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Preface
The Abstracts consist of six volumes. They contain the abstracts submitted and
accepted for the 65 Symposia of the 17' World Congress of Soil Science, the theme
of which is:
Soil Science: Confronting New Realities in the 21s' 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 (This Volume)
Symposia 13-21
Symposia 22-36
Symposia 37-52
Symposia 53-65
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. 01

Paper no. 1717

Presentation: poster

Modeling soil infiltration under variables of
application rate and number of irrigation
AL-GHOBARI Hussein M.
College of Agriculture, Agricultural Engineering Department, P.O. Box 2460, King Saud
University, Riyadh 11451, Saudi Arabia
The effect of variable sprinkler water application rates on bare soil and the response of the soil
infiltration after exposure to a sequence of irrigation events were investigated. A simple empirical
model based on the Kostiakov equation was presented. This model will predict soil infiltration rate
under variable application rates and a sequence of irrigation events. The validity of the model was
tested and supported by the results of laboratory experiments.
In addition, the values of the constant k and n in the Kostiakov equation were computed by the
model and compared and validated with the measured k and n values.
Keywords: soil infiltration, irrigation, application rate, Kostiakov equation, sprinkler system
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Symposium no. 01

Paper no. 2293

Presentation: poster

Sustainability of crop rotation and ley pasture systems on
the acid-soil savannas of South America
AMEZOUITA Edgar (1). FRIESEN Dennis (2), RIVERA Mariela (1), RAO Idupulapati (1),
BARRIOS Edmundo (1), JIMENEZ Juan (1), DECAENS Thibaud (3) and THOMAS
Richard (4)
(1)
(2)
(3)
(4)

Centre Internacional de Agricultura Tropical (CIAT), A.A. 6713, Cali, Colombia
1FDC-CIMMYT, P.O. Box 25171, Nairobi, Kenya (formerly CIAT-IFDC, Colombia)
Université de Rouen, F-76821 Mt Saint Aignan Cedex, France
ICARDA, P.O. Box 5466, Aleppo, Syria (formerly CIAT, Colombia)

Intensification of agricultural production on the acid-soil savannas of south America (mainly
Oxisols) is constrained by the lack of diversity in acid (aluminum) tolerant crop germplasm, poor
soil fertility and high vulnerability to soil physical, chemical and biological degradation. The use of
high levels of inputs and monocropping is thought to be unsustainable since it may result in
deterioration of soil physical properties as well as escalation of pest and disease problems.
Traditional grazing systems on native savanna species have very low productivity. Improved
legume-based pastures can actually improve the soil resource base but require investments in inputs
for establishment, which are unattractive to graziers. Other alternatives include establishment of
pastures in association with rice (agropastoral systems) as well as rotations with grain legumes or
green manures. Systems such as these may attenuate or reverse the deleterious effects of
monocultures while permitting intensified agricultural production. To monitor the sustainability of
such systems, biophysical measures are required as 'predictors' of system performance and 'health'.
In 1993, a long-term field experiment was established in Carimagua, Colombia, (4°36'N, 71°19'W)
to study the influence of various systems on soil quality and system productivity on a savanna
Oxisol. Soil biophysical properties were measured in potentially degrading and non-degrading
production systems. In this paper, we report results obtained during the first five-years of
experimentation on the impact of these diverse systems (rice monoculture, rice-cowpea rotation,
rice-green manure rotation, rice-agropastoral rotation and native savanna) on soil quality and rice
production. Increasing intensity of production system (with concomitant use of inputs) resulted in
improved indicators of soil fertility. Cultivation resulted in improved soil physical characteristics,
primarily because of the degraded nature of the soil under native savanna. In contrast, soil organic
matter declined with increasing intensity of cultivation as did populations of macrofauna in the
different systems. Only in the agropastoral system were soil organic matter and macrofaunal
activity enhanced. This study provides important indicators for resource management on savanna
Oxisols.
Keywords: agro-pastoral systems, crop rotation, soil degradation, soil improvement, soil physical
vulnerability, tropical savanna
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Symposium no. 01

Paper no. 471

Presentation: poster

Chronovoltammetric method for estimation of
oxygen flux density in the soil
BIEGANOWSKI Andrzei and MALICKI Marek A.
Institute of Agrophysics, Polish Academy of Sciences Do wiadczalna 4, P. O. Box 201, 20-290
Lublin, Poland
A chronovoltammetric method for estimation of potential oxygen flux density in the soil is
proposed. The method is based on the interpretation of current-potential relationship. This
relationship is recorded for a platinum indicator electrode placed in the soil. Electrical current
flowing across the electrode due to the electrode processes of the reduction of molecular oxygen is
recorded and converted into oxygen flux density. The results obtained for different soils were
compared with ODR.
In order to discern ODR (oxygen diffusion rate) calculated according to the amperometric
method proposed by Lemon and Erickson from that calculated according to the voltammetric one,
variable named OFD (oxygen flux density) was introduced.
Results obtained using both methods showed a distinct correlation. At the same time the
chronovoltammetric, OFD, data were less scattered then the amperometric ODR ones.
Recording a chronovoltammetric curve over the range of cathode potentials within that oxygen
reduction dominates, makes the problem of magnitude of the cathode polarizing potential
immaterial. Moreover knowing the shape of the current-voltage curve allows direct recognition and
rejection of uninterpretable data, which is impossible (without additional experiments) in Lemon
and Erickson method.
Keywords: soil oxygenation measurement, oxygen flux density in the soil, ODR, OFD
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Symposium no. 01

Paper no. 751

Presentation: poster

Hydrological parametrization of piping in loessic soils
under humid climate
BOTSCHEK Johannes, KRAUSE Simone, ABEL Thekla and SKOWRONEK Armin
Universität Bonn, Institut für Bodenkunde, Nussallee 13, D-53115 Bonn, Germany
A field study was carried out in the Bergisches Land in the Rhenish Slate Mountains
(Nordrhein-Westfalen, Germany) to test pedohydrological methods used in determination of
relevant parameters and possible flow paths for piping. In the investigated loessic soils, piping is
enhanced by high dispersibilities. The study confirmed that genesis and development of pipes also
decisively depend on hydrological conditions in the soils. Their porosity is similar to that of the
other soils of the region without pipes and do not show outstanding characteristics. Vertical water
permeability of saturated samples is very high. This promotes fast seepage. Lateral water movement
is weak. This is indicated by low horizontal permeability. Earthworms are very active in the
investigated soils and produce many macropores with great transport capacity for soil water. Even
more efficient are the burrows of moles and mice, enabling immediate infiltration and direct vertical
and lateral water movement as prerequisites for piping. Significance of the different parameters are
compared and evaluated.
Keywords: soil piping, preferential flow, soil hydrology, loessic soils

Symposium no. 01

Paper no. 1566

Presentation: poster

Fluxes of agrochemicals in an upland soil
in Northern Thailand as investigated with novel techniques
C1GLASCH H. (1), AOUNGSAWAD K. (2), AMELUNG W. (3), PANSOMBAT K. (2),
SOMBUTTUN T. (2), TARN C. (3), TOTRAKOOL S. (2) and KAUPENJOHANN M. (1)
(1) Hohenheim University, Germany
(2) Chiang Mai University, Thailand
(3) University of Bayreuth, Germany
The loss of nutrients and biocides from agricultural systems causes additional costs and leads to
eutrophication and pollution of ground and surface waters. This problem is of special interest in
Northern Thailand, where mountainous regions are intensively cultivated with fruit orchards and
vegetable fields. Although only poorly investigated by research programs, these agricultural
practices seem to have a serious environmental impact. Even newspapers report on farmer health
problems and decreases in fish populations due to biocide application as well as on serious
problems concerning water rights between the upstream hill tribes and Thai people living
downstream in the plains.
To establish methods helping to reduce the efflux of nutrients and biocides from agricultural
land, the major flux processes have to be identified and evaluated. As part of the interdisciplinary
"Research for Sustainable Land Use and Rural Development in Mountainous Regions of Southeast
Asia" this project aims at the quantification of preferential flow and matrix flow of locally used
agrochemicals under lychee in Northern Thailand. The sampling site is situated in the Mae Sa Noi
watershed, approximately 20 km NW of Chiang Mai.
The combination of three different methods to collect soil solution at a small scale fieldexperiment enables us to differentiate between fluxes through the soil matrix and through
preferential flowpaths. Specially designed micro suction cups in combination with both dye and
salt tracers visualize the different flow regions, while a grid of novel borosilicate suction plates has
been installed to investigate the spatial variability of water flow patterns and to quantify the total
efflux of agrochemicals. Soil solution from the suction plates is gained under automatic pressure
control of tensiometers. The constant adjustment of suction guarantees that only freely percolating
water will be sampled. This sampling optimization has not yet been achieved by former approaches
that commonly use constant or hand-regulated pressures. With a set of completely free draining
lysimeters, investigations on the chemistry of preferential flow will be conducted. Further
innovations in field sampling techniques, which will be demonstrated at the congress, simplified the
analyses on pesticides and nutrients. As a result the number of samples which can be processed is
increased, thus allowing a better spatial and temporal resolution of sampling.
The experimental setup will be completed by the beginning of the rainy season 2001. We
expect to be able to present the flux data from the vegetation periods 2001 and 2002 at the ISSS
congress. The comparison of tracers and nutrient concentrations in the micro suction cups and
suction plates will enable us to compute the contribution of preferential flow to the total export of
biocides and fertilizers. Since the measurements are conducted both beneath trees at different
distances from the stem and in uncovered soil we will Mso be able to estimate the fertilizer use
efficiency. In conclusion, we believe that the information on the flow patems is a basic necessity
for both the development of strategies that will reduce environmental pollution from agrochemicals
and to reduce expenses by optimizing agrochemical use.
Keywords: biocides, field transport, sampling soil solution, preferential flow, lychee, sustainable
land-use
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Paper no. 1289

Presentation: poster

Influence of soil type and land use on the nature of
mobile colloids: implications for the metal transfer in soils
C1TEAU Laëtitia. LAMY Isabelle, van OORT Folkert and ELSASS Francoise
1NRA. Unite de Science du Sol, RD 10, 78026 Versailles cedex, France
In this study, natural colloids circulating in gravitational waters were collected in situ with
zero-tension lysimeters from different types of soils located in the same area contaminated by trace
metals (Zn, Cd, and Pb). An agricultural soil (Luvisol), a forest soil (Podzol) and a soil under a
metallophyte grassland (Luvisol) were chosen. Characterisation and localisation of trace metals on
colloids were performed by transmission electron microscopy coupled with Energy Dispersive Xray Analysis (AEM). Mobile colloids were found to be different according to soil type and land use.
In the podzol, organic colloidal matter migrates in association with Fe and Al. In the luvisols the
nature of colloids is closely linked to the leaching of clay and iron. Colloids containing Zn were
organic (bacteria) or mineral (phyllosilicates, Fe-oxyhydroxydes and Ca- or Al-phosphates). 70 to
90% of Pb was present in colloidal form except for the forest soil whereas Zn and Cd were mostly
in dissolved form. The partitioning of metals in solutions in different fractions according to their
metal form stability was done by an ion exchange method. Pb was in the form of stable or slowly
labile complexes whereas Zn and Cd were essentially in the form of free ion or labile complexes.
The stability of Pb-forms and the main presence of colloidal forms of Pb can be related in soil
solutions. Consequently colloids seem to be implicated in Pb transfer in soils whereas their role for
Zn and Cd seem to be minor depending on soil type.
Keywords: mobile colloids, gravitational water, heavy metals, land use, analytical electron
microscopy
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Paper no. 1258

Presentation: oral

Measurement and simulation of solute transport in
structured soil integrated over pore and core scales
PEEKS Lynda K. (1), ZHANG Xianxion (1), BENGOUGH A. Glyn (1), STUTTER Marc (2),
WATSON Helen (4), YOUNG Iain M. (3), CRAWFORD John W. (3), CHESSELL Joanna M.
(1), EDWARDS Anthony (4) and BILLETT Mike F. (2)
(1) Soil-Plant Dynamics Unit, Scottish Crop Research Institute, Invergowrie, Dundee DD2 5DA,
UK
(2) Aberdeen University, Department of Plant and Soil Science, Cruickshank Building,
St Machar Drive, Aberdeen AB 15 8QH, UK
(3) SIMBIOS Center, Schools of Science & Engineering, and Computing, University Abertay
Dundee, Bell Street DD1 1HG, UK
(4) Maculay Land Use Research Institute, Craigiebuckler, Aberdeen AB 15 8QH, UK
The dispersal of fertilisers and pesticides from fields into streams and drinking water reservoirs
is still an ongoing problem throughout the world. Prediction and prevention of pollution events
requires a greater knowledge of the mechanisms controlling adsorption and desorption, and
transport of solutes through and out of the soil system. Understanding the role soil structure plays in
this process is fundamental to more accurate simulation and model-based prediction of solute
movement under variable water contents. The aims of this research was to generate 3-D
heterogeneous soil structure based on a 2-D measurement of natural structure, develop numerical
schemes to simulate water and solute transport in the 3-D structure under saturated and unsaturated
conditions, and compare to experimental observations.
Two soil types were used in this investigation, a freely draining Podzol and a freely draining
sandy loam. Undisturbed cores were used to measure hydraulic conductivity, soil moisture release
characteristics and tracer breakthrough. Porosity, cation exchange capacity and isotherms were also
evaluated for each soil type. The undisturbed cores were impregnated with resin, allowed to cure
and then prepared into thin-sections. Image analysis techniques were used to quantify and map soil
structure of vertical and horizontal thin-sections. The binary maps of soil structure were used to
characterise the spatial distribution of pore space using geostatistical methods. The spatial
characteristics were used to generate a statistically similar 3-D soil structure through which flow
and transport in saturated and unsaturated conditions were simulated using the lattice Boltzmann
algorithm. Simulated output included water release curve, saturated and unsaturated hydraulic
conductivity and dispersion coefficient for chemical transport. In the model solute movement was
assumed to occur in molecular diffusion and convection in pore spaces, and in molecular diffusion
within aggregates. The impact of fine pore within the aggregates on solute diffusion was handled
using an effective diffusion coefficient that is the product of molecular diffusion in free water and a
tortuosity factor.
Pore space <30 urn was not detected using thin-section image analysis, due to the thickness of
the thin-section and resolution of the scanned image. This, however, had no significance as the
hydraulic conductivity of pore space < 30 urn was not of greater importance. The results of
simulated flow compared favourably with experimental observation. Porosity of inter-aggregate
space <30 urn was based on total porosity less porosity from thin-section analysis, and assumed to
be evenly distributed within the aggregates. Initial comparisons of simulated and experimental
solute transport observations are also encouraging.
Keywords: 3-D simulated soil structure, thin sections, hydraulic conductivity
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Paper no. 432

Presentation: poster

Occurrence and causes of preferential flow
in Dutch, Greek and Spanish soils
DEKKER Louis W. (1), OOSTINDIE Klaas (1), MORAL GARCIA Francisco J. (2),
ZIOGAS Apostolus K. (3) and RITSEMA Coen J. (1)
(1) Team Land Use and Soil Processes, Alterra, Green World Research, P.O. Box 47, 6700 AA
Wageningen, The Netherlands
(2) Departamento de Expresion Grafica, Universidad de Extremadura, Centra de Elvas s/n 06071
Badajoz, Spain
(3) Demokritus University of Thrace, Vas Sofias 1, Prokat, Xanthi 67100, Greece
Knowledge of the movement of water and solutes through the vadose zone of soils is essential
for reliable predictions of pollution risks to groundwater. So far, most models simulating water and
solute transport through the unsaturated zone have assumed homogeneous infiltration and a
subsequent downward movement of the wetting front parallel to the soil surface. This type of stable
flow, however, is uncommon in field soils. Deviations are caused by a variety of mechanisms. First,
preferential flow of water and solutes may occur in well-structured clay and/or peat soils, owing to
the presence of shrinkage cracks. Second, preferential flow may also occur in non-structured sandy
soils, owing to the development of unstable wetting fronts. Fingers or preferential flow paths occur
if (1) the hydraulic conductivity increases with depth, as is encountered in soils with a fine-textured
layer covering a coarse-textured layer; and (2) the soil is water repellent. Irregular wetting patterns
and preferential flow paths have been established in the Netherlands in wettable dune sands and in
water repellent sand, clay, and peat soils, and in Spain and Greece in water repellent sandy soils.
Keywords: actual water repellency, irregular wetting, potential water repellency, rapid solute
transport, soil water content
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Paper no. 1567

