillage and cropping on the dynamics of light
and heavy fraction organic matter in soil
WANNIARACHCHI S.D. (1) and VORONEY R.P. (2)
(1) Department of Agricultural Chemistry, University of Ruhuna, Kamburupitiya 81100, Sri Lanka
(2) Department of Land Resource Science, University of Guelph, Guelph, Ontario, NIG 2W1,
Canada
The soil organic matter (SOM) fractions with rapid turnover (active fractions) are assumed to
play a dominant role in soil nutrient dynamics for plant growth. One way measuring the active
SOM involves the use of densiometric techniques. From a density perspective, SOM can be divided
into a less dense light fraction (LF) which consists of partly decomposed mineral free plant debris
and a heavy fraction (HF) composed of organic matter adsorbed on aggregate surfaces or
sequestered with organo-mineral aggregates. The natural abundance of 13C has been used to
determine the turn over of SOM in agroecosystems where there has been a shift in plant species of
different photosynthetic pathways. This technique has also been used to determine the turnover of
LF, however, these studies have not reported the differential carbon distribution in LF and HF.
Objective of this research was to determine the effects of tillage and cropping on the dynamics of
LF and HF organic matter in corn cropping systems using "C natural abundance technique. Soil
samples were taken to 20 cm from three field experiments involving corn. Soil cores were cut into
0-5, 5-10, 10-15 and 15-20 cm segments and bulk density calculated. The LF organic matter in soil
samples was separated by density fractionation using a Sodium Iodide solution (specific gravity =
1.7 g cm' 3 ). The LF samples were analyzed for total carbon and stable isotope ratio using a Mass
Spectrometer. The carbon content and stable isotope ratio of total SOM was also determined. The
organic C in the HF was obtained from the difference between total organic carbon and LF carbon
in the soil. The l3 C natural abundance of HF was calculated by a mass balance equation. The
fraction of carbon originating from corn in LF and HF was calculated from a two end-member
mixing model. Reduced tillage (minimum or no tillage) under corn resulted in substantially less LF
carbon in soil compared to conventional tillage in two locations with contrasting soil textures.
Conventional tillage resulted in more corn-derived carbon in the LF compared to reduced tillage
probably due to deeper and better incorporation of corn residues under conventional tillage than no
tillage. Storage of corn-derived carbon in HF was not influenced by different tillage practices.
Results of this study suggest that tillage effects can result in build up of LF organic matter but
stabilization or humification of organic matter is not greatly influenced by tillage practices.
Keywords: soil organic matter, light fraction organic matter, heavy fraction organic matter, tillage,
' 3 C natural abundance
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Use of 35S-sulphur to monitor the dynamics and
transformations of sulphur in soil
WU Jinshui (1), SYERS J. Keith (2) and O'DONNELL Anthony G. (3)
(1) Changsha Institute of Agricultural Modernization, CAS, Hunan; and the State Key Laboratory
of Soil Erosion and Dryland Farming in Loess Plateau, CAS, Shaanxi, China
(2) Faculty of Agriculture, Natural Resources and Environmental Sciences, Naresuan University,
Phitsanulok 65000, Thailand
(3) Department of Agricultural and Environmental Sciences, University of Newcastle upon Tyne,
NE1 7RU.UK
The availability of soil and fertiliser S to plants is of major agricultural importance and is
affected by chemical and biological processes in soil. Ability to quantify the dynamics of these
processes is essential for understanding the mobility of S in soil and its availability to plants. This
paper discusses the methods developed for quantifying the rates of transformations of elemental-S
(S ), sulphate-S, and microbial biomass-S in soil, using 35S-labelling techniques integrated with
biphasic extraction or fumigation-extraction methods.
Related studies show that the half-life (ti/2) of S° (35S-labelled) added to different types of soil
varies from between 12 and 176 days. During the early stage (0-7d of incubation), 45-66% of the
oxidised was not recovered as SC"42"-S and this is considered to have been used by soil microorganisms or converted into organic forms. In additional studies, data obtained show that after 3d,
the amount of SC>42~-S (also 3 S-labelled) immobilised in soil was closely (1:1) related to that
determined as soil microbial biomass-S. With increasing time, the proportion of immobilised SO42"S present in the biomass declined, and the S released was converted into the soil organic pool.
These methods can reliably monitor the dynamics of S°-oxidation and the transformations of S
(including oxidised S, SC>42'-S, and microbial biomass-S) in soil, providing important information for
understanding S cycling in soil and for improving the efficiency of S fertiliser application (e.g.,
forms, amounts, and timing).
Keywords: elemental-S, microbial biomass-S, oxidation, transformations

1834

Symposium no. 59

Paper no. 2073

Presentation: poster

Fste of 15N-urea blended with composted pig manure for
Chinese cabbage
CHOI Woo-Jung (1), LEE Sang-Mo (2), RO Hee-Myong (1), YUN Seok-In (n and KIM
Jeong-Han (1)
(1) School of Agricultural Biotechnology, College of Agriculture and Life Sciences, Seoul
National University, Suwon 441-744, Korea
(2) National Instrumentation Center for Environmental Management, College of Agriculture and
Life Sciences, Seoul National University, Suwon 441-744, Korea
To utilize composts more efficiently, combining composts with fertilizer to meet crop
requirements is an appealing alternative. A pot experiment was conducted to study the effect of
application rate of composted pig manure (CPM) blended with chemical fertilizer on the
availability, immobilization and loss of fertilizer-N. Chinese cabbage (Brassica campestris (L.)
Samjin) plants were cultivated for 30 and 60 days. '5N-labeled urea (5.24 15N atom%) was added to
soil at 450 kg N ha"1, and unlabeled CPM (0.37 15N atom%) was added at 0, 200, 400, and 600 kg N
ha"1. The amount of plant-N derived from urea was not affected by CPM application at rate of 200
kg N ha"1. However, CPM application at 400 and 600 kg N ha"1 significantly (P < 0.05) increased
plant assimilation of N from urea irrespective of sampling time, probably because of
physicochemical changes in the soil properties allowing urea-N to be assimilated more efficiently.
Immobilization of urea-N linearly increased with increasing rate of CPM application at the both
growth periods, resulting from increased microbial activities using organic C in the CPM.
However, the percentages of immobilized N from urea decreased between the 30- and 60-day
growth periods, indicating net remineralization of previously immobilized urea-N. With increasing
rate of CPM, total recovery of urea-N (as percentage of added N) by Chinese cabbage and soil
increased from 71.5 to 95.6% and from 67.0 to 88.2% after the 30- and 60-days of growth,
respectively. These results suggest that increasing rate of compost application increases plant
uptake of chemical fertilizer-N blended with compost and enhances immobilization of fertilizer-N,
which leads to decrease in loss of fertilizer-N.
Keywords: urea, compost, uptake efficiency, mixed application, immobilization

1835

Symposium no. 59

Paper no. 1312

Presentation: oral

Stable sulphur isotope ratio as an indicator of
atmospheric sulphur inputs to agricultural systems
ZHAO Fangjie and McGRATH Steve
IACR-Rothamsted, Harpenden, Hertfordshire, AL5 2JQ, UK
Atmospheric deposition is an important source of S to ecosystems, particularly in the
industrialised regions. Total emissions of sulphur dioxide in the world increased by 20-fold between
1850 and 1970 and in the UK by about 5-fold. Since the early 1970s S0 2 emissions in the UK and
other Western European countries have been decreasing rapidly. In this study we aimed to identify
sources of S in agricultural systems in the UK using the stable S isotope ratio. Three sets of samples
were collected and determined for 8 ,4 S: 1) coal samples from major collieries in the UK; 2) wheat
grain samples collected from different locations in the UK; and 3) soil and plant samples from the
Rothamsted Classical Experiments which have been run continuously for >150 years. The 5 ,4 S in
26 British coals varied from -11.4 to +7.8%o, and showed a clear geographical pattern, with the
coals from the south having negative values and those from the north having positive values. The
geographical pattern of the 8 S of wheat grain samples in the UK was influenced by the rate of S
deposition from atmosphere. The trends in the 814S of the herbage and wheat from the Rothamsted
Classical Experiments (located in the South East England) almost directly mirrored the SO;
emissions in the UK over the last 150 years, with close negative correlations being obtained for
both sets of samples. These results indicate that the vegetation samples are excellent records of the
past anthropogenic SO2 emissions at the experimental site where the 814S of soil original S was very
different from that of anthropogenic sources. The concentration of S in topsoil changed little in the
control plots (no added fertilizers) over the last 150 years, whereas soil 8 ,4 S decreased with
increasing pollution. The changes in soil 814S with time were also influenced by land use, with
woodland and grassland soils showing greater decreases than arable soils. These isotopic results
allow estimation of the impacts of anthropogenic S on the long-term cycling of S in the ecosystem.
It is estimated that in the control plots of the two long-term experiments, anthropogenic S accounts
for about 25-30% of the S presently stored in the topsoil.
Keywords: sulphur, stable isotope ratio, atmospheric deposition
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Heavy metal concentration in Karun river sediments of Iran
CHOROM M.
Department of Soil Science, College of Agriculture, Shahid Chamran Univ., Ahwaz, Iran
Study of contaminated sediments is significant in dealing with the problem of water pollution
of a river. Sediment function as "sinks" and reservoirs for various kinds of contaminates (pollutants
and non-pollutants) discharged into the receiving waters.
The Contaminated sediments pose a serious problem because the pollutants may release from
sediments to water due to a change in physico-chemical conditions and further deteriorate the
quality of water. Therefore, study of Contaminated Sediments is significant in dealing with the
problem of water pollution of a river.
The aim of this work was to study Geochemical and Mineralogical aspect of the bed sediments
collected from the karun river in southwest of Iran which has been Contaminated with heavy
metals.
Chemical analyses of the sediments revealed the concentrations of heavy metals Cu, Zn, Pb,
Co, Cd and Fe of 1.33, 0.82, 1.2, 0.16, 0.62 and 19.2 mg kg"' respectively. These concentrations of
heavy metals in the sediments are relatively high in comparison to the acceptable concentrations of
trace elements in drinking and irrigation water set by WHO (World Health Organization) and FAO
(Food and Agricultural Organization) respectively. Total Pb, Cu and Cd concentrations in
sediments were 12, 24, 64 times higher than the FAO, WHO maximum limit for these elements, in
drinking water and Agriculture irrigation.
The minerals identified by X-ray diffraction analysis are montmorillonite, palykorskite,
chlorite, kaolinite, geothitse, feldspar, calcite and gypsic. The dominant clay minerals was
montmorillonite which has the higher clay particle charge and adsorb the heavy metals from river
water by ion exchange more then other clay minerals.
Keywords: heavy metal, water pollution, Karun river, sediments contaminated
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Geologic nitrogen as a non-point source of
nitrate in natural waters
DAHLGREN Randy A. and HOLLOWAY JoAnn M.
University of California Land, Air and Water Resources Davis, CA 95616, USA
Geologic sources of nitrogen are estimated to contain about 20% of the global nitrogen
inventory. Nitrogen-bearing bedrock is globally distributed and occurs primarily in sedimentary
and low-grade metasedimentary rocks. Nitrogen can be incorporated in rock as relict organic
matter or as fixed NH/ in silicate minerals. There are several reports of total nitrogen
concentrations exceeding 2,000 mg kg"1 in whole rock and between 16,000 and 38,000 mg kg" in
NH4+-rich end members of muscovite and feldspar. Where hydrothermal fluids interact with
nitrogen-rich rocks, spring waters emanating from these ground water sources are highly enriched
in ammonium (>900 mg NH4-N L"'). Our research shows that nitrogen released from weathering of
bedrock may contribute an exceptionally large amount of nitrate to surface waters in many
California watersheds. Geologic nitrogen may explain the occurrence of abnormally high nitrate
concentrations in several areas worldwide where no anthropogenic sources can be identified. The
objective of this research was to evaluate the role of geologic nitrogen as a non-point source of
nitrate contamination to natural waters and to discuss the possible human-health and ecological
hazards.
In our studies, nitrogen concentrations in slate, phyllite, volcanic breccia and mica schist
ranged up to 2,700 mg N kg"1, corresponding to 7.1 Mg ha"' of nitrogen contained within each 10cm thickness of bedrock. Nitrogen occurs in both organic and inorganic forms (NH/). Release of
nitrogen under simulated field conditions indicated a steady-state release rate on the order of 10""
to 10"20molN cm' s" . In some instances, the release of NH4 resulted in strong soil acidification
due to nitrification. The nitrogen released from bedrock contributes to nitrogen saturation of
terrestrial ecosystems resulting in leaching of nitrate. Nitrate leaching in the Mediterranean climate
of California is exasperated due to temporal discoupling of the nitrogen cycle. Nitrate accumulates
in soil during the summer and fall periods when plant uptake and leaching are very low. Stream
water nitrate concentrations are highest at the onset of the winter rainfall and progressively decrease
as nitrate is flushed out of the soil. Stream water nitrate concentrations may exceed the drinking
water standard of 10 mg NO3-N L"1 during the early portion of the rainy season. A paired
watershed approach showed stream water NO3-N fluxes greater than 10 kg N ha'1 y in watersheds
containing geologic nitrogen compared to values <2 kg N ha"' y for adjacent watersheds with no
geologic nitrogen. This research demonstrates that geologic nitrogen, commonly overlooked in
biogeochemical cycling, may be a non-point source of nitrate contamination in natural waters.
Keywords: geologic nitrogen, nitrate, methaemoglobinaemia, eutrophication, non-point pollution
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Heavy metals as contaminants of agricultural lands of Belarus
GOLOVATIY Sergey (1) and SAVCHENKO Svetlana (2)
(1) Belarussian Institute of Soil Sciences and Agrochemistry, Kazinets St., 62, 220108, Minsk,
Belarus
(2) Institute for Problems of Natural Resources Utilization and Ecology, Staroborisovsky tract, 10.
220114, Minsk, Belarus
Now large attention is given to the problem of environment contamination by heavy metals.
Among numerous contaminants of soils the heavy metals are esteemed as having special ecological
and biological value as contrasted to other chemical matters.
The researches of trace element contamination of agricultural usage soils of Belarus were
conducted around large industrial cities and separate firms, on floodplain meadows and pastures in
affect zone of large cities, along roads, and also on lands where were applied different views of
sewage sludge as organic fertilizers. Definite quantity of these elements is stored in soils at the
expense of depositing mineral, organic and limy fertilizers, means of protection of plants.
The total content of Cr, Ni, Co, Cu, Zn, Pb was analyzed by the atomic-absorption means and
means of atomic-emission spectrometry. Additionally mobile compounds of Cd, Ni, Cr, Cu, Zn. Co
were evaluated as 1M HCl extraction with an atomic-absorption ending.
As a result of detailed geochemical investigation was shown, that contamination of soils in the
territory of Belarus has large-areas, small-areas and single-line spreading dispositions. In soils in
affected areas of large industrial centres the polyelement anomalies with the local exceeding of
heavy metals, in frequent cases superior marginal concentration, are reshaped. Radius of coarse
anomalies in soils of suburban territory reaches 5-25 km and more. The contents of Pb in soils are
everywhere above background on the average in 1.3-1.7 times. The soil contamination of Cd and Ni
also is observed. In floodplain soils in affected zones of industrial centres are reshaped tecnogenic
stray fluxes, the expansion which one depends on value and level of city industrial potential. For
these soils are characteristic monoelement and polyelement anomalies including Pb, Cr, Ni, Cu etc.
One of potential contamination sources of agricultural area soils are the sewage sludge used in
agriculture as organic fertilizers. As a result of such activity, the soils are contaminated by heavy
metals, predominantly by Pb, Zn, Cu, Cr and Cd. The contamination of agricultural lands also is
watched in soils of roadside on interval of 10-50 m from a road.
Thus, in Belarus as a result of manufacturing human activity the large-areas, small-areas and
single-line spreading heavy metal contamination of agricultural usage soils is observed.
Contamination levels are close or exceed the established standards, that result in excessive
upbuilding of heavy metals in field cultures and fodder grasses and contamination of cattle-breeding
commodity (milk and meat).
Keywords: soils, heavy metals, contamination, agricultural lands
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Selenium fertilization and food chain quality
HARTIKAINEN Helinä
Department of Applied Chemistry and Microbiology, P.O. Box 27, 00014 University of Helsinki,
Finland
Selenium (Se) is an essential element for man and animals but toxic at high intake. Its
biological role is thought to act as an antioxidant mainly through glutathione peroxidase, but it
affects also e.g. hormone balance and biosynthesis of nucleotides. In Finland, where the soils are
extremely low in bioavailable Se, all domestic agricultural products were very low in Se in the mid1970's. Epidemiological studies revealed that a low Se intake correlated with increased risk of
cardiovascular hearth diseases and cancer, which brought Se to public attention. Therefore, in 1985
fertilization was adopted as a measure to overcome the insufficient Se intake. The justification of Se
fertilization was debated, because plants have been considered not to need this element. However,
this action effectively improved the food quality and increased the average daily intake to the
adequate level. Furthermore, recent systematic experiments have shown that at proper addition
levels Se also exerts beneficial effects on plants through multiple mechanisms and promotes their
growth. Similarly as in humans and animals, Se increases in plants the antioxidative capacity
needed to counteract the oxidative stress caused by oxygen radicals produced by internal metabolic
or external factors. At proper levels it is also able to delay senescence. There are also indications
that Se enhances the utilization of short-wavelength light. In Finland, Se fertilization has been
found to be a safe measure, as no extremely high Se contents in foods have been observed. In fact,
the plants act as effective buffers against excessively high concentrations by showing distinct
toxicity symptoms. Thus, Se fertilization is a good example of how the use of fertilizers can affect
positively not only the quantity of the yield but can exert beneficial effects on every link in the food
chain, from soil to plants and then to animals and humans.
Keywords: antioxidant, food quality, GSH-Px, pro-oxidant, selenium, tocopherols
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Effect of cadmium and arsenic in soils
on growth and availability to vegetables
KiM Won-11 (1), JUNG Goo-Bok (1), LEE Jong-Sik (1), KIM Jin-Ho (1), YUN Sun-Gang (1)
and PARK Ro-Dong (2)
(1) National Institute of Agricultural Science and Technology (NIAST), Suwon, 441-707, Korea
(2) Chonnam National University, Kwangju, 500-757, Korea
To find the adverse effect of cadmium (Cd) and arsenic (As) on growth of major vegetables in
Korea, phytotoxicity and absorption of Cd and As were investigated with Chinese cabbage, radish,
and lettuce grown at the different concentration of upland soils. Cd phytotoxicity was shown by
growth retardation and leaf chlorosis of Chinese cabbage and lettuce at the early growing season
whereas As phytotoxicity was shown by growth retardation of radish and lettuce. The threshold Cd
concentrations of growth damage resulting from the significant reduction (5%) of growth and yield
of Chinese cabbage and lettuce were 50-100 mg kg"' and 10-25 mg kg', respectively. The growth
of radish and lettuce were significantly reduced at the 10-15 mg kg"1 and 10-25 mg kg"' of As
treated soils, respectively. However, there was no significant reduction of radish yield under 100
mg kg"' of Cd treated soils and Chinese cabbage yield under 30 mg kg"' of As treated soils. As the
concentrations of Cd and As in soils were increased, the contents of Cd and As in agricultural
products were significantly increased, basically. The contents of Cd in edible part of Chinese
cabbage, radish and lettuce grown at the 5 mg kg"1 Cd treated soils were 0.13, 0.18 and 3.37 mg kg"'
FW, respectively. Total absorbed Cd for each vegetable tends to occur in the following order,
Chinese cabbage > radish > lettuce at the high Cd treated soils whereas lettuce absorbed more Cd
than Chinese cabbage and radish at the low concentration of Cd. In case of As, the contents of As in
edible part of Chinese cabbage, radish and lettuce grown at the 6 mg kg"' Cd treated soils were 0.19,
0.03 and 0.04 mg kg"' FW, respectively. Total absorbed As for each vegetable tends to occur in the
order of Chinese cabbage > radish > lettuce. The acceptable Cd and As amount in vegetables were
calculated with 0.06 and 0.12 mg kg"' FW based on the WHO's provisional tolerable intake of 7 ug
Cd d"' and 150 jig As d', respectively. Therefore, we can estimate the acceptable Cd and As
content in the upland soil for each vegetable and more detailed study is needed considering any
other factors.
Keywords: cadmium, arsenic, vegetables, phytotoxicity, upland soils
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The selenium content in soil affected by long-term slurry
fertilisation under sugar beet cultivation
BOROWSKA Katarzyna (1), KOPER Jan (1) and MACKOWIAK Czeslaw (2)
(1) Department of Biochemistry, University of Technology and Agriculture, 6 Bernardyriska St.,
85-029 Bydgoszcz, Poland
(2) Department of Plant Nutrition and Fertilization, Institute of Tillage, Fertilization and Soil
Science, Osada Palacowa, 24-100 Pulawy, Poland
The biogeochemical cycling of selenium has received worldwide attention in recent years.
Selenium is known to be an essential microelement for animals, but it has not been shown to be
essential for plants. Soils are considered to be an important source or stored of selenium for plants,
crops and forage, and thus important to animal and human health. Soil factors are nearly always
involved in regional or local trace elements problems (i.e., deficiencies or toxicities). The aim of
this study was to determine the effect of long-term pig and cattle slurry fertilisation on the total and
DTPA-extractable selenium content in loamy and sandy soils.
The soils sampled had been treated with cattle and pig slurry at the rates of 50%, 100% and
200% N in slurry. The experiment was designed as the system of randomised sub-blocks with the
control plot, fertilised with NPK. in a mineral form. There were four replications. The samples
were taken under rye, corn and sugar beet cultivation from two depths: 5-15 and 25-35 cm in the
15lh years of the experiment. Total selenium content was determined by the method of Watkinson
with 2,3-diaminonaphtalene using Hitachi F-2000 spectrofluorometer. The extraction of soil
samples with DTPA was carried out according to Lindsay and Norvell procedure.
Soil samples from control plots had pH values ranged 5.0-6.5. Higher pH values ranging from
6.9-7.5 were noted for soil samples fertilised with pig and cattle slurry. It was found that pH values
increased with increasing slurry rates in loamy and sandy soils. The application of slurry increased
the organic carbon content more efficient in loamy soil than in sandy soil. Usually higher amount
of organic carbon was found in soil fertilised with cattle slurry in comparison with pig slurry
fertilised soil. The total selenium content in control ranged from 0.060-0.072 mg kg"1 in sandy soil
to 0.094-0.133 mg kg'1 in loamy soil. The application of pig and cattle slurry almost doubled total
selenium content in sandy soils, as compared with the control. Statistical analysis confirmed that
fertilisation rate of cattle and pig slurry significantly affected total selenium content in loamy and
sandy soil. The content of total selenium in soils was statistically highly correlated with organic
carbon content.
In purpose to define the potential selenium availability for plants its DTPA extractable forms
were determined and compared with total selenium content. Statistical analysis confirmed the
conclusion that both slurry rates and depths of sampling significantly affected the Se-DTPA content
in soil. The participation of DTPA extractable forms in total selenium content ranged 1.6-6.5%
what indicates its low mobility and availability to plants.
Keywords: total selenium, DTPA-extractable selenium, pig slurry, cattle slury
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Heavy metal uptake by ryegrass, lettuce and
white mustard plants on different soils
LEHOCZKYÉva (1), NÉMETH Tamés (2), KISS Zsanett (1) and SZALAI Tames (3)
(1) University of Veszprém, Georgikon Faculty of Agriculture, H-8361 Keszthely, Deak F. u. 16.,
Hungary
(2) Research Institute for Soil Science and Agricultural Chemistry of the Hungarian Academy of
Sciences, H-1022 Budapest, Herman O. ut 15., Hungary
(3) Szent Istvän University H-2103 Gödöll, Pater K. u. 1., Hungary
The mobility of heavy metals in the soil-plant system is influenced by several factors, e.g. the
heavy metal content, pH, clay and organic matter content of the soil, and plant characteristics
(species, variety). It is well-known from literature that there are significant differences in the
element uptake of different plants. The aim of our study was to describe and compare the heavy
metal uptake of the experimental plants in relation to the heavy metal content and most important
physical and chemical characteristics of the soil. Test plants used in the experiment were as follows:
ryegrass (Lolium perenne L.) white mustard (Sinapis alba L.) and lettuce {Lactuca sativa L.), which
have different uptake and accumulation dynamics.
Both essential and toxic heavy metal (e.g. Cd, Pb) uptake was studied. A greenhouse pot
experiment was set up with soils having different heavy metal contents, physical and chemical
characteristics. Plants were grown for 4 weeks in 4 replications. The total (cc. HNO3) and soluble
(KC1+EDTA) elements, pH(H20), pH (Ka) , hydrolytic acidity (y,), CEC, clay and organic C% were
determined. Special attention was paid to the uptake of toxic elements as it can be a direct way into
the food-chain. Among the toxic elements Cd and Pb have great importance because of their effect
on animal and human health. Our former experiments also showed that lettuce leaves can
accumulate Cd in high quantities. From the three test plants the lowest Cd concentration was
measured in green aboveground ryegrass parts. Statistically significant correlations were found
between the soluble (KC1+EDTA) heavy metal content of the soils and plant uptake.
Keywords: Cd and Pb uptake, ryegrass, lettuce, white mustard, different soils
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Impact of agricultural development on natural resource
PREUMKAMOL Vichian and WIROJANAGUD Wanpen
Agricultural Engineering Department, Environmental Engineering Department, Faculty of
Engineering, Khon Kaen University, Khon Kaen 40002, Thailand
Deterioration of natural resources can be caused by various factors. Inappropriate agricultural
development is possibly one of such factors. Impact of the conventional agricultural practice on
natural resources including soil, forestry and water resources in Khon Kaen Province, Northeastern
Thailand was preliminary assessed by comparing the data of such natural resources in the past
(1990) with the present data (1998) using GIS. Soil resource assessment was made by considering
the suitability of soil series for the cultivated crops. Decrease of suitable soil was 4,720 ha y while
increase of unsuitable soil was 5,146 ha y. Deterioration of forestry area is indicated by the
existing conditioned forest area of 0.084 million hectare (data reported in the year 1999) being
equivalent to 7.49% of the total provincial area of 1.09 million hectare. The average decreasing rate
of forest area was 4,609 ha y'1 evaluated from the data of the year 1976 upto 2000. Assessment of
water resources was made by comparing the water availability of the main rivers and water
requirement particularly for agriculture. Total water availability of the Pong and Chi rivers is 768
MCM y"1 (dry season) and 4,766 MCM y'1 (rainy season). Water requirement for agriculture is
1,188 MCM y . Water is not sufficient for agriculture in dry season. Evidently, natural resources
have been continually deteriorated. It is therefore very necessary to plan for natural resources
management and agricultural development under the sustainability concept. It is proposed to
employ the soil and water conservation approach being implemented under the Crown Princess
project as well as the expansion of sustainable agricultural area of 4 acre/household for the target
erosion area of 944,000 hectare within 20 years. An increase of soil fertility of 368,000 hectare,
decrease of soil erosion of 3.7 million t ha"' y"1 and water storage of 32 MCM y is estimated. With
the aim of increasing forest area to 30% of the province area in next 20 years, the forest area will be
increased from 292,800 hectare to 302,400 hectare and the conditioned forest area will be increased
from 7.49% to 15% (144,000 hectare) and reforesting should be carried out at at least 16,000 ha y .
Keywords: natural resources deterioration, soil, water, forest, sustainable agriculture development
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Impacts of alternative agricultural practices on the reduction
of nitric pollution in the Beauce limestone aquifer (France)
SCHNEBELEN Nathalie (1), COUTURIER Alain (2) BOURENNANE Hocine (2),
NICOULLAUD Bernard (2) BRUAND Ary (3) and KING Dominique (2)
(1) Unite Info-Sol-INRA (Orleans), BP 20619 Ardon 45166 Olivet Cedex, France
(2) Unite de Science du Sol-INRA (Orleans), BP 20619 Ardon 45166 Olivet Cedex, France
(3) ISTO, Université d'Orléans, Bätiment Géosciences, BP 6759-45067 Orleans Cedex, France
The general purpose of this study was to assess the impact of alternative agricultural practices
on the decrease of nitric pollution in the Beauce Limestone aquifer (France). This assessment was
performed on three steps. First, simulations of water and nitrate fluxes were performed throughout
of soil profile. Second, analyzes and simulations of nitrate concentration evolutions in the Beauce
Limestone aquifer straight on the study area were carried out. Lastly, impacts of alternative
agricultural practices on nitrate concentrations in the aquifer were examined. Both water and nitrate
fluxes simulations throughout of soil profile were carried out at the lysimeters scale and over the
whole experimental study area. The simulations were performed using STICS agronomic model.
The alternative practices, applied on three years, allowed reducing the nitrate concentration (NO3)
throughout of soil profile. The decrease range between 18 and 33 mg L, . The comparison of the
nitrate concentration at the bottom of soil profile with those in the aquifer showed that the
alternative agricultural practices impacts on nitrate concentrations in the aquifer is not perceptible.
This is mainly due to important lateral fluxes of water and to the small size of the study area.
Nevertheless, the alternative agricultural practices should be extended to several years and to other
areas, regarding of the reduction of the nitrate concentrations obtained at the bottom of soil profile.
Keywords: nitric pollution, alternative agricultural practices, agronomic model, Beauce limestone
aquifer, groundwater model
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Distribution and mobility of Cd, Ni and Zn in
contaminated tropical soil profiles
KASHEM Md. Abul and SINGH Bal Ram
Department of Soil and Water Sciences, Agricultural University of Norway, P.O. Box 5028, N 1432 Aas, Norway
We investigated the distribution and mobility of Cd, Ni and Zn in four profile samples
collected from areas contaminated with wastes from tannery (1), city sewage (2), pharmaceutical
(3) and paper mills (4) at different locations in Bangladesh. The soil samples were analysed for the
total metal contant and their fractions of varying solubility by the sequential extraction procedure
The sequences of extractions were six operationally defined groups: water soluble (Fl),
exchangeable (F2), carbonate (F3), oxide (F4), organic (F5) and residual (F6). The total
concentration of Cd, Ni and Zn in the A horizon (0-5 cm) ranged from 0.10 to 0.62, 31 to 54 and 85
to 838 mg kg"1, respectively, while in the B and C-horizons, the concentration of these metals
decreased considerabally and especially in the city sewage profile the decrease for Cd and Zn was
about 4 fold. Cadmium distribution in in the mobile fractions (F1-F3) of the tannery, city sewage,
pharmaceutical and paper mill profile soils was found to range from 24 to 41, 26 to 43, 25 to 40 and
29 to 40% of its total content.. In all four profiles, total, DTPA, and extractable mobile fractions
(F1-F3) of Cd, Ni and Zn decreased from A to C-horizon. The mobile fractions of Ni and Zn were
much lower than those of Cd in these profiles. The total contents and mobile fractions of Cd and Zn
were many folds higher in the surface horizon of the city sewage soil than the other soils and thus,
this soil may create a risk for the contamination of agricultural products.
Keywords: contaminated soils, chemical fractionation, heavy metals, mobility
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Biogeochemical cycling of iodine and selenium and
potential geomedical relevance
STEINNES Eiliv
Department of Chemistry, Norwegian University of Science and Technology, NO-7491
Trondheim, Norway
International marine research has shown the biologically essential trace elements iodine and
selenium to be released from the ocean surface through volatile organic substances such as CH3I
and (CH3)2Se resulting from biogenic processes in the water. Investigations in Norway over the last
30 years on the other hand have proven these two elements to be distinctly enriched in surface soils,
peats, and lake waters in coastal areas of the country relative to corresponding areas farther inland.
On the basis of these observations it is argued that biogeochemical cycling of I and Se from the
ocean through atmospheric transport and subsequent deposition on land may be a significant source
of these elements to the coastal terrestrial environment in general and to surface soils in particular.
Since these two elements often occur in very low concentrations in crustal rocks, the atmospheric
supply of I and Se could be a significant geomedical factor in many areas of the world, and
deficiency problems would be likely to occur in regions far from the oceans.
Keywords: geomedicine, iodine, selenium, marine environment, soil, atmospheric transport
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The world soil resources as the humanity's prosperity
ALEXANDER Khabarov V.
State University for Land Use Planning, Kazakov Str. 15, 103064 Moscow, Russia
In increasing output of food it is vitally necessary to study soils and soil resources on the
Earth with the aim at their inventory and evaluation. The inventory consists in calculating the soil
areas and determining a coefficient of their agricultural use in order to involve new lands for
cultivation. The results of our calculations showed that the share of plain areas totals up to
149,888.0 thousand km2. The areas occupied by ferrallitic soils under tropical forests proved to be
the greatest accounting for 14,495.0 thousand km2. Within the dry and semi-dry tropics ferruginous
tropical soils are estimated at 7,146.5 thousand km", red-brown tropical soils - 5,950.6 thousand
km2 and black tropical soils - 3,298.0 km2. The areas occupied by chernozems as the most
productive soils make up 3,142.9 thousand km . The steppe soils being widely spread throughout
the world occupy less than 10% of the cropland fund and alluvial soils in floodplains about 13%.
Reserves of uncultivated soils (approximately 4,100 thousand km2) are mainly situated in humid
tropics. To be able to advance the agricultural production here the mineral fertilization and
phosphorous one in particular is required parallel with green manure management. The soil
resources in arid tropics offer possibilities for expansion of agriculture thanks to intense farming
systems, including irrigation in dried seasons. The development of agriculture within tropical
semideserts and deserts is restricted by water resources. At present, the coefficient of agricultural
use is estimating to less than 0.01 but can be increased up to 0.1.
The black vertic soils (Vertisols), whose coefficient of agricultural use makes up 0.60 are the
most important reserve in subtropics. The gray and meadow-gray soils, widely spread in Africa and
in some regions of Asia supplied with water for irrigation may be considered as a potential for
ensuring the growth and sustainable development of agriculture.
In subboreal forest regions with prevailing brown forest soils and brunozems the limits of
cultivated land have been already reached and the coefficient of their agricultural use accounts for
0.40. In subboreal steppe regions of Eurasia and Northern America the expansion of agriculture is
possible only at the cost of reclamation of alkali soils, while the planning for a higher coefficient
of agricultural use is not rational for brown and gray-brown soils in subboreal semideserts and
deserts of Central and Middle Asia and of Northern America.
The potential growth of agricultural production should be appreciated in the south of boreal
regions: the coefficient of agricultural use is 0.25 for sod-podzolic soils and 0.37 for gray forest
soils. Podzolic soils within the middle taiga are the considerable potential for further development
(by 5-8%) as a food production base for industrial centres.
The present area used for agricultural purposes in the world is estimated at about 2.5 milliard
hectares, including 1.5 milliard hectares of those suitable for arable land and permanent crops.
Hence, there are vast areas for expansion of agriculture and 2-3% of the increased production can
come from the intensification of agriculture on land already cultivated. Systematic knowledge of
the land resources base is an essential tool to reach decisions regarding an optimal pathway to food
security.
Keywords: world soil resources, Vertisols, agricultural land
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Assessing the impact of the farmer participatory research
approach in the development of soil management technologies
in Southwest Kenya
ANPIMA D.K.. MAKINI F.W., OKOKO E.N., MUYONGA CK., WANYAMA J.M.,
MASINDE A. and MAKWORO S.
Kenya Agricultural Research Institute (KARI)- Regional Research Centre, Kisii, P.O. Box 523,
Kisii, Kenya
Several approaches have been tried and tested in agricultural research in the RRC-mandate
region. These are such as participatory rural appraisal systems (PRA), participatory learning and
action research (PLAR), and fanner participatory research (FPR). Researchers have tried these
methodologies through involving farmers and other partners in technology development and
dissemination. Farmers are the major target group at the individual, household and community
through collective action. Processes of involvement include problem identification and diagnosis of
existing agricultural problems, farmer innovativeness in trying out the already existing technologies
and farmer involvement as well as empowerment in the whole process of technology development
and dissemination through formation of farmer research groups. A survey was conducted to assess
the impact of these approaches in on-farm research. Sites selected for the study were Nyamonyo,
Nyatieko, Bogetaorio and Kamingusa where participating farmers in on-farm research were selected
and interviewed. A total of three hundred and thirty eight farmers were randomly selected and the
survey was restricted to cluster areas where these approaches were used. All participating farmers
were purposively selected in order to assess the extent at which they had integrated the developed
technologies and developed their farms. The farmers were randomly selected from each cluster after
establishing a sample frame through developing a list of farmers with the assistance of village
elders and frontline extension agents. Data were collected using a checklist and key informants
were interviewed. Factors taken into consideration were such as whether these approaches were
impacting on general contact of farmers and their relationships with extension agents and
researchers, whether developed technologies were addressing farmer needs and demands according
to priorities and whether attitudes had changed through confidence and trust amongst various
stakeholders. Results indicate that at the cluster sites, 54% of the farmers at Nyatieko, 5 1 % at
Bogetaorio, 44% at Otondo, 39% at Kamingusa and 30% at Nyamonyo reported that their contact
and relationships had been strengthened with other stakeholders. As far as needs and priorities were
concerned, 39% of farmers at Bogetaorio, 5 1 % at Nyamonyo, 16% at Kamingusa, 36% at Otondo
and 36% at Nyamonyo reported that their needs and priorities had been addressed by researchers
through use of the FPR approach. Uses of the PLAR approach had made farmers more innovative
and they were trying out technologies on their farms, which they were extending to other farmers.
The uses of these approaches have impacted positively in all cluster sites and are therefore
recommended for use in other areas if technologies are extended in order to improve and increase
adoption, strengthening of linkages with other stakeholders and working in groups of farmers for
greater diffusion of information.
Keywords: participatory research approaches, soil, technology development, empowerment
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Meeting the rice production and consumption demands of
West Africa with an improved soil and
water management technology
ASUBONTENG Kwame Osafredu (1). OTOO Ernest (2), MASUNAGA Tsugiyiki (3) and
WAKATSUKI Toshiyaki (3)
(1) Soil Research Institute, Academy Post Office, Kwadaso-Kumasi, Ghana
(2) Crops Research Institute, Plant Physiology Division, P.O. Box 3785, Kumasi, Ghana
(3) Faculty of Life and Environmental Science, Shimame University, Matsue 690-8504, Japan
The average rice yield obtained by most small-holder rice farmers in West Africa are very low
(0.5-1.5 t ha"'). Fortunately, inland valley swamps, which have specific hydrological conditions;
and have been cited as having high potential for the development of rice-based small holder farming
systems occur abundantly in the West African sub-region. However, there are major constraints
like water control, weed infestation and low soil fertility which hinder rice production in them.
Therefore, an improved soil and water management system known as sawah technology (bunding,
levelling and puddled fields for irrigated rice cultivation) was studie along side the traditional slashand-burn rain-fed lowland rice farming systems at a bench mark site in a inland valley bottom in
Ghana. Different organic and inorganic fertilizers were tested under the different systems. The
experiment was a split-plot design with local farmers field practice and sawah system as the main
plots and six fertilizer treatments as subplots. Productive tillers, straw and grain yield, nitrogen
uptake efficiencies and the chemical dynamics of the soils were monitored. The results revealed
that the sawah system resulted in greater number of productive tiller, higher straw production and
higher grain yield. Paddy yield obtained under sawah system was over 400% (ave 4.5 t ha" ) what
was obtained under the local farmers practice (ave 1.3 t ha' 1 ). Among the fertilizer treatments, the
poultry manure, relatively rich in both nitrogen (N) and phosphorus (P) and the use of the inorganic
fertilizer combination N% Pso K<>o kg ha"1, which is the recommended rate for rice, in Ghana, aerated
similar effects on grain yield under both production systems. Agronomic N uptake efficiencies
(ANUE) and agronomic N efficiencies (ANE) in both mineral and organic fields were considerably
higher under the sawah system. The ANES' of the sawah fields were more than double those o the
farmers' yield practice. Even in the control plot under the sawah system, where there was no
application of fertilizer, the grain yield obtained was 2.5 t ha"1 which was equal to the grain yield
obtained in the plots with local farmers field practice, where recommended rate of fertilizer for rice
(N90 P6o K*o kg ha"1) was applied. A possible explanation for the success of the sawah technology
is that flooding of paddy soil positively changed it chemistry by increasing soil pH, available
phosphorus and nitrogen and reduction of weeds which is favourable to rice growth. The study
therefore indicates that the adoption of the sawah technology by our farmers are on prerequisite for
efficient and sustainable use of valley bottoms for rice production.
Keywords: agronomic efficiency, Ghana West Africa, inland valley bottom, rain-fed lowland
condition, sawah system
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A preliminary assessment of the human impact on land
systems of the world
ESWARAN Hari and REICH Paul
Natural Resources Conservation Service, USDA, Washington DC, USA
Using a global assessment of land quality and an interpolated population density map, we show
the spread of land impacted by human habitation and exploitation of natural resources. Land
systems defined as 'pristine,' 'minimal' and 'low-impact' support about 4.3% of the world
population (about 235 million people). These three zones occupy 24.4% of the land (31.8 million
km2) and are considered the non-threatened part of the world. Human society has to be vigilant
about these lands, however, and, wherever possible, revert some of the agricultural and grazing
lands back to their natural condition as the earth's reserves. In contrast, the threatened part defined
as 'moderate,' 'high,' and 'very high' impact land systems occupy 34% of the land surface (44
million km2), and have 89% of global population (4,900 million people). Countries where such
lands dominate are the tension zones of the world. Not only has their environmental integrity been
compromised to feed and clothe the people, the planet is also losing its genetic resources at an
alarming rate.
Keywords: global land resources, human impact on ecosystems, agroecosystems, AES,
biodiversity, tension zones
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Current international actions for furthering
the sustainable use of soils
HURNI Hans
Centre for Development and Environment, Univ. of Berne, Hallerstrasse 12, 3012 Berne,
Switzerland
International actions for the sustainable use of soils can be justified in view of the need to
adjust the frame conditions under which local land users operate. Based on the concept of
sustainable development, there is ample reason to become active at the international level. Multilevel approaches to sustainable land management have been propagated since many years.
Stakeholder negotiations have thus to involve all levels, from local land users to national
delegations and international bodies. At the global level a number of actions have been taken, such
as scientific and policy meetings, programmes to assess soil degradation, and others to develop
suitable technologies and approaches, as well as working groups and panels addressing the need for
globally binding agreements such as a newly proposed convention on soils. Among the different
initiatives the International Panel on Land and Soils (IPLS) appears to be a most promising
approach, with high potential impact on society and the land and soil resources alike. Working
groups of international organisations can provide supplementary inputs to such IPLS, thereby
enforcing this interdisciplinary expert body. Scientific programmes will need to accompany this
work by producing better understanding of the processes of land and soil degradation, and the
measures needed to halt and reverse the negative trends observed on a global scale.
Keywords: soil convention, sustainable development, sustainable land management, multi-level
approach, stakeholder negotiations, decision-support systems
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Ecofriendly approach towards self-sustainability in coconut
based mixed farming system
KHAN H. Hameed. UPADHYAY A.K., PALANISWAM C. and DHANAPAL R.
Central Plantation Crops Research Institute, Kasaragod- 671 124, Kerala, India
Under monocropping in coconut, in traditional coconut growing states in India, the farm yields
are poor; farmers are under-employed spending only 100 and 120 man-days under rain-fed and
irrigated systems. The farm production and productivity are not sustainable. Coconut groves offer
excellent opportunities to exploit the inter-space potential in the garden for maximizing returns per
unit area. In the present investigation, the sustainability and profitability of coconut based farming
system comprising coconut, pepper, banana, fodder grass, dairy unit (6 cows HF cross), silk worm
rearing, poultry and pisciculture are assessed. The soil is Arenic paleustult. The coconuts, fodder
grass, receive inorganic fertilizers and organic manures obtained as waste such as cow dung (14
tonnes) and dairy shed washings, poultry and quail bird droppings (295 kg), waste from rearing of
silk worms (12 kg) etc. The dry coconut leaves are converted into vermicompost employing the
earthworm Eudrilus sp., and applied to the system. The vermicompost has a nutrient content of
1.8% N, 0.3% P and 0.6% K. Fodder grass is fed to the cows. With the recycling of organics there
are indications from soil and leaf analysis data that the inorganic fertilizer input in the system can
be scaled down and over years the system can be self-sustaining. Out of the inorganic input 74% N,
full quantity of P and 81.7% of K can be supplemented through organic recycling within the
system. From this enterprise, 23,535 coconuts, 11,445 litres cows milk, 645 kg broiler chicken,
3,477 numbers of quail bird eggs, 17.3 kg of silkworm cocoons, 87 kg of banana and 173 kg offish
were obtained. Around 97 percent of the revenue was derived from coconut, dairy and poultry
components. Feed and labour cost constituted 86.6 percent of the variable cost. The net return
obtained from the system was approximately US $ 2,014.10 per annum. The impact of integrated
nutrient management on soil physico-chemical properties and plant nutrition is assessed.
Keywords: ecofriendly, sustainability, coconut based farming system
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Building land and soil synergies
MACKENSEN Jens and CHEVALIER Claudiane
UNEP Division of Policy Development and Law, Kenya
Soil has an image problem. For many people, land and soil degradation remains a local, rather
than a global, issue. They see it as a problem limited to poor, developing countries, particularly in
Africa. In the absence of a strong political commitment to the issue, the international regime for
land and soil conservation remains relatively weak and fragmented. Meanwhile, climate change,
biodiversity, international waters, hazardous chemicals, wetlands and forests have more easily
gained political standing as global environmental issues. Importantly, each of these issues contains
a strong land and soil component.
Soil is degraded through a range of processes, including desertification, erosion, industrial
contamination, land-use change, overexploitation of marginal land, overuse of pesticides and
fertilizers in mechanized agriculture, declining agro-biodiversity, urban sprawl and soil sealing, and
the impacts of mining, tourism, and military and other human activities. As it can take hundreds or
thousands of years to regenerate most soils, the damage occurring today is for all purposes
irreversible.
As environmental policies and treaties must be science-driven, improving the scientific advice
on land and soil issues would be the best way to establish a political perception of land and soil
degradation as a global environmental issue. There are today over 50 advisory processes related to
the environment. Three thousand-plus experts are appointed to UN-sponsored processes alone, and
many thousands of others directly contribute their expertise. Despite this, an earlier study by UNEP
(2001) concluded that there were still problems with the availability of good-quality environmental
data, the linkage between advisory processes, and the dissemination of knowledge.
In the specific field of land use and soil management, a great deal of scientific knowledge does
indeed exist. But this knowledge is not well disseminated, particularly to economic or social experts
and policymakers. Thus the challenge is not necessarily to generate more data, but to integrate
existing knowledge into policy processes. At the same time, data gaps must be identified and
addressed, and improved indicators should be developed so that data generated in different forums
is comparable.
There are at least several ways to move forward to a more effective assessment regime for land
and soil degradation:
* Seek closer cooperation on land and soil issues amongst existing advisory bodies. Since land
and soil issues are inherently inter-related, this approach might ensure the most comprehensive
possible assessment.
* Mandate an existing advisory body to take the lead in encouraging collaboration. Such a
body could facilitate networking and set up a clearing-house for scientific knowledge on land and
soil management in order to strengthen synergies amongst conventions.
* Set up a new, independent advisory body. Such a body could, for example, be modeled on
UNESCO's Intergovernmental Oceanographic Commission (IOC) or alternatively, an International
Panel on Land and Soil could be created along the lines of the WMO/UNEP Intergovernmental
Panel on Climate Change.
Keywords: land degradation, multilateral environmental agreement, synergies, environmental
policy, scientific advisory processes