Presentation: poster

Effect of various types of earthworm channel networks on
preferential water flow in soils
Dl P1ETRO Liliana (1), RLY Stephane (1) and CAPOWIEZ Yvan (2)
(1) Unite "Climat, Sol et Environnement", INRA Avignon, Domaine St. Paul, Site Agroparc,
84914 Avignon cedex 9, France
(2) UMR Ecologie des Invertébrés , Domaine St. Paul, Site Agroparc, 84914 Avignon cedex 9,
France
Burrows and channels with varying degrees of connectivity, tortuosity and sizes are formed by
earthworm activity in soils. Rapid preferential drainage or by-pass flow of water and pollutants
occurs through these networks. Preferential flow through non-capillary pores can be described by a
travelling diffusive wave. This wave is the solution of a non-linear convective-diffusive equation
that depends on three transport parameters: two related to the kinematic celerity and a diffusion
coefficient. These transport parameters could be dependent on the structural characteristics of the
soil macropore network. Laboratory infiltration experiments were carried out in repacked soil
columns inoculated with earthworms to characterize and to compare water flow through the burrow
systems formed by two earthworm species (Aporrectodea nocturna and Allolobophora chlorolica).
These experiments allowed to look for functional relations between hydrodynamic parameters and
the burrow structure.
Soil columns were scanned with a medical X-ray-scanner to determine the structural
characteristics (size distribution, tortuosity and connectivity) of the burrow systems. Varying
rainfall intensities were applied at the top surface of the columns with a rainfall simulator. Both, the
mean of mobile water content within the columns and the drainage hydrograph at the bottom were
recorded in time. The kinematic parameters were estimated from the experimental flux - mobile
water content relation whereas the diffusion coefficient was estimated from inverse modelling.
A very good agreement was found between model prediction and experimental data for all the
columns. Structural parameters show that burrow systems of the two earthworm species differ
significantly. In contrast only small differences were found in their hydrodynamic behaviour.
Consequently no clear relation could be established between structural and dynamic parameters.
Keywords: earthworm burrow system, preferential flow, kinematic dispersive wave model, X-ray
CAT
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Non-uniform water and solute movement through
a structured Andosol profile
EGUCHI Sadao (1) and HASEGAWA Shuichi (2)
(1) National Institute for Agro-Environmental Sciences (NIAES), Kannondai 3-1-3, Tsukuba,
Ibaraki 305-8604, Japan
(2) Graduate School of Agiculture, Hokkaido University Kita 9, Nishi 9, Kita-ku, Sapporo,
Hokkaido 060-8589, Japan
Evaluation of soil structure characteristics is indispensable to the understanding of detailed
mechanisms of non-uniform water and solute movement through soil profile. We measured spatial
distributions of penetration resistance and solute concentrations in a vertical profile of an Andosol
field, where water flux at 1 m depth, consisting of matrix flow and bypass flow, had been monitored
since 1997.
A soil profile of 2.1 m depth and 1.1m width was used to measure penetration resistance on the
profile surface at 25 mm increments in vertical and horizontal directions by a small cone
penetrometer. The soil was classified as a Haplic Andosol. At every 0.25 m depth, a soil sample
was taken from each point, where penetrometer resistance was measured, to determine gravimetric
water content and anion content of CI", NOV and S0 4 2 " extractable by 0.0 IM NaOH. Undisturbed
soil cores 51 mm long and 50 mm in diameter were also taken at the same depths to measure
volumetric water content and dry bulk density. Water flux at 1-m depth in this field had been
measured since 1997. Matrix flow was calculated by applying Darcy's law. Water balance equation
was applied during heavy rain events to estimate bypass flow.
The long-term monitoring data of water flux showed that bypass flow occurred during heavy
rain events only several times a year, and occupied about 1/4 of the total annual drainage. Storage
water to a depth of I m at the beginning of heavy rain events was found to be significant for the
incidence of bypass flow. Bypass flow tended to occur when soil was wet, and did not when dry.
This was explained by a difference in the water absorption rate into soil matrix which was low
under wet soil conditions.
Semivariance of the penetration resistance plotted with lag distance along the horizontal
direction of the profile showed a periodic curve, the period of which was the size of soil macrostructure unit, which was, for example, 42.5 cm at 0.25 m depth and 20-22.5 cm at 0.55 m depth.
Gravimetric water content and S0 4 2 " content were negatively correlated with the penetration
resistance and dry bulk density. To understand the non-uniform solute movement, non-uniform
distribution of anion adsorption capacity should be considered in addition to the soil structure
distribution.
Keywords: Andosol, bypass flow, heavy rain event, penetration resistance, semivariance,
soil macro-structure unit
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Mobile fraction of water and transport parameters
in modified structure soil
FAHAD Ali A. and ALI Abdul-Hussein W.
Soil and Water Department, Iraqi Atomic Energy. Comm, P.O. Box 765, Baghdad, Iraq
Mobile and immobile fractions of water were investigated in gypsiferous soil treated with fuel
oil (petroleum byproduct). Transport parameters were estimated based on convection-dispersion
model fitting. The soil investigated contained 25% gypsum. It was mixed with fuel oil to 1.5% and
incubated for 0, 1,2, 4, and 6 months. At the end of incubation time, a miscible displacement
experiment was conducted in soil columns 12 cm inner diameter and 50 cm long. Twenty mL of
KCl solution (carrier-free) containing 1.85 MBq (50 uCi) of 36C1 were evenly distributed at surface
of the soil columns. The columns were then leached with irrigation water maintained at 2-cm
depth. A fraction collector was used to collect effluent samples during leaching course and samples
were measured for chloride using liquid scintillation counting. Calculations were made for mobile
and immobile fractions of water and chloride. Also, estimation was made for Peclet number (P),
dispersion coefficient (D), and retardation factor (R) based on fitting of convection-dispersion
model to breakthrough curves (BTCs) of chloride.
Results indicated that the application of fuel oil and its incubation modified the soil structure.
The shape and position of chloride BTCs were altered in the treated soil and reflected by the
magnitude of the transport parameters. In this regards, the P and D for the control soil were
respectively 271 and 0.077. These changed to 59 and 0.450 cm2 h"1 for the soil incubated for 6
months. Changes in shape and position of the BTCs explained the modification that had occurred
in pore size distribution due to the application of fuel oil and the length of incubation time. The
mobile fraction of water significantly decreased and immobile fraction significantly increased with
the application of fuel oil and with increased time of incubation. The immobile fraction of water
was 0.03 for the control soil, and this increased to 0.08, 0.12, 0.17, 0.21 and 0.19 for soil incubated
with fuel oil for 0, 1,2, 4, and 6 months, respectively. At the same time, the immobile fraction of
chloride was in consistence with those of water.
Keywords: solute transport, isotopes, mobile immobile fractions, soil structure, convectiondispersion model
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Quantifying a leaching flux in a Mediterranean Gypsisol
GRUNBERGER Olivier (1), REYES GOMEZ Victor (2) and MONTOROI Jean Pierre (3)
(1) Land Dev. Departement - 1RD, Division of Soil Analysis, Phaolyothin road, Chatuchak,
Bangkok 10900, Thailand
(2) Institute de Ecologia de Mexico, AP 632, 34000 Durango, DGO. Mexico
(3) Institut de recherches pour Ie Développement, Centre dTle de France, 32 Av Henri
Varagnat, 3143 Bondy cedex, France
Intensive backward erosion and soil piping are often associated with Mediterranean gypsisols,
such as those found in Fidh AH Watershed in Tunisia (34°42'40"N, 9°36'13"E). This work
characterized the kinetics of leaching and looked for a relation with the piping phenomena. Two
soil monoliths of 1 m located near a backward erosion gully were studied in the field. Monolith A
had unmistakable evidence of chemical erosion (piping, fractures); Monolith B, chosen as a
reference, did not have any patent signs of chemical erosion. Bulk density, moisture content,
mineralogy, salt content, and shrinkage capacity were studied and minidisk permeameter
measurements were conducted on pedologic layers. The monoliths were submitted to long periods
of rainfall simulation (more than five hours) and surface and drainage water were sampled
regularly. Bulk density measurements had a greater variation for Monolith A above a depth of 40
cm. X-ray powder analysis identified quartz, gypsum, calcite and 1:1 and 1:2 clays; both soils
exhibited increasing spectra pics of calcite and gypsum and decreasing quartz pics, with depth.
Gypsum contents, estimated by loss of crystal water, were between 15 and 25% in weight. The
reference soil exhibited higher gypsum contents above a depth of 40 cm than Plot A. Soil shrinkage
capacity ranges were the same in the two soils (from 32% to 6%); the spatial repartition was
determined by depth and proximity with the gully. The highest values were found at the greatest
depth and the smallest at the surface (at one meter of the head of the gully). Minidisk infiltrometer
measurements demonstrated that the soil without piping (B) had an impermeable layer at a depth of
about 35 cm, while adjustment of the infiltration curve implied a drainage flux, at saturation stage,
of 10 mm lï' at 60 cm above surface level in Plot A. The chloride balance was based upon soil 1:5
lixiviation extracts; the two plots indicated losses of more than 600 g m~2 of CI" during the
experiment, mainly in the 20-45 cm layers, but to a greater extent in the 45-72 cm layers in Plot A.
Estimations of the CI" balance based upon the quality of the drainage water were 10 times lower for
Plot B and 100 times lower for Plot A; this is attributed to the establishment of preferential flow
paths collected by the drains. The piping process occurred through discontinuities in the
impermeable layer (35-50 cm); this was due to the heterogeneity of the shrinkage capacity in the
nearby gully. Established preferential paths led to a 10 mm h"1 infiltration rate after water saturation
of the superficial layers; if related to the sulfate content in the drainage water, leaching fluxes in
sulfate for this situation may be around 40 g m" h*.
Keywords: leaching, piping, gypsic soils, North Africa, Tunisia
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Earthworm species and residue placement effects on
macropore characteristics and preferential transport
GUPTA S.C. (1), BHATTACHARJEE A. (1), MONCRIEE J.F. (1) and BERRY E.C. (2)
(1) Department of Soil, Water and Climate, 1991 Upper Buford Circle, University of Minnesota,
St. Paul, MN, USA 55108
(2) USDA-ARS, Ames, IA, USA
Earthworm macropores are a major pathway for preferential transport of water and
contaminants in soils. The characteristics that control macropore flow are macropore size,
continuity, and tortuosity. A laboratory study was undertaken to quantify the effects of three
earthworm species (Lumbricus terrestris, L. rubellus, and Aporreclodea trapezoides) and two
depths (surface and 10 cm) of residue placement on burrow morphology, surface continuity, and
water and tracer fluxes through soil. Infiltration rates followed the trends: L. terrestris > L. rubellus
> A. trapezoides. Pore volume displacement needed to reach a given relative tracer concentration
followed the same trends. These trends reflected greater surface continuity of macropore formed by
L. terrestris followed by L. rubellus and A. trapezoids. Macroporosity and macropore penetration
was higher for L. terrestris followed by A. trapezoides and L. rubellus. The reversal in trends
between L. rubellus and A. trapezoids for breakthrough curves and macropore characteristics
appears to be due to borrowing habits. L. rubellus forms borrow by expanding and contracting.
These earthworms extrude casts at the soil surface. Comparatively, A. trapezoids forms borrow by
ingesting and extruding soil in its borrow. It is possible that some A. trapezoids borrows were
blocked whereas borrows formed by L. rubellus were open. Infiltration rates were higher for soil
columns incubated with residue at the soil surface than with residue at 3-10 cm depth. Also, pore
volume displacement needed to reach a given relative concentration was smaller for surface residue
than residue at 3-10 cm depth. Macroporosity was maximum at the depth of residue placement
irrespective of the species. This reflected greater earthworm activity near the food source. We
conclude that earthworm species is a major factor that controls macropore flow through soils. This
control is in terms of macropore continuity, macropore radius, depth of macropore penetration, and
earthworms' burrow formation habits. Food source placement effects on macropore flow are minor
and indirect, mainly through the effect on degree of macropore continuity at the soil surface. These
findings have major implications on modeling preferential flow in soils.
Keywords: earthworms, preferential flow, burrows, macropores, solute transport, tillage
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Simple soil water hysteresis prediction model
based on theory and geometric scaling
HAVERKAMP Randel (1), ROSS Peter J. (2) and PARLANGE Jean-Yves (3)
(1) Laboratoire d'Etude des Transferts en Hydrologie et Environnement, LTHE (UMR 5564,
CNRS, INPG, UJF, IRD), BP 53X, 38041, GRENOBLE, Cedex 9, France
(2) CSIRO Land and Water, Cunningham Laboratory, St LUCIA, Qld. 4067, Australia
(3) Cornell University, Department of Agricultural Engineering, ITHACA, NY 14853, USA
Hysteresis in the water retention characteristics of a soil is important in prediction of soil
hydraulic properties and in descriptions of vadose zone flow and transport processes. Although a
number of models have been proposed, some are entirely empirical and others are inconvenient to
use. We apply a theoretical approach to derive parameters for a more suitable model based on the
concept of rational extrapolation. Considering the water retention curve to be described by three
parameters, the first defining the shape of the curve and the two others scaling the soil water
pressure head and volumetric soil water content, three geometrical scaling conditions are derived.
The first condition determines a shape parameter which is identical for all wetting and drying
curves and independent of their scanning order; the second defines the relation between the
pressure head scale and the water content scale specific to each curve in wetting or drying; and the
third condition determines specific water content scale parameters according to the points of
departure and arrival of each scanning curve. Equations necessary for the calculation of the
different scale parameters are presented. Given the saturated water content, all main, primary and
higher order scanning curves can be predicted from knowledge of only one curve, although in
practice knowledge of a main or primary curve is desirable. Constraints such as the need for
scanning curves to be closed and to lie inside curves of a lower scanning order are automatically
satisfied. The method is illustrated using the van Genuchten water retention function but could also
be applied to other functional forms. Results agree well with the existing data. It appears that
knowledge of water retention in the field is often hampered by uncertainty in the hysteresis history
of the soil. The model eliminates the residual water content as a soil characteristic parameter.
Keywords: hysteresis model, water retention, hydraulic properties
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Quantitative characterization of the pore network and
soil structure using microfocus X-ray computed tomography
HERMAN Sofie (1), TIMMERMAN Anthony (1), VANDERBORGHT Jan (1) and
FEYEN Jan(l)
(1) Laboratory for Soil and Water, K.U. Leuven, Vital Decosterstraat 102, Leuven 3000, Belgium
(2) Agrosphaere ICG-IV, Forschungszentrum Jülich 52428, Germany
The geometry of pore space is one of the key features in understanding transport of water and
solutes. Characterizing soil structure in a quantitative way is extremely important for soils where
macropores such as worm holes, root channels, cracks etc. are present over the whole length of the
soil profile and the unimodal Richards' equation to describe water flow does not hold. An
alternative for the Richards' equation to deal with these heterogeneous pore systems is then to
determine the macroscopic hydraulic properties based on simulations at the pore scale. Therefore, a
quantitative characterization of the soil structure and the pore network is essential.
The application of microfocus X-ray computed tomography (uCT) provides a possibility for a
non-destructive, three-dimensional morphological characterization of soil structure and the pore
network at a microscale level. However, the beam-hardening artifact caused by the polychromatic
spectrum of the X-ray source is one of the most important problems in obtaining good quantitative
data. Homogenized sandy loam material is used to select appropriate heavy metal filters to assure
beam-hardening is sufficiently reduced, i.e. each voxel has the same attenuation coefficient
irrespective of its position within the sample.
Three heterogeneous sandy loam soil cores (100 cm3) were scanned at 2 different water
potentials using microfocus X-ray computed tomography with a resolution of approximately 50 urn.
3D reconstructed images were converted to binary images. Air apertures were distinguished from
matrix material using appropriate threshold values based on histogram distributions of attenuation
values and a calibrated relationship between air aperture sizes and a threshold parameter. 3D pore
networks were extracted and the water distribution within the pore network was visualized by
subtraction of attenuation values between the scans of dry and wet soil. A pore size distribution,
which considered the hydraulic diameter of the pores, was based on the techniques of the
mathematical morphology, namely erosion and dilation. Furthermore, the 3D Euler Poincaré
characteristic was determined as a measure for pore connectivity.
Keywords: soil structure, 3D pore networks, microfocus X-ray computed tomography
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Study on water holding capacity of tubular-macropores
IWATA Yukivoshi (1) and NARIOKA Hajime (2)
(1) Department of Upland Agriculture, National Agricultural Research Center for Hokkaido
Region, Shinsei. Memuro, Hokkaido, Japan
(2) Faculty of Environmental Science and Technology, Okayama University, 3-1-1
Tsushima-naka, Okayama 700-8530, Japan
Since macropores significantly influence the movement of water and air in the soil, it seems
that the structure of macropores should determine the processes of drainage.
Although
characteristics like water holding capacity must describe the structure of pores in the soil, there is
only little knowledge about the relationships between pore structure and water holding capacity.
In this study, we focused on structure of macropores and water holding capacity in high soil
moisture content, and found the relationship between tubular-macropore structure and water
holding capacity. Undisturbed volcanic ash soil (Andosols) and paddy field soils (Alluvial soils)
were used for the sample because of well-developed structure of cylindrical macropores (tubularmacropore). Although characterization of water holding capacity in drainage experiments was
limited when using cylindrical sampler 1100 cm3 volume), the structure of macropores was found by
soft X-ray radiograph. The following results were obtained.
(i) The structure of entry pores depended on the direction of sampling in the field. Using a
model of entry pore structure, it was found that this phenomenon is thought to reflect the shape of
drainage macropores, especially the joints of tubular pores that have different diameters.
(ii) Inner wall of a 100 cm -cylindrical sampler had greatly affected the result of drainage
experiments. Nevertheless, it could be said that wall-affected results show soil drainage
characteristics better than non-wall-affected results because well developed tubular pores mainly
affect to drainage process at high water content in the soil samples. The models of drainable
macropores structure were constructed to explain this phenomenon. The shapes of pF-distribution
curves were different depending on the direction of sampling when undisturbed soils were sampled
using a 100 cm -cylindrical sampler from the field. This could be explained by assuming that large
tubular pores in the network of macropores were in a vertical direction and smaller tubular pores
were in a horizontal direction.
Keywords: macropore structure, drainability, anisotropy, soft X-ray imaging method, sampling
scale
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The spatial variability of OM and total NPK in cinnamon soil
in the west part of Northeast China
LIU Zuoxin and TANG Lisheng
Institute of Applied Ecology, Chinese Academy of Sciences, 72# Wenhua Road, P.O. Box 417,
Shenyang 110016, China
The cinnamon soil is a kind of main agricultural soil and widely distributed over the west part
of Northeast China. It possesses high yield potential. The spatial variability of organic matter (OM),
total N, P and K contents of the plough horizon (0-20 cm) were studied in order to develop site
specific nutrients management. The plots were assigned by grid soil sampling with 10mx4.2m
spacing within the area of 62m x 29.4m and the contents of soil OM and total NPK were analyzed.
Research results revealed a distinct difference in the spatial distribution of total N, P and K
contents. The difference increased with the distance between two sampling points. The ratio (Co/
(Co+C)) between nugget variance and sill of total NPK showed the variability caused by random
factors was 9.3%, 3.3% and 4.4% occurring in the small scale less than 10 m. On the contrary, the
ratio caused by spatial self-correlation was 90.7%, 96.7% and 95.6%, respectively. The nugget
effects were more significant in OM and the ratio between nugget variance and sill were 25.7% and
74.3%. The correlation lag range of OM (21 m) was distinctly smaller than that of total NPK (31m,
35 m and 34 m). The spatial distribution maps of OM and total NPK contents were made up by
Kriging theory according to the variation model. The map indicated there was high spatial
variability of OM and total NPK in the cultivated horizon. And the spatial structures and the types
were decided by the variability. The difference of speckle size, shape and spatial distribution in OM
and total NPK were notable, and the content of OM and total NPK was distributed with the gradient
from low to high. The spatial distribution characteristic is not only related to the processing of soil
formation, but also related to the result of the specific agricultural production system and mode in
China.
Keywords: cinnamon soil, spatial variability, nugget effect, semivariograms
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Study on the generation and distribution of shrinkage crack
and the preferential flow in paddy soil
LU Jun and WANG Huanzi
College of Environment and Natural resources, Zhejiang University, Hangzhou 310029, P.R. China
Most rice production adopted flooding irrigation and the water use efficiency (WUE) for rice
production is generally lower than that for other crops. The effects of intermittent irrigation for
paddy rice on water use efficiency were studied. Four treatments were conducted with 2 replicate in
well-puddled paddy field: continuous flooding irrigation (CSF), and intermittent irrigation II-O, II-1
and II-2, in which plants were re-irrigated when the soil water potential fell below 0, -10, and -20
kPa at about 5 cm soil depth, respectively. Water consumption was lower during II-O than during
CSF because the percolation rate was reduced by the reduction in the hydraulic head of ponded
water. Intermittent irrigation led to soil repeated shrinking and swelling in II-1 and II-2 plots and,
therefore, soil cracks developed rapidly. Both the density (the total length of cracks per unit area)
and the intensity (the maximum width of cracks in the unit area) of soil cracks were speedily
developed with the decrease of soil water potential. However, these repetitive watering condition
did not enlarge or increase the soil cracks significantly thereafter because the lowest soil water
potential always remained fairly constant, and the dried soil case was also not for very long time. In
II-O plots, the soil water content always kept close to saturation so that soil crack did not form, even
though the pounded water is also disappeared repetitively .After soil shrinkage cracks had already
formed in the II-1 and II-2 plots, the daily water consumption in CSF was higher than that in II-O
plots under the conditions of both a higher (3 cm) and a lower (7 cm) depth of ponded water. This
result was due to the fact that the hydraulic head in the former case was always higher than that in
the latter except on irrigation days (when the hydraulic head should have been almost same in both
CSF and II-O). Soil cracks result in higher percolation rates and, therefore the daily consumption of
water in both II-1 and II-2 plots was higher than that in both CSF and II-O plots. Water consumption
with a depth of ponded water of 7 cm was higher by 77.3%, 49.1%, 82.4%, and 211.0% than when
the depth of ponded water was 3 cm in CSF, II-O, II-1 and II-2, respectively. The results indicated
that an increase in the depth of ponded water accelerated the percolation rate for all the irrigation
regimes.There were no significant differences in dry matter production and grain yields between II0 and CSF, but both were significantly higher than those in II-1 and II-2. Therefore, the WUE was
in the follow order: II-0>CSF>II-2>II-1.
Keywords: intermittent irrigation, paddy rice, soil cracks, water consumption, water use efficiency
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Influence of irrigation regimes on preferential flow
IMAGESAN Guiia N.
Forest Research, Private Bag 3020, Rotorua, New Zealand
In recent years, the preferential flow of water and solutes through soil has received increasing
attention. However, the influence of management factors such as irrigation frequency and intensity,
is not well known because of limited study in this area. Some studies have examined the effect of
irrigation intensity on preferential solute movement, but the results have varied. This study aimed to
examine the influence of irrigation frequency and intensity on solute movement through two New
Zealand soils with differing physical, chemical and drainage characteristics.
To investigate the effect of irrigation frequency, four lysimeters of each soil - Horotiu (Typic
Hapludand) and Te Kowhai (Typic Ochraqualf) - were used. Chemicals (150 kg N ha"1, 50 kg P ha"1
and 150 kg Br h a ' ) were mixed in water and sprayed on to the soil surface. Two lysimeters of each
soil were irrigated weekly with one application of 74 mm of water, and two lysimeters were
irrigated with twice weekly applications of 37 mm of water. The irrigation continued for 20 weeks.
The bromide and nitrate breakthrough curves showed that preferential flow had a marked effect on
the Te Kowhai soil but not for the Horotiu soil. Phosphate generally did not leach through either
soil. The results also suggest that soil properties, rather than the irrigation frequency, may have
greater effect on preferential flow.
To investigate the effect of irrigation intensity, two plots (1 m2 each) of Horotiu soil were
sprayed with bromide solution (equivalent to 600 kg Br ha"1). The plots were irrigated for 6 hours
daily, one at 6 mm h"1 (low intensity) and the other at 18 mm h (high intensity), until a total of
1200 mm irrigation had been applied. After the experiment, soil samples were collected at 15 cm
intervals, down to 90 cm. Soil sampling results showed that with low-intensity (6 mm h' ) irrigation
bromide was not present in the 0-15 cm soil samples, but was retained mainly between depths of 15
and 45 cm. Nearly 90% of bromide was recovered, suggesting that water flow in the topsoil took
place through a relatively large proportion of the soil. However, under the high-intensity (18
mm h ' ) irrigation, bromide was mainly retained at depths between 30 and 90 cm, with some
moving below 90 cm. Only 40% of bromide was recovered from this treatment, possibly due to
lateral spreading and longitudinal dispersion. Results from porous cup samples at 3 depths also gave
similar results. This indicates that irrigation intensity enhanced the movement of bromide, through
noncapillary pores of the soil, by minimising the contact time for diffusion and advection of
bromide into the matrix.
Keywords: preferential flow, bromide, nitrate, phosphate, irrigation frequency, intensity

23

Symposium no. 01

Paper no. 963

Presentation: poster

Measuring the pressure-saturation curves
of undisturbed soil samples using water and NAPL
MAKÓ Andres
University of Veszprem, Georgikon Faculty of Agriculture, Department of Soil Science, H-8360
Keszthely Deäk F. U. 16, Hungary
It was recently shown that estimated transport parameters for NAPLs can differ significantly
from the measured parameters because of poor estimates for fluid conductivity and fluid retention.
Most estimation procedures of the models assume that porous media are rigid and noninteracting
(ideal porous medium). This assumption is not valid in clayey and/or in aggregated soils.
Inadequate estimation of the NAPL retention may be a direct result of clay volume changes and soil
aggregation changes when saturation with different fluids occurs.
In order to expand the experimental data set of models describing the movement of organic
liquids polluting the soils, a series of experiments was set up in which the fluid retention (P-S
curves of the soils) were measured using water and NAPL (DUNASOL 180/220, a non aromatic
petroleum product). The measurements were carried out on undisturbed soil samples originating
from different horizons of characteristic Hungarian soils. The presentation shows the new
measuring methodology used, the results of the measurements and the statistical analysis of the data
to discover the most important soil parameters affecting the water and NAPL retention of the
undisturbed soils.
It was found that the estimation of fluid retention is realizable using the easily measurable soil
parameters (bulk density, particle size distribution, lime and humus content).
Keywords: retention, pressure-saturation curves, NAPL, undisturbed soil samples, estimation,
modeling
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Modelling of multiphase multicomponent pollutant
transport in soils
JENDELE Libor (1) and MATULA Svatopluk (2)
(1) PIT, Choceradska 13/2600, 141 38 Prague 4, Czech Republic, Europe
(2) Czech University of Agriculture, Kamycka 129, 165 21 Prague 6, Czech Republic, Europe
The paper presents a new software module called POLLUTTRANSPORT for multiphase flow
analysis in unsaturated and saturated soils. The analysed system may include: water and water
vapour flow, NAPL and NAPL vapour flow, (NAPL stands for non-aqueous phase liquid, e.g.
toluene, petrol etc.), dry air flow and heat flow. The last flow is considered because some properties
of fluid are highly dependent on temperature. It applies particularly to volatile NAPLs.
The process of development of such a module involves three main steps: development of a
theoretical model, development of a procedure for its numerical solution and development of a tool
for its practical application. Although the paper briefly presents the governing equations, its main
interest is focussed towards 1) numerical solution procedure and 2) computer implementation. Both
of these topics bring some novel techniques: The module uses so-called Primary Variable Switching
Scheme (PVSS), which is extended to multiphase flow conditions. The method is built on the
Mixed formulation (Celia, 1990, 1992). Although the problem state variables volumetric fluid
contents 9, hydraulic capillary pressure heads y, temperature T and gas pressure p are not mutually
independent, for corrector phase of the solution they are used directly. It supports numerical
stability and accuracy of the solution. On the other hand, for the predictor phase either y or 0 has to
be eliminated using constitutive equations. The choice of which of them to retain and which to
eliminate depends on current total saturation at the particular location. For low level of saturation, 0
is retained and y eliminated, whilst for saturated soil clearly it must be the other way around. The
paper presents details of the PVSS, including solution of some peculiarities inherent to the dynamic
switching between 9 and y primary variables.
From the programmer's point of view, the computer module POLLUTTRANSPORT is also
interesting. It is built within ATENA (Advanced Tool for Non-Linear Engineering Analysis system
that has been recently developed by Cervenka Consulting, Prague.). The novelty of the adopted
architecture is that the ATENA kernel serves as a generic FEM module, or in words of
programmers as a set of hierarchically created dynamically linked libraries that provide most
services needed for any FEM analysis such as equation solving, database for FEM topology etc. It
includes also support for pre and post-processing. On the other hand, an analysis's specific features
are coded in a specific engineering module. A good example of such a module is the present
module POLLUTETRANSPORT. This architecture clearly saves a lot of the programmer's
development effort. The result is higher quality and effectiveness of the resulting FE software. Also,
as all engineering modules in ATENA use the same pre and post-processors, i.e. the same graphic
user interface, their mastering is significantly simpler.
Keywords: multiphase flow, airflow, heat flow, NAPL, numerical solutions, module
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Unsaturated soil water movement monitoring
using electrical imaging
MICHOT Didier (I), DORIGNY Abel (1), BENDERITTER Yves (2) and KING Dominique (1)
(1) INRA Orleans, Unite de Science du Sol BP 20619,45166 Olivet cedex, France
(2) CNRS (UMR 7619), C R G, Garchy, 58150 Pouilly-sur-Loire, France
A good water supply for growing corn requires precise knowledge of the soil hydric state. It is
necessary to monitor field water content changes to measure water losses by infiltration and
evapotranspiration. A better knowledge of soil water flow brings progress in understanding
agricultural pollutants behaviour and transport. This permits a rational sampling strategy to study
these active molecules' residence time.
The aim of this work is to monitor water infiltration in a soil with an irrigated corn crop and to
observe the soil volume dried as a result of plant water uptake with an electrical imaging method.
The study area is located in France, South West of Paris. The studied site has a corn crop cover and
is irrigated by sprinkling. The experimental plot has a loamy clay soil developed in a cryoturbated
limestone deposit.
Simultaneous monitoring of water content and soil electrical resistivity in the soil profile is
performed over a 10 day period. During water sprinkling, electrical resistivity is monitored over
time using a dipole-dipole multi-electrodes 2D method. Simultaneously, soil water content, soil
temperature, and irrigation are measured.
True resistivity sections reveal the major soil horizons. 1) The plow layer reveals major
resistivity anomalies corresponding to the soil volume dried by corn root water uptake. These
oblique anomalies seems connected to soil ploughing orientation. 2) The median loamy clay horizon
is characterized by the lowest resistivity. 3) At depth, the resistive cryoturbated limestone deposit is
well identified during the wetting phase after sprinkling 25 mm of water, gradual saturation of the
plowed horizon by infiltration explains the resistivity decrease and the disappearance of high
resistivity soil pockets under corn rows. Vertical negative resistivity anomalies observed under corn
rows correspond to a water vertical preferential flow. The percolating water reaches the upper part
of the median horizon, where it accumulates in soil pores. Two vertical soil domains, characterized
by constant resistivity over time, correspond to soil compacted domains in agricultural machinery
tracks. During the drying phase, the soil pocket with a high resistivity reappears under the corn
rows in the surface horizon.
These results confirm the interest of electrical imaging in pedology and agronomy. This non
destructive method allows a spatial integration. It facilitates the delineation of the soil horizons in
2D or 3D and monitoring of the soil hydraulic behaviour. The root zone soil pockets dried as a
result of corn plant water uptake, the progress of the wetting front with preferential flow and the
superficial horizon drainage are identified. This method reveals also soil structural features resulting
from cultural practices and passage of agricultural machinery. A soil water content section can also
be inferred.
Keywords: soil, water, infiltration, preferential flow, electrical resistivity
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What measurable properties can predict preferential flow?
NIMMO J.R.
United States Geological Survey (USGS), 345 Middlefield Rd., Menlo Park, CA 94025, USA
In a model applied for predictive use, it is important to identify which measurable soil
properties might be most sensitive to preferential flow. The quantitative characterization of
preferential flow paths in terms of their density, conductance, and continuity is difficult. Recent
evidence, primarily from comparison of observations at widely different scales, may help in
identifying the properties most likely to be useful. Comparisons of case studies show that
macropores and layer contrasts are dominant influences over long as well as short water-flow
pathways. Large-scale studies show that preferential flow is not necessarily terminated by zones
deficient of obvious macropores, or by irregularities in layer contrasts. Thirty-six published field
tests from which a maximum travel velocity vmax can be inferred show no clear trend of maximum
flow rate with distance spanned by the test, which favors a simple scalability of preferential flow.
Other significant observations are that vmax is highly sensitive to the temporal continuity of water
supply, but minimally sensitive to the type of subsurface medium. Effective characterizations may
need to rely largely on factors outside the Darcy-Richards formulation.
Keywords: soil structure, hydraulic conductivity, preferential flow, water quality, contaminant
transport
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Preferential flow pathways in a tropical rain forest,
IJukit Tarek in Peninsular Malaysia
NOGUCHl Shoii (1) and NIK Abdul Rahim (2)
(1) Japan International Research Center for Agricultural Sciences, 1-1 Ohwashi Tsukuba Ibaraki,
305-8687,Japan
(2) Forestry Research Institute Malaysia, Kepong, Kuala Lumpur 52109, Malaysia
Preferential flow pathways in tropical soil in Bukit Tarek of Peninsular Malaysia were
investigated using dyes. The dye-flow patterns were mostly uniform in the Ao and A layers but not
in the B layer. Decayed roots and living roots have an effect on preferential flow in vertical and
lateral (towards downslope) directions. Termites contribute to water infiltration in tropical rain
forests.
Keywords: preferential flow pathway, a tropical rain forest, roots, dye
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Problems of irrigation water management in
Ganges flood plain basin soils
RAHMAN M.. ISLAM A.T.M.T., HOSSAIN A. and BHANDAR B.K.
Soil Resource Development Institute, Ministry of Agric, Krishi Khamar Sark, Farmgate, Dhaka1215, Bangladesh
When seasonally flooded Ganges basin clay with swelling and shrinkage properties drains with
lowering of ground water table deep into soil profile, the process of cracking also starts. Extensive
interconnected cracks with a size of up to 3.5 cm are developed in topsoil and they extend to 45 cm
depth. Morphologically clody/angular blocky, dark grey clayey (clay 66%) top soil overlies mixed
dark grey and olive brown silty clay (clay 48%) with strong well developed structure breaking into
fine to very fine wedge shaped aggregates subsoil. The subsoil overlies olive brown silt loam (clay
26%) substratum at about 1 meter depth. Soil rich in smectite (27%) swells upon wetting and
shrinks 2-3 cm linearly upon drying. Bulk density of clods in top soil and subsoil are 0.2-0.3 g cm"3
higher than the bulk density measured by core method. Variation in moisture content, cracks,
structure and texture of different layers influence the infiltration capacity of different layers as
indicated by initial high intake (6.51-18.89 cm h') in dry condition, relatively low intakes (2.48-8.8
cm h"1) in moist condition, and lowest intake (1.86 cm h"1) in wet condition. The intake rate
diminishes with time until the soil reaches the basic intake rates. Basic intake rates in moist and wet
condition in subsoil ranges from 1.59-2.17 cm h"' and 1.12 cm h~' respectively. In substratum, the
basic intake rate of 0.5 cm h"1 is mainly influenced by texture. However, in the solum no
relationship exists between soil texture and infiltration. Hydraulic conductivity of top soil, subsoil
and subtratum are 0.85 cm d" , 0.63 cm d" and 0.2 cm h~' respectively indicating that the solum is
more permeable than substratum. Better puddling is difficult to achieve due to high structural
stability index (0.55-0.68) which may be attributed to high contents of clay (52-68%), organic
matter (2.65-3%) and calcium carbonate (4%). Compared to To treatment, the rate of water losses in
Ti, T2, T3 and T4 are 3.2, 4.3, 27.3 and 73.8 times less respectively. Infiltration and hydraulic
conductivity of soil indicate that the solum is more permeable than substratum. Although
extensively puddling reduces the water loss (basic 1.92 cm d"' and 0.72 cm d"1 at 72 hours)
significantly but without lining up to the depth of the cracks water loss will continue through
horizontal movement, as subsoil is more permeable. The cracking of the soil also affects upland
crops because the mechanical support of the plants is hampered, and less moisture is available to the
plants.
Keywords: solum, basic intake
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Preferential transport of bromacil through Hawaii Oxisols
RAY Chittaranian
Department of Civil Engineering, University of Hawaii at Manoa, 2540 Dole Street, Honolulu,
HI 96822, USA
An assessment of the effect of current management practices on the fate and transport of
herbicides in Oahu (Hawaii) Oxisols was made. Soil samples were collected for the analysis of
bromacil and hexazinone in five plots to about 4 m where pineapple was grown. Five soil cores
were taken per plot and samples between depths of 0-0.3, 0.3-0.6, 0.9-1.5, 3.4-3.7, 3.7-4.0 m. The
sixth plot was fallow and soils were sampled at two boreholes, each containing five samples. The
first borehole was 18.6 m and the second was 15.2 m. There was significant variation in
concentrations among the five samples collected from the five boreholes in each plot. High
concentrations (approximately 1000 ug g') of bromacil were found in a number of plots at depths
of 3 m below land surface. For the fallow plot, low concentrations bromacil were found all the way
to 15 m in one borehole and 9.5 m in the second borehole. Results of modeling indicated that under
the current estimated rates of evapotranspiration, recorded daily rainfall, and irrigation, the pulse of
bromacil from land surface could not move more than 0.9-1.5 m depending upon the field. The
model predicted concentrations in soil water that were significantly lower than those found through
sampling. Soil macroporosity and residual bromacil from previous applications were expected to
have contributed to higher concentration and downward migration. Further, only daily rainfall
values were available for simulation and were not adequate to account for macropore flow. In
future studies, detailed assessment of the soil physical and chemical properties at the fields under
investigation, background concentration data for soil profiles, accurate information of rainfall
(through recording raingages) and irrigation are needed for realistic simulations. The current model
assumes vertical flow. With plastic mulch in use, a two-dimensional model would be more
appropriate. A macropore model and a 2-D model will be used to further analyze the data.
Keywords: bromacil, Oxisols, pineapple, unsaturated flow, preferential flow
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Principles and modeling of preferential flow dynamics
in water repellent porous media
RITSEMACoenJ.(l). VAN DAM Jos C. (2), DEKKER Louis W. (1) and OOSTINDIE K. (1)
(1) Alterra, P.O. Box 47, 6700 AA Wageningen, The Netherlands
(2) Wageningen Agricultural University, Nieuwe Kanaal 11, 6709 PA, Wageningen,
The Netherlands
Water repellent soil and surface layers exhibit a complex flow and transport mechanism.
Knowledge of the underlying principles is essential for instance to simulate water availability for
crops and to estimate leaching potentials of agrichemicals. The present study aimed to investigate
water flow and solute transport processes in a water repellent sandy topsoil, and to introduce and
apply a new modeling approach.
Automated TDR measurements revealed that preferential pathways develop rapidly during
severe rain storms, causing infiltrating water to be preferentially transported to the deeper subsoil.
These preferred pathways recurred at the same sites during all rain events.
The process of preferential flow and transport has been incorporated in the well-known SWAP
model, and applied to field data of tracer transport through a water repellent sandy soil in the
Netherlands. Flow concept and model structure have been outlined, and simulation results
presented. Results indicated early arrival times of bromide tracer in the subsoil in the case where
preferential flow is taken into account in the model.
Several amelioration strategies to alleviate soil water repellency are highlighted, e.g. irrigation,
clay additions, and application of surfactants.
Keywords: preferential flow and transport, soil water repellency, modeling, management
implications
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Transport of aqueous arsenic across and down
some surface soils of West Bengal, India
MUKHOPADHYAY Dibyendu and SANYAL Saroi Kumar
Department of Agricultural Chemistry and Soil Science, Faculty of Agriculture, Bidhan Chandra
Krishi Viswavidyalaya, Mohanpur, Nadia, West Bengal, India
The widespread arsenic contamination in groundwater in different parts of West Bengal,
located predominantly in seven districts adjoining the river Bhagirathi, is of concern. A large
number of people of this region are affected by this toxin. The problem seems to be triggered by
large-scale withdrawal of groundwater for agricultural irrigation during the lean period of January
to April when the groundwater recharge is at its minimum. However, the surface water bodies in the
affected belt have remained effectively free of the toxin. This seems to suggest that the soil, which
is receiving the arsenic contaminated irrigation water, is acting as a sink for arsenic. In this
background, the present study was undertaken (i) to examine the arsenic retention/release behaviour
of the selected surface soil samples from the affected area and that of a control site, during the
passage of aqueous arsenic through these soils under both horizontal and vertical flow situations, as
well as (ii) to elucidate the role played by the given soils in "partitioning" arsenic from the flowing
contaminated water, thereby acting as a sink.
For this purpose, coupled osmotic flow of aqueous arsenic solutions across the given soil plugs
was monitored in a specially designed horizontal osmotic cell. The observed solution fluxes under
several osmotic and hydrostatic pressure gradients were fitted to the formulations, based on
irreversible thermodynamics of coupled transport processes. The latter yielded transport parameters,
namely the reflection coefficient, mechanical filtration capacity, and solute (i.e. arsenic)
permeability of the given soils, and also several hydrodynamic frictional coefficients. The
inequalities of the latter for friction between (i) solute and water, (ii) water and soil, and (iii) solute
and soil were noted for examining the decoupling of arsenic and water during permeation of the
given soils with aqueous arsenic.
By studying the vertical transport, under constant pressure head, of aqueous arsenic solutions
down the given soils, taken in a double chambered glass column, the Darcy's flux, saturated
hydraulic conductivity of soils, effluent concentrations of arsenic at different time intervals during
the flow and the corresponding solute accumulation parameters for the given soils were computed.
Further, these data were used to construct the sigmoid-shaped breakthrough curves for arsenic, and
the shift of the latter to the left of the corresponding inflexion points was noted.
The findings from the present investigation suggest a higher degree of arsenic retention by the
soils of the affected zone compared to the unaffected control site. The sigmoid shape of the arsenic
breakthrough curves indicated hydrodynamic dispersion during vertical passage of arsenic solution
through the given soils. The above-mentioned shift of these curves was also greater for the
contaminated soils, suggesting higher arsenic accumulation therein.
Such arsenic retention capacity of the affected soils was directly linked to the amorphous iron
content of the soils, the latter being known for its remarkable arsenic scavenging ability.
These findings elucidated the capacity of the given soils to act as effective sink for arsenic,
thereby allowing the surface water bodies and the groundwater recharge in the affected zone remain
relatively free of arsenic.
Keywords: arsenic contamination coupled transport, breakthrough curves, soil sink for arsenic
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Dissolved N 2 0, CH4 and C0 2 emissions from underdrainage
in a structured clay soil cultivated with onion
in Central Hokkaido, Japan
SAWAMOTO Takuii (1.2). KUSA Kanako (2,3), HU Ronggui (2) and HATANO Ryusuke
(2,4)
(1)
(2)
(3)
(4)