1859

Symposium no. 61

Paper no. 1919

Presentation: poster

Sustainable agriculture development on tropical peatland
MELLING Lulie (1), RYUSUKE Hatano (2) and MITSURU Osaki (2)
(1) Department of Agriculture Sarawak, Malaysia
(2) Faculty of Agriculture, University of Hokkaido, Japan
Sarawak has 1.7 million ha of peat, which covers 13% of the total land area in the state (12.4
million ha). It is the largest area of peatland in Malaysia. It constitutes nearly 63 percent of the total
peatland in the country. Expansion of agriculture onto the peatland has intensified markedly for the
last 5 years. More than 400,000 hectares of the peatland has been alienated both for agriculture
development and reforestation (Melling, 1999b). This is due to the government policy of placing
the plantation sector as one of the core export-oriented industries for the state.
As suggested by Melling (1999b), peat resource is a goldmine for the state. It has great
potential to be develop into agriculture plantation. A proper and efficient utilization of these lands
for agriculture would contribute significantly towards a long-term economic growth of the state.
However, its economic usefulness would be short lived and the state may loose one of its most
valuable resources if its utilization is not well managed.
The tropical peat of Sarawak is one of the most fragile wetland system in the world. It is a nonrenewable resource because once it is destroyed, it will be gone forever. Peat development is like a
time bomb (Melling, 1999b) that must be handled in outmost care. Therefore it is very important
that potential risk that comes together with any peat development must be well understood and
anticipated by everyone involved. If it is not well managed, it may cause an ecological degradation.
Thus it is very important to ensure that any agriculture development on the peat is equitable and
ecological sustainable.
Keywords: water management, tropical peat, sustainable drainability, sustainable agriculture
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Report on the activities of the IUSS working group:
international actions on sustainable use of soil
MEYER Konrad H.
Environmental Sciences & Policy Assessment Seefeldstr. 5a, 8008 Zürich, Switzerland
In 1998, an international IUSS working group "International Actions for the Sustainable Use of
Soils" was established to assess policy-related activities and progress such as legal, institutional and
other measures and instruments at different levels for appraising and mitigating the extent of global
soil degradation, and for improving and enhancing the sustainable use of soils. The objective of the
working group was to produce recommendations on how to put soil degradation and sustainable use
of soils on the international policy agenda and stimulate effective action.
An e-mail forum was set up for the discussion of the working group. On the basis of- inter alia
-a new IUCN report on legal and institutional frameworks on sustainable soils, a set of key-issues
was identified with statements and questions prepared and put forward to the members of the
working group for comments over a six months period between December 2001 and May 2002. The
comments were consolidated into a discussion paper and produced for WCSS17. The results and
recommendations of this process are being presented at the symposium.
Keywords: soil degradation mitigation, indicators and monitoring, research, policy responses,
legal and other instruments, public awareness
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Economic implications of efforts to achieve
sustainable irrigation
WICHELNS Dennis (1) and OSTER J.D. (2)
(1) Department of Environmental and Natural Resource Economics, University of Rhode Island,
Kingston, RI 02881, USA
(2) Department of Environmental Sciences, University of California, Riverside, CA 92521, USA
Efforts to achieve sustainable irrigation in arid regions must include measures to reduce the
waterlogging, salinization, and degradation of water resources that continue to threaten productivity
and degrade environmental quality in those areas. Appropriate measures will include the recycling
and reuse of saline drainage water on farms and within irrigation districts. Sustainability will
require that recycling and reuse are conducted in a manner that does not degrade land and water
quality, so that crop yields can be maintained and improved by future generations.
We describe a strategy for intercepting, reusing, and disposing drainage waters within the
region in which those waters are generated. Successful implementation of the strategy will require
input from agronomists and soil scientists regarding the optimal blending of saline drainage water
with higher quality irrigation water, the near-term impacts on crop yields, and the long-term
impacts on soil salinity. In many cases, economic incentives will be required to motivate fanners
and irrigation districts to optimize the reuse of saline drainage water in crop production, thereby
reducing the volume of effluent requiring disposal.
We describe economic incentives that might motivate adoption of the intercept, reuse, and
disposal strategy, such as linking irrigation water rights together with salt disposal rights that
require farmers and districts to manage the salt loads generated by irrigation. Changes in the
management of surface runoff and subsurface drainage water will cause increases in farm-level
production costs and in the costs of operating irrigation and drainage districts. The long-term
returns to those expenditures will include the value of maintaining and enhancing both agricultural
production and environmental quality, enhancing food production, improving rural incomes, and
increasing the likelihood that residents of arid regions will achieve and maintain food security over
the long run.
Keywords: irrigation, drainage, soil salinity, economics, sustainability
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Soil environment and food security
PRASAD B„ PRASAD A.K., MRIDUBHASHINI M and K. KUMAR
Soil Science Dept., Rajendra Agricultural Univ., Bihar Agricultural Research Institute, Patna, India
Agriculture is the first and most important and avocation of the world and it has direct linkage
with climate, seed and soil. Production and productivity has got direct bearing on soil environment
and also interlinked with sustainable agriculture for food security to provide two meals a day to the
increasing population and as per estimate 1.8 percent increase will be yearly. Land to man ratio is
decreasing fast. This ratio has declined from 0.34 in 1950 to 0.14 now and is likely to become 0.10
in 2025. No doubt, India, like many other developing countries, has made rapid strides in the
production and productivity of major crops that too by tirring efforts of agricultural scientists,
fanners, policy makers and important agencies. The country presently have come to that of
reasonable surplus and exports but still India will need more than 240 million tones of food by tenth
plan period. This country is adding 17-19 million more mouths to feed every year. It is true to say
that independent India with intensive agriculture succeeded in getting out of the "food trap" and the
situation of early fifties transformed in to "farm to ship". Intensive modern agriculture with
excessive use of chemical fertilizers, pesticides and erratic irrigation appears to the most important
factors on several environmental problems where soil environment plays one of the key role. At this
juncture, one must understand that soil degradation, agricultural production, climate change, land
use and sustainable development are all interlinked which ultimately entails on food security.
Deforestation for cultivation as well as human settlement which go hand in hand also bring adverse
change in the ecosystem and biodiversity endangering food security and as such conservation of
forests and afforestation are essential.
It is the right time to recall the Rice-declaration (1992), which emphasized four cardinal
principles most relevant to sustainable agriculture with ultimate goal of food security.
Human beings are the centre of concern for sustainable development and environmental issue
are best handled with participative co-operation of all concerned.
No development can be considered complete unless it meets the criteria of productivity, equity
and environmental safety for the present and future generation.
To ensure development and sustainability, it is necessary to augment all the negative factors
leading to unsustainability.
Environmental policies must form an integral part of developmental policies and strategies.
Soil, water and air pollution are negatively affecting crop production. Concerted efforts are
needed to protect soil environment and water to sustain agricultural productivity through
establishment of befitting vegetative cover and monitoring by gadgets to reduce pollution from
industrial and wrong agricultural activities. Proper disposal of unwanted either solid or liquid
affluent is crucial to proper land management and as such technological development is the demand
of the day. Scientists, Policy makers, Planners, Administrators and the general mass, should,
therefore, address themselves honestly to this task of environmental pollution and ecological
degradation to minimal level, if not eliminate the hazards to protect soil, water and air to sustain
agricultural productivity. Reorientation towards ecofriendly farming practices is the need of the
hour and it is possible only when all the stakeholders concerned are properly educated and
intensively trained to become effective on transfer of technology. Farmers could also be motivated
on the subject through establishing field schools of training.
Keywords: soil, soil environment, sustainable agriculture, food security
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Pedosphere, global changes and environmental quality of soil
ZHAO Oiguo
Institute of Soil Science, Chinese Academy of Science, P. O. Box 821. Nanjing 210008, China
With development of modern geoscience, particularly of environmental sciences, the
contemporary soil science is undergoing great changes in both research contents and scope. Soil is
not only a certain substance or a certain independent natural historical body, but also a spheric layer
with peculiar structure and functions in the earth system. From the viewpoint of the geo-biosphere
system of earth, soil science does not only deal with the soil substances per se, but also more
importantly with the relationship between soil, the other spheres and the human survivorship
environment in view of the pedosphere. This is the new orientation of soil science today and will
affect profoundly the studies on the human survivorship environment and global changes. To throw
more light on this subject, the present paper intends to address the conception of pedosphere and its
role in global changes and environmental quality of soil. Also addressed are series of environmental
issues in China and their relations to the global change. Moreover, research orientation and
priorities are discussed in the field of pedosphere for agriculture and environment.
Keywords: pedosphere, global change, environmental quality
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Potential of scaling up agroforestry as a millennium national
soil fertility initiative in Malawi
AKINNIFESl F.K. (1), KWESIGA F.R. (2) and AGGUMYA A. (2)
(1) SADC-ICRAF Agroforestry Project, Makoka Agricultural Research Station, P.O. Box 134,
Zomba, Malawi
(2) SADC-ICRAF Agroforestry Regional Programme, c/o Department of Research and Specialist
Services, Causeway, Harare, Zimbabwe
The magnitude of soil fertility depletion and food insecurity in Malawi is enormous. The
landholding is diminishing in size, chemical fertilizers are becoming logistically difficult and
unaffordable at escalated prices, soil fertility is fast depleting and off-farm income opportunities are
narrow, farmers must be provided with viable soil fertility management options in order to feed
their families and ensure prosperous livelihood from their little means. This paper aims at
synthesizing assessments of farmer-testing and adoption of proven agroforestry technologies,
through more than one decade of research and development in Malawi, as exit strategy to the
fertilizer incentives ('starter pack scheme') in Malawi, as a prelude to practical agrarian
transformation that aim at uplifting the smallholder farmers out of spiral poverty. This paper
describes in a holistic fashion, several long-term on-station, on-farm research and dissemination
achievements for over a decade. Farmers' perception and management of agroforestry were
captured using non-parametric approaches. Whole-farm assessment of soil fertility improvement
agroforestry technologies compared to the traditional practices and other innovations such as the
'starter-pack' and grain legumes were made. Farm-level land use practices were assessed in terms
of fertilizer-use, agroforestry species, annual field expansion rates, and yield estimations by
farmers. The science and developmental aspects of ICRAF's work in Malawi are beginning to
align themselves to show direct benefits for substantial number of farmers in the pilot project areas.
A critical mass of innovation and mobilization of on-farm and dissemination of agroforestry work,
in recent times, has started to pay substantial dividends in southern Malawi. Over 20,000 farmers in
the project areas are experimented with, adapting and adopting agroforestry innovations. These
farmers are becoming more and more confident and enthusiastic in sharing experiences with fellow
farmers in a spontaneous farmer-to-farmer extension fashion. There is clear evidence that without
fertilizers, agroforestry technologies compare effectively in the farmers' fields, in terms of benefits,
with fertilizer-based initiatives. Mixed intercropping with Gliricidia sepium, relay cropping and
improved fallows with Sesbania sesban or Tephrosia vogellii are capable of doubling or tripling the
maize yield without fertilizer applications. In addition, farmers combining agroforestry technologies
with the 'starter pack' have confirmed positive synergies, in maize yield. Analyses of the effects of
government policies, especially food security and forestry policies showed that a wide variety of
policies directly and indirectly influence the ability of agroforestry systems to deliver benefits to the
farmers and the larger society.
Keywords: starter pack, soil fertility initiatives, agroforestry, scaling-up, Malawi
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Digital soil database of Honduras:
a decision tool to support improved land use
AYARZA Miguel A.. TREJO Marco Tulio, BARRETO Hector and MEJIA O.
Hillsides Project, International Center for Tropical Agriculture, CIAT. P.O. Box 1410, Tegucigalpa,
Honduras
The sustainable management of natural resources depends to a great extent on people's
capacity to make sound decisions based on reliable information. The integration of edaphic
information into geographic information systems (GIS) can be an effective way to assess spatial
distribution of land resource problems and to target improved land management options. Over the
last forty years, more than 500 studies were carried out in Honduras to characterize the resource
base of the country at several scales of resolution. However, this information is found scattered in
many reports and it is difficult to access. Since 1995, the CIAT-Hillsides Project started a
collaborative effort with local institutions of the country to collate, systematize and georeference
soil information contained in those reports. The objective of the work was to develop user-friendly
interfaces that allow multiple stakeholders to identify areas with similar resource problems and
target solutions. The database includes analytical soil data and field descriptions of more than 2000
soil profiles. The analytical data set for each soil profile includes information on soil texture, bulk
density, available water at field capacity and wilting point, soil pH, organic carbon, total N,
exchangeable bases and electrical conductivity. The field data includes profile description and its
classification according to the soil taxonomy system (1975). Information from every soil profile is
spatially linked to other thematic maps using an interface with Arc View GIS. This allows relating
soil conditions with climatic and topographic features of a given area. The systematization work is
complete and validation with local institutions is in progress. Preliminary analysis using the
database indicates that 36% of the topsoil samples have a pH 4.6-5.5 and 42% between 5.6-6.5.
These soils are located in the south-west region in the country where crop yields are low and
poverty is severe. In the rest of the country, predominate slightly acid soils with other limitations
such as shallow soils and nutrient deficiencies. We expect in the near future to link the soil database
with socioeconomic and agricultural productivity databases to expand its capability to relate
resource problems and risk of degradation with social driving forces.
Key words: soil survey studies, Honduras, resource evaluation
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Morphological and chemical properties of hill soils of
Bandarban district of Bangladesh
BHUIYAN Mizanur Rahman
Soil Science Discipline Khulna University Khulna-9208, Bangladesh
In Bangladesh hill soil is found mainly in Chittagong, Chittagong Hill Tracts (Bandarban,
Rangamati and Khagrachari) and small portion in Sylhet and Comilla region. The denuded hills of
Chittagong and Chittagong Hill Tracts are being almost barren, devoid of tree cover and subjected
to continuous severe soil erosion leading to several problems. The acidity of the soil is gradually
increasing and the various nutrient elements are gradually being depleted. This research was taken
to find out the different morphological and chemical properties of hill soils of Bandarban district.
From the study it has been found that with the passage of time (10 years i.e. from 1988-1998)
the acidity of the soils have increased. The quantity of various macro and micronutrients such as
calcium, magnesium, phosphorus, sulphur, boron, copper, iron, manganese and zinc have decreased
during this 10 years period. In Kaptai soil series calcium and magnesium decreased to 5.89 and 2.8
meq 100 mL"1 soil respectively and phosphorus, sulphur and iron decreased to 16.56, 5.79 and
297.87 ug g"' soil respectively. On the other hand, in Kuhawlong soil series calcium and
magnesium decreased to 2.2 and 1.56 meq 100 mL'1 soil respectively and phosphorus, sulphur and
iron decreased to 5.84,4.6 and 252.8 ug g" soil respectively.
The reasons responsible for increasing of soil acidity and lowering of soil fertility may be due
to (a) destruction of forests and removal of vegetation resulting in exposure of the surface which is
then oxidized and consequently increased the soil acidity, (b) soil erosion due to run off washed
away the top soil containing high organic matter and nutrients, (c) land slides mainly in rainy
season, which also exposes the soil surface, (d) addition of less organic matter in the soils as the
leaves, twigs and small branches of trees are used by the local poor people as fuel and (e) practice
of shifting cultivation, which is the major cause of hill soil erosion.
Keywords: hill soil, soil erosion, Kaptai soil series, Kuhawlong soil series
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Soil and water conservation practice according to
WOCAT methodology in Fujian Province, China
BIJUAN Nie
Fujian Soil and Water Conservation Experiment Station, Tong Peng Road 6, 350003 Fuzhou,
Fujian Province, P.R. China
The essay describes the soil and water erosion status and conservation achievement in Fujian
Province, China. It summarizes the three kinds of SWC practices that Fujian Province has adapted
since it participated in WOCAT Project in November 1997. That is, collecting data in
questionnaires from the workshop, training students to fill in questionnaires, and technicians
selected the well-implemented watersheds and filled in the questionnaires. There have been
shortcomings during the workshop, i.e. the draft questionnaires were not accurate, photos provided
with the questionnaires were not suitable, and several questionnaires were similar. It has been
brought forward for suggesting WOCAT development in Fujian.
During the last part of 2001 and early part of 2002 a number of questionnaires are either to be
updated or newly filled in. They are: (1) Horizontal beefwood windbreak, (2) Vetiver barrier, (3)
Level terrace for longan, (4) Level terrace for tea, (5) Hillside ditch for longan, (6) Non-structural
soil conservation measures, and (7) Contour bund. Both Technology (T) and Approach (A) will be
described for each measure and filled into respective questionnaires. Apart from that, a WOCAT
Map for Fujian would be constructed using the administrative line of prefectures and counties as
polygon boundary, using ArcView and MapobjectLT as the main software. There would be
altogether about 90 polygons for the whole province.
Keywords: soil and water conservation, technology, approach, WOCAT, China
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Application of the USLE model and the Morgan model for soil
erosion mapping: the case study in Tambon Khao Hin Sorn,
Amphoe Phanomsarakam, Chachoengsao Province, Thailand
IAMPORNRAT K. (1), VAN MOLLE M. (2) and HEYVAERT V. (2)
(1) Land Development Department, Bangkok, Thailand
(2) Department of Geography, Vrije Universiteit Brussel, Belgium
The USLE, the Universal Soil Loss Equation (Wischmeier and Smith, 1978), is the best known
and widely used soil erosion model in Thailand. The USLE equation does not estimate deposition,
sediment yield, channel erosion or gully erosion. The MMF model (Morgan, Morgan and Finney
model) (Morgan el ai, 1984) was introduced to assess soil loss because of its simplicity, flexibility
and strong physical base. It separates the soil erosion process into a water phase and a sediment
phase.
A soil erosion risk map based on field observations in a 5.57 km2 study area in Chachoengsao
province (Thailand) is compared with soil erosion maps calculated with the USLE and the MMF
model.
Testing of the different routing and LS algorithm options in Usle2D (Desmet, P.J.J, and G.
Govers, 1996) for calculation of the LS factor within the USLE, allowed to define the algorithm
'Steepest Descent, McCool (1987, 1989) with high (rill>interrill), C>0.7' as the most suitable for
this study.
Mapping of soil erosion with the USLE yields average overall mapping accuracy, but good
producer accuracies for the lower erosion categories observed in the field. The computed average
amounts of erosion for each category are fairly consistent. The MMF produces a significantly
higher overall mapping accuracy and slightly better producer accuracies. Overall mapping
accuracies and producer accuracies prove a better performance of the MMF produced map as
compared to the USLE maps.
Keywords: soil erosion, GIS, model, mapping
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Embankment stabilization of reservoirs by vetiver hedgerows
and other conservation practices
JANTAWAT S„ IMPITHUKSA V., POLJAN P. and PUENGPANICH P.
Department of Soil Science, Kasetsart University. Bangkok 10900, Thailand
Field experiments were tested on inner of newly constructed reservoir bank of four reservoirs
(Sakon Nakhon, Nakhon Phanon, Nong Khai and Mukdahan) which were constructed on latente
soil (Sakhon soil series - Petroferric Haplustults loamy skeletal, mixed) at Kasetsart University
Chalermprakiat Sakon Nakhon province Campus. The circumference of each reservoir was divided
into four segments and four ecotypes of vetiver grass were grown on different segments. These
ecotypes of vetiver grass are Prachuap Khiri Khan, Nakhon Sawan, Songkhla- 3 and DLD 009.
These vetiver grasses were obtained from Sakon Nakhon Land Development Station which belong
to The Department of Land Development. About one month old of vetiver slip in plastic bag was
used as planting material. The first vetiver row was grown at one meter above the highest water
level mark. Then two more rows were planted above the first. The inter-plant spacing was 10
centimeters and vetiver was planted continuuously in a row. The inter-row spacing was 80
centimeters. After one month of planting, all vetiver grasses grown on the bank received urea
fertilizer (46%N) at the rate of 125 kilograms per hectare. All vetiver grasses on reservoir banks of
four reservoirs were planted during March 29 and April 29 of 1999. Other conservation practices
were also installed on some reservoir banks which included cover cropping, mulching, waterways
and diversion berms. Four kinds of cover crop (Calopogonium, Kudzu, Centronsema pubescens and
Lablab bean) were grown in the area below the first row of vetiver grass on reservoir banks. Rice
straw was used as mulching material and applied at the rate of 3.2 tons per hectare in the area
between rows of vetiver grass. Diversion berms (30 centimeters high) were constructed at 50
centimeters from the circumference of the reservoirs and these berms were installed along the edge
of reservoirs. The number of gully erosion on the bank of these reservoirs was observed and
recorded at the end of the rainy season. It was found that the minimum numbers of gully erosion on
reservoir banks were observed at the reservoir which installed vetiver hedgerows and other
conservation practices. Vetiver hedgerows alone were not enough for complete erosion control on
reservoir banks. This finding confirmed previous reports.
Keywords: embankment stabilization, vetiver hedgerows
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WOCAT in Eastern Africa Region: documenting and
disseminating conservation approaches and technologies
KIMARU Gathiru
Regional Land Management Unit (RELMA/Sida), P.O. Box 63403, Nairobi, Kenya
There is a long history of conservation work in the Eastern Africa region, and much experience
has been accumulated. Many technologies have evolved through continuous experimentation by the
farmers themselves, while national conservation programmes are promoting improved approaches
and technologies. Historically, much work has focused on prevention or reduction of soil erosion
by water, but more recently attention has been given to soil fertility, water harvesting for various
applications, improvement of vegetative cover, and tillage options. These experiences need to be
documented to make them more easily available to other users. Experiences in these areas are
being documented through the WOCAT methodology. The main objectives as seen by the various
collaborators are:
• To document existing SWC Technologies and approaches (a wide range of experiences
available)
• To be able to share experience with other countries
• To disseminate ones own experience
• To use WOCAT products for training
Collection and documentation of approaches and technologies using the WOCAT format was
initiated in the region in 1995. So far some 18 approaches and 48 technologies have been recorded.
The paper will present the current status of WOCAT in the region, the documentation of
approaches and technologies, the problems experienced in the application of WOCAT
methodologies and the potentials in education, and in project monitoring and evaluation.
Keywords: SWC conservation technologies, approaches, database, methodology. Eastern Africa
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Conservation tillage practices in corn production after rice:
a case in San Jose, Mindoro Occidental
LABIOS Romeo V. (1), TAMISIN Leonardo L. Jr. (1), LABIOS Jocelyn D. (1), MEDINA
Cynthia M. (1), OCAMPO Edicer P. Jr. (1), MICIANO Dennis Boy M. (1), TIVIDAD Jupiter
(2) and MANALO Jasper O. (3)
(1) Farming Systems and Soil Resources Institute, University of the Philippines, Los Banos
College, Laguna 4031, Philippines
(2) Office of the Provincial Agriculturist, San Jose, Mindoro Occidental
(3) Monsanto Philippines, Incorporated
The potential of conservation tillage technology to improve yields while reducing production
costs and conserving soil and water resources was tested through on-farm trials in Barangays
Mangarin and Mabini, San Jose, Mindoro Occidental from November 1999 to April 2000. Six
farmer-partners cooperated in the conduct of the trial. Treatments include conventional tillage, zero
tillage and farmers' tillage practices combined with two fertilizer levels (Fl= 600 kg ha"1 ammosul;
F2 = 300 kg ha"1 ammosul + 1 kg ha"1 BIO-N). Average production ranges from 3.94 to 5.44 t ha"1
for yellow corn and 23,855 to 29,306 ears ha"' for green corn. The highest yield of yellow corn
(Var C818) was obtained using zero tillage with the application of POWER TM herbicide
compared to conventional and farmer's tillage practices. This resulted in higher net returns mainly
due to lower production cost. Reducing the rate of fertilizer application to half of the recommended
rate
plus
1 kg ha"1 BIO-N combined with zero tillage contributed to the increase in net income of the farmers
compared to other treatments. Similar results were obtained with green corn (var IES Glut # 2).
Zero tillage technology, therefore, is a viable option for corn production after rice.
Keywords: conservation tillage, conventional tillage, zero tillage, farmers' tillage practices,
POWER TM herbicide
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Alternative tillage system for preventing soil degradation and
increasing working efficiency
MATSUOKazuvukid). WONGWJWATCHAI Chairoj (2) and YASHIRO Mikio (3)
(1) Japan International Research Center for Agricultural Sciences, Ohwashi 2-1, Tsukuba, Ibaragi,
Japan
(2) Khon Kaen Animal Nutrition Research Center, Mittraparb Rd., Khon Kaen 40000, Thailand
(3) National Agricultural Research Center for Tohoku Region, Shimo-kuriyagawa, Morioka, Iwate,
Japan
With the increase of the use of heavy machinery in sugarcane cropping, the degradation of soil
physical conditions like the formation of a hardpan is becoming a problem in Northeast Thailand.
To improve such conditions, the effects of tillage treatment were investigated. Effects of subsoiling
treatment on growth and yield of crops depended on the weather condition and crop species. The
subsoiling was slightly effective in the yield of maize cropped in the season with abundant rainfall
but significantly increased the maize yield when the rainfall was less during growing season. For
sugarcane, although the subsoiling was effective in the germination and the deeper roots
development, of sugarcane, the contribution was not so different. Furthennore, The water
percolation after rainfall was improved with subsoiling, and consequently soil erosion was lower
when compared with conventional method. Based on these results, a new working attachment,
which could operate several works including subsoiling, fertilizing and planting simultaneously,
was developed through modifying common sugarcane planter attachment. This attachment could
work well even under no-tillage condition, and reduced the fuel consumption and the working time
more effectively.
Keywords: subsoiling, soil erosion, maize, sugarcane, root development
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Land physical evaluation for agro-forestry species in sample
areas of Motatän river watershed, Venezuela
MENDOZA Jose and JAIMES edgar
GISA NURR, ULA, Trujillo, Venezuela
An evaluation was conducted on the structure, dynamics, distribution, soil components
evolutionary trend of plots located in pilot areas of three different altitudinal levels of the Motatän
river watershed, Trujillo state, Venezuela. The research purpose was to determine the adaptability
grade of some agro-forestry production systems. For this reason, it was necessary to conduct field
assessments, aiming to compare the edafo-geomorphological qualities of the experimental plots and
the requirements demanded by the agro-forestry systems under evaluation. The land qualities and
characteristics were determined through edaphological homogeneity essay of the three experimental
plots. With an area of 1.5 ha each, located in Piedra Azul, La Loma and La Cienega sectors, 12
observations were carried out, defining the following characteristics: soil horizons, epipedon
thickness, moist soil colour clarity and purity, thick fragments, medium slope, land shape, as well as
organic carbon, phosphorus, potassium, calcium, magnesium, sand and clay content. The matrixes
original data was elaborated aiming to calculate the Multiple Homogeneity Index (MHI). For the
physical land evaluation for forestry purposes, FAO methodology was applied; adapted to the agroforestry types land use, taking into account the flexibility of such land evaluation scheme for the
physio-graphic, agro-ecological, social-economic and cultural predominating conditions, mentioned
in the sample areas. For such an evaluation of the following agro-forestry systems were selected:
coffee (Coffea arabica) production + inga (Igna spectabilisis), coffea production + cedar (Cedrella
adorata), coffea production + mahogany (Switenia machrophylla), cacao (Theobroma cacao)
production + inga, cacao production + cedar, alder (Alnus acuminata) production + apple (Malus
sylvestris), and alder production + Andean blackberry (Rubus glaucus). The reason for the selection
of the production systems was based on two important premises: a) for the conservation effect of
the natural resources of the River Motatan watershed and b) for the producers medium and long
term income generation, and that will contribute to self sustainability. The physical evaluation of
the selected sample areas, when applying the FAO scheme, allowed the determination and
feasibility of incorporating the production systems, such as the land use types in the sample areas
currently under study. The results permitted the determination of which ones were the most
appropriate systems, they were: For La Loma sector, Coffee production + Inga; at Piedra azul
sector: cacao production + inga and cacao production + cedar. It is important to note that for La
Cienaga sector, it was determined that the systems Alder production + Apple and Alder production
+ Andean blackberry, were moderately suitable.
Keywords: land evaluation for forestry purposes, agro-forestry systems
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Soil mulching effects on crust formation, cotton seedling
emergence and infiltration
NEYSHABOURI M.R.
Soil Sc. Dept., Faculty of Agric, Tabriz University, Tabriz 55663, Iran
Crust formation on cotton cultivated soils under sprinkler irrigation reduces and delays seedling
emergence and thus reduces cotton lint yield in Ghorgan region, north center of Iran. Using
mulches as an agrotechnique may decrease crust damage. In the present research, the effects of
artificial soil mulching by four types of mulches, wheat straw, dried farmyard manure, rice hull, and
cotton residues with two application rates, 30 and 60 percent of the amount that was required to
maintain a one-cm thick mulch on soil surface, were investigated. Experimental layout was
completely randomized blocks with 8 trentments and 3 replicates and the cotton (Gossypium
herbaceum L.) cultivar was Sahel adapted to the region. Surface soil texture class was silty clay
loam. After seedbed preparation, experimental plots were seeded in 80 and 20 cm rows and plant
spacings, respectively, and mulches were evenly applied to the plot surfaces with the above
mentioned rates. For crop emergence and stand establishment, the experiment site was irrigated
thoroughly by sprinklers two times, immediately after seeding and 10 days thereafter, an irrigation
practice that usually is carried out in the region.
Percent and rates of seedling emergence and penetration resistance to cone penetrometer were
measured 2, 4, 6 and 10 days after each irrigation. Infiltration was also evaluated by double rings
after each irrigation both under wet and dry soil surface conditions.
Mulching significantly increased seedling emergence (percent and rates) from 2% to 32%
depending on mulch type and rate of application; farmyard manure with 60% of application rate
resulted in highest increase (32%).
Reducing crust formation by mulches significantly increased hypocotyl diameter, about 30%,
which resulted in high plant vigor. There was no significant differences among various mulches in
this respect. Mulched plots showed significantly lower penetration resistance, 1.6 kPa, comparing
to unmulched plots, 0.75 kPa. Penetration resistance increased from 0.74 to 2.1 kPa and from 0.5 to
0.79 kPa for bare and mulched plots, respectively within 10 days after irrigations indicating that
mulch maintained lower resistances even 10 days after soil surface being wet. At most cases the
differences in measured traits between 30% and 60% of application rates were insignificant.
Keywords: soil mulching, crust formation, infiltration
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Soil properties of Kandyan forest gardens established on
degraded lands under settlements
N1SSANKA S.P., MAPA R.B. and SELLAHEWA S.K.
Faculty of Agriculture, University of Peradeniya Peradeniya, Sri Lanka
Extensive clearing of natural forest cover and inappropriate land use systems have resulted in
degraded lands especially in the Mid Country and the Up Country region of Sri Lanka. These
unproductive lands were given to people and the Government established settlements. With the
establishment of new settlements, tree based agroforestry systems such as Kandyan forest gardens
were established to rehabilitate the deteriorated environment. This research was initiated to study
the improvement of soil properties of forest gardens, which were established in different time
periods on degraded marginal lands.
This study was carried out during 1999 at Udaperadeniya village in the Kandyan District of Sri
Lanka, where lands were given to settlers at three different time periods. Three representative
Kandyan forest gardens were selected which were established in different time periods; around
1940's (oldest home garden), 1960's (middle aged home garden), and late 1980's (newly
established home garden). A soil profile was excavated and described and soil properties were
analyzed for each site.
Soil profile description revealed that the oldest home garden was having six types of different
soil horizons (Al 1, A12, A3, B2, B21t and B22t), while middle aged having four different horizons
(Al, A3, B21 and B2It) and newly established forest gardens having three different soil horizons
(Al, A3 and B2t) respectively.
Soil texture of these three home gardens was more or less similar. The mean weight diameter
(MWD) of soil particles was used to analyze the dry aggregate stability. The wet aggregate stability
was express as the percentage of initial soil samples remaining on the sieve at different wet sieving
time. Both dry and wet soil aggregate stability in the oldest forest garden was significantly higher
than the other two gardens. The soil of the newly established forest garden had the lowest values of
wet and dry aggregate stability.
All gardens had slightly acidic soils, however the acidity of the soil in the newly established
garden was significantly higher than the other two gardens. The soil organic matter content was
significantly higher (three times) in the oldest garden compared to the newly established. The soil
of the middle age garden contained the highest amount of total nitrogen. The amount of available
phosphorous in each soil profile decreased with increase of soil depth. Exchangeable potassium of
soil was relatively high in depth around 15 - 30 cm in each site. However, it was significantly lower
in the newly established gardens.
The greater dry and wet soil aggregate stability in the oldest garden resulted in higher
resistance to wind and raindrops impact and wetting during rainfall, on soil erosion. The greater
soil aggregate stability is a result of the higher organic matter content present in the oldest forest
garden.
The results indicted that the practice of Kandyan forest gardens in degraded lands by
establishing settlers, leads to improve soil physical and chemical properties, and rehabilitate the site
conditions with time.
Keywords: soil properties, degrade lands, agroforestry, Kandyan forest gardens, settlements
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Intercropping system of cassava and cowpea
PAISANCHAROEN Kobkiet (\). MATSUMOTO Naruo (2) and NAKVIROJ Chumpol (1)
(1) Soil Science Division, Department of Agriculture, Thailand
(2) Japan International Research Center for Agricultural Sciences, Japan
Cassava is a staple crop in the Northeast of Thailand (NE) and has a tolerance to drought and
poor soil fertility. However, monoculture of cassava accelerates the degradation of soil fertility and
the cassava field is very vulnerable to soil erosion especially at the early stage of growth. In
addition, the income from cassava cropping is quite unstable due to the fluctuation of the fresh root
price.
In order to resolve these problems, intercropping of cassava and cowpea was investigated since
in 1986. On-farm trials have been carried out simultaneously in farmer's fields from 1997 to 2001
at three different locations in NE, Kalasin (KS), Mahasarakham (MK) and Khon Kaen (KK)
provinces. Cassava was planted at the spacing of 2m x 0.5m and four rows of cowpea were sown in
between rows of cassava 3-4 weeks after cassava planting. Grain yield of cowpea was harvested
three months after sowing and crop residue was left evenly on soil surface.
In 1999/2000 (3rd year), the yield of cassava in intercropping treatment did not show the
completion with cowpea intercropped, but tended to increase approximately 0.4, 4 and 33% of that
in the mono cropping at KK, MK and KS. The land equivalent ratio (LER) was also increased to
1.4, 2.2 and 2.3 ofthat in cassava mono crop at KK, KS and MK respectively.
The nutrient balance analysis was investigated the inputs, outputs and balances of N P and K
for the different cassava cropping system in 1997/1998 (1st year result of NPK treatment) at the
fanner's fields. Negative balances were indicated for K and N for cassava mono cropping
production, but the balance for P was positive. For the intercropping, there was only negative
balance of K and slightly less than the mono cropping.
Keywords: cassava, cowpea, cropping system, fertilizer, nutrient balance, Northeast Thailand
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The implementation of the World Overview of Conservation
Approaches and Technologies (WOCAT) project in Thailand
PH1NCHONGSAKULDIT Attava (1), SOMBATPANIT Samran (2), LINIGER Hans-Peter
(3), SCHWILCH Gudrun (3) and VAN LYNDEN Godert (4)
(1) Div. of Soil Survey and Classification, Land Development Dep., Bangkok 10900,
Thailand
(2) 67/141 Amonphant 9, Soi Senanikom 1, Bangkok 10230, Thailand
(3) Centre for Development and Environment, University of Bern, Hallerstrasse 12, CH-3012,
Bern, Switzerland
(4) International Soil Reference and Information Centre, P.O. Box 353 6700 AJ Wageningen, The
Netherlands
The World Overview of Soil and Water Conservation Approaches and Technologies
(WOCAT) programme, launched in 1992 by the World Association of Soil and Water Conservation
(WASWC), has developed a standardized framework for the assessment and evaluation, as well as
promotion of exchange of knowledge of soil and water conservation (SWC) technologies and
approaches worldwide. WOCAT results and outputs are accessible via the Internet
(www.wocat.net), in the form of books and maps, or on the CD-ROM. WOCAT examines
advantages and disadvantages of SWC systems and why technologies were accepted or rejected by
local users. Data are collected through three comprehensive questionnaires: SWC technologies,
SWC approaches, and SWC maps. The resulting information system and analytical tools, through
the WOCAT database, overviews and maps, provide a useful framework and a tool for decisionmakers and project planners responsible for SWC project design, implementation, monitoring and
evaluation. Through the global network involving international and national institutions and
programs, the valuable knowledge on SWC is being exchanged and made available.
In the Philippines, the Philippines Overview of Conservation Approaches and Technologies
(PHILCAT) was organized through a Special Order by the Secretary of the Department of
Agriculture in September 1999. It is an interagency committee of eleven member agencies/
institutions and two professional societies/organizations for the WOCAT Program and the Asia Soil
Conservation Network (ASOCON) in the Philippines.
In Thailand, the Thailand Overview of Conservation Approaches and Technologies
(THAICAT) is based at the Land Development Department of the Ministry of Agriculture and
Cooperative in partnership with other government and non-government agencies. A number of
technologies and approaches has been collected since the inaugural workshop in September 1996.
With present updating, it is expected that up to 12 technologies and 12 approaches would be
completed within 2002.
The operating area of WOCAT in China (CHINACAT) is in Fujian Province. In November
1997, a workshop was organized in Fuzhou, the capital of Fujian Province, to collect a number of
technologies and approaches. Twelve technologies and five approaches were collected and at
present seven each are being updated.
The presentation and the paper will demonstrate the program, its tools and how they can be
applied, and some of the results obtained from different countries in the world.
Keywords: soil and water conservation, WOCAT, SWC technologies, SWC approaches, SWC
maps
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Influence of stones and porous coarse fragments on water
content and bulk density measurements at field scale
REGGIANI Paolo
Hydro-Environmental Resources Consultants LTD, Suite 116 Lonsdale House, 52 Blucher street,
Birmingham West Midlands BI 1QU, United Kingdom
The present treatise investigates soil hydraulic properties for agglomerates of soil, porous
coarse fragments and stones (pebbles). Such soil agglomerates are frequently encountered in natural
field situations, or in particular, artificially manipulated and aggregated soils generated in the
process of mining activities.
The porous medium is envisaged as composed by three fractions: one of fine-grained soil, a
second of rock fragments and a third of small stones. The proposed analysis is based on the
assumption that pore water can be contained in the fine soil fraction as well as in the pores of the
rock fragments but not in the stones. Three water content indicators are introduced i) 6ap is the
water content of the bulk soil, 0 of the fine soil fraction and 6C of the coarse water-holding
fragments. Subsequently 0ap is expressed as a function of the soil moisture content 6 and the
moisture of the coarse fraction 9C via the volumes of the various fractions composing the
agglomerate. An envelope of non-dimensional curves is drawn, representing the values of 6 and Ö,
for a given value 6ap of the bulk sample for varying volume fractions of the three fractions
composing the agglomerate. To determine for a given value 0ap the individual moisture content
values 6 and 6C .which are necessary for the hydraulic description of the aggregate, additional
information is required. In this context the Brooks-Corey water retention curves for the soil and the
coarse fraction are invoked and the continuity of pressure head on the transition zone between the
two fractions is imposed. After introducing additional assumptions such as linking the shape
similarity between water retention curve and the granulometric distribution via a fractal model, the
system of equations is constrained in such a way as to allow the determination of the unknown
water contents. The theory presented in the analysis is tested by calculating the water content 6 and
9C for a field situation, where 6^, , 0 and 0 O the volume fractions of the soil, coarse fraction and
stones, as well as the granulometric distribution for an agglomerate of soil, coarse fragments and
stones are measured and subsequently compared with the values predicted by the theory.
Keywords: bulk density, stone, porous coarse fragments, water content
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Glyfosate behaviour in Rhodic Oxisols from
no-till and conventional systems
PRATA F. (1), LAVORENTI A. (1), REGITANO J.B. (2), TORNISIELO V.L. (2) and
PELISSARIA.(1)
(1) ESALQ-USP-Piracicaba, Brazil
(2) CENA-USP-Piracicaba, Av. Centenärio 303 cx.p. 96-13400.970, Piracicaba-SP, Brazil
The aim of this research was to evaluate the glyphosate behavior in a Rhodic Oxisols, collected
in Ponta Grossa, PR, from no-till and conventional systems öfter 23 years. Four experiments were
conducted, where we evaluated the mineralization and soil bound residues formation, sorption and
desorption kinetcs, sorption/desorption, and the soil glyphosate phythoavailability to Panicum
maximum var. mombaca. The mineralization experiment was conduced in completely randomized
design with a 2x3 factorial and 5 replicates. The factors were two field systems and radiolabeled
position of l4C in the glyphosate ('4C-phosphonomethyl group and '4C2-glycene group). We made
4
CC>2 evolved evaluations during 63 days, enter 7 days. The glyphosate sorption kinetics was
realized for two field systems, using soil:solvent rate 2:10, and glyphosate concentration of 0.84 mg
L . The radioactivity counting in the equilibrium solution was determined in 0, 10, 30, 60, 120,
240 and 360 minutes after herbicide application. Sorption/desorption isotherm study was made like
the kinetics study. However, we used five herbicide concentrations: 0.42, 0.84, 1.68, 3.36, and 6.72
mg L*'. At the end of this test, for concentration 0.84 mg L"', we made four desorption attempts.
The phythoavailability study was conduced in completely randomized design with a 2x5 factorial.
The factors were field systems and glyphosate concentrations applied in soil (0, 4.2, 8.4, 42.0 and
210.0 mg kg"'). Evaluations of visual phythotoxicity symptoms in mombaca in different times was
made. For both field systems, the glyphosate presented high sorption. This contributed with the
slow mineralization in the soil solution, because this molecule is in its bound residue form. The
glyphosate sorption kinetics is instantaneous, practically not presenting slow phase. The glyphosate
soil bound residue, did not present problems, at short time, for mombaca growth in no-till and
conventional systems. The glyphosate mineralization is faster in no-till than in conventional. The
main glyphosate metabolite was the aminomethylphosphonic acid.
Keywords: herbicide, sorption, degradation, mineralization, bound residue
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Minimum tillage application on corn production in Vertisols
ROMERO H. Gaspar and CRUZ M. Abel
Research Department on Agricultural Sciences, Institute of Sciences of the Autonomous University
of Puebla, P.O. Box 1292, 72000, Puebla, Pue., Mexico
In the locality of Cardel, in the mexican state of Veracruz, sugar cane is the principal crop on
the zone. However, corn is cultivated as a alternative crop in places where old sugar cane crops are
no longer economically profitables. In fact, there are newly opened cropping zones where
temporary corn is established. In these cases, there are not technical information about soils
preparation practices when these soils are Vertisols, nothwithstanding their importance resides in
their lower production costs, which are 35% lower than normal production costs.
Also it is a well known truth that corn is not a lucrative crop for the peasants given that the
guaranteed price for this crop is very low, however in temporary conditions they don't have great
alternatives for sowing other crops which are more profitables.
The purpose of the present work was to develop better techniques for Vertisols preparation to
obtain higher yields of corn crop at lower production costs.
Study zone is located at 19°26'31" north latitude and 96°26'44" west longitude; soils are
Vertisols with good agricultural capabilities and without severe limitations for the development of
crop corn. Three plots were selected for field experiments. The factors studied were the different
kinds of soil preparation. Treatments were: T-l (subsoiling and furrowing); T-2 (subsoiling,
subsoiling crossing, and furrowing); T-3 (subsoiling, fallowing, and furrowing); T-4 (subsoiling,
fallowing, fallow crossing, and furrowing); T-5 (furrowing). All the others crop labours were the
traditionally used by the peasants.
Significative differences were not observed in plant height, stem size, and plant coloration.
Also statistical significative differences were not found for crop yield. Corn production was of 4 to
5 t ha" . From a economic point of view the better treatment was T-l (subsoiling and furrowing)
which is the treatment with the minimum tillage procedure applied on the soil preparation.
Otherwise the highest costs of conventional tillage (T-4) doesn't justify economically their better
yields. We must have in mind that these results were obtained for vertisols newly opened to
cropping and in temporary conditions. Corn is very susceptible to weeds, then it is very important
to have an adequate weed control to avoid sunlight, water, and soil nutrients competition.
Keywords: corn, production, soil preparation, soils, Vertisols
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WOCAT program in the Philippines
RONDALJose (1) and LABIOS Romeo (2)
(1) Bureau of Soils and Water Management,Diliman, Quezon City, Philippines
(2) Farming System and Soil Resources Institute, University of the Philippines at Los Banos,
College, Laguna, Philippines
Initiatives for the World Overview of Conservation Approaches and Technologies (WOCAT)
in the Philippines got a big boost in 1999 when the Secretary of Agriculture approved the creation
of an inter-agency committee that takes care of WOCAT concerns. There are 11 members of the
Committee, called PHILCAT, which is chaired by the Bureau of Soils and Water Management
(BSWM). Line agencies concerned with soil and water conservation (SWC), state colleges and
universities and professional societies are represented in the Committee. The International Center
for Research in Agroforestry (ICRAF) is also a member.
Considering that about 70 percent of the Philippines' agricultural area is prone to erosion,
WOCAT can contribute much in the planning, implementation, monitoring and evaluation of soil
and water conservation projects.
PHILCAT has documented a number of technologies and approaches that are included in the
data base. One approach called Woodlot or Muyong in the local language describes how indigenous
mountain people following their beliefs, rituals and traditions protect and conserve forest resources
for ecological reasons. Another approach describes the role of farmers association called Landcare
in the planning and implementation of soil and water conservation works. Landcare is organized at
the village level. Technologies documented include the natural vegetative strips (NVS), resoiling,
conservation tillage, water harvesting, crop residue management and stone walls and small basins.
The last is being practiced by subsistence farmers in the hilly and mountainous areas in Central
Philippines. These approaches and technologies are linked to a map data base which shows their
geographic location.
The adoption of technologies and approaches by small farmers is dictated by the level of
investment in terms of labor and capital. Labor and capital intensive technologies are not likely to
be acceptable to them if there is no government assistance, subsidies or incentives. Small farmers
are looking at technologies that will give them short term benefits.
Training and land tenure are also crucial in the adoption of technologies. Farmers who
underwent training are more likely to adopt SWC technologies than those who did not. Land tenure
is the most crucial factor. Without permanent hold on the land, farmers are not inclined to make
improvements that will promote sustainability.
Keywords: natural vegetative strips, landcare, resoiling, conservation tillage, water harvesting,
stone walls, small basins, community-based forest management
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Strategy of soil and water environment conservation
in north of Thailand
SANG-ARUN Janva (1), TANAPET Thunyaporn (1), MIHARA Machito (2), MORI Hisashi
(2) and YAMAJI Eiji (3)
(1) Mae Fah Luang University, School of Agricultural Technology 333 Moo.1, Tasud sub-district,
Muang district, Chiang Rai 57100, Thailand
(2) Tokyo University of Agriculture, Faculty of Regional Environment Science 1-1-1 Sakuragaoka
Setagaya-ku, Tokyo 156-8502, Japan
(3) The University of Tokyo, Institute of Environmental Studies 7-3-1 Hongo Bunkyo-ku, Tokyo
113-8656,Japan
There are many measures for soil and water conservation in upland fields of sloping area. It is
not easy to select the most suitable conservation measures in each upland field. This study dealt
with the strategy of soil and water environment conservation in the north of Thailand by means of
field and questionnaire surveys. These surveys were conducted in Chiang Rai Province, Northern
Thailand.
The application of bench terrace and vetiver grass buffer strips was most popular in research
site as conservation measures which were enhanced by government staff especially at Doi Tung,
projected site. In case of bench terrace of agricultural fields in Doi Tung, the slope degree was
29%. The vertical interval from the top of the slope to the bottom of the first terrace and the
horizontal interval were not in agreement with the calculated intervals. In addition, the soil was
high in erodibility. The application of bench terrace in Doi Tung was not enough for soil
conservation, so combined measures should be concerned. Also, agricultural mechanization in
farms should be discussed for designing suitable structure of bench terrace.
In case of vetiver grass buffer strips, a line of vetiver grass was employed at the edge of fields
for reducing soil loss from agricultural field. The width of the vetiver grass line was in the range
from 0.150 m to 0.270 m, so the percentage of unusable land for controlling soil and eutrophic
component losses was only from 1.83% to 3.03%. Additionally, in some case, the semi-circle
shape of vetiver grass was employed at the lower position of each tree in orchard for holding water
in soil and preventing soil losses.
On the basis of questionnaire results, the education stage of the farmers in Doi Tung Project
was lower than that in non-projected site, but agricultural activities were more conservative to
environment than the farmers in non-projected site near MFLU who had education. It was
concluded that the realization of farmers is most important to establish technology more than the
school education. However, environmental knowledge, finance, and marketing supports are also
important to enhance the sustainable development.
Keywords: soil and water conservation, terrace, grass filter strip, sloping area
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A protocol for large-area diagnostic surveillance
of soil degradation
WALSH Markus G. and SHEPHERD Keith D.
International Centre for Research in Agroforestry (ICRAF), P.O. Box 30677, Nairobi, Kenya
Previous efforts to assess the extent and severity of soil degradation at national, continental and
global levels have been based on expert opinion and lack sufficient scientific validity to permit
comparisons over space and time. A more rigorous quantification is needed for targeting land and
water management investments and policy decision-making. We developed a protocol for largearea diagnostic surveillance of soil degradation and tested it in the Lake Victoria Basin in Kenya.
We aimed to: (1) provide repeatable definitions of "degraded" (case) and "non-degraded"
(reference) soils, (2) measure the prevalence of soil degradation over large areas and provide a basis
of measurement of the incidence of new cases, (3) identify and localize soil degradation risk factors
in the landscape from remotely sensed imagery, (4) quantify relationships between variables
sensitive to land management, such as vegetation and land cover, and soil degradation in order to
target for land management interventions, and (5) improve the capacity for screening and early
differential diagnoses of emerging soil degradation problems in the area. Our approach combines
evidence from multiple information sources including: soil reflectance measurements, laboratory
soil analyses, field and remotely sensed observations. Screening diagnostics and models of soil
degradation risk factors were derived using multivariate analysis techniques, including
classification and regression trees and graphical linear mixed models. A generalized scheme was
developed for the use of soil reflectance for rapid estimation of soil performance and the
development of screening tests for assessing soil degradation.
Screening tests using either soil chemical properties or soil reflectance produced high
predictive efficiency (88%) for discriminating case and reference soils with respect to physical
degradation (SPD). Estimates, with confidence intervals, of areas affected by sheet and rill erosion,
hard-setting soils, gully erosion, soil P-deficiency and soil C- saturation deficit were produced and
their areas mapped for a river basin of 3,650 km . The analysis demonstrated dramatic reduction in
soil fertility indicators associated with SPD. Soil degradation risks factors were quantitatively
identified, e.g. odds ratios, with their confidence intervals, were computed for the occurrence of
SPD under different land use types. Significant associations were found between land use and the
occurrence of SPD, P-deficiency and C-saturation deficit. We also demonstrated, in adjusted
analyses, strong associations between herbaceous vegetation cover and the occurrence of SPD and
C-saturation deficit. The protocol could be used within a national-level sampling frame for soil
degradation assessments, localization of preventive and mitigation management strategies, and for
monitoring impact of interventions. Prediction uncertainties are presented for use by decisionmakers.
Keywords: soil degradation assessment, remote sensing, soil reflectance, decision support
systems, prediction uncertainty, spatial variability
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A framework for the 1:1,000,000 soil database of China
SHI X.Z. (1), YU D.S (1), PAN X.Z (1), SUN W.X (1), GONG Z.G. (1), WARNER E.D. (2) and
PETERSEN G.W.(2)
(1) Institute of Soil Science, Chinese Academy of Sciences, Nanjing, China
(2) Environmental Resources Research Institute, The Pennsylvania State University, University
Park, USA
Soils maps of The People's Republic of China have been generated at different scales through
ground surveys and laboratory analyses. An extensive effort coordinated by the Officer for the
Second National Soil Survey of China resulted in a series of soil maps covering the extent of the
country at a scale of 1:1,000,000. The map series is now being converted from its current paper
form to a digital format. The digital data base for the 1:1,000,000 soil map of China will consist of
three parts: spatial soil data, soil attributes and "reference system for Chinese soils." The spatial
data is based on the "soil genetic classification of China" consisting of 12 orders, 61 great groups,
235 sub-great groups, 909 families and 2,469 soil families. The 1:1,000,000 soil maps are
delineated based on the soil family definitions. The sampled soil attributes included physical,
chemical and fertility properties measured for the 2,469 soil series. The "reference system for
Chinese soils" will use the attribute data for each soil series to correlate with soil names in three
other soil classification systems, namely, "Soil Genetic Classification of China", USDA Soil
Taxonomy and the FAO World Reference Base for Soil Resources (WRB). A cross reference
system will be constructed in a relational data base so that any Chinese or international scientist can
access the name of a soil for any of the other three systems.
Keywords: soil database, 1:1,000,000 soil maps, soil series of China, soil reference system, soil
property
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WOCAT - a potential tool for conservation education
ZOEBISCH ML (1) and SOMBATPAN1T S. (2)
(1) Asian Institute of Technology, P.O.Box 4, Klong Luang, Pathumthani 12120, Thailand
(2) World Association of Soil and Water Conservation, 67/141 Amonphant 9, Soi Senanikom 1,
Lat Phrao District, Bangkok 10230, Thailand
The World Overview of Conservation Approaches and Technologies (WOCAT) is a
methodological toolbox and database for the description and assessment of conservation
technologies and the regional, institutional, socioeconomic and sociocultural conditions and
frameworks that determine the performance of conservation. WOCAT is implemented by a global
network of land-degradation and conservation specialists who join forces for the advancement land
conservation in degraded areas.
The WOCAT database contains more than three hundred conservation profiles and
environmental descriptions from 33 countries, mainly from the developing world. The database is
public domain. Conservation specialists, who develop conservation programs and technologies for
specific areas, have used it extensively as an information source. Recently, its immense and
valuable source of data, and the extensive search abilities of the database are also being tapped for
education and training purposes at different levels.
WOCAT is an excellent source of "Lessons Learnt" and "Dos and Don'ts". Experiences from
other areas and regions with similar conditions are readily available, and can help minimize the
same mistakes being made over and over again. On a non-technical level, WOCAT can contribute
to awareness creation. Opportunities and limitations for field-level conservation can be
demonstrated. For decision makers, both success-stories and failures documented in the database
can be used to stimulate reasonable expectations and help realistic planning of conservation
projects. On a technical level, WOCAT methodologies can be used to describe and appraise actual
field conditions for the purpose of developing appropriate conservation approaches and
technologies. Systematic approaches to land-use system appraisal and the identification of
conservation needs can be demonstrated. The easy-to-use classification system used by WOCAT
for the description of biophysical and socioeconomic site conditions facilitates comparison of
degradation scenarios and conservation needs and approaches between different locations. There is
also potential to integrate WOCAT components into college and university curricula using realworld data from the global database.
The education potential of WOCAT is not yet fully exploited. Increasing education and training
needs in conservation -from the local grass-roots to regional and academic levels- open new
perspectives and opportunities for WOCAT as a training and education tool. Developing training
and education "templates" for different purposes and user groups will widen the range of WOCAT
users and enhance the use of the global database.
Keywords: WOCAT, soil conservation education, evaluation tool