National Institute for Agro-Environmental Science, Tukuba, 305-8604, Japan
Graduate School of Agriculture, Hokkaido University, Sapporo, 060-8589, Japan
National Agricultural Reserch Center for Kyushu Okinawa Region, Fukuoka, 830-0041, Japan
Field Science Center for Northern Biosphere, Hokkaido University, Sapporo, 060-8589, Japan

In soil systems, the greenhouse gases (N20, CH4, and CO2) are produced by microbes or root
respiration. These gases diffuse into the atmosphere directly. At the same time, they leach to ground
water after their dissolution in drainage water. The dissolved gases are secondarily emitted after
drainage water is discharged to the ground surface. Bypass flow influences water movement in
soils. The objective of this study was to investigate the mechanism and the quantity of greenhouse
gas emissions through underdrainage.
Study was conducted from April 2000 to March 2001 in an onion field in Mikasa in central
Hokkaido, Japan (43°N 141°E). The annual mean temperature is 7.2°C, and the annual mean
precipitation is 1200 mm, half of which is as snow. The soil was classified as fine mesic Mollic
Fluvaquent. Saturated conductivity in the C horizon was significantly high (2.2x10^* m 1" ) due to
the presence of macropores. Drainage pipe was installed at a depth of 80-100 cm. Dissolved N2O,
CH4, and CO2 concentration in drainage water was measured by head space method. NO3
concentration and flow rate of underdrainage were also measured. Emission of N 2 0, CH4, and CO2
from the soil surface was measured by using closed chamber. Nitrogen fertilizer of 240 kg N ha"'
was applied at the end of April, and harvest was done at the middle of Sep. The amount of N uptake
of onions was 138 kg N ha" .
The concentration of each gas was several orders higher than the concentration equilibrated
with ambient air. The CH4 concentration ranged from 1.0 to 113 ug CH4-C L~ . It was lower in the
growing season due to oxidative soil condition. The N2O concentration ranged from 19.3 to 189 ug
N2O-N L . It was higher in the growing season. This was probably due to (1) higher nitrification
and/or de-nitrification an increase in temperature, (2) supply of NH4 and/or NOj fror.' fertilizer as
substrate of N2O, (3) the decrease in reduction of N2O to N2 by more oxidative soil 111 the growing
season. The CO2 concentration ranged from 15.5 to 30.7 mg CO2-C L~'. It was higher in the snow
season. In the snowmelt season, the concentration of all the dissolved gases was negatively
correlated with flow rate. This suggests that the concentration of discharge water was determined by
the mixing of bypassing infiltration water with low concentration and matrix water with high
concentration. On the other hand, in the growing season, the dissolved N2O and NO3 concentration
positively correlated with flow rate. This suggests that the N2O and NO3 were diffused from the
inside of aggregates into the bypass flow in the growing season. However there were no
relationships between dissolved CH4, and CO2 concentration and flow rate in the growing season.
The amount of emission of dissolved gases from the pipe drainage was calculated to be 0.710 kg
N20-N ha"1, 0.109 kg CH4-C ha ', 126 kg CO2-C h a , which corresponded to 4.4%, 66%, and
2.5% of direct emission, respectively.
Keywords: bypass flow, carbon dioxide, methane, nitrous oxide, solute transport
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Effect of nonlinear reactivity on solute transport
in heterogeneous soils
SEL.IM Magdi H. and ZHOU Liuzong
Agronomy Department, Louisiana State University, Baton Rouge, Louisiana 70803-2110, USA
In this study, we investigated the effects of soil heterogeneity due soil stratification on the
transport of reactive solutes in layered soil systems. We focused on the effects of non-linearity and
kinetic reactivity of solute adsorption properties on breakthrough curves (BTCs) from layered
systems. Both simulations and transport experiments were conducted to study the transport of nonreactive and reactive solutes through water-saturated layered soils under steady state flow. We
assumed that each soil layer was homogeneous and isotropic with soil-water and solute sorption
properties known. Physical and chemical properties of each soil layer were assumed to differ
significantly from one another. The convective-dispersive equation (CDE) for reactive solutes was
solved using finite difference methods. First-type and a combination of first- and third-type
boundary conditions (BCs) for the interface between soil layers were used.
Linear and nonlinear equilibrium type, Langmuir type retention, n-th-order kinetic, and secondorder kinetic adsorption processes were considered as the governing reaction mechanisms. For all
retention mechanisms used, our simulation results indicated that solute breakthrough curves (BTCs)
were similar regardless of the layering sequence in a soil profile. This finding is consistent with
earlier findings where linear adsorption mechanism was dominant and contrary to other
investigations for nonlinear adsorption. Experimental results based on miscible displacements from
packed soil columns of a two-layer system (sand over Sharkey soil (very fine, montmorillonitic,
nonacid, thermic Vertic Haplaquept) and Sharkey soil over sand) support our simulation results.
Specifically, BTCs for pulse inputs for tritium as a tracer as well as for Ca-Mg system support the
above conclusion. All tritium and Ca-Mg BTCs were well predicted with our multi-layered model
where independently derived solute physical and retention parameters were implemented.
Keywords: layered soils, solute adsorption, convective-dispersive equation, ion-exchange
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Modeling of CI transport in amended gypsiferous soil
SHIHAB Ramzi M. (1), FAHAD Ali A. (1) and AL-ANI Abdulla N. (2)
(1) Soil and Water Dept., Agric. and Biol. Res. Cen., P.O. Box 765, Baghdad, Iraq
(2) Ministry of Agric, P.O. Box 5923, Baghdad, Iraq
Dissolution of gypsum has great influence on water flow and solute transport occurring in
gypsiferous soils. Many models based on convection and diffusion processes have been developed
to describe transport in soil. Constraints of estimation of transport parameters in gypsiferous soils
are mainly due to gypsum influence. The objectives of this study, were to i) model the transport of
solute (3 CI) in gypsiferous soil treated with fuel oil (FO), ii) determine the influence of
modification in soil structure on transport processes, and iii) estimate the transport parameters of the
treated soil based on the convection-dispersion transport model.
Radiotracer of chloride as carrier free of 6C1 was applied to surfaces of saturated soil columns
that had 2, 25 and 50% gypsum and were treated with 0, 1,2, and 4% of fuel oil were leached with
water until there was complete displacement of chloride. During leaching, samples of effluent were
collected and measured for 36C1 using a liquid scintillation counter. Models based on convectiondispersion solute transport and continuity equation were used to describe the transport of chloride.
Comparison was made based on breakthrough curves (BTC) and curve fitting parameters.
The application of 1 to 2% FO improved the transport properties due to modification in soil
structure depending on gypsum content. This modification was reflected by the differences in the
shape and position of BTC. In most cases, the BTC were displaced to the right of one pore volume
and showed more tailing and dispersion. The asymmetry of BTC increased with the increase in
aggregate stability. The applied models were successfully used to predict the concentration of CI in
the effluent of gypsiferous soil. These models gave good fit between measured and predicted BTC
with significant linear correlation coefficient (r) that ranged between 0.972 and 0.999 (P < 1%).
They gave a calculated dispersion coefficient (D) ranging from 0.6 to 79.2 cm2 d'. The D can vary
through several orders of magnitude, depending on the mean pore water velocity (v) and size of
structural units. It was found that D was linearly related to v (D=0.404v), and v increased with
increased FO and gypsum content. Also, the models showed that Peclet number (P) ranged from 30
to 660. This indicates that dispersion and mixing is the dominant process in transport of 36C1 rather
than diffusion. On the other hand, the models exhibited values of retardation factor (R) ranging
from 0.92 to 1.58. Values of R greater than 1 were reflected by the later arrival of tracer and tailing
of BTC. Conversely, values less than 1 indicates anion exclusion or bypassing which resulted in a
faster leaching of CI.
Keywords: solute transport modeling, gypsiferous soil, dispersion coefficient, breakthrough
curves, soil amendments, soil structure
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Pore and Darcy scale interactions of preferential flow
in hydrophobic soils
STEENHUIS Tammo S.. CRIST John, THROOP James A., THROOP J.-Yves, BAUTERS
Tim W.J., NECTARIOS Panayiotis, NIEBER John L., DEKKER Louis W., RITSEMA
Coen J. and DICARLO David A.
Corresponding address: Department of Biological and Environmental Engineering, Riley Robb
Hall, Cornell University, Ithaca, NY 14853, USA
Preferential flow is usually associated with structured soils and unstable wetting fronts in
coarse grained soils. Not well known is that many soils also produce preferential flow when the
soils are water repellent. Water repellent soils occur worldwide on agricultural and forest lands and
are the cause of erosion after forest fires. Ground water pollution is also affected by the preferential
moving water in water repellent soils. Little is known about the effect of water repellency on the
soil physical characteristics. In this paper, we examine the interaction between pore and Darcy
scale phenomena of water repellency on the soil water retention curve and unsaturated conductivity.
Five different sands were made ranging from hydrophobic to highly repellent by mixing 0, 1,
3, 5 and 7% by volume of highly water repellent grains with hydrophillic sands. For each sand
three different measurements were made consisting of (1) visualization of meniscuses at the pore
scale; (2) finger flow path determination at the Darcy scale; (3) soil characteristic curve and
hydraulic conductivity determination with capillary rise experiments.
At the pore scale, we developed a technique that enabled us to visualize contact angles in silica
sand. The technique consisted of a remote-head color CCD camera with a resolution of 90,000
square pixels per square millimeter; 1 m length fiber optic cable with a variable intensity tungsten
light source; frame grabber board; and IBM-compatible personal computer with Scion Image
software. For the Darcy scale experiments, we used slab chambers and light visualization relating
light intensity to moisture content. Moisture content and pressure within the finger were measured.
Also, the finger width and velocity were documented. Soil characteristic curves were developed by
measuring moisture content.
At the pore scale, we found that the spatial distribution of the water repellent grains greatly
affected the flow. Bottlenecks for water movement in the porous media were caused by inter
granular pore space with one or more water repellent grains. Water would either flow around these
pore spaces or go in after the pressure became high enough. The results on pore and Darcy scale
showed that the degree of water repellency affected the soil water contact angle and this, in turn,
had a drastic effect on the constitutive relationships during imbibing. The more the contact angle
was affected by water repellency, the greater the hysteresis was between the drying and wetting
branches. Hysteresis was likely (data not analyzed yet) directly related to the pressure at what the
Haines jumps occurred during wetting and drying. Using the constitutive relationships for the
different water repellent sands, unstable flow theory developed for coarse-grained soils was used to
predict the finger shape and water content distribution in the preferential flow paths. Theoretical
and experimental results agreed well.
Keywords: contact angle, infiltration, preferential flow, fingered flow, constitutive relationships
water repellent
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Determination of soil hydraulic parameters and X-ray CT
quantification of 3D porous structures
TIMMERMAN Anthony (1), DELERUE Jean Francois (2), HERMAN Sofie (1) and FEYEN
Jan (I)
(1) K.U.Leuven, Laboratory for Soil and Water, Vital Decosterstraat 102, Leuven 3000, Belgium
(2) Laboratoire d'Information Appliquée, IRD, Centre de recherche d'lle-de-France, 32, avenue
Henri Varagnat, 93143 Bondy Cedex, France
This paper gives a brief overview on the research carried out at our laboratory concerning the
estimation/measurement of hydraulic properties and the attempt to quantify the 3D porous structure
of macroporous soils in a non-destructive way.
To derive soil hydraulic information, transient outflow experiments are an increasingly better
tool to direct measurements of soil hydraulic properties. The accuracy of these procedures to
simulate other variables than outflow data has however been questioned. Four other auxiliary
variables (9(t), h%(t), 0(h) and /wunsal(A)) were therefore measured during or in addition to multistep
outflow experiments. We report here findings on the implementation of these data into different
types of objective functions. The addition of specific information results in better parameter
estimates for that variable but was no guarantee that other measured variables were simulated
properly. A final hydraulic parameter set that describes all measured variables accurately was not
found.
A second part of the paper deals with the 2 and 3D quantification of soil structure, more
specifically macropore characteristics, in the same soil cores using X-ray CT analysis. The
occurrence of beam hardening limits a full quantitative approach. We present here the results of a
pre-correction algorithm to overcome this problem in dense media using medical CT scanners. A
calibrated relationship between air aperture sizes and cutoff values is also derived for phantom glass
objects and (undisturbed) sandy loam material.
In a last part, we present the results from a new computer algorithm to quantify 3D porous
structure which is also used to estimate A^al from the structural microscopic organisation of voids
and solids in the 3D core image.
Finally we end this paper with some future objectives resulting from findings of our earlier
experiments.
Keywords: hydraulic properties, inverse optimisation, macroporosity, 3D X-ray CT
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Fate of oxasulfuron in tropical environments using
soils monolites in lysimeters
REGITANO J.B. (1), TORNISIELO V.L. (1), BURAUEL P. (2) and LAVORENTI A. (3)
(1) CENA, USP, Piracicaba, Av. Centenärio 303 cx.p. 96, 13400.970 Piracicaba , SP, Brazil
(2) Radioagronomy Institute KP A , Juelich , Germany
(3) ESALQ, USP, Piracicaba, Av. Centenärio 303 cx.p. 96, 13400.970 Piracicaba, SP, Brazil
Oxasulfuron is a new postemergent sulfonylurea herbicide developed by Novartis Crop
Protection / Switzerland, recently registered in Brazil for broadleaf weed control in soybeans. This
research was conducted to evaluate the fate of oxasulfuron under realistic Brazilian conditions,
using lm3 lysimeters with undisturbed soil as experimental tool. Oxasulfuron was applied at 180
g ha"1, 3 times, the recommended field rate. After 1 year, the total amount of radioactivity found in
the accumulated leachates of two lysimeters amounted to 0.37% and 0.23%. The maximum
concentrations of oxasulfuron found in the leachates were 0.065 and 0.031 |lg L'.The amounts of
residual radioactivity in the plants were low. Taking into account the very small amount of residues
found in the leachate, and despite the extreme conditions (high rate, high precipitation, and sandy
soil), it can be concluded that oxasulfuron does not present a risk to groundwater.
Keywords: lysimeter, oxasulfuron, fate, soil, biodegradation
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Effect of dissolved and colloidal phase organic carbon
on water flow in soils
TOTSCHE Kai U.
Lehrstuhl für Bodenkunde, Department für Ökologie, Wissenschaftszentrum Weihenstephan,
Technische Universität München, Freising-Weihenstephan 85350, Germany
Dissolved and colloidal phase organic carbon affects movement of solutes and water in
partially saturated media. Experimental results are presented on the effect of dissolved and colloidal
phase organic carbon (DCOC) on the surface tension of soil water. By employing miscible
displacement experiments, the role of the colloidal properties in the transport behavior of DCOC in
soils is emphasized. The effect of DCOC on the surface tension of natural soil solutions is measured
employing chemically well defined low molecular weight alcohols (methanol, propanol) and DCOC
originating from natural sources. Natural DCOC was obtained by aqueous extraction of forest floor
materials. This procedure results in fairly high concentrations which are typical for surface soil
horizons. The surface tension was measured as a function of concentration and time. Time plays an
important role as the interaction of DCOC results in aggregation and flocculation, thus changing the
surface tension with time. The effect of DCOC on the surface tension is parametrized according to a
semiempirical equation. However, time dependent interaction phenomena limit the applicability of
such equations. A numerical simulation model of the flow of water under both saturated and
unsaturated flow conditions is introduced and discussed. The partial differential equations are
based on Richards equation and solved numerically by a mixed hybrid finite element method. The
surface activity of DCOC is represented by a scaling factor within the van-Genuchten-Mualem
parametrization of the capillary pressure-water saturation relationship. The effect of DCOC on
water flow under unsaturated flow conditions is exemplified by the use of different transport
scenarios: Continuous feed and pulse type inflow of DCOC under steady state and transient water
flow conditions with DCOC considered either reactive or chemically inert with respect to the solid
phase. It is shown that under natural water flow scenarios, DCOC affects water flow and the
transport of nutrients and contaminants. Consequently, the time dependent surface activity of
DCOC has to be considered when modelling flow and transport in saturated and partially
unsaturated porous media.
Keywords: surface tension, modelling, natural soils, unsaturated flow and transport
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Root system development model assuming tropisms
TSUTSUMI Daizo. KOSUGI Ken'ichiro and MIZUYAMA Takahisa
Department of Forest Science, Graduate School of Agriculture, Kyoto University Oiwakecyo,
Kitashirakawa, Sakyo Ward, Kyoto City, Kyoto 6068502, Japan
The plant root system development is important from many aspects, such as crop production or
erosion control on slope. Many studies about the root elongation have been carried out, and many
facts have been clarified. However, the mechanism of whole plant root system development is
unclear, because of its complexity and difficulty in observing root system development under the
ground. The objective of this study is to understand the mechanism of plant root system
development, mainly by the model calculation that is available for this purpose. The twodimensional root system development model is constructed assuming the hydrotropism and the
gravitropism as the dominant elongation mechanism. Then numerical calculations describing the
relationship between root system development and soil water distribution are carried out. This study
is the first one taking the hydrotropism into the root system development model.
It is necessary to calculate the soil water distribution for taking the hydrotropism into the
model. The finite element method is employed for this purpose. On every calculation time steps, the
soil water distribution caused by the water absorption of each root tips is calculated. Then the water
fluxes around elongation zone of every root tips can be calculated. At the each side of the
elongation zone of every root, the hydrotropic elongation rates are decided by the function defined
to relate the elongation and the fluxes appropriately. On the other hand, gravitropic elongation rates
are decided by the function defined to relate the pre-step direction of root elongation and direction
of gravity. Finally, from the total elongation rate of each side of the root elongation zone, the