1888

Symposium no. 62

Paper no. 997

Presentation: oral

Effects of long-term grazing exclusion on
controlling soil erosion
MOHAMMADI J. (1), ESKANDARI Z. (2) and VARDANJANI Nosratollah Esmaili (3)
(1) Dept, of Soil Sei., Agri. College, Shahare Kord Univ., Shahre Kord, Iran
(2) Natural Res. Center, Isfahan, Iran
(3) Dept. Natural Res., Agri. College, Shahare Kord Univ., Shahre Kord, Iran
Soil erosion by water is the most important land degradation problem in Iran. This problem is
complex because it results from human actions influenced strongly by key parameters of the
ecological, biophysical, sociological, economic and policy environment. To evaluate the impact of
long-term grazing exclusion, amount of soil loss was estimated using 137-Cs technique. Sampling
was performed on two areas including grazed and ungrazed area. The results indicate that the
estimated soil loss ranges from 9.8 to 11.2 t ha"1 y"1 in ungrazed area. While, the amount of soil loss
in the grazed area was estimated from 15.7 to 32.8 t ha"1 y'. Intensive and continuous grazing
increase soil loss more than twice, compared to the long-term exclusion sites. It was demonstrated
that a good control of soil erosion can be attained by planning a proper range management system.
Keywords: soil loss, range management, grazing exclusion, 137-Cs technique
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Changes of acid sulfate soil properties and water quality
as affected by reclamation in a tidal backswamp area
ANDA Markus and SISWANTO Agus B.
Center for Soil and Agroclimate Research and Development, Jalan Ir. H. Juanda No. 98 Bogor
16123, Jawa Barat, Indonesia
Information on changes in soil properties and water quality after reclamation of tidal
backswamp for wetland rice development in Central Kalimantan is not available yet. The objective
of this study was to investigate changes in acid sulfate soil properties and water quality as a result
of network canal construction to reclaim backswamp areas. Field and laboratory studies were
performed to assess soil properties and water quality. The changes in soil properties were assessed
by comparing the present day soil properties (after 3 years network canal construction) to the initial
states (before reclamation). For water assessment, the comparison was made between water
properties in an inlet (representing natural condition) and water properties in a primary and
secondary canals (representing post reclamation). The results showed that ripeness after reclamation
was altered from half ripe to nearly ripe and ripe and that thickness of surface organic layer of
mineral soils became thinner or disappeared. Chemical changes included more acid reaction (pH
<4.5), increased Al3+ and Al saturation and decreased base-cation contents (Ca and Mg), suggesting
leaching was occurring from rice fields. The pyrite content in the oxidised layers (0-60 cm) of
profiles was relatively similar (<0.5%) before and after reclamation whereas in the reduced layers
(60-80 cm from surface) pyrite content was significantly reduced (2.6-5.2% vs 0.9-1.9%),
indicating pyrite was being oxidised. The quality of water is worse after reclamation as indicated by
lower pH values, higher values in Al3+, electric conductivity (EC), S042" and CI" contents in the
primary and secondary canals compared to an inlet. This is due to leaching of pyrite oxidation
products from rice fields. The main implication of the study is to avoid pyrite oxidation by keeping
pyrite in reduced condition through water management.
Keywords: sulfate soil, pyrite, water quality, reclamation
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Effects of application of chemical fertilizer in combination
with silicon on yield and nutrient uptake
of rice in an acid sulfate soils
CHANCHAREONSOOK Jongruk (1). SUWANNARAT Chairerk (1), THONGPAE Suthep
(1), CHANCHAREONSOOK Sopon (2) and THINYAI Pramook (1)
(1) Department of Soil Sceince, Faculty of Agriculture, Kasetsart University, Bangkok, 1900,
Thailand
(2) Land Development Department, Bangkok, 1900, Thailand
Silicon (Si) has been reported as a beneficial element for promoting the growth and yield of
plants, particularly, under mineral stress. Moreover, positive interaction of silicon with applied
nitrogen (N), phosphorus (P) and potassium (K) fertilizer was also reported. Since acid sulfate
soils, Rangsit extremely acid phase has high content of aluminum and low content of available
phosphorus, nitrogen and silicon, this study investigated the effects of application of chemical
fertilizer (NPK fertilizer) in combination with Si on yield and NPK uptake of rice grown on acid
sulfate soil, Rangsit extremely acid phase. The investigation was carried out in pot experiment.
The experiment was laid, in completely randomized design with 3 replications. The treatments
consisted of NPK fertilizer and NPK fertilizer in combination with different level of Si (200, 300
and 400 mg Si02 kg"1 soil) either in the form of CaSiC>3 or in the form of rice hull. In addition
comparative study on the content of available Si in acid sulfate soils, Rangsit extremely acid phase
amended with NPK, NPK in combination with CaSiOs and NPK in combination with rice hull
under submerged condition was also included.
The experimental results showed that, application of NPK fertilizer in combination with Si
either in the form of Ca Si03 or in the form of rice hull resulted in better growth rate, N, P and K
absorption and higher rice yield than that with only NPK fertilizer. The increase in percentage of
rice yield from those receiving NPK fertilizer supplemented with CaSi03 at 200, 300 and 400 mg
Si02 kg"1 soil with respected to NPK fertilizer were 50%, 104% and 58% respectively where as
those of supplemented with rice hull at 200, 300 and 400 mg SiOj kg"1 soil with respected to NPK
fertilizer were 28%, 53% and 39%, respectively. The content of available Si in the soil amended
with NPK fertilizer was found to be lower than those of the soil amended with NPK fertilizer in
combination with Ca SiC>3 and of the soil amended with NPK fertilizer in combination with rice
hull. Application of NPK fertilizer in combination with Si to rice plant grown in acid sulfates soils,
Rangsit extremely acid phase or in the soil with similar properties to Rangsit extremely acid phase
is recommended.
Keywords: chemical fertilizer, silicon, rice, acid sulfate soils
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Cropping systems on acid sulphate soils in the central plains
of Thailand: constraints and remedies
CHO K.M.. RANAMUKHAARACHCHI S.L. and ZOEBISCH M.A.
Agricultural and Aquatic Systems and Engineering Program, Asian Institute of Technology, P.O.
Box 4, Klong Luang, Pathumthani 12120, Thailand
In Thailand, acid sulphate soils are found mainly in the Central Plains. They cover
approximately 1.5 million ha. They are dominantly soft clay soils. Sulphur occurs mainly in the
form of sulphide in iron sulphide layer below the plow layer. The major limitations of these soils
for agricultural production are their strong acidity, phosphorus deficiency, and abundance of
aluminium (Al), iron (Fe) and manganese (Mn) causing toxicities. Most of the acid sulphate soils in
Thailand are used for rice cultivation. Without soil improvement measures, yields are relatively
low, ranging from 1 to 1.5 t ha"1. Traditionally, the cultivation of glutinous and non-glutinous rice
during the wet season has been identified the most sustainable use of these soils. There is no single
method for the reclamation and management of acid sulphate soils. But reducing soil acidity by
liming and leaching (e.g., by flooding) can improve soil productivity. Adequate drainage, frequent
applications of water and moderate applications of lime can improve the soil conditions
significantly. Drainage is essential for the leaching, and hence efficient drainage systems are
required to drain the excess water applied. Changes in the soil physical and chemical properties of
acid sulphate soils affect local land-use systems and cropping practices. There are options for the
diversification of rice-based cropping systems to include other cash crops, such as fruits and
vegetable crops. Pineapple and sugarcane have shown to grow well on acid sulphate soils. The
raised-bed system (i.e., ridge and ditch system) is also an appropriate technology for the use of acid
sulphate soils. In some areas, these systems are used successfully for mangoes, citrus, bananas and
watermelon. Acid sulphate soils exhibit considerable limitations to agricultural use. However, with
appropriate soil and crop management measures, the productivity of these soils can be improved.
Keywords: Thailand, acid sulphate soil, cropping system, crop diversification, raised-bed-system
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Biogeochemical and mineralogical processes in
acid sulfate soils: implications for environmental significance
F1TZPATRICK Robert (1), SKWARNECKI Marian (1), RAVEN Mark (1), MERRY
Richard (1) and BONIFACIO Eleonora (2)
(1) Co-operative Research Centre for Landscape Environments and Mineral Exploration (LEME)/
CSIRO Land & Water, PMB N°2, Glen Osmond, South Australia, 5064, Australia
(2) Universitä di Torino, DIVAPRA - Chimica Agraria, via Leonardo da Vinci 44, 10095
Grugliasco, Italy
During contemporary landuse changes, especially in the higher rainfall (> 600 mm per annum)
Mediterranean soil environments of Australia where extreme changes in hydrology and
geochemistry have occurred, many secondary iron oxyhydroxides, sulfides and oxyhydroxysulfates
form or transform relatively rapidly. The relative proportions and nature of these iron minerals
depends critically on the soil solution biogeochemical conditions; in particular, Eh, pH and ionic
concentrations. Colour, form, crystallite size and concentration of substituted cations in iron
minerals can be used quantitatively as indicators of specific soil processes. Because specific types
of pedogenic minerals are formed or altered by changes in hydrology, geochemistry (e.g. salinity)
and evapotranspiration they can be used to infer where and to what degree soils have been
influenced by current landuse changes. A case study is presented for specific soil, geomorphologic
and biogeochemical processes that occur mostly in saline seeps where groundwater discharge is
evident.
Acid sulfate soils in saline seeps have developed in the Mount Lofty Ranges, South Australia,
as a result of land clearing, excess discharge of groundwater and erosion. The seeps form eroded
"iron ochre" scalds and swampy saline sulfidic soils. A model has been developed to illustrate the
pedological, biogeochemical and mineralogical processes involved. Pyrite framboids form in
sulfidic materials from sulfate-rich groundwaters in saline seeps. When these sulfidic soils are
eroded and exposed to air, pyrite is oxidised producing sulfuric acid with mineral dissolution
followed by mineral precipitation in the following environments: (i) natrojarosite and jarosite form
in clay-rich layers, (ii) sideronatrite, tamarugite, halite and gypsum form in sandy layers, (iii)
ferrihydrite (red), schwertmannite (orange) and amorphous/pseudoboehmite-like (white)
precipitates form in stream waters. These processes cause less permeable Fe-rich layers to form in
discharge areas and explains the mechanisms that lead to degraded soils, erosion and poor water
quality. The geochemical composition of these mineral precipitates also indicates that they have
potential as a geochemical sampling medium for the detection of mineral deposits.
Keywords: weathering, biogeochemistry, pyrite framboids, natrojarosite, jarosite, sideronatrite,
tamarugite in Fe oxide structures, ferrihydrite, schwertmannite
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The geochemistry of Australian tropical acid sulfate soils
and their environmental hazard
HICKS Warren (1), BOWMAN Greg (2) and FITZPATRICK Rob (1)
(1) CSIRO Land and Water, GPO Box 1666, Canberra ACT 2601, Australia
(2) NSW Dept. of Land & Water Conservation, PO Box 189, Queanbeyan 2620, NSW, Australia
In Australia, acid sulfate soils (ASS) occupy an estimated 40,000 km2, underlying coastal
estuaries and floodplains near which the majority of the Australian population lives. Processes
operating in Australian tropical ASS and the environmental hazards posed by them are poorly
understood. The 1975 drainage of a tropical estuarine wetland at East Trinity, north Queensland by
construction of a bund wall and floodgates left adjacent undrained soils in their original condition
allowing paired measurements and samples to be taken. We identified wetland drainage as a
significant source of carbon dioxide emission with a 20 y average emission rate of 1501 CCh-e ha"' y'.
Drainage also resulted in massive acidification with about 110 ha having an average pH of 3.4 at 0.5m
below ground level (bgl) and a 20 y average acid production rate of 7xl05 moles H+ ha"1 y'1. The site
is discharging water that contains concentrations of aluminium, iron and zinc considered deleterious
to aquatic ecosystems. Considerable stored acidity remains on the site. The activity of aluminium is
controlled by the solubility of various aluminium hydroxy sulfates. Seasonal reduction of iron
results in increased sulfuric acid intensity however the pH is too low and for any decrease in acidity
by carbonate formation and the system not sufficiently reducing for sulfate reduction to occur. This
net result is seasonal cycling between iron oxidation states.
Keywords: acid sulfate soil, geochemistry, greenhouse gas
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Utilization of spent wash liquor for rice production in
acid sulphate soils
JINTAR1DTH Bunierdluk. KANJANATHANASET Khamchai, INTHASOTHI Tippawan,
LEAUNGVUTIVIROJ Chaveevan and CHAROENCHAMRATCHEEP Charoen
Land Development Department, Phaholyothin Rd., Chatuchak, Bangkok 10900, Thailand
In the process of liquor industrial, spent wash liquor (SWL) as produced after discreating sugar
and alcohol, they will be purified to prevent soil and water pollution. Nowadays it is very expensive
to use mechanical method. Since nitrogen and potassium contents in SWL are high. It might be
suitable to use in agricultural land to increase soil fertility and also yield as well, which mean to
increase farmers' income.
In this study, the experiments were conducted on acid sulphate soils, (Ayutthaya soil seriesTypic Tropaquepts, very-fine, mixed, acid), Ayutthaya province, Thailand. The experimental
design was a factorial in RCB with 20 treatments and three replications. The treatments consisted
of five rates (0, 62.5, 125, 187.5 and 250 m3 ha') of SWL and four rates (0, 62.5, 125 and 187.5
kg ha') of chemical fertilizer grade 16-20-0. There were 2 experiments, the first experiment was to
apply SWL 20 days before broadcasting and after the transplanting rice in the second one.
In the first experiment, the results showed that SWL increased soil fertility, the number of
microorganism (bacteria and fungi) and also rice yield. The highest yield (4.5 t ha"1) was obtained
from the application of SWL at 125 m3 ha"' together with 187.5 kg ha"' of 16-20-0 fertilizer grade
which was significantly different from the other rates. This rate would be recommended. The more
rates of SWL, the greater quantity of O.M., P and K would get accordingly. Regarding to the
numbers of microorganism, applying SWL at the rate of 125 m3ha"' with 16-20-0 fertilizer grade at
125 kg ha"' increased the numbers of bacteria and fungi significantly (7.20 and 4.93 log no./gram
soil).
The results of the second experiment showed that SWL also increased the rice yield and
number of microorganism. Applying SWL 187.5 m3 ha"' with chemical fertilizer at 187.5 kg ha'
gave the highest yield (4.0 t ha"1). For the chemical analysis, it was found that soil pH , percentage
of organic matter, phosphorus, potassium, sodium and magnesium increased but calcium decreased.
For the number of microorganism, it was found that the application of SWL 187.5 m3 ha"1 with
chemical fertilizer at 125 and 187.5 kg ha"' showed the highest amount of bacteria (8.04 and 7.46
log no./gram soil) and fungi (4.50 and 4.18 log no./gram soil).
Keywords: spent wash liquor, rice, acid sulphate soil, microorganism
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Heavy metals in the main types of soils in Vietnam
KONC-TAU Tran
Vietnam National University, Hanoi, 334 Nguyaen-trai Street, Thanh-Xuan District, Hanoi,
Vietnam
In the recent decades, studies of heavy metals were interested scientists in many countries. In
Vietnam some scientists have carried out research on this problem in term of microelements.
Recently, scientists studied heavy metals to evaluate the pollution degree of environment. However
up-to-now, there is not report on heavy metal elements in all sides in main types of soils of
Vietnam. So, it is also the purpose of our research.
The soil samples were collected differing in mineralogical composition, and properties and
occurring under a wide range of climate conditions, different ecological zones in Vietnam. Eg
Rhodic Ferrasols; Fluvisols in the Red River Delta; Fluvisols, Sulfate Acid Soils in the Mekong
River delta; Acrisols originated from feralit; Haplic Acrisols originated from degraded grey Soils
etc. Fourteen heavy metal elements including As, Ca, Co, Cr, Cu, Fe, Mn, Ni, Pb, S, P, Sn, V, Zn
were analyzed by adsorption/desorption experiments; determination of their bilding forms with an
optimized sequential extraction procedure.
Relationship between these elements showed below:
N»
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Relationship between:
Fe total (Y) and Al total (X)
Pb total (Y) and As total 9X)
Al total (Y) and clay (<0.002 mm) (X)
Zn total (Y) and Al total (X)
LZn total (Y) and clay (<0.002 mm) (X)
Fe total (Y) and clay (<0.002 mm) (X)
Zn total (Y) and Fe total (X)
C org (Y) and S total (X)
Cr total (Y) and Co total(X)
Ca total (Y) and As total (X)
Mg total (Y) and As total (X)
Mn total (Y) and Co total (X)
V total (Y) and Cr total (X)
Ni total (Y) and Cr total (X)
Pb in fraction VI (Y) and N total (X)
N total (Y) and C org (X)
Clay (Y) and physical clay (<0.02 mm) (X)

Equation
Y= 1.6776X- 4300.1
Y = 3.9384X + 0.7535
Y=102.6X-6294.4
Y = 0.0009X +21.63
Y=1.2181X + 3.7325
Y=1740.1X-3.7325
Y = 0.0004X +31.929
Y = 0.003 7X+ 1.2565
Y = 3.2081X+16.724
Y = 215.53X +36.251
Y = 373.67X-398.09
Y = 31.167X-37.176
Y=1.4348X +23.31
Y = 0.8914X- 13.135
Y = 4.6017X+ 1.3989
Y = 0.0452X + 0.0707
Y=1.1266X +18.712

Keywords: heavy metals, Vietnam soils
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r
0.9197
0.9020
0.7546
0.7693
0.7490
0.6839
0.6411
0.9246
0.9117
0.6105
0.6365
0.9029
0.9305
0.8973
0.6034
0.7352
0.8576

r2
0.8458
0.8137
0.5694
0.5918
0.5611
0.4678
0.411
0.8549
0.8311
0.3727
0.4052
0.8152
0.8659
0.8052
0.3641
0.5407
0.7355
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Application of lime and N-P-K fertilizer for chilli on Rangsit
soil series-very acid phase
MANEEWAN Nongkran. NA RANONG Rosamalin, JINTALIDTH Bunjerdluk,
YUVANIYAMA Jumpol and CHAROENCHAMRATCHEEP Charoen
Soil and Water Conservation Div., Department of Land Development, Phaholyothin Rd.,
Chatuchak, Bangkok 10900, Thailand
Application of lime and N P K fertilizer for chilli on Rangsit soil series - very acid phase were
studied. The experiment was conducted at Nakorn Nayok Land Development Station , Ongkarak
district , Nakorn Nayok provinc,Thailand. Experimental design was 4 x 3 factorial in randomized
complete block with 3 replications. Two factors were studied which included marl (liming source)
at the rate of 0, 3.1, 6.2 and 9.3 t ha"' and chemical fertilizer at the rate of 50-62.5-25, 87.5-87.5-50
and 125-112.5-75 kg ha"' of N - P2Os - K 2 0.
After the experiment, it was found that marl affected growth and yield of chilli (Capsicum
annuum L.). Application of marl with chemical fertilizer gave higher yield than chemical fertilizer
alone. Liming at the rate of 9.3 t ha"1 with N - P205 - K20 of 125-112.5-75 kg ha'1 gave the highest
yield of 6.36, 3.65 and 4.70 t ha"1 in the first, the second and the third year, respectively.
Application of chemical fertilizer alone gave the lowest yield for three years.
Application of marl with N P K fertilizer at given rates of the experiment affected soil
properties by increasing pH of 3.6 to 3.77, 4.19, 4.23 and 4.30 by marling at the rate 0, 3.1, 6.2 and
9.3 t ha"1 respectively. Moreover, available phosphorus and calcium increased because of
fertilization and liming. On the otherhands, aluminum significantly decreased in corresponding with
increasing the rates of marl, by 8.29 cmol kg"1 before experiment to 5.69, 2.39, 1.33 and 0.51 cmol
kg"1 as liming at the rate 0, 3.1, 6.2 and 9.3 t ha"1 respectively at the end of the experiment. Average
maximum profit from 3 years by marling at the rate of 9.3 t ha"1 with chemical fertilizer at the rate
of 87.5-87.5-50 kg ha"1 of N - P205 - K 2 0 was 66, 156 baht ha"1 which was not big difference from
average profit from 3 years by marling at the rate of 3.1 t ha" with chemical fertilizer at the rate of
50-62.5-25 , 87.5-87.5-50 kg ha"1 of N - P2Os - K 2 0, which were 62,512 and 62,768 baht ha"'
respectively.
Regarding the application of chemical fertilizer alone, the average profit of about 24,86824,875 and 30,056 baht ha"1 in the first, the second and the third year, respectively, and it was also
obtained. Hence, those farmers who have the limited budget, may not apply marl they can also get
some profit by using only chemical fertilizer.
Keywords: lime, marl, N-P-K fertilizers, acid sulfate soil, Rangsit soil series-very acid phase,
chilli
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Redox changes in a small wetland with potential acid sulfate,
saline and sodic soils
MERRY Richard H.(l). FITZPATRICK Robert W. (1), BONIFACIO Eleonora (2),
SPOUNCER Leonie R. (1) and DAVIES Philip J. (1)
(1) CS1RO Land and Water, PMB No 2, Glen Osmond, South Australia 5064, Australia
(2) Universita' di Torino, DIVAPRA - Chimica Agraria, Via L. da Vinci 44, 10095
GRUGLIASCO (TO), Italy
The study site is a typical, perched wetland in a saline, sulfidic discharge area in the eastern Mt
Lofty Ranges near Adelaide, South Australia. The wetland is part of the 10% of strongly
waterlogged landscape identified by GIS analysis of a larger 80 km2 area. Approximately 40% of
this area was identified as being poorly drained, but only a small proportion, less than 10%,
supports wetland vegetation. The climate is Mediterranean with hot, dry summers and cool, moist
winters.
Better management of these wetlands can be attempted if more is known of the redox processes
associated with them, their likely response to erosion, drainage, vegetation changes and grazing,
and their effect on water quality. Consequently, the objective of this work is to report on redox
changes that occur seasonally, diurnally and after rainfall in soils along a 25 m transect through a
typical saline seepage area with soil conditions that range from sodic to saline to potential acid
sulfate.
The transect was instrumented at five points from the margin (re-vegetated with tallwheatgrass)
to approximately the centre of the wetland (vegetated with native wet land plants). A data logger
recorded Eh from eight platinum electrodes, temperature at two points, and rainfall. The sensors for
Eh were placed at 5 and 20 cm depths and for temperature at 5 cm. The data records were captured
at six hourly intervals and were accumulated continuously from February 1999 to February 2001.
Daily redox cycles measured in the soil are associated with the activity of C4 plants. Subsoils
(at 20 cm) in the wetlands remain reduced and sulfidic throughout the year. Eh sensors, either at 5
or 20 cm depths, indicated increasingly reduced conditions as a direct response to rainfall events
and, eventually, a greater, lagged decrease to about -200 mV over several days after significant rain
events in May that remained reduced until spring (September). Lowering of the groundwater table
in summer resulted in oxidation, formation of ferrihydrite, precipitation of sulfate salts and
formation of magnesium-substituted calcite in the upper few centimetres of the wetland soils.
Should the area erode or drain, there are likely to be significant consequences in the release of
salts, iron minerals and protons mobilising toxic metals into drainage lines. The main sources of
sulfur are significant sulfide mineralisations that occur in the region. Relict sulfidic wetlands can
be recognised in stream lines within the same catchment. They produce significant acidification on
exposure through erosion and are local sources of salinity, generate sodic soils and release iron and
aluminium minerals.
Keywords: redox, wetland management, salinity, sulfidic soils
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Percolation and reactions of Ca solution through acid
Kunigami Mahji soil
NAKAJIMA M.. NISHIMURA T., KATO M. and SUZUKI S.
Tokyo University of Agriculture and Technology, Saiwaicho, Fuchu, Tokyo 183-8509, Japan
The phytotoxicity of excess Al and H+ in acid soil is well known as a serious problem for
plants. A column experiment and an adsorption experiment were conducted to clarify the reactions
and movement of Ca salt solution in an acid soil.
Acid Kunigami mahji soil, pH (H2O) was 4.45, from Okinawa, Japan was used in this study.
The soil was packed into an acrylic plastic cylinder (length: 240 mm, diam: 64 mm). After more
than 4 pore volumes of NaCl solution (30 mmolc L'1) percolated, CaCb or CaS04.2H20 (gypsum)
solution (30 mmolc L"1) were ponded on the surface and percolated though the soil column for 6
pore volumes.
Electrical conductivity (EC) of the soil solution measured by four-probe EC sensors showed
temporal decrease during the percolation of CaCl2 and gypsum solution. The depression of EC of
soil solution moved downward though the soil column. This depression of EC could be used as an
index of movement and reaction of Ca salt solution in an acid soil. The pH of effluents showed
decrease (4.2 to 3.8) with CaCb treatment and temporary increase (4.15 to 4.4) with gypsum
treatment. Ion concentrations of the effluents were also measured and a depression was found in the
sum of cations/anions concentration when gypsum was applied.
Chemical speciation by GEOCHEM program showed the possibility of formation of Alhydroxide and Al-sulfate complex that can't contribute the EC. This might be a reason of decrease
in EC of soil solution with Ca amendment. An adsorption experiment showed the increase in
absorbed Ca2+ due to the presence of SO42', and suggested ligand exchange and an adsorption of
ion-pair of CaSO/ to the soil. This might cause the decrease in ion concentrations and EC of soil
solution. It was concluded that the 1) formation of Al-hydroxide and Al-sulfate complex, and 2)
Adsorption of CaSC>4 ion pair could be reasons of temporary drop in EC during the column
experiment.
Keywords: acid soil, gypsum, CaCb, aluminum, sulfate, Al-hydroxides