directions and rates of elongation are decided for every root tips. The alternative branching rule is
applied for main root and 1st and 2nd order laterals. This procedure is repeated until the end of the
root system development term.
From the calculated root systems both on the plane and the slope, the plagiogravitropism, that
is characteristic elongation of lateral roots slanting from the direction of gravity, can be seen. The
mechanism of this plagiogravitropism has never been understood. However, the calculated results
indicate that the combination of the hydrotropism and gravitropism can account for the mechanism
of plagiogravitropism. From the calculation in which no water supply is applied to the soil surface,
the root system shows the deflection to the gravity, caused by the relatively larger hydrotropism
than the calculation in which water supply is applied to the soil surface. This result accounts for the
actual plants have the deeper root systems under draught conditions.
From the calculated root system development model under several conditions, it is indicated
that the hydrotropism and the gravitropism are important mechanisms for the plant root system
development.
Keywords: root system development, model calculation, hydrotropism,gravitropism, soil water
distribution
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Preferential flow in structured soils:
hydraulic functions derived from pore-scale processes
TULLER Markus (I) and OR Dani (2)
(1) Department of Plant, Soil & Entomological Sciences, University of Idaho, Moscow, Idaho
83844-2339, USA
(2) Department of Plants, Soils & Biometeorology, Utah State University, Logan, Utah
84322-4820, USA
Development of physically-based hydraulic functions for macroporous and aggregated media is
an essential first step towards quantitative description of preferential flow phenomena in soils.
Structured soil pore space is represented as a dual-continuum of textural and structural pores
(matrix and macropores), each with a distinct pore size distribution, shape, porosity, and topology.
Recent progress in modeling equilibrium liquid configurations in simplified angular pore space
provides approximate boundary conditions for introduction of hydrodynamic considerations. A key
assumption regarding stability of liquid-vapor interfaces during slow laminar flow enables solutions
of the Navier-Stokes equations for average flow velocities in various pore spaces leading to
derivation of pore-scale unsaturated hydraulic conductivity functions by weighting the contributions
of various flow regimes over the associated flow cross-sectional areas. Expressions for saturation
and unsaturated hydraulic conductivity for a macropore and matrix unit element are up-scaled to
represent a sample of a macroporous medium by applying a statistical scheme based on a bimodal
pore-size distribution. The resulting closed-form expression for liquid saturation is fitted to
independently measured soil water characteristic data. Other measurable medium properties such as
porosity and surface area serve as constraints. The resulting pore size distributions are then
employed to predict unsaturated hydraulic conductivity. Sample calculations for macroporous and
aggregated soils reproduce the typically observed "double hump" shaped conductivity curve, and
are in excellent agreement with independently measured conductivity data. Aspects of 3-D network
effects in the macropore domain are incorporated via measured saturated hydraulic conductivity and
critical path analysis.
Keywords: liquid retention, unsaturated hydraulic conductivity, preferential flow, macroporous
and structured media
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A modelling approach of easily available water storage
in the rootzone of Hevea brasiliensis
VERPLANCKE Hubert (R VAN RANST Eric (2) and PRATUMMINTRA Somjate (3)
(1) Laboratory of Soil Physics, Department of Water Management and Soil Care, Faculty of
Agricultural and Applied Biological Sciences, Coupure links, 653, 9000 Gent, Belgium
(2) Laboratory of Soil Science, Department of Geology and Soil Science, Ghent University,
Krijgslaan, 281/S8, 9000 Gent, Belgium
(3) Rubber Research Institute, Department of Agriculture, Chatuchak, Bangkok 10900, Thailand
Although the FAO method for the calculation of water requirements (Doorenbos and Pruit)
appears to work reasonably well for irrigated crops, its application becomes more hazardous when
the vegetation experiences water stress, when the rate of evaporation can be completely modified by
the restricted supply of water from the soil. In practice evaporation from vegetation growing in dry
soil is often simulated using climatological data and empirical equations. A dynamic and more
realistic approach for the determination of evaporation fluxes during the dry season is used by the
rootzone water balance equation, where drainage fluxes between the different soil layers and
unsaturated hydraulic conductivity functions were taken into account. This methodology is rather
difficult and very time consuming. An alternative approach is introduced by modelling the easily
available fraction of the soil water storage in combination with the hydraulic head profiles. The
study area was located in the eastern part of the traditional rubber growing areas in Thailand. A
total of 23 land units, defined according to topography, climate and soil texture were considered.
Soil water characteristic curves of the different horizons were determined and fitted into closedform expressions using the Van Genuchten model. Monthly soil moisture data were determined and
used to interpret soil matric and hydraulic heads and soil water fluxes throughout the rootzone. The
crop evapotranspiration in East-Thailand averaged around 3.4 mm d~' for mature rubber (>10 years
old) and 4.5 mm d~' for immature rubber. The easily available water fraction was 0.75 or 75% of the
available water storage that might be depleted without any decrease in production. The K.c values
and percentage of available soil water storage in the rootzone were related to the leaf fall period and
were used to correct the LAI in the FAO Crop Model. The leaf fall season occured following the
month which has an available water storage of less than 25%. The KLAI was normally 0.6183,
whereas during the leaf fall period it was reduced to 0.4415.
Keywords: evaporation flux, available soil water storage capacity, drainage fluxes, rubber,
leaf fall
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Observing the evolution of soil aggregates from mixtures
of sand, clay and organic matter
WAGNER Stephen (1,2), CATTLE Stephen R. (2), SCHOLTEN Thomas (1) and FELIXHENNINGSEN Peter (1)
(1) Institute of Soil Sci.& Soil Conservation, Heinrich-Buff-Ring 26-32, Justus-LiebigUniversity Giessen, D-35392 Giessen, Germany
(2) Dept.of Agri. Chem. & Soil Sei., Uni. of Sydney, Ross Street Building, N.S.W. 2006, Australia
The development of soil structure is the result of the interaction between environmental and
biotic factors acting upon the physical constituents of the soil. Naturally occurring wet/dry cycles
will give rise to the evolution of soil structure which confers physical properties amenable to
sustainable agricultural production. Given that alteration of total soil organic matter (SOM) content
is a relatively easy way to manage arable soil for agricultural production, an experiment was set up
to characterise and compare the significance of sand, clay and organic matter in various
compositions, in this regard. Subsurface soil was sampled from a Red Dermosol (29% clay) at
"Delvawood" in central New South Wales, Australia. This soil was mixed with grey smectitic clay,
quartz sand and an organic matter amendment of barley straw. To assess time as a factor, the
homogenised mixtures were subjected to a wet/dry regime. After one, three and six wet/dry cycles,
each soil sample was subjected to varying analyses, including the determination of aggregate
stability, polysaccharide content, free and occluded particulate organic matter (POM) content,
image analysis of structural attributes, and microscale observation using scanning electron
microscopy (SEM).
The process of soil aggregation appeared to be most intensive after one wet/dry cycle.
Subsequent cycles enhanced this process only in soil containing -37% clay. Aggregate stability
correlated positive to SOM amendments. POM content tended to gradually decline across all but the
smallest size fractions (<53 (im), with the most rapid decline occurring in the sandiest samples.
Occluded POM content was the greatest in clayey samples. POM mainly was of plant origin.
Polysaccharide distribution after one wet/dry cycle appeared to be a function of SOM amendments.
However, subsequent cycles indicated their binding to clay surfaces, with similar contributions
across all SOM amendments. Image analysis results indicated soil compaction for greater clay and
total SOM contents, with small porosity valves obtained. Cracking of soil surfaces increased with
time, due to repeated wet/dry cycles, implying increased porosity, and development of larger/longer
surface cracks. SEM observation revealed that in all pots with SOM additions, clay and total SOM
were closely bound together, enhancing aggregation in early stages of soil development.
Aggregation between sand grains seemed to be of minor importance, as they were found to connect
only through synapse-like total SOM components.
Soil aggregation was achieved by binding of clay and total SOM particles. Organic matter
additions promoted the evolution of soil aggregates, particularly when added to soil containing -3437% of clay. Microaggregate evolution was initiated through polysaccharide breakdown products,
whereas macroaggregates were stabilised by the addition of SOM. Their POM mainly was of plant
origin. This was confirmed by the findings of SEM observation. The repeated wet/dry cycles were
important catalysis for soil structural evolution. Soil structural evolution appeared to depend on
both textural attributes and total SOM content in soil. Addition of organic matter to total SOM
pools is relatively easy to achieve through some agricultural practices, and may therefore be
considered to improve soil structural conditions.
Keywords: aggregate stability, particulate organic matter, polysaccharides, image analysis,
scanning electron microscopy
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Preferential flow and field-scale transport of water
and chemicals in different type of soils
ZHANG Jiabao, CHENG Zhuhua and XU Shaohui
Institute of Soil Science, Chinese Academy of Sciences, 71 East Beijing Road, Nanjing 210008
China
In this paper, preferential flow and field-scale transport of water and chemicals were studied
experimentally and theoretically in several different types of soils in the North China Plain.
In field study, dye tracer experiments were carried out in three soils with different texture
(sandy loam, eolian sand and warp clay) to investigate the susceptibility of each soil to preferential
flow and the influence of initial water content on it. According to the dyed patterns of soil profile
and the deepest transport depth of the dye tracer (food dye Brilliant Blue), the sensitivity of
different soils to preferential flow was significantly different. Structured soils were more prone to
produce bypass flow, and the initial water content had a pronounced effect in sandy loam soil and
eolian sand soil and no effect in warp clay soil. The reasons are discussed. The preferential
transport of CI", paclobutrazol and trifluralin were then studied in sandy loam soil. CI" was detected
at every site that the dye tracer reached. Paclotutrazol and trifluralin were also detected at the
deepest dyed depth. Fractal dimension of the dyed pattern of the soil profile was chosen as the
indicator of the susceptibility of a certain soil to preferential flow, and a marked relationship was
found between clay content and fractal dimension when four soils (two dryland soils, two paddy
soils) were studied.
Two methods were used to simulate field-scale transport of water and chemicals with
preferential flow in two types of soils in the North China Plain. One way was to zone the transport
region into several subregions according to saturated hydraulic conductivity gained via the Krige
interpolation method or scaling method. Regions with much higher saturated hydraulic conductivity
were considered to be regions where preferential flow occurred. Because of the heterogeneity of
soil, one of the mechanisms resulting in preferential flow, could be reflected through the difference
in saturated hydraulic conductivity. The modeling approach was validated through numerical
simulation of contaminant transport in a two-dimensional hypothetical soil profile. The simulation
results showed that this approach is feasible. The other way was to use hybrid sum-junction
hydraulic functions (piecewise-continuous hydraulic functions) which was developed by B.P.
Mohanty el al. (1997) to describe hydraulic properties of soils with preferential flow. In this
method, soil was partitioned into capillary dominated flow region and gravity dominated flow
region. The van Genuchten- Mualem model was only used in the former region in the conjunction
with the hydraulic function measured by Disc permeameter in the latter region. For different
regions, model parameters were collected or estimated separately.
Keywords: soil preferential flow, chemical transport, North China plain
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Using maps to show how rice yield and yield response to
fertilizer varies at provincial-scale
BELL R.W. (I), COOK S. (2,4), PRACILIO G. (1,2,5) and ROS C. (3,6)
(1) School of Environmental Science, Murdoch University, Murdoch, WA 6150, Australia
(2) CSIRO Land and Water. Wembley WA 6014, Australia
(3) Soil and Water, Cambodian Agricultural Research and Development Institute, Phnom Penh,
Cambodia
(4) present address CIAT, Cali, Colombia
(5) present address University of Western Australia, Nedlands, Western Australia
(6) CARERE-UNDP, Pursat, Cambodia
While agronomy tends to offer advice that is generally true, what fanners need is site-specific
advice. Our objective was to represent variations in expected benefits from fertiliser use within an
area using maps that integrate data from research trials on farmers' fields with researchers'
knowledge and experience about the area to which it is applied. Using farmers and researchers'
knowledge helps to capture some of the variation in expected response. The longer term objective
was to develop a comprehensive model to enable optimisation of crop and soil management inputs
in diverse rainfed rice (Oryza saliva) cropping environments of Cambodia. As the soils are very
infertile, particular emphasis was given to nutrient and fertiliser management. We compiled a data
set for Takeo province, Cambodia, covering an area of 3490 km" comprising 2336 trial sites:
records were derived from databases of four agencies that conduct on-farm field trials. Regression
tree analysis of this data set identified in order of decreasing importance the following factors which
explained most of the variation in yield from field experiments: season, location, N fertiliser, soil
type. The same data set was used to generate provincial scale maps indicating areas in which
response to fertiliser is more or less likely and those areas about which there is little information.
Maps of predicted yield were also generated for Takeo province using Expector software to
combine using Baysian statistics evidence from the provincial soil map, a flood risk map and a N
fertiliser response map based on the field trial data set. The two sets of maps were in broad
agreement, suggesting that provincial-scale maps of yield and yield response could be generated
using the Expector approach even when there is a low density of field trial data. Discrepancies
between the two data sets were only significant where the maximum spread of data points exceeded
the above guidelines. However, discrepancies between the two sets of maps also identified areas in
eastern Takeo province where increased N fertiliser rates appeared to exacerbate stem borer damage
to crops. At the provincial scale, the maps identified areas that can be used to target extension effort
to where it is likely to be most effective. This could enhance the strategic planning capability for
delivery of extension services and fertiliser inputs. At local level, the map will benefit rainfed rice
farmers through their advisers by better definition of the expected performance of fertiliser
practices. In return, advisers will have a formalised understanding of the observed localised
constraints to the benefits from fertiliser.
Keywords: Bayesian statistics, Cambodia, rice, yield, map, geographic information systems
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Water and solute transport at the landscape scale
in piedmont soils in North Carolina
CASSEL Keith D.
Dept. of Soil Sei., North Carolina State Uni., Box 7619, Raleigh, North Carolina 27695-7619, USA
The general expectation is that the water balance and hence soil water and solute transport vary
with position on the landscape. The reasons for this are many and include differences in soil
morphology with attendant changes in soil horizonation and corresponding changes in soil physical,
chemical, mineralogical and biological properties. Infiltration and runoff processes also vary with
landscape position and are affected by inherent soil properties in addition to percent slope, kind and
amount of ground cover, and soil management. Many attempts to demonstrate or experimentally
quantify statistically significant differences in water and/or solute transport processes at the
landscape scale have met with difficulty. It is true that some models predict that the process rates
will be different, but actually showing that measurable differences do, in fact, exist is another
matter. The objective of this presentation is to summarize several attempts to experimentally
measure differences in vertical and lateral Br ion transport as a function of landscape position in
Piedmont soils in North Carolina, USA. Experiments were conducted at three sites in the Piedmont:
Site #1, Cecil (Typic Kanhapludults developed in residuum); Site #2, Georgeville (Typic
Kanhapludults developed from residuum in the Carolina Slate Belt); and Site #3, Hiwassee (Typic
Rhodudults).At Site # 1, KBr mixed with sand was placed in the bottom of a 15-cm-deep trench at
various locations on the landscape, back-filled and intensive soil samples collected at various times
and analyzed for Br concentration. In addition, the ratio of the accumulation of secondary Mn to
secondary Fe in soil samples was used to locate the long-term pathways of water flow on the
landscape. The ratio of measured vertical to lateral saturated soil hydraulic conductivity indicated
those positions on the landscape where through (lateral) flow is greatest. At Site #2, sorptivity
(water transport early in the infiltration process) was measured three times at 290 sites in a 2.2-ha
field and related to intensively measured soil properties. Vertical and lateral transport of surface
applied KBr, applied in alternating strips at 11 locations on a 110-meter-long transect that crossed
the footslope, linear slope, and interfluve, were assessed by measuring Br concentration in
intensively collected soil samples taken from various depths and distances downslope. At Site #3,
KBr was surface applied in twenty 3-m by 3-m plots; these plots lay on two transects that ran across
various landscape positions in a 9-ha field. Triplicate soil samples to depths to 1.5 m were taken
from within each plot at three times during a 7-month period. Soil samples were analyzed for Br to
assess vertical transport. With these intensive efforts we were able to show small differences in Br
transport among landscape positions, but not as much as one might expect, probably due to the high
variability in Br concentration among replicate soil samples. All three experiments indicated that
the depth to which Br is transported varies with landscape position. Bromide was leached deepest
at the footslope. However, much variability exists within the Br concentration data collected. For
example, variance component analysis of Q50, the depth to which 50 percent of the recovered Br is
located, for one sampling time at Site #3 indicated that the within-plot variability was nearly three
times greater that the variability among plots or landscape positions. The rate of lateral Br