1902

Symposium no. 63

Paper no. 514

Presentation: poster

Phosphorus management for rice production on
acid sulfate soils in Asia
NASSIR A. and MONTANGE D.
World Phosphate Institute (IMPHOS) Casablanca, Morocco and Cirad, Montpellier, France
The acid sulfate soils represent a considerable land area in Asia (18-20 million hectares),
mainly in Cambodia, China, Indonesia, Malaysia, Thailand and Vietnam.
To design a strategy for sustainable crop production on acid sulfate soils (ASS), there is a need
to test and experiment during several cropping seasons, technologies that will overcome the
multiple constraints of these production environments. The World Phosphate Institute (IMPHOS)
designed an experimental field research that is intended to improve our understanding and ability to
convert these soils into productive ones. The project is present in five countries (China, Indonesia,
Malaysia, Thailand, and Vietnam) and is implemented by IMPHOS in collaboration with CIRAD
France.
The effects of each phosphate rock (PR) are compared to the effect of water-soluble fertilizer
(TSP, and in certain cases SSP or SP-36) and a control without P application. The rate of P
application is 90 kg P2O5 per hectare per cropping season. Other nutrients (i.e. N and K2O) are
added at the rate recommended for rice cultivation by extension.
The most appropriate rice cultivar for the local conditions was selected for the experimentation.
The basic plot size was set large enough to allow for split treatments (with and without P) and
measurement of the effects of residual and cumulative P applications.
As a first conclusion on field results for 3 cropping seasons, we may compare the calculated
percentage of yield increase obtained when applying the P treatment (PR or soluble P fertilizer)
giving the best result over the control. These results are in the attached table.
In the network experiments, the rice yield of control plots on actual ASS ranges from 1250
kg ha"1 (Belawang, Indonesia) to 5,900 kg ha"1 (Sedu, Malaysia). On potential ASS, the highest
yield on control plot is 4,400 kg ha"1 (Jawa, Malaysia) and the lowest is 1,660 kg ha"' (Tabunganen,
Indonesia).
The yield increases when applying 90 kg P2O5 are ranging from +3 to + 67% over the control
for actual ASS and from + 3 to +43% for potential ASS. The lowest increase are the one with a
control yield very high. In these cases, available P is not the most limiting factor for the growth and
production of the crop. When considering the 21 experiments, even if the differences are not
significant for every case, the maximum increase is given by soluble P for 9 trials. For the other
cases, where the PR is giving the best results, the more soluble PR is inducing the highest increase
for 4 cases. The 8 yield increases data remaining are resulting from the use of less soluble PR.
The results of soil incubation with the various PR and measure of available P after the
incubations using 32P method is useful to explain the P response of crops on the various soils
studied. The results obtained by this method are showing that the fixation of P by these soils is very
high indicating that it will be difficult to saturate the P fixing capacity of the soil in order to have
more P available for crops. However, P nutrition of rice is not always correlated to the available P
measured in the soil, indicating that rice plant is absorbing P from various pools in the soil.
Keywords: rock phosphates, rice, acid sulphate soil
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Influence of sulphur on growth, yield and quality
of Celosia {Celosia argentia L. CV. TLV 8)
OPUTA C. Otunuva (1) and OJO O. David (2)
(1) Plant Nutritionist, College of Agriculture, Delta State University, Abraka, Delta State, Nigeria
(2) Vegetable Division National Horticultural Research Institute of Nigeria (NIHORT) PMB 5432,
Idi-Ishin, Jericho Reservation Area, Ibadan, Nigeria
A greenhouse experiment was conducted at the University of Ibadan, Nigeria to determine the
optimum sulphur (S) rate for Celosia production. Average temperature and light intensity of the
greenhouse was 27.7 °C and 1.32 x 103 S Einstein m"2 sec"1 (PAR) respectively. Five rates of S (0,
13.5, 27.0, 40.5 and 54.0 |ig g') were imposed in a completely randomized design.
Application of S significantly increased leaf number, plant height, leaf area, weights of leaf,
stem, root, and raised contents of leaf sulphate-sulphur (SO4-S), chlorophyll, vitamins A and C, and
crude protein. The optimum S rate for leaf formation, plant height at harvest (7 weeks after
transplanting - WAT), shoot production, SO4-S, vitamin A and crude protein synthesis was 40.5
(xg g"1 S which for leaf production, chlorophyll and vitamin C synthesis was 54.0 |lg g~' S. These
results indicate that S nutrition is necessary for the optimum growth, yield and yield attributes of
Celosia.
Keywords: amaranthceae, Celosia, growth, sulphur, quality, yield
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Predicting acid drainage from acid sulfate soils in
the Pimpama river catchment, Australia
POWELL Bernard (1). COOK Freeman (2), SMITH Doug (1), ADAMS Justin (1) and
JOHNSTON Philip (1)
(1) Department of Natural Resources and Mines, Indooroopilly Sciences Centre, 80 Meiers Road,
Indooropilly, Queensland 4061, Australia
(2) CSIRO Division of Land and Water, Indooroopilly Sciences Centre, 80 Meiers Road,
Indooroopilly, Queensland 4061, Australia
The Pimpama River drains a small catchment in sub-tropical southeast Queensland, Australia.
Before reaching Moreton Bay it passes through a coastal lowland floodplain delta formed by the
adjacent and much larger Logan River immediately to the north. At elevations generally less than
2 m AHD (Australian Height Datum), the delta was formed in the Holocene as estuarine sediments
rich in iron sulfides (predominantly pyrite), but now is covered in parts with a veneer of terrestrial
alluvium.
Originally a coastal swamp of Melaleucas, marine couch and fringing mangroves, the floodprone land was cleared and progressively drained by European settlers for sugar cane production.
The gradual change in land use has led to the increasing disturbance and drainage of waterlogged
pyritic layers (acid sulfate soils) as cane farmers opened up lower lying and higher risk swamp land.
Environmental impacts reached their extreme in the catchment in November 1995, when acid
runoff caused a severe fish kill. Since then some cane farmers have adjusted their drainage
management to include the replacement of some deep drains with shallow ones combined with laser
levelling to improve surface water drainage.
Major fish kills attributed to acid runoff from cane fields in New South Wales in the late 1980s
triggered a demand in Australia for research into acid sulfate soils. However it was not until the mid
1990s that the same concerns were acted on in Queensland.
In the Pimpama River catchment, an acid sulfate soil-mapping program was undertaken as was
a drainage and acid export process study at two cane farms. The mapping program provides GIS
held spatial detail on the extent, depth and severity of acid sulfate soils (estimated by the level of
oxidisable S).
The process study led to the development of the FLASH model. The FLASH model calculates
the watertable depth in the soil from a water balance module. The water balance module has rain as
input and outputs of runoff, groundwater flow to drains, and evapotranspiration. The depth of the
watertable is used to moderate the amount of acidity generated and hence the concentration in the
runoff or groundwater flow to drains. The cumulative amount of acidity discharged is predicted
with the FLASH model. The acidity discharge predicted with the FLASH model is highly
correlated (r2 > 0.96) with results from the experimental studies at the two sites.
By integrating these two sets of tools plus inputting GIS spatial information on water balance,
climate, elevation, drainage density and depth, it is possible to predict the actual and average annual
discharge of acid through the Pimpama River system. By applying the model, results will be
presented on predicted acid discharge, both before and after drainage modification. This will give
some relative value to the effectiveness of past, present and future management scenarios.
Keywords: acid sulfate soils
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Influence of aluminium on soil quality
THANGAVEL P. and SUBBURAM. V
Department of Environmental Sciences, Bharathiar University, Coimbatore - 641 046, Tamil Nadu,
India
Aluminium (Al) is the third most abundant element in the earth's crust after oxygen and silicon.
This study mainly focussed on an important soil quality parameter namely mineral nutrient
composition in non-agricultural and agricultural soils (vertisol) in Al contaminated industrial site
(Sidco Industrial Estate, Coimbatore: 11° 24 ' N and 77 ° 30 ' E) at four different distances. The
order of micro and macronutrients in both the soils were: Cu > Zn > Fe > Mn and Mg > Ca > Na >
N > K > P respectively. Based on the results we conclude that Al alters the nutrient composition of
both the fallow and agricultural lands which leads to decrease the soil fertility and productivity even
at neutral pH.
Keywords: aluminium, Vertisol, soil quality, mineral nutrients
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His Majesty the King's initiation on inprovement of acid
sulphate soil in Thailand: the Klaeng Din project
VIJARNSORN Pisoot (1). ROJANASOONTHON Santhad (2) and SRIJANTR Phongsan (3)
(1) Department of Land Development, Ministry of Agriculture and Cooperatives, Bangkok 10900
Thailand
(2) Royal Project Foundation, Royal Project Building, Kasetsart University, Bangkok 10900
Thailand
(3) Department of Soil Science, Kasetsart University, Bangkok 10900, Thailand
On September 16, 1984 His Majesty King Bhumibol Adulyadej of Thailand had duly initiated
the "Klaeng Din" project. "Klaeng Din" is Thai words which means intimidating or aggravating
the potentially acid sulphate soil area into active acid sulphate soil. The study area for the project
was located in Pikhun Thong Development Study Center, Narathiwat, Thailand. The site was
identified as a potentially acid sulphate-peat soil area. The soil pedons were characterized and the
area had been divided into six plots of 40x40 m each, whereas plot No. 6 was left as a control plot.
The project had two main phases. The first phase was the induction period where a series of cyclic
soaking and draining for 4 years (1986-1989) was achieved. The soil was finally become strongly
acid and no economic upland crops or paddy rice could be grown. Solid cyclic soaking and
draining process was conducted throughout the year 1987 and 1988.
The second phase was begun in 1990 to de-acidified the soil by means of soil improvement.
The results were highlighted as follow :
By using rain water to leach out acidity in the experimental plots, rice growth with low yield
was possible in the first year. Yields were increased each year as the leaching continue. The
optimum retention period of water for leaching was four weeks.
Better rice cultivation had increased with the amount of lime dust added. It was found that the
application of lime at half of the lime requirement rate gave the optimal result.
A combination of leaching together with lime application proved to be the best means of the
treatment.
Continuing cultivation after soil improvement was a must. The acid condition will return if the
soils were left bare.
Application of lime before planting of crop in this type of soil was necessary.
Crops on raised beds in acid sulphate soil condition will increase their protection from flooding
and encourage natural leaching of the soil acidity. If these soils were left idle, it was recommended
to use them for growing local acid tolerant plants.
The process of induced acidity so that the soil become acid sulphate soil and the reclamation
from such condition led to the setting up of a "working manual" to deal with the severe acidity of
the acid sulphate soil. This working manual can be used in other areas where conditions are similar.
The study of this kind may be the only one in the world particularly when it had been conceived and
initiated by the King of Thailand.
Keywords: Klaeng Din, soil aggregation, acid sulphate induction process
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A case study on the relationship between the sulfur forms
and acidity in acid sulphate soils
ZHANG Jia'en and LUO Shiming
Institute of Tropical and Subtropical Ecology, South China Agricultural University, Guangzhou,
P.R. China
Acid sulphate soil (ASS) commonly refers to the soil and sediment containing iron sulfides
(mainly iron pyrite) or the products of the oxidation of sulfides. It is widespread in the coastal zones
around the tropical and subtropical world such as China, countries of Southeast Asia, Australia,
European, Africa and Latin America. Because of natural environment changes and human
disturbance, sulfides in ASS are aerated or exposed to air directly or indirectly, then oxidized into
acid. The surplus acid can cause the variation of physical and chemical properties of soil, and
degradation of regional environment, ultimately influence the health of plants, animals and people.
In order to study the relationship between sulfur forms and soil acidity, a field investigation on ASS
was conducted. More than fourteen soil profiles were sampled at 20 cm intervals from 0 cm to 100
cm of soil depth. And nearly seventy soil samples were taken for the study in Taishan city of
Guangdong Province, China, according to the different types, different land use and cultivation
history of ASS. The chemical analysis items included soil pH and contents of total sulfur, watersoluble sulfur, exchangeable sulfur, pyrite, jarosite and organic sulfur (including element sulfur) in
ASS. The analysis results showed that the contents of total sulfur were at high level, they mostly
ranged from 2,000-14,000 mg kg', and sulfur in ASS was mainly in inorganic forms and dominated
by pyrite, water-soluble sulfur and exchangeable sulfur. The content of pyrite mostly varied from
1,000-5,000 mg kg"1. The contents of water-soluble sulfur and exchangeable sulfur were mostly
between 300-1,000 mg kg'1 and 100-800 mg kg"1 respectively. The content of organic sulfur and
element sulfur had obvious differences with the total content of 100-2,000 mg kg"1. The different
forms of sulfur had different change trends in soil profiles. The contents of total sulfur and pyrite
were increased from the soil surface horizon to the bottom. The maximum content of jarosite was
often found in the most acid layers with lowest soil pH. Jarosite was usually accumulated in the
depth of 60 cm or so in profiles. The contents of water-soluble sulfur and exchangeable sulfur had
similar changes like jarosite in the profiles. Generally, the higher the content of pyrite in soil, the
more the potential acidity existed, and high actual acidity was found commonly with high content
of water-soluble sulfur, exchangeable sulfur and jarosite.
Keywords: acid sulphate soil (ASS), sulfur, soil acidity, change
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Bioavailability of P from a phosphate rock as affected by
particle size and rhizosphere pH
BEHI Omar (1,2), HINSINGER Philippe (1), DREVON Jean-Jacques (1), JAILLARD Benot
(1) and BENHASSAINE AH (2)
(1) INRA, UMR Sol & Environnement, Place Viala, 34060 Montpellier Cedex 1, France
(2) EM A, Centre des Matriaux de Grande Diffusion, 6 Avenue de Clavitès, 30319 AIÊ; France
The direct application of phosphate rock (PR) provides an alternative to using manufactured
soluble P fertilizers. Numerous studies have highlighted the major intrinsic factors which govern
the agronomic effectiveness of PR. Among these, the particle size of PR is acknowledged to play a
significant role, although scarce studies showed direct evidence for this. Among other soil factors,
soil pH and proton buffering capacity have been shown to dramatically influence the dissolution of
PR. Finally, plant species are known to differ substantially in their ability to use P derived from PR,
partly because of differences in the chemical conditions (e.g. pH) that they induce in their
rhizosphere. The first aim of the present work was to show the influence of the particle size of a PR
on the bioavailability of P for cropped plant species. This study also aimed at assessing how the
bioavailability of PR-P was related to root-induced changes in rhizosphere pH. For this purpose, a
francolite-type PR from Morocco was ground and sieved to produce 3 different particle sizes :
< 2 urn, 25-40 urn and 100-200 urn, which were applied at a rate of 2.2 mg PR g"1 soil (i.e. 200-300
u,g P g"1 soil). Two mildly acidic soils that had fairly low levels of native P were compared : an
oxisol from Equador and a fersialsol from southern France. A control treatment without PR
application was also included. The pot experiment was conducted for two weeks of contact between
the soils and the roots of three different plant species : a medic (Medicago trunculata) that had been
inoculated with Synorhizobium meliloti, a ryegrass (Lolium perenne) and oilseed rape (Brassica
napus). The pot was designed in such a way that 3-week old seedlings that had developed a planar
mat of roots were grown in contact with a thin layer of soil for two weeks, in such a way that the
whole of this soil could ultimately be considered as rhizosphere. The largest P uptake was
systematically achieved when P was supplied as the finest particle size of PR (< 2 u.m). This
particle size also yielded the largest Olsen P values in the control pots without plants. The nodulated
medic took up the largest amounts of P, whatever the P treatment. A significant increase in Olsen P
was found in its rhizosphere. In addition, the nodulated medic induced a steep decrease in
rhizosphere pH while ryegrass slightly alkalinized its rhizosphere and rape resulted in little pH
change. It can be concluded that the bioavailability of P increased with increasing rhizosphere
acidification, confirming that proton release by roots was a major driving force for PR dissolution.
The present work also showed that P bioavailability can be improved by using finer particle size of
PR.
Keywords: bioavailability, particle size, pH, phosphate, phosphate rock, rhizosphere
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02-microelectrode used to describe spatial variations in
the root respiration of young Prunus persica (L.) Batsch
B1DEL Luc P.R. (1) and RENAULT Pierre (2)
(1) INRA, unite SAGAH, 42 rue Georges Morel, BP 57, 49071 Beaucouzé, France
(2) INRA, Unite "Climat, Sol et Environnement", Domaine St-Paul, Site Agroparc, 84914 Avignon
Cedex 9, France
To better understand and describe the root system formation, mapping respiration rates of
meristems and segments is useful. An C^-microelectrode method has been improved to measure the
local respiration of living roots suspended in agar gel. The local root respiration rate was estimated
by fitting radial models for O2 diffusion and consumption to the measured O2 profiles obtained with
microelectrodes. The best fits to experimental data were obtained with a model that describes O2
radial diffusion, root consumption, and microbial consumption that declines with increasing the
distance from the root. We applied this method along the taproot of a Prunus persica (L.) Batsch
seedling. In accordance with published results - which only dealt with primary root respiration -,
the respiration rate was maximum in the elongating apical zone. It then decreased with distance
from the root tip until the root hair zone, where it increased. Local respiration rates were consistent
with the average respiration rate of the root system estimated in other plants of similar age and
dimension, as measured by conventional gas chromatography. Microbial activity markedly varied
along the taproot. It decreased abruptly from 10 to 1 x 10"9 mol O2 m"3 gel s"1 within the 300 um
surrounding the root surface. Meristem respiration rates was mapped on another seedling. This last
ones was linearly correlated with the root growth rate (r2=0.9). Only about 5 x 10"14 mol O2 s"' were
consumed when no growth, whereas the respiration rate reached values greater than 35 x 10"14 mol
O2 s~' for active meristems. When expressed per unit tissue volume, the respiration rate of large
meristems was only one tenth of its value for small meristems. However, their substantially greater
volume made them larger sinks for photoassimilates and 0 2 . The taproot meristem consumed more
O2 than the sum of all the other root system meristems, and apical meristems generally consumed
more O2 than their laterals. The nearly exponential decrease of Rr0ot with meristem radius can be
explained by a model of radial O2 diffusion and consumption within the root. The model allows to
define a potential respiration rate and an O2 diffusion coefficient analytically for all the meristems
and another for all the segments measured on few plants. Conversely to mature primary segments,
meristem activity appeared primarily limited by O2 diffusion. According to the model calculations,
an anoxic central area is present within larger active meristems, even if they are provided with
atmospheric O2 concentration at their surface. Working on root growth therefore involves dealing
with local O2 concentration at the apex, rather than bulk O2 concentration at soil depth.
Keywords: root respiration, microbial respiration, 02-microelectrode, oxygen, rhizosphere.
Prunus persica (L.) Batsch
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Calibration of an AI-exchange model in acid soils
CALBA Henri m . CAZEVIEILLE Patrick (1), FIRDAUS (2) and JAILLARD Benoit (3)
(1) AMIS programme Agronomie, Centre de Cooperation Internationale en Recherche
Agronomique pour Ie Développement, CIRAD TA40/01 avenue Agropolis, 34398 Montpellier
cedex 5, France
(2) Fakultas keguruan dan Ilmu Pendidikan, Universitas Riau, Pekanbarus 28293, Indonesia
(3) Rhizosphere et Symbioses, UMR Sol et Environnement, Institut National de la Recherche
Agronomique, place Pierre Viala, 34060 Montpellier cedex 2, France
Aluminium toxicity is a major constraint for the culture of maize in acid soils. By the mineral
uptake, the plant itself contributes to the soil acidification, especially as the nitrogen is taken up in
ammoniacal form. This process modifies the composition of the rhizosphere by dissolution of the
Al hydroxides. Aluminium in solution reacts with fixed Ca and Mg on the soils and the root walls.
The dynamics of the chemical species in rhizosphere results from kinetics of exchange and
dissolution, which are functions of the soil properties and the root action. These processes are
simulated using a mechanistic model which takes into account the kinetics of the various reactions
as well as the reactivity of the chemical species.
The analysed soils came from Colombia (Oxisol), Cameroon (Oxisol) and Thailand (Ultisol).
The plant was an Al-tolerant maize cultivar coming from Cameroon (Zea mays L. ATP Yellow).
The top soils 0-20 cm and the maize roots were analysed in order to evaluate the parameters of the
model, i.e. surface charge and intrinsic exchange constants. For the soils, the kinetic parameters of
the Al hydroxides dissolution were also studied. A culture device made it possible to study the
effect of the roots on a fine soil horizon (rhizosphere). The use of a polyamide mesh 0.2 um
allowed the separate analysis of roots and soil after culture.
Fitting of the model required two types of exchange sites, one with permanent charge (soil), the
other with variable charge (root and soil). The Al dissolution was fitted with kinetic constants as
well as solubility constants of the hydroxides. The results obtained using the culture device showed
that the roots release the protons, the Al hydroxides dissolve, Al replaces Ca on the of exchanges
sites, the Al and Ca concentrations increase in solution and Al content in roots increase. The state of
the soil exchange complexes and the soil solutions can be correctly simulated. It appeared that Al
concentration in solution near the root is a function of the soil type and the kinetic constants for Al
dissolution.
The model showed the importance of the Al dissolution kinetics in the dynamics of this
element between the soil and the roots, i.e. its toxicity. In prospect, under Al saturation in solution
compared to Gibbsite shows the interest of the study of the organic ligands in the processes of Al
detoxification by the plants.
Keywords: acid soil, aluminium, model, rhizosphere, exchange, dissolution
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Rhizosphere research: a tool for creating phosphorus
efficient crop varieties
GAHOONIA Tara Singh and NIELSEN Niels Erik
The Royal Veterinary and Agricultural University, Department of Agricultural Sciences, Plant
Nutrition and Soil Fertility Laboratory, Thorvaldsensvej 40, DK-1871 Frederiksberg, Copenhagen,
Denmark
This paper reviews genetic variation in root properties (root morphology, including root hairs),
mycorrhizal symbiosis, uptake kinetics parameters and root-induced changes (pH, organic acids and
acid phosphatase) in the rhizosphere of various crop species and their genotypes and then discusses
the opportunities and challenges of using such knowledge for enhancing P efficiency of future crop
genotypes by genetic means.
Wide genotypic variation and heritability of root morphology, root hair length and density and
thereby P acquisition provide opportunities for selection and breeding for root and root hairs length
to increase P acquisition. The progress is challenged by the concerns of high carbon cost of larger
root systems and by the lack of cost effective methods to determine root length of a large number of
genotypes under field conditions. The carbon cost of root hairs is low. Furthermore, low cost
methods now exist to compare root hair formation of field grown genotypes.
The development and application of sophisticated methods has advanced our knowledge on the
role mycorrhizal symbiosis in P acquisition and also on the molecular basis of fungi and plant
interactions. However, extensive studies to explore genotypic variation in mycorrhizal
responsiveness are rare, which makes it difficult to assess, how mycorrhizal responsiveness can be
manipulated through breeding efforts, yet.
The promising variation found in P uptake kinetics parameters of crop genotypes in few studies
indicates that more genotypes can be screened by relatively simple nutrient solution culture
techniques.
The genetic manipulation of the overall differences in cation-anion uptake, which is the main
cause of rhizosphere pH change, may be difficult. This is because it would go against the concept of
balanced nutrition of plants. Also it would be difficult to assess what kind of genetic analysis should
be performed to support the breeding efforts. P mobilization effect of pH depends on soil P
compounds, which differ with soil type. Therefore, useful effect of rhizosphere pH might not be
universal and would differ with soil type.
Both the enhanced release of organic acids and higher acid phosphatase activity in the
rhizosphere may be useful for increasing P acquisition from inorganic and organic P pools
respectively. Modification of these traits by genetic means should be considered. For achieving this,
methods need to be developed for studying their release under natural soil conditions, so that the
genotypic variation can be explored and their ecological significance in P acquisition can be
established.
Keywords: breeding, mycorrhiza, organic acids, root morphology, root hairs
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Estimation of root morphological characteristics
using image analyses systems
HIMMELBAUER Margarita. LOISKANDL Willibald and KASTANEK Ferdinand
Institute for Hydraulics and Rural Water Management, University of Agricultural Sciences, 18
Muthgasse, 1119 Vienna, Austria
Image analyses systems provide a quick measurement of various root morphological
parameters. Root length and surface area are essential indicators for potential uptake of water and
nutrients. A specific testing procedure should be conducted at the beginning of every measurement
process to clarify the accuracy of the system. Two image analyses programs were tested in this
study: a commercial software package WinRHIZO and freeware ROOTEDGE. The skeletonisation
method is the basis for WinRHIZO. ROOTEDGE uses the edge chord algorithm. Roots of cereal
crops, summer wheat and winter barley, were used in this study. Several types of tests were
performed: 1) Comparison of image analyses and manually conducted measurements of root length;
2) Comparison between root length, average diameter and surface area measurements performed
with ROOTEDGE and WinRHIZO; 3) Tests of root arrangement, if a random orientation of the
scanned roots is important for accurate measurements of root parameters; 4) Evaluation of the
maximum acceptable scanning density (scanned root length per unit scanning area). The results
suggest that ROOTEDGE and WinRHIZO provide correct measurements of root morphological
parameters: 1) There were minor differences between manually and image analyses measurements
of root length. Ratios of image analyses to manual estimations ranged from 0.952 to 1.014 for
winter barley root samples of different size. 2) Comparisons of programs generated almost equal
estimates of root length, average root diameter and surface area. Discrepancies between diameter
measurements were slightly higher than between length and surface area estimates. Average root
diameter was a little overestimated by ROOTEDGE compared to WinRHIZO. 3) ROOTEDGE and
WinRHIZO image analyses showed small sensitivity to root sample orientation. Estimations of root
characteristics were well reproducible (i.e. CV values for the replicated measurements of different
root parameters varied between 0.3% and 3.4%). 4. High scanning density of roots resulted in
underestimated root length and overestimated root average diameter measurements. For a common
scanning density range between 1 and 3 cm cm"2 in root research discrepancies did not exceed
4.5%. Higher scanning densities than 3 cm cm"2 are not recommended.
Keywords: image analyses, root parameters, ROOTEDGE, WinRHIZO
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Changes in Cu and Zn speciation in the rhizosphere of
ryegrass grown in a soil amended with pig slurry
MAHAMMEDI Denis (1), BENEDETTI Marc F. (2), MARTINEZ Jos (3) and HINSINGER
Philippe (1),
(1) INRA, UMR Sol & Environnement, Place Viala, 34060 Montpellier Cedex 1, France
(2) CNRS-UPRESA 7047-UMPC Lab. Gochimie et Mtälloghie Case 124 75252 Paris Cedex 05,
France
(3) CEMAGREF-UR Gestion des Effluents d'Elevage et des Dchets Municipaux 17, avenue de
Cucill 35044 Rennes Cedex, France
Areas of intensive pig farming systems are characterized by an excess of NPK. being applied
onto agricultural land as pig slurries. Because of the supply of Cu and Zn to the pigs, the application
of pig slurries also results in a build up of Cu and Zn concentrations in the soils. There is thus a
need for assessing the risks associated with the bioavailability of these metals for cropped plants in
these regions. The aim of the present work was to assess how the bioavailability of Cu and Zn were
affected by the application of pig slurry and by the chemical changes that can occur in the
rhizosphere as a result of root activity (Hinsinger, 2001) in the case of a grass pasture species. For
this purpose, ryegrass (Lolium perenne) was grown with an experimental device that enabled an
easy access (i) to rhizosphere soil (at a distance of less than about 1 mm from the root surface) and
(ii) to the roots and shoots of plants (Guivarch et al., 1999). The plants were grown for 8 days in
contact with the soil and then harvested in order to determine the concentrations and amounts of
both Cu and Zn accumulated in the roots and in the shoots. The tested soil samples were obtained
from an experimental plot of the SOLEPUR experimental site of CEMAGREF in Plouvom,
Brittany (North-western France). This had received considerable amounts of pig slurry (roughly
1,000 m3 ha"1 y ' ) for 5 years between 1991 and 1996 (Martinez and Hao, 1996). Since then,
samples were collected yearly from the topsoil (0-20 cm). These various soil samples were
compared : they were placed in contact with the plants for 8 days or kept incubated in similar
conditions but without plants (control treatment). Copper ocurred to be mostly associated with the
organic matter whilst Zn was predominently retained by the iron oxides. The concentrations of
EDTA-extractable Cu and Zn steadily increased with increasing application of pig slurry and
peaked after the last year of pig slurry application (1996). At this stage EDTA-extractable Cu and
Zn had increased more than 10-fold in the soil. EDTA-extractable Zn was systematically lower in
the rhizosphere than in the control, uncropped soil, suggesting that it had been depleted as a
consequence of Zn uptake by the plant. Conversely, EDTA-extractable Cu was always significantly
larger in the rhizosphere than in the control, uncropped soil. This suggests that Cu was redistributed
in the soil, i.e. its solid phase speciation was altered in the rhizosphere. The possible mechanisms
explaining such results are further discussed, as well as their implication for the understanding and
evaluation of the bioavailability of Cu and Zn to plants.
Keywords: bioavailability, copper, rhizosphere, root, speciation, zinc
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Priming effects in rhizosphere
kU/A AKOV Yakov
Institute of Soil Science and Land Evaluation (310), University of Hohenheim D-70593 Stuttgart,
Germany
Priming effects (PE) are short-term changes in the turnover intensity of soil organic matter
caused by moderate treatments of the soil. Root exudates increase considerably the activity of soil
microorganisms in the rhizosphere. This increased microbial activity can induce an additional
decomposition of soil organic matter (positive PE) and subsequent nutrient release, or
immobilization of C and N (negative PE). Both effects can be measured by monitoring of C0 2
efflux from planted and unplanted soil or their Nmj„ dynamics. By monitoring of CO2 efflux from
planted soil, the rhizosphere originated CO2 consists of three parts: 1) root-derived CO2 as sum of
root respiration and microbial respiration by utilization of rhizodeposits, 2) CO2 derived by
microbial decomposition of soil organic matter (SOM), and 3) CO2 derived by additional SOM
decomposition, induced by increased microbial activity in the rhizosphere. The last CO2 flow
represents the PE in rhizosphere: interaction between root growth and decomposition of SOM.
These interactions may cause an increase of SOM decomposition compared to bare soil and the
estimation of these interactions is very difficult. In this contribution the results of five laboratory
experiments over the effects of plants (perennial ryegrass, spring wheat, and lettuce) on SOM
decomposition are reviewed.
The above named three parts of CO2 emission from soil were estimated in laboratory
experiments as follows:
1. Root-derived CO2: as '4C02 efflux from the soil after the labeling of shoots in '4C02
atmosphere, or by measuring <513C-COj by growing wheat (C3 plant) on a C4 soil.
2. SOM derived CO2: as the CO2 efflux from bare soil.
3. PE: as the difference between SOM derived CO2 in the experiment with plants and CO2
efflux from the bare soil.
Ryegrass, wheat, and lettuce significantly increase the decomposition of SOM in their
rhizosphere. The additional SOM decomposition can reach in one fully developed pasture 60 kg C
ha"1 d', which corresponds to about 6 kg N ha"1 d'. Extra N and other nutrients mineralized in
course of PE become available for roots and contribute to plant growth. So, the exudation of
organic substances by roots inducing an increase of microbiological activity and subsequent SOM
decomposition is an effective ecological adaptation mechanism of plants for mobilization and
acquisition of extra nutrients from soil during fast growth.
As shown in experiments, the additional SOM decomposition increases with Corg content of
soil and plant development, and decreases with N fertilization. Rhizosphere PE strongly depend on
photosynthesis intensity, which increase exudate release by roots.
The extra decomposition of SOM in rhizosphere diminishes the Corg stock of soil during
intensive plant growth. However, these Corg losses can be fulfilled by humification of root and shoot
residues after plant death.
Keywords: rhizosphere priming effect, root exudation, C and N cycle, soil organic matter, CO2,
14
C, 13C natural abundance
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Acquisition of mineral and organic fertilizers in apple
rootstocks on a subalkaline Vertic Cambisol
MA/.7. AN II Kilinpo (1), NEUMANN Günter (2), RÖMHK.l.l) Volker (2) and MARANGOM
Bruno (1)
(1) Dipartimento Colture Arboree, Universita di Bologna, 40126 Bologna, Italy
(2) Institut für Pflanzenernährung (330), Universität Hohenheim, 70593 Stuttgart, Germany
Restricted mineral fertilization and replacement by various organic fertilizers is obligatory in
many ecological farming systems. In this study, we investigated effects of different application
levels of mineral NPK (100%, 20%, 0% of recommended application) in comparison with organic
fertilizers (cow manure, compost from sugar beet industry residues) on growth, root morphology,
nutritional status and modifications of rhizosphere chemistry in M9 apple dwarf rootstocks (Malus
pumila L. ssp. paradisiaca). Experiments were conducted during a culture period of 7 weeks under
controlled environmental conditions, in pots and rhizoboxes with a calcareous Vertic Cambisol
from Cadriano, Bologna, Italy with low endogenous levels of plant available P (12 ppm Olsen-P)
and N (0.97 %o total N). Compared with untreated control plants, root biomass production was
slightly enhanced in all treatments to a similar extent (20-30%). However, application of organic
fertilizers distinctly increased the proportion of fine roots and lateral root development. This may be
related to (i) localized root proliferation in response to a more inhomogenous nutrient supply by
application of organic fertilizers, (ii) to microbial effects on root growth due to a higher soil
microbial activity detected after supply of organic fertilizers and (iii) to an improvement of soil
structure particularly in the treatment with cow manure. Shoot biomass was increased by
approximately 50% in low-NPK and organic fertilizer treatments, and by more than 100% after
high-level NPK application. Nitrogen appeared to be a major limiting nutrient in plants treated with
low-NPK levels and organic fertilizers. This was also confirmed by increased chlorophyll levels in
older leaves of high-NPK plants, whereas no significant differences were detectable in young
leaves. Despite of the high buffering capacity of the investigated subalkaline soil with a bulk soil
pH around 7.5, apple roots were able to decrease the external pH by more than two units (pH 5.3)
at the rhizoplane and by approximately one unit in the rhizosphere (pH 6.5 in 1 mm distance to the
root surface). This effect was largely independent of root zones and nutrient supply, and may be
particularly important for acquisition of acid-soluble P sources in calcareous soils. Accordingly,
high P concentrations between 0.35% and 0.55% were detected in the leaf tissue independent of the
fertilizer application. Especially in treatments with sugar beet compost but also in control plants
without fertilizer application, increased concentrations of malate (80-130%) and citrate (3001,000%) were detected in the rhizosphere soil solution collected from 1 cm apical root zones but not
in more basal parts of the root. In combination with rhizosphere acidification, increased carboxylate
exudation may contribute also to improved acquisition of Fe and micronutrients, such as Mn, Zn
and Cu in alkaline soils.
Keywords: apple, mineral fertilizers, organic fertilizers, rhizosphere, root exudation
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Depletion of nonexchangeable potassium in the
maize rhizosphere and its possible releasing processes
MOR1TSUKA Naoki. YANAI Junta and KOSAKI Takashi
Laboratory of Soil Science, Graduate School of Agriculture, Kyoto University, Sakyo-ku, Kyoto
606-8502,Japan
Nonexchangeable potassium in soil plays an important role for plant nutrition in some
circumstances. Exchange reaction and/or acid dissolution are the two main processes involved in
its release from the rhizosphere. However, the source and the releasing processes of
nonexchangeable K from the rhizosphere are not understood well for natural soils, mainly due to
the lack of a suitable method for evaluating its depletion in the rhizosphere. This study therefore
aimed to quantify the depletion of nonexchangeable K in the rhizosphere and to estimate the source
and the releasing processes of nonexchangeable K supplied to plants, by using a 0.0IM HCl
sequential extraction that enables the detection of a subtle depletion of nonexchangeable K in the
rhizosphere. Two rhizobox experiments were conducted by growing maize for 17 days under
different K sources (non-allophanic Andosol, Fluvisol, biotite and orthoclase). As a result,
nonexchangeable K decreased in the rhizosphere of Andosol, Fluvisol and biotite, but not of