movement on these Piedmont soils is 2.3 m or less per year even though the soil properties suggest
that conditions for lateral water flow often occur.
Keywords: landscape scale, bromide transport, lateral solute transport, sorptivity, saturated
hydraulic conductivity
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Impacts of potato production on soil erosion and
water quality in New Brunswick, Canada
CHOW T.L.. REES H.W., MONTEITH J. and FAHMY S.
Potato Research Centre, Agriculture and Agri-Food Canada, P.O. Box 20280, 850 Lincoln Road,
Fredericton, New Brunswick, Canada E3B 4Z7
Potatoes are a major cash crop in New Brunswick, Canada. Most of the land under potato
production is till-derived soil material on bedrock controlled rolling landscapes with slopes
predominantly ranging from 5 to 9%. Surface soils are poorly structured and dense compact
subsoils are prevalent. In addition to poor soil conditions, high intensity rainstorms during the
summer months, frequent freeze-thaw cycles in the winter, and increasing field size to
accommodate the use of heavy machinery are other factors that contribute to accelerated soil
erosion. Soil loss in the order of 20 t ha'1 y is of major concern both economically and
environmentally. This paper summarize research activities on soil erosion, surface water quality
and selected remedial measures over the past 20 years. Research has been investigated at various
levels of scale, including 1 m2 plots using a rainfall simulator; runoff erosion plots (10 x 30 m);
paired drainage basins (4.5-7.5 ha); and watershed (1,450 ha).
Miniature Rainfall Simulator: A miniature rainfall simulator has been used to evaluate the
impacts of potato hilling practices, coarse fragments and addition of plup fibres on runoff and soil
loss. Average soil loss from the hilled plots was approximately four times higher than from the
unhilled plots. The rate of soil loss decreased with increasing content and size of coarse fragments
and were expressed mathematically. Addition of pulp fibres (0.5-4.0%) reduced runoff and soil loss
significantly.
Runoff Erosion Plots: The effect of cropping practices, tillage and seasonal distribution of soil
erosion, the applicability of the Universal Soil Loss Equation, and effectiveness of hay mulching to
reduce runoff and soil loss were studied. Nutrients loss associated with erosion were quantified.
Paired Drainage Basins: Variable grade diversions and grassed waterways are commonly used
to minimize soil erosion. The benefit of these structures to conserve both soil and water was
quantified. Contour planting of potatoes associated with terracing reduced runoff by as much as
150 mm of rainfall equivalent, whereas soil losses were reduced from 20 to 1 t ha"1 y'.
Experimental Watershed: The Black Brook Watershed study was established in 1992 to
quantify the impacts of intensive potato production on surface water quality. It is typical of land
under potato production in northwestern New Brunswick. Annual discharge and sediment delivery
averaged 10.9 million m3 and 6,500 t, respectively. Fifty-three percent of discharge and 65% of
sediment occurred during the spring freshet in April. Annual loading of nitrates, phosphorous, and
potassium were 33.3, 0.6, and 20.0 t, respectively. Chemical concentrations were elevated but
seldom exceeded the acceptable limits for Canadian drinking water with exception of suspended
sediments which were well above acceptable levels for a significant period of the year.
Keywords: diversions and grassed waterways, Universal Soil Loss Equation, potato cropping
practices, environmental impacts, hay mulching, experimental watershed
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Application of multivariate analysis to identify soil landscapes
in the Pantanal of Mato Grosso, Brazil
COUTO Eduardo Guimaräes (1) and CUNHA Cätia Nunes da (2)
(1) Departamento de Solos e Engenharia Rural, Universidade Federal do Mato Grosso, 78 060-900
Cuiabä, Brazil
(2) Departamento de Botanica e EcologiaUFMT/ICB, 78.060.900 Cuiaba, Brazil
In the center of South America, 15-20° south of the equator, there is one of the largest wetlands
of the world, the Pantanal of Mato Grosso, created by upper Paraguay River and its tributaries in a
large depression. About 140,000 km2 belong to Brazil, 15,000 km2 to Bolivia, and 5,000 km2 to
Paraguay. Without any doubt, the Pantanal deserves special attention for conservation. It is
"globally outstanding" (rank 1 of 4) in terms of biological distinctiveness, "vulnerable" (rank 3 of
5) in terms of conservation, and has "highest priority" (rank 1 from 4) in regional priorities for
conservation action according to a conservation assessment of WWF and the Biodiversity Support
Program. Thus it is very important for soil scientists to identify and relate the different landscapes
in Pantanal of Mato Grosso ecosystem with soil and vegetation types. In order to study these
relationships, soil samples were collected and analyzed for physical and chemical soil attributes in
three ecosystems: grass-tree savanna (Campo de Murundu), savanna forest (Cerradäo) and natural
grass field (Campo de Mimoso). The soil sampling scheme consisting of 111 systematic sampling
( 5 x 1 0 m). The result showed that with exception of S, there was a great deficiency of the macro
and micronutrientes in the first 20 cm. Factor analysis was used to integrate soil attributes. The
input data for factor analysis were the concentrations of 15 chemical soil attributes (macro and
micronutrients, organic matter and pH values) and 5 physical soil attributes (plinthite depth, relative
height, sand, silt and clay content). The first four components explained about 77% of total variance
and the scores from factors 1 and 3, which showed the best separation among the ecosystems, were
used to estimate variograms. Aluminum, texture (sand, silt and clay content), relative height,
copper, iron, pH and plinthite depth characterized the factors 1 and 3 used to discriminate the three
ecosystems. The kriging of the scores from factor 1 and 3 showed that the grass-tree savanna
(Campo de Murundu) was separated from savanna forest (Cerradäo) and natural grass field (Campo
de Mimoso) by presenting negative scores of factor 3, showing the largest values of aluminum and
iron of the three ecosystems, and the smallest pH values and plinthite depth. The separation
between savanna forest (Cerradäo) and natural grass field (Campo de Mimoso) could be done
basically by factor 1, related to sand content and relative height, which showed the highest values in
the savanna forest (Cerradäo).
Keywords: Brazil, Pantanal, multivariate statistical, geostatistitcs
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Soil property changes: a 60-year record from California
DE CLERCK Fabrice A.J. (1). SINGER Michael J. (1) and LINDERT Peter (2)
(1) Department of Land, Air and Water Resources, 1 Shields Avenue, University of California,
Davis, CA 95616, USA
(2) Agricultural History Center, 1 Shields Avenue, University of California, Davis CA USA 95616
How has soil quality changed in California over the past 60 years? Using known locations of
archived samples collected by the soil survey staff in the 1940's and 50's we resampled 125
locations in California from the Imperial Valley in the south to Tehama county in the north and
analyzed samples for properties important to plant production. For each 1945 and 2001 sample we
measured pH, electrical conductivity, total nitrogen, total carbon, plant available phosphorus,
texture and color. We compared the data across the entire state as well as by current land-use, and
geographic region. Across the state we found significant increases at the 95% confidence level for
plant-available phosphorus, total carbon, pH, and percent clay. We found significant increases at
the 90% confidence level for percent silt and total nitrogen. We measured significant decreases at
the 95% confidence level for electrical conductivity, and percent sand. Chroma values decreased
statewide at the 90% level. The degree of change varied according to land-use and geographic
region. Our results show that based on this sample, California's soil quality has not significantly
decreased over the past 60 years. These results also suggest that defining and evaluating soil
quality is difficult due to conflicting trends and interpretations of soil quality indices.
Keywords: archival samples, nitrogen, carbon, phosphorus, salinity
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Soil criteria for a soil cover consistent partition
at a global and regional level
FLOREA Nicolae
Research Institute for Soil Science and Agrochemistry, Bucharest, B-dul Marasti 61, 71771
Bucharest 1, Romania
Nowadays the grouping of soilscapes and soil regions in higher entities is done using
geomorphic, lithological and climatic criteria (FAO- UNESCO, 1971; Soil Survey Manual, 1993;
Georeferenced Soil Database for Europe, 1996).
A system of hierarchical geographic units (taxa) and the respective determination soil criteria is
proposed for the systematization of the various partition entities of soil cover (soil continuum).
Some further proposed entities are:
The soil temperature zone is defined by soil temperature regime and intensity of solar radiation.
Using the soil temperature regimes (Soil Taxonomy, 1975), the following soil zones may be
distinguished: pergellic, cryic, frigid, mesic, thermic and hyperthermic.
The soil domain is a part of the temperature soil zone defined both by the evenness of the soil
cover (that includes the geomorphic configuration and lithological characteristics) and by dominant
soil or soils (and implicitly the soil moisture regime, the annual pedorhythm and dominant
substance circulation). The evenness (or surface form) of soil cover categories proposed are: level,
sloping and steep. The categories of dominant soils are determined by the one or two soils rendered
at high level of classification (order or suborder).
The soil domain is denominated by the two main characteristics, for instance: sloping domain
of Luvisols, level domain of Chernozems etc.
The soil region is defined by concrete peculiarities of the assemblage of soil cover of the
different distinct parts of the soil domain. Each region gets a geographic name (regional or
districtual).
The soil subregion is a subdivision of soil region based especially on the quantitative elements.
The soilscape unit (elementary) corresponds, generally, to a relative homogenous geomorphic
unit with unitary geological evolution and functionality and is characterized by different soil
combinations associated to different land forms and by various soils (polipedons) that are
components of soil combinations and that correspond, generally, to different elements of land
forms.
Maps with soil regions do not replace soil maps or soil combination maps at adequate scale;
they complete them.
Keywords: soil cover partition, pedogeographical entities, soil criteria
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An integrated modelling approach to sustainable land use
concepts in a low mountain range area
FOHRER N. and FREDE H.-G.
Institute of Natural Resources Management, Justus-Liebig-University Giessen, Heinrich-Buff-Ring
26-32, D-35392 Giessen, Germany
The risk assessment of future land use changes with respect to their ecological impact is still an
unsolved problem. The implementation of sustainable land use and soil conservation concepts for
meso-scale catchments requires a methodology that is able to quantify the effects on the water
balance and water quality of this ecosystem. Paired catchment experiments on this scale are either
not feasible or too time consuming and expensive and the results are usually not transferable to
other regions. Thus the application of hydrological models in combination with ecological and
socio-economic models can clarify the processes involved and support well-balanced management
decisions.
In the Lahn-Dill- Bergland in the hilly midlands of the state of Hesse, Germany, agriculture is
retreating from landscape due to employment alternatives in various branches of industry and
marginal conditions for agricultural production. Thus the amount of fallow land is increasing. In
order to support the development of new sustainable land use options for this region an integrated
GIS based system of models was employed to analyze the effect of land use change on various
landscape functions. The economical model PROLAND (Möller et al, 1999) is optimizing land use
by maximizing agricultural income. It proposes spatially distributed land use options which are
evaluated in terms of ecology with YELL (Spiekermann, 2001) and with regard to hydrological
changes with the SWAT-G model (Arnold et al., 1998; Eckhardt et al., 2001). The continuous-time,
grid cell watershed model SWAT-G was tested for typical conditions in the project region and a
sensitivity analysis was carried out (Fohrer et al., 2001).
A set of land use scenarios provided by the economic model ProLand was analyzed by the
models. The effects of deforestation in addition to an increase in crop land on water balance,
sediment delivery and water quality were predicted with the SWAT-G model.
Keywords: interdisciplinary modelling, SWAT, land use change, water balance, scenarios
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Sensitivity analysis of the model to predict stream N
concentration associated with regional N cycling
HATANORvusuke(1.2), NAGUMO Toshiyuki (2) and WOLI P. Krishna (2)
(1) Laboratory of Nutrient Cycling, Field Science Center for Northern Biosphere, Hokkaido
University, Kita 9, Nishi 9, Kita-ku, Sapporo 060-8589, Japan
(2) Laboratory of Soil Science, Graduate School of Agriculture, Hokkaido University, Kita 9,
Nishi 9, Kita-ku, Sapporo 060-8589, Japan
Sensitivity analysis of the model to simulate N flows associated with consumption and
production of food in regional scale was conducted to evaluate the effect of chemical fertilizer
application, human and livestock population and land use on N concentration in stream water.
Stream N concentration for the present condition of Hokkaido was predicted to be 1.1 mg N L" ,
which was considerably higher than 0.65 mg N L"1 of an average value for 208 streams in
Hokkaido. The model should be taken into consideration of the effect of riparian buffer zone.
Stream N concentration was most sensitive to chemical fertilizer application. Stream N
concentration changed from 1/5 times to 12 times as high as present N concentration with 1/10
times to 10 times change in chemical fertilizer N. With 1/10 to 10 times change in livestock
population and human population, stream N concentration changed from 1/2 times to 6.5 times and
from 10% to twice, respectively.
Influence of chemical fertilizer N on stream N concentration appeared through discharge from
croplands, while that of excreta N appeared through disposal, ammonia volatilization as well as
discharge. Increase of the proportion of cropland increased stream N concentration, if input N as
sum of chemical fertilizer N, atmospheric deposition N and N2 fixation N becomes larger than
output N as sum of denitrifrcation N, plant uptake N and ammonia volatilization N. On the other
hand, if the input was smaller than the output, N concentration decreased with an increase of the
proportion of cropland. Increase of manure N and disposal N from human and animal excreta
increased N concentration in stream water regardless of change in the proportion of cropland area.
Reducing disposal N, increasing manure N application and well-balanced application of chemical
fertilizer N are required to maintain optimal N concentration in stream water.
Keywords: N cycling in regional area, N concentration in stream water, simulation model,
sensitivity analysis
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Methods of multivariate statistical analysis in landscape
and geochemical research
KOSHELEVA Natalja E., KAS1MOV Nikolav S. and SAMONOVA Olga A.
Faculty of Geography, Moscow State University, 119899 Vorobjevy gory, Moscow, Russia
The importance of statistically-based generalizations of information for analysis of the spatial
and temporal differentiation of chemical elements in land-scapes is highlighted. The paper
discusses advantages and disadvantages of different multivariate analysis procedures aimed at
revealing and quantitatively describing of the most important features of the geochemical structure
of elementary landscape systems. The feasibility of the methods is illustrated using research data
on heavy metal (HM) behavior in soils of the Smolensk-Moscow Upland. The database includes
descriptions of 137 soil profiles and concentrations of Cu, Zn, V, Pb, Co, Ni, Cr, Fe in the soil
horizons. The total content of metals was determined by the quantitative spectral method, the
mobile forms (MF) - by atomic absorption in IN HCl extract.
The differences between the HM contents in humus horizons of soddy-podzolic soils developed
under the forest and meadow vegetation of mixed forest zone were determined. The two-way
analysis of variance of bulk contents and concentrations of MF of Cu, Zn, Pb, Co, Ni, Cr, Mn, V
and Fe were carried out to evaluate the levels of HM concentrations in soils and to assess the
relative importance of spatial (the composition of plant communities) and time (interannual weather
fluctuations) factors in their variability. The humus horizon of forest soil has 1.1-1.5 times lower
bulk contents of Co, Cu, Cr, Ni and 1.5-2.5 times - concentrations of MF of Cu, Co, Zn than the
meadow one. The main cause of Co, Cr, Cu, Ni accumulation is soil organic matter, for Zn - the
silty fraction and for Cu, Co, Zn MF - gley process. The variability of Zn, Mn, Cu, Pb buik
contents and Fe, Mn, Cr MF correlates strongly with time - the part of variance accounted for by
this factor exceeds 50%. For Cr, Ni, Co, V bulk contents and Cu, Zn MF time and spatial factors are
significant.
The results of cluster analysis allowed evaluation of the contribution of the three main factor
groups causing the formation of HM association in soils: lithogeochemical features of parent rocks,
humus-accumulative and eluvial processes. Associations of the HM bulk contents, determined in
samples including data on entire soil profiles have the maximum similarity in comparison with the
samples for particular genetic horizons.
The results of regression analysis allow definition of the extent and the character of the
influence of soil-geochemical factors on the content of HM MF. For Mn, Cr, and Ni, there is a
direct positive relation between bulk and MF concentrations, Cu and Co - negative one, while for
Zn and Pb this is absent. The MF concentrations of Mn, Cu and organic matter display positive
correlation, whereas Cr shows a negative one. In reductive gleic conditions the content of mobile
Mn, Cu, Pb and Ni decreases while that of Zn grows. Acid-base conditions are of minor
importance. Fe controls the Cr and Ni migration; the latter element shows the low dependence
upon the organic matter. Geochemical properties of Co appear to be opposite to the properties of
metals belonging to Fe group:
Keywords: geochemical structure, heavy metals, factors of differentiation
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Phosphorus availability from sewage sludge and
animal manures to grass in a pot experiment
KATOWataru (1,2), TUNNEY Hubert (1), CARTON Owen T. (1), MURPHY William E. (1)
and KOBAYASHI Hiroshi (2)
(1) Teagasc, Johnstown Castle Research Centre, Wexford, Ireland
(2) Kitasato University, Towada, Aomori, 034-8628, Japan
Approximately 30 million tonnes of animal manure requires land spreading annually in Ireland.
Annual Irish sewage sludge production is 20,000 tonnes but will increase to 120,000 tonnes by
2013 as a consequence of changes in European and national water legislation. Application to
agricultural land represents a management option for this organic material, as it results in the
recycling of the nutrients for crop production. In this study, the use of these products as a
phosphorus (P) source for grass growth was examined in a pot experiment.
This study was conducted in a glasshouse from May to December 2000. At the start of the
experiment (total 320 pots) two-soil types, limestone and shale, were selected. Dried bio-solid
(DB), lime bio-solid (LB), anaerobic bio-solid (AB), dairy cow slurry (CS), and chemicals (CH)
were mixed with the soils in varying amounts to give the following P concentrations per kg of soil,
15 mg (PI5), 30 mg (P30), 60 mg (P60) and control (P0). In addition to the P treatments, pots
received basal treatments of macro and micronutrients. The pots were sown with perennial ryegrass
(Lolium perenne L.) and cut to 10 mm at each of 5 harvests, with dry weight (DW), and P
concentrations measured at each.
Total DW for each treatment was highest for the first and second harvests, but decreased
gradually for each of the subsequent cuts. The mean DW per pot was 5.9, 6.8, 3.7, 3.0, and 2.4 g
for the l", 2nd, 3rd, 4th, and 5'h harvests, respectively. Declining P, radiation and temperature may
account for the observed fall off in DW. The DW and nutrient uptake data for the first cut were
statistically analysed using analysis of variance. The mean effect of the amendments on DW was
significant (P < 0.05) with mean pot yields for AB, CH, CS, LB and DB of 7.1, 6.7, 6.4, 4.7 and 4.4
g, respectively. The low dry matter amendments (AB and CS) gave a better response than the high
dry matter ones (LB and DB). The DW averages were 2.93, 5.31, 6.05 and 6.22 g per pot for P0,
PI5, P30 and P60, respectively, for the first harvest. The DW response with varying P
concentrations is typical of normal nutrient quadratic response curves. The differences are
statistically significant (P < 0.05) except between P30 and P60. In both soils, the P concentration in
the DW was low (< 0.2%), a not unusual occurrence in glasshouse pot experiments. The overall
mean DW from shale (6.47 g) was significantly greater than that from limestone (5.26 g), probably
due to higher P reserves in shale.
Keywords: cattle slurry, perennial ryegrass, phosphorus, pot experiment, sewage sludge
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Soil and water quality on different agricultural practices
along Nakdong River Basin in Korea
KlMMin-Kveong(l), SEO Myung-Chul (1), CHUNG Jong-Bae (2) and KIM Bok-Jin (3)
(1) National Institute of Agricultural Science and Technology, Suwon 441-707, Korea
(2) Dept. Agricultural Chemistry, Taegu University, Kyungsan 712-714, Korea
(3) Dept. Agronomy, Yeungnam University, Kyngsan 712-749, Korea
This study was conducted to evaluate the soil and water quality affected by different
agricultural practices at the Nak-Dong river basin in Korea. Soil samplings and chemical properties
of agricultural soils were collected and analyzed at three times from July in 1996 to July in 1998,
whereas water qualities on five tributary streams were measured at twelve times from July in 1995
to August in 1999. Typical paddy and upland farming were the major agricultural practices in three
survey areas such as Young-Ju, Go-Ryung, and Mil-Yang. Apple orchards were located along with
the Im-Go Cheon basin. Intensive vegetables farming in vinyl houses was practiced along the Habin Cheon basin.
Soil pH in paddy and upland were ranged from 5.14 to 7.22 and from 4.26 to 8.08, respectively.
The content of nutrients in paddy and upland soils were 4.3-52.3 and 3.5-71.1 g kg'1 for organic
carbon, 0.04-0.32 and 0.01-0.42% for total N, 0.52-103.7 and 0.52-403.10 mg kg"' for available P,
and 3.29-14.96 and 2.76-18.22 cmol kg"1 for CEC, respectively. Heavy metal contents of all soils
were similar to the natural background levels in Korea. Total phosphorous contents in soils varied
considerably among the different agricultural practices. T-P of soil in vinyl houses was higher than
that in paddy soil. According to the locations, T-P of soil at Mil-Yang, lower part of basin was
higher than that at Young-ju, upper part of rice paddy. However, there was no positive difference on
the total N in most soils. T-N of paddy soils was lower relative with one of upland soils, and the
nutrient contents at both paddy and upland soils in Young-Ju were lower than those in Mil-Yang.
These nutrients could affect on water quality near the agricultural fields due to the farming
practices along the streams. In the most of the streams, phosphorus contents was higher than the
minimum level for eutrophication (0.01-0.05 mg L"1). Nitrogen contents was also significantly high
enough at many sites to cause harmful effects on crop growth when normal fertilizer level was
applied. Among the five streams, water quality in the stream near rice paddy was relatively less
polluted than vinyl houses. High levels of pH and EC in vinyl houses along with Ha-bin river basin
were troublesome. As results of this study, it was considered that farming practices were the major
source of pollution in the streams. Therefore, the farming practices in agricultural areas were
attributed to the agricultural non-point sources.
Keywords: paddy soils, upland soils, soil quality, water quality, agricultural nonpoint sources
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A method for determination of rate of soil formation
in various watersheds
K1MURA Ai and WAKATSUKI Toshiyuki
Faculty of Life and Environmental Science, Shimane University, Matsue 690-8504, Japan
Soil degradation by erosion is compensated by the new soil formation in a given watershed.
Although we have data on soil erosion in tons per hectare per year, there are few data on the rate of
soil formation in the same watershed. A method for evaluation of the rate of soil formation and
rock weathering was proposed in 1992 and 1993 (Wakatsuki el al.). The rates of soil formation and
rock weathering are therefore important for establishing sustainable watershed management
practices to protect land degradation, control desertification, and minimize the effects of acid
precipitation. The theory of this method is that for the elements derived exclusively from rocks,
geochemical mass balances were assumed to exist between parent rocks, soils, and river waters on
both global and regional scales. Seven geochemical mass balance equations, which include the rate
of soil formation and rock weathering as unknown quantities, were set up using the mean contents
of seven major elements (AI, Fe, Ca, K, Mg, Na, and Si) in parent rocks, soils and river waters,
respectively. From these are calculated the most probable values of the rate of soil formation: Sw
and rock weathering: Rw (t ha"1 y"') using multiple regression analysis. The equation can be written
by using a general formula as, RWR;- Sw Si = DDi (river)- PPi (precipitation): D, P (104 m 3 ha"' y ' )
Ri, Si (g f') Di, P, (g m"3). Reliability of the results were checked by the criterion that the rate of
rock weathering is higher than that of soil formation and both of them have to be positive values.
Net elemental balance between Rw-Sw and discharge loss from river was also checked.
This paper aims to clarify whether this kind of simple mathematical and integrated method is
suited to the evaluation of the rate of soil formation. Apart from the real field samplings and
analysis of rain, rivers, soils, rocks at five benchmark watersheds at different climate (temperate,
tropical, arctic) and bedrock (andesite and granite), simulation trials were made based on the data of
the five watersheds. Then each of the seven elements were systematically changed for the several
factors (concentrations of rocks, soils, and river water, and the ratio of elements released from rock
to river water). These simulations revealed that the rate of soil formation and rock weathering was
high under hot and humid conditions, and basic volcanic bedrocks. The higher the ratio of element
released from rocks to river water and the higher the concentration of element in river water, the
faster the rate of soil formation and rock weathering were. Especially Ca, Na and SiC>2 had a great
influence in determining the rate. These elements are high in geochemical mobility and present in
large quantity in river water. Thus our method has potential to give reliable quantitative data on the
rate of soil formation, rock weathering and elemental mass flow in a watershed.
Keywords: rate of soil formation, rate of weathering, watershed management, soil degradation,
soil erosion
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Plant and soil carbon, nitrogen and phosphorus
on the Australian Continent
KIRBY Mac. RAUPACH Mike, BARRETT Damian and BRIGGS Peter
CSIRO Land and Water, GPO Box 1666, Canberra ACT 2601, Australia
We aimed to estimate for the Australian continent the overall biomass productivity, water
balance, and nutrient exports from the soil. We used a steady-state model which describes the
uptake of carbon by plants, limited by the available energy, water and nutrients, and the cycling of
carbon and nutrients within the soil.
The model solves steady-state equations of the balances of energy, water, carbon, and nutrients
in various stores within plants and soil, and the fluxes between the stores. All fluxes are
parameterised as long-term averages. Specifically, long term average evapotranspiration is
constrained by soil water content in dry environments and the energy (radiation) in wet
environments. Transpiration, light and air humidity saturation deficit (which influences water use
efficiency) together determine the Net Primary Productivity (NPP, plant production of carbon).
From NPP, the model tracks the flow of carbon through litter and soil stores (in upper and lower
soil horizons) using rate constants and partitioning coefficients that depend on soil type and
environment. Organic nutrient fluxes are linked to carbon fluxes by store-dependent stoichiometric
ratios which are weakly sensitive to nutrient availability.
The model requires detailed data describing climate, land use, vegetation cover, soil types and
agricultural nutrient inputs. The soil types were used to estimate soil properties such as silt and clay
fractions in an upper and lower soil horizon. The datasets were reconciled to a common spatial
resolution of 0.05 degrees (about 5 km).
The model output shows, as expected, that the principal determinant of the distribution of NPP
on most of the Australian continent is water (transpiration). Saturation deficit is also important
through its effect on water use efficiency, which implies less NPP per unit rainfall in the semi-arid
tropics than the mid-latitude temperate regions. Data support this prediction. The stores of biomass
C, litter C, soil C, total N, mineral N, total P and primary P are all strongly determined by NPP,
showing significant responses to saturation deficit and temperature as well as the obvious rainfall
response. The predicted distributions are supported by independent data. Agricultural nutrient
inputs (fertiliser, legumes) have led to regional-scale increases (relative to pre-agricultural
conditions) of up to a factor of 2 for NPP, and up to a factor of 5 for mineral N, primary P and N
and P concentrations in soil water.
This study of distributions of carbon, nitrogen and phosphorus in the Australian continent is
based on a description of the processes of plant and soil cycling of material. This approach is
complementary to that undertaken in the Australian Soil Resources Information System project,
reported elsewhere in this conference.
Keywords: material balance, spatial predictions, carbon, nutrients, plant, soil
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The role of pedogenesis in modelling geo-ecological evolution
KÖNIGEL C.J.. HEUVELINK G.B.M., KOOIJMAN A.M. and SEIJMONSBERGEN A.C.
Institute for Biodiversity and Ecosystem Dynamics, University of Amsterdam, Nieuwe
Achtergracht 166, 1018 WV Amsterdam, The Netherlands
On a landscape evolutionary time scale a soil profile is always an interim result. Major
climatological shifts can cause the erasure of previously developed soil profiles. Nevertheless,
during stable periods, pedogenesis plays an unmistakable role in the geo-ecological evolution of a
landscape. The aim of this research is to study and model the effects of the most important
pedogenetic processes on geo-ecological evolution. For this, a predictive model of Geo-Ecological
Evolution (GEE) is built. GEE operates on the landscape scale and over a time scale of thousands of
years, using a spatial resolution of 20 by 20 m grid cells and time increments of quarter years. The
initial geological situation, climatological sequence and tectonic activity determine the geoecological boundary conditions. To derive a complete view of geo-ecological evolution, GEE
includes feedback mechanisms between landform evolution, pedogenesis and vegetation
development. This enables a more integrated and realistic characterisation of geo-ecological
evolution than models that do not account for interactions between these three sub-processes.
The following pedogenetic processes are included in GEE: weathering of parent material,
erosion and accumulation of soil material, and the change of pH and soil organic matter (SOM) in
the soil profile. One of the interaction mechanisms included is how the increase of SOM improves
soil structure and thereby reduces the erodibility of the soil material. On the other hand, decreasing
pH-values that result from acidification can change the mobility of soil components and e.g. cause
clay dispersion, which in turn favours soil erosion. The behaviour of SOM and pH in the soil is
controlled by the vegetation development and by the prevailing climatological conditions
The model was tested on a simulation area in the Gutland of Luxembourg. This area is
characterised by heterogeneous geological stratigraphy, consisting of sandstone, marl and limestone
formations. Preliminary results show that pedogenetic feedback mechanisms can have marked
effects on geo-ecological evolution on a moderate time scale (hundreds of years). Two types of subareas can be distinguished: one where pedogenesis has encouraged soil erosion and one where
pedogenesis has had a stabilising effect. From a pedogenetic point of view, the benefits of this
research are twofold. First, more insight in the spatial and temporal dynamics of pedogenesis is
obtained. Second, the role of pedogenetic processes in geo-ecological evolution on a landscape
scale is recognised.
Keywords: Holocene, soil organic matter, pedogenesis, landscape modelling
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Variability of soil properties at the field scale
MIKHEEVA Irene V. and KUZMINA Yekaterina
Institute of Soil Science and Agrochemistry of Siberian Branch of Russian Academy of Sciences,
18, Sovetskaya Street, Novosibirsk 630099, Russia
We have investigated variability of soil properties at two levels of hierarchical organization:
within pedons and polypedons. Variability within polypedons may be considered as a superposition
of next compounds: a) fluctuations of soil properties due to fluctuations of soil forming processes
within each pedon (cracks, aggregates, roots, unsteady leaching, water 'fingers' etc) and b)
variability due to oscillations of soil forming factors and landscape processes (micro-relief,
difference in texture composition, local human and animal or plant influence etc). From this we can
consider variance of soil properties as the sum of variances determined by a) and b), and so assess
the share of addends.
We have obtained variances of soil properties within pedons by investigation of variability in
6-meter- long and 2-meter-deep horizontal profiles at absolutely uniform conditions. Twenty-two
samples were taken from each horizon over 0.25-m. We made such trenches in virgin, arable and
irrigated arable loamy sand Kastanozems. Obtained data were statistically analyzed. Variances and
other statistical characteristics of properties of Kastanozems at the field scale were obtained by
analyzing data after soil survey at the scale 1:25000. Methods of sampling, laboratory treatment
and statistical analysis of data both of pedons and polypedons were identical.
Investigated soils were formed on coarse-textured Quaternary alluvium. Geological processes
resulted in formation of series of soils with different texture: sand, loamy sand, sandy clay loam,
sandy clay. It was found that variability of soil properties is strongly influenced by texture so
quantitative assessment of changes of soils under anthropogenic and natural evolution most be
made separately for each texture variety. Besides to make precise and reliable assessments is
possible only in view of all variability of soil properties, because interval of variation and even
average of properties often change slightly, but frequencies of values can change essentially.
Data shows that variance determined by a) plays a rather large part in the total variance.
Variances of horizon depth, humus and clay contents in pedon contributes 35-40% to their total
variances in polypedon, variance of pH - 50%, variance of sand content 20-30%, variances of salt
content, cation exchange capacity and exchangeable cation contents -15-25%. In arable soil the
variance of humus content in the upper horizon of pedon decreased, essentially in irrigated soil, but
in underlying horizon it increased. Variances of chemical properties sharply grow in irrigated soil,
and more strongly at the bottom of profile, thus variability within pedon can change.
We investigated changes of soil properties variability under deflation, plugging and irrigation
by low-salted water at the field scale too. We found that highest values of humus content vanished
by wind erosion, but frequencies of middle and lowest values grow. Variability of humus and
texture fraction contents under plugging decreases. Irrigation leads to growth of variability of
chemical properties. So it seems that changes of variability within pedon and polypedon are
identical; however, they are not proportional and the share of fluctuations in the total variability
decreases.
Thus variability occurs at different scales (or levels of organization); it is determined by soil
forming factors and processes, so it is a fundamental soil property.
Keywords: soil variability, quantitative assessment, anthropogenic evolution
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Spatial variability in soil hydraulic properties of
a silty clay loam in South-eastern Norway
KV/ERNO Sigrun H. and DEELSTRA Johannes
Centre for Soil and Environmental Research, Frederik A. Dahls vei 20, N-1432 As, Norway
One of the main constraints to modelling nutrient runoff, pesticide leaching and erosion is the
spatial and temporal variability in soil hydraulic properties, which are key parameters in many
deterministic models. Information about soil variability in Norway is very limited. The main
purpose of this study is to analyse the spatial and temporal variability in hydraulic properties of a
silty clay loam soil typical for South-eastern Norway. The dominating soil type of the study site is
classified as Albic Stagnic Luvisol (WRB). Measurements of soil hydraulic properties were carried
oui along a 50 meter transect during summer 2000. The measurements included: 1) saturated
hydraulic conductivity (K|s), measured on 100 cm' cores, 2) infiltration rate (q,), measured with
tension infiltrometer at matric potentials h = -15, -6 and -3 cm, and 3) soil surface water content,
measured in the top 5 cm of the soil with a TDR probe. Field saturated and near saturated hydraulic
conductivity (Kfs and K(h)) were estimated from the infiltration rates. Variability in hydraulic
conductivity was moderate to high along the transect, with coefficients of variation (CV) ranging
from 79 for K(-15) to 224% for K(-6). The sample distribution was approximately lognormal. Kk
varied from 1.0 to 341 cm b , with an arithmetic mean (AM) of 46 cm h'. Kfs was less than K|S,
ranging from 0.27 to 63 cm h', with AM = 13 cm h'. Spatial correlation of all variables was
examined by computing variograms. Kis showed some degree of spatial correlation, with a
correlation length of approximately 8 meters. However, the nugget variance was rather high
compared to the sill, indicating a large random component related to small-scale variability and
measurement errors. A possible spatial correlation for Kf5 and K(h) might have been obscured by
trends along the transect. Soil water content was measured at six dates during the growing season.
The spatial patterns varied from time to time. Where spatial correlation existed, correlation lengths
varied from about 3 to 5.3 meters. As with K|S, the variation appeared to be dominated by a random
component. From these results it was concluded that 1) at this scale of investigation, hydraulic
conductivity exhibits a large degree of random variation related to soil heterogeneity and sample
volume, 2) the most appropriate approach for modelling water flow and solute transport using these
data would probably be a combination of stochastic and deterministic simulations, using sample
distributions, and 3) trends in time and space should be considered when planning the experimental
design to assure that the extent of the study area is large enough to encompass a complete picture of
the processes under investigation.
Keywords: hydraulic conductivity, infiltration, soil water content, variability, trends