orthoclase. The width of depletion was about 0-1 mm from the root compartment regardless of K
sources, and was much less than that of exchangeable (5-10 mm) and water-soluble (50 mm) K.
Total depletion of nonexchangeable K at the root compartment amounted to 0.26 mg (1.1% of plant
uptake) for Andosol and 0.88 mg (4.4% of plant uptake) for Fluvisol, although it was too small to
detect as mineralogical changes by the XRD analysis. These results suggested that the main source
of nonexchangeable K for maize was the interlayer K in 2:1 type clay minerals. All the rhizosphere
pHs were above 4.5. Thus mineral dissolution by proton would not occur and the exchange of
interlayer K was suspected. For the exchange of interlayer K, a decrease of solution K+ below a
certain threshold is known as a prerequisite. However the concentration of solution K+ at the root
compartment (650 mmol m"3 for Andosol, 722 mmol nï 3 for Fluvisol, 406 mmol m 3 for biotite)
was higher for biotite or extremely (about 10 times) higher for soils than the known thresholds.
Moreover, release of nonexchangeable K from biotite occurred mainly at the root compartment
where marked depletion of solution K+ was not observed. From these observations, another
unknown releasing process was considered to exist. We therefore suggest that the release of
interlayer K can also be induced as follows; 1) oversupply of cations such as Ca +, Mg + or Na+
toward roots (which was observed in this study), 2) readsorption of them in the rhizosphere on 2:1
type clay minerals near the edge of interlayer but beyond the range of NH4 adsorption, 3)
concomitant removal of the NH^-nonexchangable K even above the known thresholds of solution
K+, which is followed by the expansion of the interlayer space, and 4) further removal of the deeper
K by repetition of the above processes. Whether such readsorption is present and/or prerequisite
should be further investigated.
Keywords: exchange reaction, maize, nonexchangeable potassium, readsorption, rhizosphere,
sequential extraction with 0.0IM HCl
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Dynamics of rhizosphere-microbial communities as related
to root exudation in P-deficient Lupinus albus
MARSCHNER Petra (1), NEUMANN Günter (2) and KANIA Angelika (2)
(1) Institute for Applied Botany, University of Hamburg, 20355 Hamburg, Germany
(2) Institute of Plant Nutrition, University of Hohenheim, 70593 Stuttgart, Germany
Cluster roots of white lupin (Lupinus albus L.) have been functionally linked with a very
efficient chemical mobilization of sparingly soluble soil P sources by organic chelators (citrate,
malate, phenolics) and ectoenzymes (acid phosphatase), released into the rhizosphere in
extraordinary high amounts. Alterations of root exudation during cluster root development are
responsible for dramatic changes in the composition of the rhizosphere soil solution. Drastic
alterations in rhizosphere pH, redox potential, release of carboxylates and phenolics, and a high
expression of chitinase in cluster roots suggest a marked influence on microbial communities during
cluster root development. This may in turn have important consequences for microbial turnover of
root exudates and on production of microbial metabolites involved in nutrient mobilization.
This study was conducted to characterize the dynamics in the composition of bacterial and
fungal communities in the rhizosphere of cluster roots of white lupin grown in rhizoboxes in sand
culture with rock phosphate as sparingly soluble low P source. The endemic soil microflora of a
lupin field site in Piemonte, Italy, was introduced by inoculation of the sand culture substrate with
10% (w/w) of the freshly-collected field soil. Soil solution from the rhizosphere of cluster roots,
non-cluster roots and from the bulk soil was collected at 4 and 6 weeks after sowing by 2 h
application of small strips of moist filter paper with a high soaking capacity. Water extracts of the
filter strips were analysed for organic acids by HPLC. The respective root zones with adhering
rhizosphere soil were harvested and stored at -80°C until DNA extraction. Bacterial and fungal
communities were characterized by 16S and 18S rDNA analysis after PCR amplification with
bacterial and fungal primers and subsequent separation by denaturating gradient gel electrophoresis
(DGGE). Canonical correspondence analysis of microbial communities (based on relative band
intensity and position) was performed with the corresponding data obtained for the exudation
patterns of the respective root zones. Bacterial populations on cluster roots were affected by the
concentrations of citrate, malate and cis aconitate in the rhizosphere soil solution but not by
fumarate. In non-cluster roots, bacterial populations were only related with the malate
concentration. In contrast, fungal populations were influenced only by citrate exudation in cluster
roots but not in other root zones. It is concluded, that the bacterial and fungal community
composition is highly dynamic and is differentially affected by certain exudate compounds.
Keywords: cluster roots, DGGE, Lupinus albus, microorganisms, phosphorus deficiency, root
exudates
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Soil moisture dynamics during drought in a simulated
rainfed lowland environment
NIEUWENHUIS Pailin (1). LALES Joveno S. (2), ROBLES Restituta P. (2), SAMONTE
Henry S. (2) and WADE Leonard J. (3)
(1) Pathumthani Rice Research Center, Tanyaburi, Pathumthani 12110, Thailand
(2) University of the Philippines Los Banos, College, Laguna 4031, Philippines
(3) University of Western Australia, Crawley, WA 6009, Australia
A greenhouse experiment was conducted at the International Rice Research Institute to
determine the dynamics of soil moisture during drought as influenced by soil type, hardness of
subsurface artificial barrier and puddling under simulated rainfed lowland conditions. The
experimental units were Polyvinylchloride (PVC) pipes of 20 cm diameter and 50 cm height. The
two soil types used in the study were classified as clay loam and clay containing 30% and 54% clay,
respectively. The artificial subsurface barrier was a 5 mm thick paraffin wax-petroleum jelly
mixture, which were prepared and installed as soft (3:97) and hard (60:40) at 20 cm below the soil
surface. Puddling was carried out with a mechanical stirrer. Drought was imposed from 21 to 40
days after planting 10-day old seedlings of lowland rice cv. IR62266. Daily measurement of soil
volumetric moisture content was carried out with a time domain reflectometer calibrated under
puddled and non-puddled soil conditions. Rate of water extraction was calculated from soil
volumetric moisture content. Cumulative transpirational water loss was determined by gravimetric
method. Soil penetration resistance was determined with a cone penetrometer at the end of the
drought period.
Variations among soil depth in both soil types in terms of soil moisture content were not
distinct one day after withholding water. Both soil types, however, showed distinct soil moisture
profile as drought progressed. The effect of puddling on soil moisture retention at depth was not
distinct in the clay loam soil. The puddled clay soil with soft or hard subsurface barrier consistently
showed higher soil moisture content than the clay loam soil. The same soil showed clear indication
of adequate moisture supply at 10-30 cm below the artificial subsurface barrier even at 19 days after
the imposition of drought. Soil type-related differences in soil moisture profile were partly
attributed to variations in cumulative transpiration, which was linked to root length density dependent water extraction. The presence of a hard artificial subsurface barrier limited root
penetration into the lower layer of the soil profile. Puddling as a soil constraint to root growth was
more severe in the clay soil. Hence, the presence of substantial amount of water that was not
extracted in the subsurface layer of the clay soil at the end of the 19-day drought period. Both soil
types showed higher penetration resistance at the end of the drought under puddled conditions. The
puddled clay loam soil showed higher penetration resistance than the clay soil in that a pressure
greater than 5.55 MPa was needed to break the 2 cm surface layer.
Keywords: soil moisture dynamics, puddling, subsurface barrier, water extraction, root growth,
rainfed lowland
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Microbiological differentiation between near root and
bulk soil in grain-growing soils of Southern Australia
PIERRET Alain (O, PANKHURST Clive (2), KIRBY Mac (1), HAWKE Bruce (3) and
MORAN Chris (1)
(1) CSIRO Land & Water, GPO Box 1666, Canberra ACT 2601, Australia
(2) CSIRO Land & Water, PMB P.O. Aitkenvale, Townsville QLD 4814, Australia
(3) CSIRO Land & Water, PMB 2, Glen Osmond, Adelaide SA 5064, Australia
Some hardsetting soils in Southern Australia have subsoils with high bulk density which may
constrain root growth. In these soils, a large proportion (up to 80%) of plant roots may be
preferentially located within or in the soil within 1-10 mm of the macropores, i.e. the macropore
sheath (MS). In this paper, we quantify the extent of the microbiological differentiation between the
macropore sheath and bulk soil (BS) with time and at different soil depths at one site (Munro Wagga Wagga, NSW). We also examine if such a differentiation exists in a range of grain-growing
soils under different crops: 9 treatments were sampled at 7 locations across Southern Australia. For
each treatment, duplicate samples were taken at 4 soil depths (0 to 80 cm in 20 cm steps).
The microbiological properties of the macropore sheath soil manually dissected from a 1 -3 mm
wide region surrounding the macropores was compared with that of adjacent bulk soil. For the
Munro site, duplicate samples from 4 soil depths (0 to 80 cm in 20 cm steps) were collected over a
2 year period (3 sampling per season). Microbiological analysis included enumeration of different
microbial functional groups, substrate utilization patterns using Biolog GN plates (Biolog,
Hayward, CA) and extraction of phospholipid fatty acids.
Overall, we observed a marked differentiation between the macropore sheath and bulk soil at
all the sites where structure was strongly developed. There was a significant (p<0.05 or less) effect
of (i) crop on microbial MS:BS ratios (lucerne > wheat / barley > canola), (ii) site on microbial
MS:BS ratios and (ii) sampling time on microbial groups in MS and BS at the Munro site.
Compared to the bulk soil, the macropore sheath supported higher populations of bacteria,
fungi, actinomycetes, Pseudomonas spp., Bacillus spp., cellulolytic bacteria, cellulolytic fungi,
nitrifying bacteria and the root pathogen Pythium and had higher organic C, total N, K, Ca, Cu, Fe
and Mn. The microbial communities associated with the macropore sheath had a higher metabolic
activity and greater functional diversity than those in the bulk soil. This was observed at all depths
at Munro. Fatty acids associated with bacteria and fungi were also present in greater amounts in the
macropore sheath. The populations of microbial functional groups in the macropore sheath and bulk
soil decreased with increasing depth, but those in the bulk soil decreased more rapidly, so the
difference between the macropore sheath and bulk soil grew with increasing depth.
Keywords: macropores, roots, microbial functional groups, metabolic potential, PLFA, Biolog
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Changes in rhizosphere pH and Cu bioavailability to plants
in a vineyard fersialsol as affected by liming
OUESNOIT Marie, CHAIGNON Valrie and HINSINGER Philippe
INRA, UMR Sol & Environnement, Place Viala, F-34060 Montpellier Cedex 2, France
In vineyards, copper salts have been applied as fungicide against mildew for more than one
hundred years, resulting in a build-up of Cu concentrations (up to 100-1,500 |xg g') in soils (FloresVelez et al, 1996). In the Languedoc vineyards of Southern France, the recent shift of about
150,000 ha to other land uses now raises the question of the bioavailability of Cu for crop species.
The bioavailability of metals is known to vary with soil pH which is itself capable of varying in the
rhizosphere as a consequence of root activity (Hinsinger, 2001). The aim of this work was to study
how the mobilisation of Cu was related to root-induced changes of rhizosphere pH, for a range of
initial pH values obtained by adding various amounts of lime (Ca(OH)2) to an acidic fersialsol from
a small agricultural watershed in Roujan (south of France). The total Cu content of the soil
amounted to 165 u.g g"1 and its initial pH was 3.7 (in CaCb). Various amounts of lime were added
to yield a range of ten soil pH values between 3.7 and 6.5. Oilseed rape (Brassica napus cv
Goeland) was grown on top of a thin (1-2 mm) layer of soil for 8 days, using the cropping device of
Guivarch et al. (1999), which enables an easy access to roots, shoots and rhizosphere soil. The
plants were harvested and analysed for their Cu content. At harvest, the rhizosphere soil was
collected and extracted with 0.05M CaCb and 0.01M Na2EDTA. Soil pH was determinated in the
0.05M CaCb extract. The concentrations in plant parts and the amounts of Cu that accumulated in
the roots and the shoots were compared with rhizosphere pH changes and the amounts of Cu
extracted from the soil, deduced from the comparison of uncropped (control) and cropped
(rhizosphere) soils. A major finding of this work is that plant roots induced some significant pH
changes which varied in both direction and intensity accordingly to the initial soil pH (amount of
added lime): at the most acidic pH values (below 4.7), soil pH increased in the rhizosphere whilst it
decreased at larger pH values. The largest pH changes were obtained at the most extreme (both
largest and smallest) pH values. A very significant uptake of Cu occurred at all pH values and the
highest concentrations were systematically observed in the roots. Over the investigated pH range,
the amounts of Cu in the plants was surprisingly little affected by soil pH (or rhizosphere pH). The
bioavailability of Cu for the plants also occurred to be independent of CaCb- and EDTAextractable Cu. However, the amounts of Cu adsorbed onto root cell walls increased with increasing
rhizosphere pH, in spite of the decrease in CaCb-extractable Cu with increasing pH. These results
suggest that liming Cu-contaminated acid soils may not result in a reduction of the bioavailability of
Cu for the plants, because of the increasing affinity for Cu of the root cell wall constituents with
increasing pH.
Keywords: bioavailability, copper, rhizosphere, root, soil pH
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Mobilization of phosphate from goethite at the surface
of cluster roots in Lupinus albus L.
REUTER Daniel (11. NEUMANN Günter (2) and LANG Friederike (1)
(1) Institut für Bodenkunde und Standortslehre (310), Germany
(2) Institut für Pflanzenernährung (330) Universität Hohenheim 70593 Stuttgart, Germany
It is known, that white lupin (Lupinus albus L.) reacts on exposure to phosphate (P) deficiency
by formation of cluster roots. Due to intense exudation of low molecular weight organic acids,
particularly citrate, these root clusters exhibit a remarkable potential for mobilization of sparingly
soluble soil phosphates. However, up to now, P mobilization by citrate has only been indirectly
demonstrated by model calculations, by extraction experiments using soil columns and artificial
root exudates or by analysis of precipitates in the rhizosphere of cluster roots. It is hypothesized,
that the P-mobilizing effect in acid soils is mainly due to dissolution of iron oxides and ligand
exchange of phosphate sorbed to these oxides.
For our experiments, white lupin was cultivated during 4-5 weeks under controlled
environmental conditions in nutrient solution without P supply. Thereafter, the root systems were
spread on a plastic tray and exudates from individual root clusters were collected during 2 h by
application of moist chromatography paper with a high soaking capacity onto the root surface.
Concentrations of citrate, malate, fumarate, cis-aconitate and trans aconitate in water extracts of the
filters were determined by HPLC. Directly after collection of root exudates, cellulose acetate filters,
loaded with synthetic goethite, which has previously been treated with phosphate solution, were
placed on the surface of the repective root clusters. After an incubation period of 24 h, the amount
of phosphate mobilized was estimated by measuring the residual P concentrations of the iron
oxides.
It could be shown, that dissolution only plays a minor role for phosphate release from highly
cristalline iron oxides, such as goethites, whereas ligand exchange seems to be the primary
mechanism, by which P is mobilized. Therefore, the diffusion of citrate and phosphate in the pore
space of the iron oxides could be the rate limiting factor for supply of phosphate to the plant roots.
A positive correlation was observed for the concentration of citrate in the filter extracts and
mobilization of phosphate. The correlation between the amount of malate exudation and released
phosphate was negative, suggesting that younger cluster roots and non cluster roots, with
predominant release of malate, do not contribute much to root-induced acquisition of P from
cristalline Fe oxides.
Keywords: citrate, cluster roots, Fe oxides, Lupinus albus, P mobilization, root exudates
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Arbuscular mycorrhizal fungi can transport uranium
under root-organ culture conditions
RUFYIKIRI Gervais (1). DECLERCK Stephane (2), WANG Lian (3) and THIRY Yves (1)
(1) SCK-CEN, Radiation Protection Research Department, Boeretang 200, 2400 Mol, Belgium
(2) UCL-Mycothèque de 1'Université catholique de Louvain, Unite de Microbiologie, 3 Place
Croix du Sud, 1348 Louvain-La-Neuve, Belgium
(3) SCK-CEN, Waste and Disposal Department, Boeretang 200, 2400 Mol, Belgium
The U mobilization and transport by the arbuscular mycorrhizal fungi (AMF) Glomus
intraradices was studied under root-organ culture i.e. in vitro conditions. Two experiments were
conducted using Agrobacterium rWrogertes-transformed carrot (Daucus carota L.) roots as host for
AMF. In the first experiment, mycorrhizal and non-mycorrhizal roots were cultured for five weeks
in Petri plates on the modified Strullu-Romand (MSR) medium containing 0.1, 0.5, 1 and 5 uM
233
U. In the second experiment two-compartment Petri plates were used to separate a compartment
(Root compartment) allowing the growth of mycorrhizal roots and extraradical fungal structures
(mycorrhizal roots and mycorrhizosphere) from a compartment (Hyphal compartment) where only
fungal hyphae were allowed to grow during two weeks (hyphosphere). Both compartments
contained the MSR medium, solidified in the root compartment and solution to which 0.1 uM 233U
was added in the hyphal compartment. At the end of the experiments, U concentration was
measured in roots for the first experiment, and in roots, in the mycorrhizosphere and in fungal
biomass developing in the hyphosphere in the second experiment. Results from the first experiment
showed a larger concentration of U in mycorrhizal roots than in non-mycorrhizal roots only at low
U concentration in the growth medium. The second experiment showed that U was mobilized by
AMF. This mobilization included (1) U accumulation in the extraradical fungal structures
developing in the hyphosphere compartment, and (2) U transport from the hyphosphere to the root
compartment in the mycorrhizosphere and in the mycorrhizal roots. The U transport was greater at
pH 4 than at pH 5.5 and 8 while the U accumulation in fungal biomass showed an inverse trend. For
the first time mycorrhizal fungi are shown to transport U to roots. The extent of this transport is
highly influenced by the pH of the growth medium.
Keywords: arbuscular mycorrhizal fungi, Ri T-DNA transformed roots, uranium transport
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Mechanistic approach to study P and Mn depletion
in rhizosphere of wheat (Triticum aestivum L.)
SADANA Upkar Singh. SATNAM-SINGH and KUSUM-LATA
Department of Soils, Punjab Agricultural University, Ludhiana-141004, India
Mechanistic models have been proposed by several workers to comprehend the processes
occurring in the rhizosphere that control the uptake of nutrients by plants. Recent version of nutrient
uptake model (NST 3.0) has been used to find out P and Mn depletion in rhizosphere of wheat.
Two-pot culture experiments were conducted using a sandy loam soil low in P (pH 8.2, organic
carbon 0.35% and Olsen P 4.5 mg kg"1 soil) and a loamy sand soil low in Mn (pH 7.8, organic
carbon 0.5% and DTPA-available Mn 1.5 mg kg"1 soil). The low P soil samples were fertilized with
Ca(H2PC>4)2 to obtain medium and high P soil with varying soil solution P concentration from 4.2 to
412 u.M. The low Mn soil samples were fertilized with 50 and 100 mg Mn kg"1 soil. Wheat was
grown in polyethylene-lined pots and soil and plant parameters were determined after 12 and 24
days of growth in first experiment and after 13 and 40 days of growth in second experiment.
Nutrient uptake model satisfactorily predicted P influx in wheat. However, at low P levels there
was under prediction and at high P levels there was over prediction of P influx in wheat. Model
predictions were very close to measured P influx in medium P soil. When root hairs were included
in calculations, model predicted more closely P influx in wheat. Calculated concentration profiles
showed that at the root surface P concentration in the soil solution decreased from 4.2 p.M to 0.27 |i
M in low P soil, from 12.9 u,M to 0.68 u.M in medium P soil and from 354 u.M to 273 U.M in high P
soil, respectively after 12 days of uptake. At a distance of 0.2 mm from the root surface, wheat
could decrease soil solution P concentration by 77, 78 and 2 1 % of the original value in low,
medium and high P soil, respectively after 12 days of uptake. Nutrient uptake model could also
satisfactorily predict Mn influx in wheat. Calculated concentration profiles showed that in no-Mn
treatment, initial Mn concentration of 0.23 U.M in soil solution decreased to only 0.21 |iM at the
root surface after 27 days of uptake. In the same way wheat had decreased Mn concentration at the
root surface from 0.41 (iM to only 0.39 (xM during identical period in Mn treated soil. The results
evidently point out that the supply of Mn to the roots was not a limiting factor.
It could be concluded that nutrient uptake model closely predicted P and Mn influx in wheat
that suggests that the calculated concentration profiles are accurate. Wheat could decrease P
concentration at the root surface by 94% of the original value in low P soil after 12 days of uptake,
whereas this decrease in Mn concentration was only 7.4% in low Mn soil even after 27 days of
uptake.
Keywords: manganese, mechanistic model, phosphorous, rhizosphere, wheat
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Solid phase metal fractionation as affected by organic matter
in the rhizosphere of forested soils
SÉGU1N Véronique (1), COURCHESNE Francois (1), GAGNON Christian (2), MARTIN
Ronald R. (3) and GOBRAN George R. (4)
(1) Département de géographie, Université de Montreal, C.P. 6128, Succ. Centre-ville, Montreal,
Canada, H3C 3J7
(2) 2St. Lawrence Centre, Environment Canada, 105 McGill Street, 7th floor, Montreal, H2Y 2E7, Canada
(3) Department of Chemistry, University of Western Ontario, 1151 Richmond St., Suite 2,
London, Canada
(4) Department of Ecology and Environmental Research, Swedish University of Agricultural
Sciences, Box 7072, S-750 07, Uppsala, Sweden
It is well established in the literature that a low soil pH value and a high organic matter content
increase metal availability to plants. In this context, it was shown that the rhizosphere is an
environment enriched in organic matter and more acidic than the bulk soil (Marschner and
Römheld, 1996). However, very few data are available on metal fractionation in this zone of root
influence. Consequently, the objectives of this study are: 1) to characterize the solid phase
fractionation of metals in the rhizosphere and bulk components of forested soils along a gradient of
metal contamination as well as for soils developing under different tree species and 2) to understand
the mechanisms involved in the fractionation of metals and to establish the role of organic matter.
Three sampling locations were chosen: Rouyn-Noranda (-600 km north west of Montreal,
Canada) where sites are distributed along a gradient in metal contamination, St-Hippolyte (-80 km
north of Montreal, Canada) for the study of the influence of three distinct tree species (Abies
balsamea (L.) Mill, Acer saccharum Marsh and Betula papyrifera Marsh) on similar podzolic soils
and in Sweden in the context of a long term study. The rhizosphere is separated using a two-phase
process requiring agitation and static energy in order to isolate an inner and an outer rhizosphere
together with the bulk soil. Soil pH in water and organic C content are measured on each of the
three soil components. Chemical extractions are performed with H2O, BaCb, Na-pyrophosphate,
NH4-oxalate and aqua-regia/HF to determine thefractionationof Al, Fe, Mn, Cu, Ni, Pb, Zn and
Cd. Synchrotron X-ray fluorescence is used to establish the micrometric spatial distribution of total
metal content in the immediate vicinity roots. The characterization of fulvic and humic acids as
well as low molecular mass acids will be obtained using NMR 13C, UV spectrophotometry and
total C analyser to assess their role in metal fractionation.
Results indicate that the recognition and separation of inner and outer rhizosphere components
refine the portrait of the influence of roots on soil materials. The inner rhizosphere is significantly
enriched in organic matter compared to the two other soil components (outer rhizosphere and bulk
soil) at the cc=0.001 level. Moreover, the rhizosphere has a greater content of Fe and Al extractible
with barium chloride and/or sodium pyrophosphate compared to the bulk soil. Preliminary
synchrotron X-rayfluorescencedata also suggest that the zone of immediate contact between the root
and the soil is markedly enriched in metals (Cu, Fe and Mn). Preliminary mineralogy results indicate
that easily weatherable minerals are less abundant in the rhizosphere than in the bulk soil. All these
results indicate that the rhizosphere can affect thefractionationof the metals compared to the matrix.
This study will significantly broaden our understanding of plant nutrition and will find
applications in the development of innovative procedures for the clean-up of soils by
phytoremediation as well as in the establishment of new soil quality indicators.
Keywords: rhizosphere, metal fractionation, organic matter, forest soils, synchrotron, mineralogy
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Phosphorus uptake by arbuscular mycorrhizal hyphae
of genetically diverse fungi from the Jarrah forest
SOLA1MAN M.Z. m . ABBOTT L.K. (1), JAKOBSEN I. (2) and LAMBERS H. (3)
(1) Soil Science & Plant Nutrition, The University of Western Australia, Crawley, WA 6009,
Australia
(2) Plant Biology and Biogeochemistry, Riso National Laboratory, Roskilde, DK-400, Denmark.
(3) Plant Sciences, The University of Western Australia, Crawley, WA 6009, Australia
Jarrah (Eucalyptus marginata Dorm ex Smith) forest is unique to the south-western corner of
Western Australia. The ecosystem is complex, having low soil fertility, in particular limited
availability of nutrients such as N and P. Arbuscular mycorrhizal associations are assumed to be
important in natural ecosystems of this forest but this is difficult to assess. Communities of
indigenous AM fungi are expected to alter phosphorus uptake and biomass productivity in relation
to characteristics of their contrasting life-cycles and modes of interaction and to differential
associations with host plants. This research investigated differences among three AM fungi from
different genera isolated from the jarrah forest with respect to their colonisation, biomass
production and P uptake over time. We examined differences in their capacity to access P from
increasing distances from the root. Phosphorus sources in root-exclusion mesh bags were inserted 2,
4 and 6 cm from plants restrained in separate mesh bags. We grew an understorey plant,
Phyllanthus calycinus, that has been shown to be extensively mycorrhizal. Acaulospora laevis
colonised plants to the greatest extent, producing higher plant biomass and plant P content
compared to the other two fungi. Plant biomass and P uptake were enhanced where P sources were
closest to the root, as expected, but there were differences among fungi despite 2 different levels of
inoculum being used for each fungus. The capacity of individual AM fungi to access P from point
source at different distances from a highly mycorrhizal native forest understorey plant and their
contribution to plant growth and P uptake varied.
Keywords: arbuscular mycorrhizal fungi, Jarrah forest, understorey plant, hyphae, P uptake
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HolophagalAcidobacterium diversity and physiology
in the rhizosphere of oil seed rape (Brassica napus)
STAINSBY Fiona M. and O'DONNELL Anthony G.
Centre for Molecular Ecology, Department of Agricultural and Environmental Science, University
of Newcastle, Newcastle-upon-Tyne, NE1 7RU, UK
Members of the bacterial phylum HolophagalAcidobacterium are widely distributed in the bulk
soil and have been frequently detected in the rhizosphere of oilseed rape (Brassica napus) using
16S rDNA based approaches (Macrae et al., 2000). However, the ecological importance of this
bacterial group has not been established. This, in part, is due to the lack of cultured representatives
available for physiological study. At present only three species, namely, Acidobacterium
capsulatum, Geothrix fermentans and Holophaga foetida have been isolated in pure culture and
characterised. The wide variation in physiology demonstrated by these species suggest various
functional roles within the environment. In the present study 16S rRNA was amplified using a
nested PCR approach and group-specific primers, and denaturing gradient gel electrophoresis used
to profile the phylogenetic diversity of metabolically active members of this group associated oil
seed rape in a model rhizosphere system. PCR products were also cloned and randomly selected
amplicons screened by restriction digestion and analytical agarose gel electrophoresis. Clones
exhibiting different RFLP patterns were sequenced and their phylogenetic affiliations established
using available software. A molecular enrichment and cytochemical staining technique was devised
and optimised using pure bacterial cultures including A. capsulatum. This approach enabled
selection of carbon substrates, reported as constituents of plant root exudates, that may be exploited
in the development of novel isolation strategies for members of this group present in the
rhizosphere. Recovery of these organisms in pure culture will, in turn, enable exploration of their
metabolic potential and allow us to equate phylogenetic with physiological diversity. This study
demonstrates the potential of combined molecular and cytochemical approaches for devising
appropriate strategies for the isolation of rarely cultured bacteria. The molecular studies also
highlight the diversity of members of this phylum associated with the rhizosphere and supports the
view that they play a significant functional role in the soil environment.
Keywords:
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Roots regulate ion transport in the rhizosphere to
counteract reduced mobility in dry soil
STEINGROBE Bernd. LIEBERSBACH Horst and CLAASSEN Norbert
Insitute of Agricultural Chemistry, University of Goettingen, Von-Siebold-Str. 6, 37075
Goettingen, Germany
Diffusion of ions in the soil depends on soil moisture content. In a dry soil, transport of
nutrients towards the root and the concomitant uptake could be reduced. However, pot and field
experiments showed that this is not always the case. The objective of this paper was to investigate
possible mechanisms of plants to counteract reduced nutrient supply due to water shortage.
A split root system was used to investigate P and K inflow of oat and sugar beet at different soil
moisture contents (0) without water shortage for the plant. The measured average P and K inflows
were compared to model calculations considering diffusion, mass-flow, sorption and uptake
processes. In the calculations, soil dryness impedes diffusion and decreased nutrient inflow as
expected. Measured K inflow was decreased in a similar way indicating that 0 influences K
diffusion. In contrast to this, measured P inflow was not influenced by 0 and under-estimated by
the model. Low and high molecular exudates were gained at different water supply levels showing
that exudation rate of both compounds was increased at water shortage. Especially the high
molecular exudates (i.e. mainly mucilage) from water-stressed plants increased P concentration in
soil solution under dry conditions in an incubation experiment. Calculated inflow considering this
increased P concentration agreed well with measured P inflow indicating that exudation of mucilage
could be a mechanism to overcome nutrient transport problems due to soil dryness.
Keywords: diffusion, low molecular exudates, high molecular exudates, oat, soil moisture content,
sugar beet
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Mobilisation of zinc by plants as affected by
soil and rhizosphere pH
STRACZEK Anne (1), LOOSEMORE Nancy (1), BRIAT Jean Francois (2), HINSINGER
Philippe (1), Valerie SAPPIN-DIDIER (3), VANSUYT Gerard (2) and JAILLARD Benoit (1)
(1) UMR Sols, Symbioses et Environnement, 1 place Pierre Viala, 34060 Montpellier cedex 1,
France
(2) UMR Biochimie et Physiologie Moleculaire des Plantes, INRA/ ENSA-M/ CNRS/ Université
Montpellier 2, 2 place Pierre Viala, 34 060 Montpellier Cedex 1, France
(3) Unite d'Agronomie BGETA, INRA, av E. Bourleaux, 33883 Villenave d'Ornon, France
The acquisition of metals by plant roots (uptake and accumulation) is determined both by the
absorption process and by chemical processes implied in the rhizosphere such as the release of
protons and complexing exudates ad changes in redox potential (Hinsinger, 2001). This work aims
at evaluating the respective contributions of various of these rhizosphere mechanisms in the
acquisition of zinc (Zn) by plant roots. It is based upon the use of genetically engineered plants
(Nicotiana tabacum L.) altered in their capacity to release protons and to store iron. Indeed, the
proteins involved in the storage of metals are poorly specific and can thus store Zn and Cd as well
as Fe (Vansuyt et ai, 1999). The capacities of wild-type and transformed plants to accumulate Zn
was determined in hydroponic conditions. Zinc was adsorbed onto two types of metal-bearing
minerals: a synthetic poorly ordered Fe oxide (2 mg Zn g~' ferrihydrite) and a clay mineral that
contains epitaxial Zn (4 mg Zn g~' hectorite). The ability of each mineral to release Zn was studied.
The acquisition of Zn for wild-type and transformed plants grown on the various minerals
suspended in agarose gel were then measured with a cropping device designed to easily separate
plant roots from the rhizosphere material (Niebes et ah, 1993). The chemical characterisation of the
various minerals showed that each compound maintained a given equilibrium Zn concentration
which depended on its initial Zn content and on solution pH. Equilibrium Zn concentrations were
larger for ferrihydrite than for hectorite. When cropping the plants on these various minerals as sole
source of Zn, Zn bioavailability ranked accordingly for both wild-type and transformed plants. This
confirms that the bioavailability of a metal is primarily determined by the capacity of the metalbearing mineral to maintain a large concentration of metal in solution. Under hydroponic
conditions, the capacities of wild-type and transformed tobacco to accumulate Zn were fairly
similar. In contrast, for both minerals, there was a trend for a larger accumulation of Zn by
transformed plants compared with wild-type.
Keywords: bioavailability, ferrihydrite, hectorite, pH, rhizosphere, root, zinc
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Release of protons/bicarbonate ions in the rhizosphere of
two bean genotypes as affected by P deficiency
TANG Caixian (1,2), DREVON Jean-Jacques (1), JAILLARD Benot (1), SOUCHE Grard (1)
and HINSINGER Philippe (1)
(1) INRA, UMR Sol & Environnement, Place Viala, 34060 Montpellier Cedex 1, France
(2) Soil Science and Plant Nutrition, University of Western Australia, Crawley WA 6009,
Australia
Several billions of hectares wordlwide are considered to contain too little phosphorus (P) for
sustaining adequate plant growth. Hence, P deficiency is one of the major limiting factors for the
production of bean (Phaseolus vulgaris L.). Bean genotypes however differ substantially in their P
acquisition efficiency which means that some genotypes perform better than others when exposed
to low P soils. This can be due to differences in root architecture or in the ability of the roots to alter
the chemical conditions of the rhizosphere that can ultimately affect the bioavailability of soil P, via
the exudation of phosphatase-like enzymes, organic acids, or protons/bicarbonate ions (Hinsinger,
2001). These various processes have been shown to be sometimes enhanced as a response to P
deficiency. To test this hypothesis, this study compared the release of protons/bicarbonate ions by
two bean genotypes (BAT477 and DOR364) in response to P deficiency. This was assessed both at
the whole plant level via a pH-stat experiment conducted in hydroponic culture and at the level of
the various portions of a single root via the videodensitometry technique developed by Jaillard et al.
(1996). The plants were grown in nutrient solutions at two P concentrations (1 and 25 M) for 17-33
days after germination. Two N treatments were compared : plants were either fed with nitrate or
reliant on N2 fixation after having been inoculated with Rhizobium tropici (CIAT899 strain). In the
pH-stat experiment, the amounts of protons/bicarbonate ions released by the roots of whole plants
were monitored over a 24-h period by continuous titration and recording of the amounts of
base/acid delivered to maintain the pH of the nutrient solution at a given value (pH = 6 in the
present experiment). For the videodensitometry, two roots of a single plant were embedded in a thin
sheet of agarose gel that included a pH dye indicator (bromocresol purple). The pH map was
derived by image analysis. Proton efflux profiles along each root was then deduced by comparing
maps obtained over a 2-h period at 15-min time intervals. Results of the pH-stat experiment snowed
decreased bicarbonate release of nitrate-fed plants under P deficiency, with little differences
between the two genotypes. Plants relying on N2 fixation showed conversely a decrease in proton
release under P deficiency, more so in BAT477 than in DOR364, the proton efflux being always
less for the latter genotype. The videodensitometry measurements showed little difference in the
efflux of protons between N2 fixing plants that were P-deficient or P-sufficient. However, marked
differences were observed for nitrate-fed plants : larger proton efflux was observed a few cm behind
the root tips of P-deficient plants, especially so for BAT477, explaining the overall decrease in
bicarbonate release measured at the whole plant level (pH-stat experiment).
Keywords: nutrient deficiency, pH, phosphate, proton release, rhizosphere, root
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Rhizosphere 0 2 release, Fe plaque and Zn acquisition of
different Zn efficient rice lines
THONGBAI P. (1,2), KIRK G. (1), GUERTA C.Q. (1) and HUGUENIN O. (1,3)
(1) International Rice Research Institute, Los Bafios, Philippines
(2) Contact address CSIRO Cotton Research Unit, ACRI. PO. Box 59 Narrabri NSW, Australia
(3) Institute of Plant Sciences, Swiss Federal Institute of Technology (ETH), Switzerland
Zinc (Zn) availability is always reduced in soils, which are flooded, calcareous, saline and/or
high in organic matter, although its total content may be sufficiently high. Previous work has
suggested the importance of rhizosphere acquisition or root-induced changes in the rhizosphere to
solubilize more Zn from the soil and increase Zn uptake in the plant. Rhizosphere O2 release and Fe
plaque precipitated at the rice root surface are two of the rhizosphere processes affecting Zn
acquisition and uptake.
This paper will illustrate the quantitative study for rhizosphere O? release and Fe plaque of rice
lines with different Zn efficiency. The different techniques used in this study provide not only more
information on Zn rhizosphere acquisition, but also more effective tools for screening rice for Zn
efficiency.
Keywords: Oryza saliva L., rhizosphere O2 release, Fe plaque, Zn acquisition, Zn efficient variety,
Zn uptake
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Research on change of rhizosphere soil properties of
Chinese fir plantation
YANG Chengdong and JIAO Ruzhen
Research Institute of Forestry, CAF, Beijing 100091, China

I

This article emphatically reviews the difference of soil biological activities, biochemical
activities and soil chemical properties between the rhizosphere and non-rhizosphere soil of first
rotation of Chinese fir (Cunninghamia lanceolata (lamb) Hook) plantation. It also reviews their
dynamic patterns during Chinese fir plantation development. The results show that the contents of
organic and inorganic nutrients in the rhizosphere soil of young, half-mature and near-mature
Chinese fir offirst-rotationare more than those in non-rhizosphere soil; except for total K in young
Chinese fir plantation. Various patterns of soil nutrients in different stages of Chinese fir plantation
development are as follows: available N shows the trend of declination in both rhizosphere soil and
non-rhizosphere soil; the content of available P also declines, only increases a little from halfmature stage to near-mature stage, but total P decreases from beginning to end. The content of
available K. increases from young stage to half-mature stage, but decline from half-mature stage to
near-maure stage both available K and total K. The contents of Cu, Zn, Mn, decrease greatly from
young stage to half-mature stage, and rehabilitate a little from half-mature stage to near-mature
stage in non-rhizosphere soil. As for the variation of the soil enzyme activity, both hydrolytic
enzyme and oxidizing enzyme are less active in rhizosphere soil than in non-rhizosphere soil at
young stage. However, when Chinese fir become into mature, the activities of soil enzymes are
higher in rhizosphere soil than those in non-rhizosphere soil. The results of soil micro-flora show
that the quantity of bacteria, actinomyces, fungi in rhizosphere soil is more than that in
non-rhizosphere soil in the young Chinese fir plantation. The quantity of bacteria and fungi
decreases in rhizosphere and non-rhizosphere soil, but the quantity of actinomyces increases along
with the Chinese fir becoming into half-mature. From half-mature Chinese fir plantation to near mature stage, the quantities of bacteria, actinomycetes and fungi increases. The variation of the
three types of microorganism in genus,species and amount in rhizosphere soil and non-rhizosphere
soil during stages of Chinese fir plantation development indicates the dynamic process of soil
degradation. The clear scientific evidences is provided for revealing mechanism of soil degradation
of Chinese fir plantation and finding technique way of prevention and cure by researching soil
properties of rhizosphere and non-rhizosphere .
Keywords: Chinese fir plantation, rhizosphere soil, non-rhizosphere soil, soil properties

1934

Symposium no. 64

Paper no. 938

Presentation: oral

An approach to study rhizosphere processes
under major cropping systems in China
ZHANG Fusuo. SHEN Jianbo, LI Long and LIU Xuejun
Laboratory of Plant Nutrition, China Agricultural University, Beijing 100094, P.R. China
Rhizosphere processes of individual plants have been widely investigated since 1904 when the
term "rhizosphere" was firstly put forward. In contrast, little attention has been paid to rhizosphere
effects at an ecosystem level. The present study investigated the rhizosphere processes in the
rotation of paddy-upland crops and the intercropping systems of peanut/maize, wheat/maize,
wheat/soybean, maize/soybean and maize/faba-bean as main cropping systems in China, using both
rhizobox and field experiments. In the rotation of paddy-upland crops, nutrient status in the
rhizosphere was significantly affected by the periodic change of water conditions. During
submergence of soils for rice cultivation, the availability of Mn increases, leading to Mn toxicity in
the plant and Mn leaching from the topsoil. In the wheat phase of the rotation, most available Mn
was either transformed to insoluble forms or adsorbed on freshly precipitation Fe oxides, causing
the rapid decline of Mn availability in the rhizosphere soil. In the peanut/maize, wheat/maize,
wheat/soybean, maize/soybean and maize/faba-bean intercropping systems, there were clear
interspecific rhizosphere interactions. Yield advantage of wheat intercropped with maize had
derived from an interspecific facilitation for nutrients and water. Intercropping yield advantage in
the wheat or maize/soybean depended completely on interspecific root interactions of the two
species. Maize improved Fe nutrition in the peanut plant through influencing rhizosphere processes
in the maize/peanut intercropping system. Based on the combination of rhizosphere research and
cropping systems, a conceptual model of rhizosphere ecosystem was preliminarily developed. It is
suggested that managing the rhizosphere ecosystem and controlling rhizosphere processes towards
sustainable development can be one of the most important ways to enhance utilization efficiency of
nutrient-resources and to improve productivity in typical cropping systems in China.
Keywords: rhizosphere processes, rhizosphere ecosystem, intercropping, rotation, rice, wheat
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General soil functions in desertification phenomenon
ANDREEVA Olga V. and KUST German S.
Institute of Soil Science MSU-RAS, Moscow 119899, Russia
Desertification is an integrated phenomenon of mutual combination of various natural and
antropogeneous processes, which operate in various conditions. The complexity of the
phenomenon hinders its rational typology and does not allow to suggest detailed scientific
approaches to forecast and combat desertification. The integrated system study of the phenomenon
could be one of the possible ways to solve the problem.
We suggested to differenciate separate "sides" of desertification and also to study different
correlations between these "sides". As it was shown earlier (Kust, 1991, Kust, 1999), the following
"sides" are distinquished: (a) "climatic side of desertification" which functions both as a factor and
a result of desertification, and also: (b) "soil", (c) "hydrological", (d) "biological" and
"geomorphological" sides, which function both as "conditions" and "results" of desertification.
Thus it is necessary to consider soil, hydrological, biological and geomorphological conditions
of desertification affected ecosystems (both initial, and transformed by desertification), on one
hand, as objects of desertification, and on the other - as regulators of direct effects of factors and
agents of desertification on the ecosystem.
Soils play either general (common) functions of regulators of direct effects of the factors and
agents of desertification and/or unique functions. Playing general (common) functions of
desertification regulators, soils can support an absolute stability of ecosystems to the effect of
desertification agents (or their combination) and regulate the development on specific
desertification trends. Also soils support relative stability of ecosystems, playing as regulators
which can reduce or strengthen the risk of a desertification trends, thereby adjusting the degree, rate
and depth of desertification.
Playing the unique role of desertification regulator soils provide direct and indirect regulation
of the effect of the influence of desertification factors and agents on the components of ecosystems
prone to desertification. The direct regulation is provided in relation to purely soil properties,
processes, regimes, soil cover structure, i.e. corresponds to an evaluation of soils stability, which is
connected with regulation of character, degree and rate of desertification of soils. Also soils
participate in regulation of back effects of the transformed objects on the initial factors, agents and
regulators of desertification.
Keywords: desertification, soils, anthropogenic impact
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Investigation on relationship between soil, plant and
geomorphology units
AZARNIVAND Hossein
Iran Desert Research Center, Natural Resources College, Tehran University Karaj, P.O. Box
31585-4314, Iran
Soil is a function of any factors such as, relief, climate, parent material, vegetation, etc.
Geomorphology as a complex of items such as slope, height and aspect has a high relationship with
vegetation. An area of about 82,605 hectars was chosen in southern slope of Albors Mountains, and
Damghan in Iran. To study the relationship between soil, vegetation cover and geomorphologic
units based on geologic and topographic maps, with the aid of aerial photo-interpretation and
geomorphologic units, ten soil types and twenty-six range types were identified. Geomorphologic
units show close relationship with soil and vegetation characteristics. Therefore, these units could
successfully be used for the preparation of comprehensive land use plan. If different items are
disturbed, the disturbance could be identified and recommendations be given for restoring the
original state of the ecosystem.
Keywords: geomorphology units, vegetation characteristics, soil types, ecosystem
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Role of soil organic matter in boreal ecosystems
BAKHMET Olga
Forest Research Institute, Karelian Research Centre, Russian Academy of Sciences; Pushkinskaya
St., 11, Petrozavodsk 185610, Russia
Organic matter in soils is an essential component of boreal biogeocenoscs. It largely determines
a number of soil characteristics and properties, as well as local biodiversity.
The variety of organic matter forms at all stages of its genesis and transformations still remains
poorly studied. Morphological, especially micromorphological studies offer the opportunity to trace
all stages in litter transformations up to the formation of final products - humic acids. On the other
hand, in order to find out the chemistry of organic matter mineralization and humification processes
and to study and evaluate the properties of humic substances in various soil types, one should use
biochemical studies. Of great value are, therefore, multidisciplinary investigations of the soil
organic matter using both the morphological (micromorphological) description of the organic
profile, and data from biochemical analysis.
The present paper describes a multidisciplinary study of organic profiles of automorphic and
semi-hydromorphic soils overlying light parent material in Fennoscandia. The diversity of the
morphological structure of organic and organic mineral horizons was identified, organic profile
types distinguished and their ecological affinity determined. A detailed description of the
micromorphological structure of soil organic profiles is made. Correlations between the
morphological characteristics of the organic profiles studied and the biochemical composition of the
soil organic matter, as well as composition and abundance of the soil fauna and stand productivity
were elucidated.
The research has revealed a clear relationship between the floristic and faunistic diversity, and
the content and characteristics of the soil organic matter in the area in question. Research results
show that, even in a region with low background biodiversity, high soil fertility values can locally
play a significant role.
Keywords: boreal biogeocenoses, soil organic matter, biodiversity
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Soil pore space as communication channel between
the geosphere, the atmosphere and the biosphere
BLUM Winfried E.H.
Institute of Soil Research, University of Agricultural Sciences, Gregor Mendel-Str. 33, 1180
Vienna, Austria
All soil processes occur in the pore space between its solid, liquid or gaseous phase and the
pore walls. Therefore, the soil pore space can be regarded as the reactor of the soil. To understand
these processes between liquid, solid, gaseous, living and non-living materials and the pore walls,
which may consist of different materials, is paramount for understanding the relationship between
soil as part of the geosphere on one side and the atmosphere and the biosphere on the other side.
In the following, specific processes connecting soil with the atmosphere, e.g. through the
exchange of CO2 and trace gases, and the biosphere, especially the plant cover, but also other biota,
will be discussed, including the time scales of these processes and general ecological aspects of the
inter-action between the soil, the atmosphere and the biosphere.
Keywords: soil pore space, physical, chemical and biological processes, atmosphere, biosphere
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Soil functions in managed ecosystems: the need for a balance
DE K1MPE Christian
Agriculture and Agri-Food Canada, Research Branch Sir John Carling Building, 930 Carling
Avenue, Ottawa, Ontario, Canada K.1 A 0C5
The need to secure enough food for the world's growing population casts much pressure on soil
scientists and decision makers in order to increase agricultural production. Agricultural production
will intensify in several parts of the world, increasing the impacts of land mismanagement and the
risk of environmental degradation. Because the land base available to agriculture is limited, it is
essential to ensure the sustainability of agricultural production through maintaining the natural
resources used by the agri-food sector available to the generations to come. The foundation of
sustainable agriculture lies in soil fertility and quality. In particular, from the soil point of view,
sustainable agriculture depends on an equilibrium among the soil functions that ensures the long
term land productivity. Soil functions in managed ecosystems, e.g. the agroecosystems, are not
different from the natural ecosystems, but the relative importance among the soil functions may
vary: one major difference is due to the exportation of biomass out of the production site. This new
balance must be adjusted to the different cropping systems. For example, water is a limiting factor
in many parts of the world, and the potential effects of climate change will increase the stress on
water.
There is much to gain from a better understanding of the interactions among the biotic and
abiotic soil components for a sustainable use of agroecosystems. Soil scientists begin to decipher
the complexity and the role of soil biology for several soil functions, and will be able to integrate
such concepts in best management practices for agricultural production.
Another effect of the growing world's population is the production and management of
increasing amounts of organic wastes that are, to a large extent, disposed of on the agricultural
lands. This additional organic matter contributes positively to increase soil productivity and
enhance the soil functions; however, the increasing risk of additional toxic substances being added
to the soil prompts concerns for food safety. The issue of soil detoxification must be addressed in
the context of the soil functions: in particular, there is a need for a viable and diverse soil
microorganism population to maintain the capacity to clean the soil.
Finally, in an ecosystem approach that includes agricultural soils in the management of the
landscape, soil functions that are an essential element of the functioning of the soil at the field level
need to be considered also at a larger scale in order to participate to the human and environmental
health, and to the associated benefits for humans, e.g. contribute to the supply of safe drinking
water, in spite of the increasing use of fertilizers and chemicals that are essential for agricultural
production.
Keywords: ecosystem approach, organic matter, soil fertility, biological activity
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Functions of soils as the principal link in the biological
nitrogen cycle and forest ecosystem stability
FEDORETS Natalia
Forest Research Institute, Karelian Research Centre; Pushkinskaya St., 11, Petrozavodsk 185610,
Russia
Patterns of nitrogen compound storage, dynamics and transformation in major forest soil types
were investigated in the boreal zone of European Russia. Specific effects of the leading soil
formation factors on the parameters of the nitrogen regime in forest soils were determined. Nitrogen
stocks in forest soils were shown to be very stable on the zonal, temporal and ecological scales. The
optimum ecological conditions for the destruction of organic nitrogen-bearing matter and soil
enrichment with mobile nitrogen were identified. Conceptual balance models of the nitrogen cycle
in forest ecosystems of the northern and mid-taiga subzones were developed. They helped identify
the characteristics of forest ecosystem function depending on the stand age, species composition
and management impact. Nitrogen pool in vegetation and soils, the values of its increment and loss
over the annual cycle, as well as the rate of nitrogen compound transport between the ecosystem
components were determined. Nitrogen supply to the ecosystems was found to be several times
greater than its losses. Nitrogen compound transformations were shown to occur chiefly within the
plant-soil system. All studied ecosystems were noted for high ecological stability. Forestry
activities (various fellings, mineral fertilization) induced little changes in the structure of the
nitrogen pool in mesomorphic soils. Annual phytomass increment in pine and spruce stands was
found to closely correlate with total, mineral and alkali-hydroiyzable nitrogen pool in the root layer
of automorphic soils. This correlation is more expressed in pine stands than in spruce stands.
Keywords: nitrogen, transformation, soils, ecosystems, phytomass, conceptual models
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The contribution of termitaries of Anacanthotermes
angherianus Jac. to global gas exchange
GOLICHENKOV M.V.. ULIANOVA T.A., KOSTINA N.V. and UMAROV M.M.
Department of Soil Sciences, Moscow State University, Moscow 119899, Russia
Functions of soils in the biosphere is directly depend on their biological activity. It is obvious,
that soil biological activity is connected with the biomass of all soil's inhabitants. It is quite actual
for soils of arid regions for which the lack of organic matter - the basic nutritious substrate for
microorganisms who carry out processes of planetary scale - is typical. For example, nitrogen
fixation, emission of CO2 etc.
In the present research we tried to estimate concentration function (in relation to organic
matter) of termitaries (Anacanthotermes angherianus) of arid landscapes of Central Asia. It is
known, that dry vegetative residues - the basic food of termites - practically do not contain any
nitrogen Many researchers showed the ability of termites to live in symbiosis with nitrogen fixing
bacteria aiming the indemnification of insufficiency of nitrogen in the basic forage. So, with the
help of acethylene reduction method we managed to establish, that nitrogenase activity of nest
material considerably exceeds this parameter in background soil and achieves 0.46 and 0.13 nmoles
Njg-'h'.

Investigation of other biological processes, such as, emission of CO2 and CH4 and
denitrification shows that intensity of these processes in termit nests is considerably higher, than in
background soils. The methanogenesis activity of nest material insignificantly exceeds the intensity
of emission of CH4 from background soil - 1.21 and 0.19 nmoles CH4 g"' h'. The emission of CO2
in soil is 5.61*10"4 mkg g"' h"' and can be compared with - 13,57*10^" mkg g'1 h"1 in termitary.
Denitrification in termit's nests is also more intensive than in control soils and achieves 8.3 and 6.4
mkg N-N2O g"1 h'. Thus, it is possible to suggest that termitaries are places of the raised intensity
of all biological processes. Taking into account, that termitaries occupy large areas, it is possible to
assert, that they play the important role in soil's general biospheric functions in arid landscapes of
Central Asia.
Keywords: Anacanthotermes angherianus, termitary, nitrogenfixation,emission, denitrification
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Changes of greenhouse gases emission from agricultural soils
under the influence of mineral fertilizers
KOZLOVA E., STEPANOV A. and MANUCHAROVA N.
Moscow State University, Department of Soil Biology, Moscow, Russia
The influence of the intensive use of mineral fertilizers on the decomposition of soil organic
matter and emission of carbon dioxide and methane from soils to the atmosphere has been studied.
Variants of the experiment included the use of mineral forms NPK-fertilizers (ammonium
nitrate/ superphosphate/ potassium chloride). In presence of P70K140 fertilizer doses of mineral
nitrogen varied from 90 to 150 kg N ha"1 applied to forest (podzolic) soil under Zea mays L. crops.
The level of greenhouse gas emissions increased proportionally to doses of added N-fertilizers
(13.5-31.9 ug C-CO2 g"1 h"' and 0.019-0.077 ug C-CR, g"' h"'). It was shown that using NPKfertilizers simultaneously with application of clay minerals (ceolites) accompanied by decrease of
C0 2 flux from 31.9 to 15.7 ug C-CO2 g"1 h"' and from 0.077 to 0.013 ug C-CH4 g"' h'. The marked
effect was absent when high doses (150 kg N ha'1) of N-fertilizers were added because of exceeding
of CEC (Cation Exchange Capacity - 150 mg equivalent NH4+) of these minerals. It was proved that
intensive use of NPK-fertilizers caused changes in a structure of microorganisms' complex
accompanied by changes in biogeochemical carbon cycle in the soil. This leads to increase in the rate
of decomposition (emission CO2 and CH4) in the following years even without the use of mineral
fertilizers. Thus, emission of greenhouse gases from variants where the largest dose was used (31.9
ug C-CO2 g"1 h'1 and 0.077 (ig C-CH4 g"1 h') exceeded emission from control (without fertilizers) in
1.5 times for C0 2 and in 4 times for CH4 (20.7 ug C-C02 g'1 h'and 0.019 ug C-CR, g"' h"').
This permits to make a conclusion about changes in the biogeochemical cycle of carbon caused
by the use of mineral fertilizers that leads to considerable emissions of CO2 from agricultural soils
to atmosphere.
Keywords: greenhouse gases, emission, mineral fertilizers, carbon cycle, agricultural soil
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Microbial production of nitrous oxide in cultivated soil
MANUCHAROVA N.A.. SAZONOV S.N. and STEPANOV A.L.
Faculty of Soil Science, Moscow State University, Vorob'evy gory, Moscow 119899, Russia
Soils are the major source of nitrous oxide in atmosphere and contribute approximately 60% of
the global N 2 0 emission. The role of nitrous oxide (N20) in global biospheric changes and
contribution in greenhouse effect is considered. Functional activity of enzymes involved in
denitrification process is described. It was found high sensitivity of nitrous oxide reductase under
influence of studied factors which inhibits the process of N2O reduction in soils results increase of
nitrous oxide formation as the end product of denitrification. So that widespread factors of
anthropogenic influence such as mineral and organic N-fertilizers, herbecides, soil's structure has
changed in biogeochemical N-cycle in soils resulted in primary proceed denitrification in soils in
an adverse process due to nitrous oxide production and emission to atmosphere. Denitrifying and
nitrifying bacteria are considered as one of the main biogeochemical way for reduction of nitrogen
oxides in biosphere.
The relationship between the composition of the final products of denitrification and the size of
water-stable aggregates of various soils was found. The share of molecular nitrogen rises and that of
intermediate denitrification products (nitrogen and nitrous oxides) decreases with the increase of the
size of the aggregate. Anaerobic conditions providing denitrification and methane production are
created within aggregates 0.2 to 10 mm in diameter irrespective soil of the type. Fertilizers in soil
result in increase exudation of root's plants and general biological activity of soil. Consequently,
fluxes of N2O is increased with extension dose mineral fertilizers. The emission of nitrous oxide
notice decrease in variant with application of zeolite in composition of mineral fertilizer.
Keywords: nitrous oxide, nitrogen, ecology, denitrification, fertilizers, soil structure
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Zn content in stinging nettle {Urtica dioica L.) as affected by
soil characteristics: spatial distribution and statistics
MEERS E.. TACK F.M.G. and VERLOO M.G.
Laboratory of Applied Analytical Chemistry and Ecochemistry, Ghent University, Coupure Links
653, B-9000 Ghent, Belgium
Understanding metal plant availability as influenced by soil conditions is of key importance for
phytoremediation research and for quantification of environmental risk assessment in polluted
areas. Urtica dioica L. was chosen as study object as it is omnipresent in the temperate climate
region and in the area under study in particular. The study area stretched over 630 km2 in Flanders,
Belgium. Soil and plant samples were collected at 1 km intervals. Plant Zn content correlated
significantly with all soil parameters yet exhibited no significant correlation with the total Zn
content in the soil. Organic matter, clay and CEC appeared to surpress Zn-availability at levels
surpassing resp. 3% OM, 10% clay and 15 cmol kg"1 CEC. Reversedly, increasing sand content
resulted in higher bioavailability. Soil pH had a less pronounced effect in the interval under study
(4.0-8.0). These findings were also encountered in the geostatistical representation of the data.
Correspondence analysis performed on discretized Zn-content categories versus soil textures classes
revealed that high availability was encountered in sandy soil types, low availability in clayey soil
types and intermediate availability in loamy soil types. When comparing total digestion and four
distinct single extractions aimed at estimating bioavailability, extractions based on salt solutions
resulted in the best correlation with plant-Zn, whereas extractions based on synthetic chelates
correlated significantly with total soil content of Zn, but not the plant-uptake of this element. This
would suggest that extraction methods based on synthetic chelates may be too aggressive to
estimate actual bioavailability.
Keywords: bioavailability, heavy metals, phytoremediation, Zn, Urtica dioica L.
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The role of plants species in the weathering rate of basaltic
flows in a tropical lowland rainforest (La Reunion Island)
KIRMAN Sarah (1), STRASBERG Dominique (2), GRONDIN Valerie (2) and
MEUN1ER Jean Dominique (1)
(1) CEREGE, BP 80, 13545 Aix en Provence, France
(2) Université de La Reunion Laboratoire de Biologie et Physiologie végétales, 15 Av. R. Cassin
97715 Ste Clotilde cedex 09, France
The role of plants in weathering processes and soil formation is well established but the links
between weathering rates and the functioning of ecosystems are still poorly documented. Here we
present preliminary results on the relations between biodiversity, ecosystem productivity and
mineral cycling that have been measured in the Marelongue Natural Reserve (La Reunion, Indian
Ocean). La Reunion is one of the last volcanic islands that supports a lowland rainforest relatively
unaffected by man. The forest covers basaltic flows dated around 500 y, along the flanks of the
Piton de la Fournaise Volcano.
The first step of this study was to estimate above-ground biomass, nutrient content, litterfall
and nutrient return to the soil in a 1 ha permanent plot. For that purpose, a total of 1079 trees
(DBH, 10 cm) were identified, mapped and measured, in the permanent plot. The biomass was
estimated by an indirect method based on allometric relations from trees harvested in previous
studies and elsewhere in the forest. The litter production was measured by collecting, every 15
days, the fine litterfall on a 0.5 ha plot from August 2000 to September 2001. Biomass and litter
samples were analyzed in order to determine their nutrient content. In the permanent plot a total of
61 species were found, belonging to 25 families widely distributed over the tropical zones. These
species represent 56% of the total number of tree species existing in all the medium and low altitude
tropical rainforests of La Reunion Island. More than 50% of the total individuals belonged to only
three species (Labourdonnaisia callophylloïdes, Antirhea borbonica, Nuxia verticillata). The
associated standing biomass, that was calculated, ranged from to 267 to 300 t ha"1 and again more
than 60% of it was represented by three species (Labourdonnaisia calophylloides, Nuxia verticillata
and Agauria salicifolid). The estimated annual litterfall mean was 6.6 t ha'1 of which 74% were
leaves. The two dominant species (Labourdonnaisia calophylloides and Nuxia verticillata)
contribute to nearly 60% of this total fine litterfall. Over the year, seasonal variations were observed
and showed two peaks, one in January and one during the months of March and April. The first one
was attributed to the occurrence of the cyclone season associated to strong winds and rainfalls. The
annual litterfall pattern was strongly linked to the litterfall distribution of the two dominant canopy
trees. The leaf mineral content was determined for 15 of the dominant species. The highest
contents were found for Ca, Mg, K, Na and Si. The calculated annual return fluxes of these
elements were 81, 24, 16, 11 and 6 kg ha"1 y , respectively, and are highly dependent on the
productivity of the two dominant tree species.
Keywords: weathering, basalt, rainforest, biogeochemical cycles, tropical climate, biodiversity
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Entropy based triangle for designing
sustainable soil management
OLESCHKO Klaudia (1), KORVIN Gabor (2) and FIGUEROA Benjamin (3)
(1) Instituto de Geologia, Universidad Nacional Autónoma de México (UNAM), Aportado Postal
70-296, Ciudad Universitaria, C.P. 04510, Coyoacan, D.F., México
(2) King Fahd University of Petroleum and Minerals, Dhahran 31261, Saudi Arabia
(3) Colegio de Postgraduados, km. 35.5 Carretera México-Texcoc, Montecillos, Estado de
México, C.P. 56230, México
The concept "sustainability" as used in the present research means the degree of equilibrium
among three principal conflictive aspects of Agriculture: the ecological, the economic and the
social. The new quantitative approach based on a simple mathematical model has been designed,
verified and calibrated, in order to evaluate the sustainability of the agroecosystem' management in
terms of entropy, using the triangle of Moebius as the point of departure. The designed triangle is
called "Triangle of the Agro-ecosystem Sustainability" or TRISA. The edapho-ecological and
economical dimensionalities of the system are taken as the triangle's base, the social dimensionality
corresponds to its superior apex. Under "dimensionality" a complex of measures is understood,
each one characterizing a specific qualitative or quantitative attribute of the studding system,
situated inside the metric space, selected by the researcher. The exact number of variables needed
for sustainability estimation depends on the research objectives. A principal property of the TRISA
is the boundaries' permeability along the sides from each triangle apex to another. This
permeability is measurable in terms of system resistance to the information, that flows from the
physical medium to the economical and social, or vice verse. The Shannon entropy of a probability
distribution constitutes the center of sustainability triangle. The identification of the basic patterns
and structures, operating on each level of organization, is the first step of TRISA characterization.
All selected soil-ecology, economy, and social variables are transformed to dimensionless variables
Psmi-emi, Pemn and pSIK , normalized between [0,1], and united in a ternary diagram. The total
Shannon entropy (ƒƒ,„,„,) of the complete probability distribution &/***
•pj""' •pj""
}JMk
estimated. The relative weights of information which the soil-ecological, economic and social
variables contribute to H may be precisely calculated and used for the unbiased analysis of the
management sustainability. The proposed method and algorithm are also useful for any other
complex ecologic-economic-social systems, requiring quantitative evaluation. We present a few
examples of the management sustainability analysis realized in Mexico, for the case of contrasting
systems: traditional-, minimum- and zero tillage - applied to Faeozems, Andosols and Vertisols during more then 10 years. Some theoretical alternatives for sustainable management of each one of
the mentioned soils are derived from: 1) direct physical and chemical measurements, realized in situ
by different no-invasive techniques (such as Ground Penetrating Radar, Time Domain
Reflectometry, Ultrasonic Penetrometer, Permeameter Guelph etc.); and 2) theoretical models and
computer simulations.
Keywords: entropy based triangle, sustainable soil management, agro-ecosystem, soil ecology
variable, social variable
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Urban soils, as a basis of ecosystem functioning
PROKOFIEVA T. and STROGANOVA M.
Moscow State university, Soil Science faculty, Soil Geography Department, Moscow, Russia
Towns and industrial centers are specific ecosystems. Soils of megalopolises are peculiar
components of historical ecosystems - open, non self-regulating, unsustainable systems. The role of
soils in urban ecosystems is not sufficiently investigated and even ignored.
Urban civilization existing during millenia produced specific soils, which were formed by
intricate combinations of natural soil forming factors and peculiar urban environment. The main
factor of soil formation in towns is the land use type (industrial zones, settlement areas, natural
gardens, etc.)
Ecological functions performed by soils in towns are variable. Their main properties are
fertility - soil suitability for plant growth - and capacity of pollutant absorption to prevent their
penetration to soil and ground waters and, with dust, into urban air.
In large cities - megalopolises - especially in highly industrial ones, urban soils much poorly
perform their ecological functions.
The rate and forms of transformations of urban soils environmental functions (gaseous,
sorption, production) are considered. Functional types of landuse are regarded as being revealed in
soil properties. For the first time the question of "constructing" the urban soils for different
purposes is discussed, which is of paramount importance for development and optimisation of the
urban soils functions. Some recommendations on urban soil sustainable use can be proposed.
Keywords: urban soils, urban ecosystem, ecological functions
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Impact of forest plantations on soil functions in the biosphere:
case studies in South Africa
ROZANOV Andrei and FEY Martin
Department of Soil Science, Faculty of Agriculture and Forestry, University of Stellenbosch, P. Bag
XI Matieland 7602 RSA, Australia
Land use dramatically affects both the morphology of soil, and its biosphere functions.
Afforestation of mountain slopes is one of the most powerful factors in changing the hydrology of
mountain areas and adjacent lowlands. The area occupied by patches of indigenous forest in South
Africa adds up to 176,000 ha. Plantations of pine, acacia and eucalyptus comprise another 1.5
million ha which, together with natural forests covers less than 1.5% of the total land. Forest
plantations have an important environmental impact because they are mostly situated in the
headwaters of river catchments. Of the total forest area more than half is allocated to pine with
30 year rotation period as an average. Once pine plantations are established, soils under their
canopy undergo major changes in their morphology, functioning and spatial variation.
The main changes in soil functions are:
Soil acidification due to biological withdrawal of basic nutrients changes the habitat of soil
organisms. The population equilibrium shifts towards strengthening of the fungal component and
reduction in bacterial populations as well as decrease in numbers of several arthropods and
invertebrates.
Such changes in community structure lead to retardation of organic matter decomposition and
its accumulation in litter and mineral topsoil. Hence, forest soils are gaining increasing importance
as carbon sinks in view of the need for carbon sequestration.
Transformation of micro-topography results in patchiness or increased soil cover complexity.
The role of soil erosion changes to micro-distance transport, which in its turn leads to more
pronounced micro-relief. Sediment transport decreases dramatically, which extends the life-span of
water reservoirs in afforested areas.
The surface run-off decreases considerably due to canopy interception and improved soil
permeability under forest stands.
Environmental consequences of forestry in the mountain regions of RS A include:
1. Expansion of alien species beyond designated plantation boundaries.
2. Acidification of soils in the afforested catchments and changes in water chemistry.
3. Surface flow reduction and drying out of streams under plantations.
4. Reduction of soil erosion and, subsequently, sedimentation in river valleys.
5. Contribution to global carbon sequestration.
Keywords: soil functions in biosphere, carbon sequestration, plantation forestry, soil organic
matter
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Agrogenic dynamics of Chernozems' biological activity
SCHERBAKOV Andrev (1,2), VASSENEV Ivan (1) and DEVYATOVA Tatyana (2)
(1) All-Russian Research Institute of Agronomy and Soil Erosion Control RAAS, 305021,
Kursk, Russia
(2) Voronezh State University, 394000 Voronezh, Universitetskaya, Russia
The biological activity (BA) of Chernozems plays the extremely important role in their
functioning and development, in generating their sustainable fertility and efficiency of agronomy
and fertilizing systems, applied at the chemozemic lands. On the other hand, applied at the
Chernozems different agricultural technologies, fertilizers' doses and sorts by themselves exert the
most serious influence on the dynamics of soil biological activity. The emphasis of this paper is on
the agrogenic dynamics of Chernozems' biological activity at the Central Chemozemic Region of
Russia (CChRR). CChRR includs the territory of 5 oblasts with geographical coordinates about
49°30' - 54°00' N and 34°30' - 43°00' E. Total area of arable lands exceeds 10 million ha. More
than 75% of lands refers to 5 zonal subtypes of Chernozems: podzolized, leached, typical, ordinary
and southern-sequentially changing from northwest to southeast.
Typical Chernozems are characterized by maximal biological activity and microbiota
variability. Main biomass of microorganisms is found in 20 cm arable topsoil with high content of
SOM. At the 50-60 cm their number drops 6 times. In leached and ordinary Chernozems
microorganisms' pools are in 3-15 times below that of typical ones. The Chernozems' BA depends
to a large measure on their moisture and land-use.
The analysis of results since the last century has shown the leading hand of nitrogentransformation processes in general biodynamics of Chernozems. The moderate doses of mineral
fertilizers have positive effect on the cellulose-decomposing microorganisms. For development of
free nitrogen fixers the manure systematic application creates most favorable conditions. Here
Azotobacter pool increases 4 times. Any nitrogenous fertilizers promote sharply (1.3-1.7 times) the
development of nitrifying bacteria, at the same time essentially reducing (20-50%) the number of
ammonificative microorganisms. The application of fertilizers up to N135P180K135 in case of leached
Chernozems and up to N120 in case of ordinary ones has stimulating effect on their BA.
The depression of Chernozems' BA due to very intensive fertilizing has negative effect on
nutrient mobilization by plants. The high doses of fertilizers essentially reduce the indexes of
humus formation and accumulation too. Most considerable changes in intensity of processes of soil
organic matter mineralization are the results of fertilization dose increasing up to 120-240 kg ha'1.
After increasing the fertilizer doses over 120 kg ha"' the activity of oxidation-reduction enzymes
rises sharply. The steppe subtypes of Chernozems differ by advanced homeostatic equilibrium from
their forest-steppe subtypes (podzolized and leached). Simultaneous application of mineral and
organic fertilizers creates most favorable conditions for keeping the high biological pools and
biochemical activity of Chernozems, and also sustainable agronomy systems. Knowledge of
Chernozems' BA regularities help one to recommend to fanners the rational modes of fertilizing with maximum economic benefits and minimum ecological risks.
Keywords: soil fertility, ecosystem, biota, biological activity, Chernozem
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Organization and functioning of soil's biophysical systems
SMAGIN Andrev V.
Moscow State University, Soil Science Department, Moscow 119899, Russia
Soil is a unique dynamic bio-inert formation on the Earth surface, with specific properties and
functions. At the same time, it is a part of another, more complex, integral dynamic system biogeocenosis - and can be considered the result of its self-organization under fixed lithological,
geomorphological and climatic conditions (Smagin, 1996). Any change in these conditions in turn
affects the dynamics of the biogeocenosis and soil, determining their external organization. Natural
endogenic and exogenic processes in combination with anthropogenic impacts result in a wide
diversity of ecosystems and soils on the Earth, which are described in numerous publications
concerning landscape science, soil genesis and geography. However, when going from the
descriptive level of the study to the quantitative matter-energy level, one finds that these objects
obey some universal regularities of organization and behavior in time and space, in spite of their
diversity and specificity. These regularities or functioning regimes of dynamic systems are being
studied by special abstract sciences: nonequilibrium thermodynamics, synergetic, and systems
analysis. The knowledge has been accumulated within the framework of these sciences to date,
which allows a fresh approach to fundamental topics of the spatial-temporal organization of soil's
biophysical systems: dynamics of their states and stability, relationships between internal and
external development factors, gradual and discontinuous (catastrophic) changes, trends and
cyclicity, determinacy and stohasticity of dynamic processes, homogeneity and heterogeneity,
continuity and discreteness of structures, and some other theoretical problems. The types of
potential behavior of dynamic systems are considered using known and original kinetic models of
soil organic matter transformation and transport, soil's gas and liquid phases dynamics (Smagin,
1995, 1999a,b; Smagin et ai, 2001). Special attention is paid to the analysis of complicated
(nonlinear) regimes beyond the equilibrium (steady state) resulting from the system selforganization. The aim is to extend the conventional concepts of the dynamics of bio-inert systems
with due account for recent achievements of exact sciences.
Keywords: spatial-temporal organization, bio-inert systems, kinetics, modeling, soil organic
matter dynamics, layered soil constructions
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Soils as biotic source of nitrous oxide in the biosphere
STEPANOV AX.
Department of Soil Sciences, Moscow State University, Moscow 119899, Russia
Nitrous oxide (N2O) is one of the so-called atmospheric trace gases able to perturb the radiative
energy balance of the earth-atmosphere system. Thus N2O is potentially important contributor to
global climate change.
Activity of denitrifying microbial community in soils is considered as one of the main
biological way for production and reduction of nitrous oxide to N2 in biosphere. Denitrifying
activity in different soil types of European part of Russia has been studied under the influence of Nfertilizers, herbicides (2,4 D), heavy metals pollution (Zn, Cu, Cd). Changes in nitrous oxide
reductase activity were found in soils under the influence of studied factors which inhibit the
process of N 2 0 reduction in soils and accordingly increase the formation of nitrous oxide as the end
product of denitrification.
Widespread factors of anthropogenic influence such as: mineral N-fertilizers, herbicides, heavy
metals pollution etc. have changed in biogeochemical N-cycle in soils resulted in primary proceed
denitrification in soils to nitrous oxide production and emission to atmosphere.
Keywords: nitrous oxide, emission, biogeochemical cycle, anthropogenic impact
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Model estimates of soil organic carbon storage in
agricultural land in China
TANG Huaiun (1), QIU Jianjun (1), VAN RANST Eric (2) and LI Changsheng (3)
(1) Institute of Natural Resources and Regional Planning, Chinese Academy of Agricultural
Sciences (CAAS), Beijing-100081, China
(2) Laboratory of Soil Science, Ghent University , Belgium
(3) Complex Systems Research Center, Institute for the Study of Earth, Oceans and Space,
University of New Hampshire, Durham, USA
Loss of soil organic carbon (SOC) will cause soil degradation, which does not only undermine
sustainable yield, but also affect environmental safety. In China a huge amount of crop residue
could not be returned back to soil (only about 15% for national average), and high input of chemical
fertilizer instead of organic fertilizer, eventually results in an obvious decline in soil fertility. This
paper aims to estimate the SOC storage in Chinese agricultural ecosystems, identify its changing
trends under current cropping systems, and finally put forward some strategies to keep the SOC in
balance. A biogeochemical model (DNDC) for agro-ecosystem was employed to predict SOC
dynamics in agricultural ecosystems at national scale. Data on climate, soil properties, cropping
systems, acreage, and management practices at county scale were collected from various sources
and integrated into a GIS database to support the model runs at the regional scale. The model
predicted results revealed (1) total SOC storage in agricultural lands in China is about 3968 Tg C;
(2) SOC is lost at a rate of 78.89 Tg C y . The highest losses of SOC are registered in the
northeastern provinces (mainly Inner Mongolia, Jilin, Liaoning and Heilongjiang). China soils
release 186 Tg C as carbon dioxide into the atmosphere, and receive only 68 Tg C from crop
residues annually. With the development of global warming, SOC loss in agricultural land will
become more serious under the current cropping systems. Strategies to reduce the loss of SOC in
Chinese cropland are proposed based on DNDC model runs for a number of scenarios considering
different management practices.
Keywords: soil carbon storage, DNDC model, agricultural land, China
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Soil functions in the biosphere: to what extent ecosystem
processes are regulated by soil?
TROFIMOV Sergey, DOROFEEVA Ekaterina, FOKIN Alexey and LUZIKOV Andrey
Faculty of Soil Science, Moscow Lomonosov State University, Moscow 119899, Russia
Soil is an integral part of a terrestrial ecosystem and it fulfils numerous functions in the
biosphere and other geospheres. Among these functions of special importance is the supply of
plants with nutrients and water. This becomes possible due to participation of chemical elements
and compounds from atmosphere, lithosphere and hydrosphere in the biogeochemical cycles carried
out by biota using solar energy accumulated in the organic matter. As a result the so-called biogenic
elements are accumulated in topsoil despite of the influence of gravity and concentration gradients.
In natural ecosystems biogeochemical cycles seem to be tightly "closed". Under leaching conditions
(taiga ecosystems for example) this fact implies that there should exist mechanisms preventing from
nutrients loss from soils. Long-term study of the dynamics of soil processes in undisturbed southern
taiga ecosystems shows that neither concentrations nor total stocks of biogenic elements differ
greatly in "moor" and "mull" soils while traditionally they are considered as "nutrient poor" and
"nutrient rich" correspondingly. The difference is small because cycles of biogenic elements and, in
particular, decomposition of organic matter, are strongly "controlled" by biota in natural
ecosystems. Several mechanisms of biotic regulation of organic matter decomposition and nutrient
release have been revealed earlier. They are mainly related to the existence of plant species with
different life Stratege" longevity and biochemical composition depending on soil hydrological
conditions and availability of soil biota species functionally "matching" plant community. The main
advantage of such functional compliance is the fact that nutrients' release from soil organic matter
is synchronised with plant demand for them. Different stocks of organic matter (high in "moor" and
low in "mull" sites) are caused by different rates of organic matter decomposition (per unit of mass)
that are lower in "moor" than in "mull" sites while total amounts of mineralized carbon are
comparable. Therefore, these mechanisms ensure the stability of natural ecosystems formed in
humid environment where there exists the risk of excessive nutrient loss: low rate of SOM
decomposition diminishes nutrients' leaching while substantial stocks of organic matter provide for
a sufficient amount of nutrients released.
Keywords: soil functions, biogeochemical cycles, decomposition, biosphere, sustainablity
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Soil functions control and management in agroecosystem
VASSENEV Ivan (1), SCHERBAKOV Andrey (1), ROGASIK Jutta (1) and
SCHNUG Ewald (2)
(1) All-Russian Research Institute of Agronomy and Soil Erosion Control RAAS, Russia, 305021,
Kursk, Ul. K. Marx, 70 B, Russia
(2) Institute of Plant Nutrition and Soil Science FAL, Germany, 38116 Braunschweig, Bundesallee 50,
Russia
Soil function changes in the agroecosystems have generated great interest in many parts of the
world. Many scientists have contributed to the research on principal soil function value for
agricultural production and general functioning of different level ecosystems. Agroecological
problems aggregating in many central and eastern European countries during last decade
determined actualization of complex researches on soil basic and applied functions here - within
different landscape and assessment scales.
Europe's total agricultural field consists now from farms with great variability in their impute
level, agronomy system and technologies that together with soil cover (landscape) varieties claims
our comprehension and practical interpretation in forms of different scenarios development for
middle-term predictions and agriculture adaptation into real landscape and economic environment.
Investigated sites in Russia and Germany give contrast versions of current economic, land-use &
soil states so better understanding of main factors for local particularities in soil functioning is
becoming possible.
For land-use improvement it makes sense to analyze the principal regularities of soil functions
homogeneity - heterogeneity at the levels offield -farm - district -region (country). The last two
ones are sometimes already actively used by different firms and administrative bodies for
decreasing possible economic and ecological risks due to more accurate developing of long-term
technological, finance and environmental policies. Sometimes it can be crucial for sustainable
development of whole regions and countries.
Sufficient understanding of soil function particularities at the field level within farm is
especially important for developing of landscape-adaptive land-use systems which reflects principal
differences in land quality (soil features and functions) between various fields of one land tenure.
It's application and improvement helps a farmer increase his profit due to more suitable and
effective use of natural resources within farm. This is especially crucial for farmers in transition
periods with non-stable markets.
The end of last century is characterized by advanced farmers return to analysis of soil fertility
variability within field and application of this knowledge in practice - due to development of
precision agriculture technologies. They still have more chance for employment in more
economically developed countries where special machines are available and long-term intensive
imputes in lands contributed to particular homogenization of "non-regulated" variability of soil
cover.
Crucially important now is development and verification-adaptation of decision support
systems for rational land-use in deferent scale of landscape. Their number is almost doubled every
five years but their quality and spatial-typical variability have still a great potential for future
researches and creating functional links between different models. Studies of links between soil
morphogenetic profiles and their functions (basic and applied ones), soil cover patterns and spatial
variability give good materials for this.
Keywords: soil functioning, agro-ecosystem, sustainability, models, management
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Ordination of vegetation cover in Poshtkouh region of
Yazd province and investigation of its relationship with
physical and chemical soil characteristics
ZARE CHAHOUKI Mohammad Ali, JAFARI M., AZARNIVAND H., ME1BODI N.
Baghestani and TAVILI A.
Natural Resources College of Tehran University, P.O. Box 31585-4314, Karaj, Iran
The aim of this research is to investigate the relationship between soil characteristics and
vegetation cover to determine the most important factors affecting separation of vegetation types.
The study area is located in southern slopes of Shirkouh of Yazd province. After identifing the
region, nine vegetation types were selected and vegetation sampling according to random systematic pattern was conducted in key areas of each type. The area of each plot was determined
according to minimal area method and after collecting vegetation cover data of each plot
considering the borderline separating each horizon and plant species, soil in 0-30 cm and 30-60 cm
depths was sampled to determine texture, percent of lime, saturation moisture, gypsum, acidity, EC,
SAR (sodium adsorption ratio) and solution ions (Na+, K+, Ca2+, Mg2+, CI", CO32", HCO3' and
SO42). Data regarding the presence or absence of plant species and soil characteristics of each
vegetation type data were analyzed using PC-ORD software. In ordination of vegetation cover,
principal component analysis method was used. After ordination of nine vegation types of the study
area, location of types in axis coordinates related to soil characteristics were identified. The results
show a special relationship between distribution of various vegetation types and soil characteristics
and the most important factors of the study area were EC, percent of gypsum, lime, and saturation
moisture.
Keywords: vegetation type, soil characteristics, ordination, presence or absence of plant species,
principal component analysis
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