64

Symposium no. 02

Paper no. 507

Presentation: poster

Development of a quantitative method to study
hysteresis behaviour of nutrient losses in runoff
LANGLOIS Jacques L. and MEHUYS Guy R.
McGill University, Department of Natural Resource Sciences, 21,111 Lakeshore Road, SainteAnne-de-Bellevue, Canada
Relationships between surface runoff discharge and dissolved ion loads are complicated by a
hysteresis effect. Until now, researchers have investigated hysteresis loops using qualitative tools
describing their direction (e.g., clockwise or counterclockwise). The quantitative study of these
loops would ease comparison of results of dissolved ion losses in surface runoff between events and
therefore help to evaluate the impacts of hydrologie characteristics, such as soil moisture
conditions, on ion transfer from fields to water bodies. The objectives of the present study were to
1) develop a technique to quantify the hysteresis of ion transport in runoff water and 2) use this
technique to compare hysteresis behaviour on an event basis. In the summer and spring 2001,
measurements were performed on two undrained raised beds (290 m x 33 m each) separated by a
ditch along their length. Trenches were dug on each side of the ditch and waterproof polyethylene
membranes were laid in them to intercept runoff from the adjacent beds. At the end of each trench,
continuous monitoring of runoff volume was carried out using tipping buckets. Manual sampling of
runoff water in both trenches was performed every 5 minutes for the first hour after initiation of a
runoff event and at 15- minute intervals thereafter. Aliquots of runoff water were filtered (0.45 urn)
and analyzed for dissolved anions and cations. Finally, rainfall volumes were measured using a
recording raingage. For each rain event, ion concentrations were coupled with discharges during the
rising limb and the falling limb of the runoff hydrograph. The resulting hysteresis curves were
characterized by 1) computing a regression equation for each part of the hydrograph and
2) calculating an index (H) as the ratio of the integral of the equation of the rising limb to that of the
falling limb. Soil antecedent moisture conditions were estimated by using the ratio of runoff to
rainfall volumes. The results show that soil antecedent moisture conditions affect hysteresis loops.
Indeed, as the soil prior to a rainfall event is wetter, the ion hysteresis behaviour of the loops shifts
from a counterclockwise (H<1) to a clockwise direction (H>1). Quantitative assessment of
hysteresis behaviour contributes to a better understanding of the effects of hydrology, with its
complexities of temporal variability, on ion transfers from soils to water bodies.
Keywords: runoff, hysteresis, cations, anions, antecedent soil moisture
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Spatio-temporal patterns of soil water repellency
in eucalypt forests at different scales of study
LE1GHTON-BOYCE Gemma, DOERR Stefan H., SHAKESBY Richard A. and
WALSH Rory P.D.
Department of Geography, University of Wales Swansea, Singleton Park, Swansea SA2 8PP, UK
There has been comparatively little research into the spatial and temporal variability of soil
water repellency, although such variability can be expected to affect considerably the
environmentally important impacts of this soil property on, for example, slope or catchment
responses to rainstorms. This study carried out in Eucalyptus globulus stands in north-central
Portugal used the %ethanol method to record the in situ severity and spatial variability of soil
surface repellency together with soil moisture, micro-topography and vegetation patterns at micro(0.36 m2) and meso- (240 m2) scales on six occasions over a 13-month period. Four sites were
investigated, which varied in terms of stand age, burn history and soil preparation prior to planting.
Preliminary results indicate that (i) repellency can be severe and spatially contiguous after
predominantly dry, warm phases longer than 2-3 months but patchy or undetectable after
predominantly wet phases exceeding 4-5 months, (ii) far from being restricted to a summer drought
period, water repellency was found to occur for at least 4 months and can be present at soil moisture
contents of up to 25% (vol.), (iii) the mature site exhibited the most spatially contiguous and
extreme repellency, (iv) meso-scale monitoring was more accurate and efficient for representing
spatio-temporal variations in repellency at slope- and catchment-scales, (v) enhanced overland flow
and soil erosion caused by water repellency are likely to be greatest in storms following prolonged
drought when repellency is accentuated, whereas in transitional phases the main impact of the
patchily distributed repellency could be more rapid transfer of water to subsoil with implications,
for example on agricultural land, for groundwater pollution from nutrients and pesticides.
Keywords: soil hydrophobicity, micro-scale, meso-scale, overland flow, Portugal, Eucalyptus
globulus

66

Symposium no. 02

Paper no. 1978

Presentation: poster

Hydropedology-bridging disciplines, scales and data
LIN Henry
Dept. of Crop and Soil Sei., The Pennsylvania State University, University Park, PA 16802, USA
There is a growing recognition that synergy could be generated by bridging traditional
pedology with soil physics/hydrology to enhance investigations of interactive pedologic and
hydrologie processes across spatial and temporal scales. This paper highlights the need for an
interdisciplinary science, called hydropedology, that would address: (1) knowledge gaps between
classical pedology and soil physics/hydrology; (2) bridging of microscopic, mesoscopic, and
macroscopic scales in soil-water relationships; and (3) translation of data from soil surveys into soil
hydraulic properties.
/. Knowledge gaps needing an integration of classical pedology and soil physics/hydrology:
Despite the significant progress made in the past decades, the movement of water and chemicals in
the root and vadose zones, especially the transport processes that occur in structured soils and
fractured geological materials remains unclear. The mechanisms controlling individual and coupled
soil processes in the field and our understanding of landscape-oriented flow and transport processes
are limited. Besides scaling and data bridging issues discussed in the following, other knowledge
gaps that may be bridged through integrated pedology and soil physics/hydrology include soil
structure quantification, preferential flow dynamics in various soils, "when, how, and where" water
moves through different landscapes, and quantitative use of field soil morphology for inferring soil
hydrology.
2. Bridging scales from laboratory to field and to landscape: A major recurring problem in soil
and hydrologie sciences is the representation of soil properties/processes in the presence of large
spatial and temporal variability at a scale different from the one in which observations are made.
This inevitable but challenging multiscale bridging problem remains at the heart of many
hydrologie and pedologic studies. The development of hydropedology could help facilitate the
scale bridging from microscopic to mesoscopic to macroscopic levels. For example, hierarchical
framework may offer a solution to multiscale bridging since hierarchy is common in the subjects
typically encountered in both pedology and soil physics/hydrology.
3. Bridging data through pedotransfer functions: "Data rich, information poor" (information
here connotes interpretation, synthesis and utilization of data) has been a common syndrome in
many disciplines. It has been recognized that significant gaps exist between what we have (e.g., the
U.S. National Cooperative Soil Survey databases) and what we need (e.g., soil hydraulic parameters
for simulation models). Improved procedures to extract useful information from the available
databases and to interpret soil survey data for flow and transport characteristics in different soils are
needed. The combined efforts of pedologists and soil physicists/hydrologists could open up new
opportunities for the next generation of pedotransfer functions.
Keywords: interdisciplinary science, pedology, soil physics, hydrology, multiscale bridging,
pedotransfer functions
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Predicting soil erosion over the Australian Continent
LU Hua, PROSSER Ian P., MORAN Chris, GALLANT John, PRIESTLEY Graeme and
HUGHES Andrew
CSIRO Land and Water, GPO Box 1666, Canberra, ACT 2601, Australia
A major issue in Australian land management is soil erosion and the consequent reduction of
productivity. The off-site effect of soil erosion is the degradation of water quality in streams and
water storages. Measurement of soil erosion is expensive and time consuming and consequently,
data on erosion rates limited to few sites. Those sparse measurements provide little information
about the spatial distribution of soil loss across the nation. This paper describes spatial modelling
methods to predict sheet and rill erosion over Australia and gully erosion over a large catchment.
Hillslope sheet and rill erosion is based on the Revised Universal Soil Loss Equation (RUSLE)
using time series of remote sensing imagery and daily rainfall combined with spatial data for soil,
land use and topography. Gully erosion is modelled by sampling gully density from available airphotographs and building statistical decision tree models using climate, soil and geology variables
as predictors. The prediction shows that the north part of Australia has higher erosion potential than
the south. It finds that erosion rate has increased up to 50 times for agricultural land compared with
most natural vegetated lands and that erosion potential differs significantly between summer and
winter periods.
Keywords: soil erosion, sediment, USLE, remote sensing
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Soil erosion management in catchments:
evaluating on-site and off-site effects
MAGL1NAO A.R.. BR1CQUET J.P., DE VRIES F. Penning and WANNITIKUL G.
International Water Management Institute (IWMI), Southeast Asia Regional Office, Bangkok,
Thailand
Upland farmers are not the only people affected by soil erosion. Lowland farmers, urban
centers, hydroelectric generating authorities, and highway and irrigation agencies may all be
seriously affected by the resulting changes in hydrology and water quality. However, there is a
serious knowledge gap about off-site impacts of erosion caused by activities in upper watersheds on
sediment and streamflows in catchments. To evaluate the effects of sloping land management, both
on-site and off-site, a catchment approach to research on managing soil erosion has been employed
in a number of countries in Asia. The results of catchment calibration for three years showed that
the amount of bedload and suspended load measured at the gauging outlets could have very
significant effects on the fertility of the soil in the uplands and siltation and pollution in the lowlying areas. They also showed the varying effects of land use and catchment size on erosion. The
agreed upon interventions that were introduced after the calibration likewise affected soil erosion
and the results further supported the idea that appropriate land management in the uplands would
bring beneficial effects both on-site and off-site. The information will be important in bringing a
closer cooperation between upland cultivators and lowland dwellers affected by soil erosion.
Furthermore, it would help decision makers better assess policies and other measures needed to
address the problem.
Keywords: soil erosion management, sloping lands, catchment approach, on-site effect, off-site
effect, water quality
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Reclamation of a virgin saline-sodic soil
by different leaching treatments
MARJOVVI Ali-Reza (1), HAJ RASULIHA Shapoor (2) and REZAEI Moslehedin (1)
(1) Soil and Water Division, Isfahan Agricultural Research Center, P.O. Box 81785, AmirHamzaeh St. Kesharaz Highway, Isfahan, Iran
(2) Dept. of Soil Science, College of Agriculture, Isfahan Univ. of Technology, P.O. Box 84154,
Isfahan, Iran
Soil salinity and sodicity, as well as shortage of irrigation water are the principal obstacle for
agricultural development in arid and semi-arid regions. Water is needed for reclamation of saline
and saline-sodic soil. Therefore, land reclamation methods in which irrigation water can be saved
are of prime importance. A field experiment using a complete randomized block design in three
replicates was conducted to study the effect of four leaching treatments on saline-sodic soil (fine,
mixed, thermic, typic haplocambids) using intermittent pounding method. The initial electrical
conductivity of soil saturated extract (ECe) and sodium absorption ratio (SAR) of the soil profile for
0-20 cm were 70 dSm"1 and 75 and for 70-90 cm decreases to 17 dSm"1 and less than 10,
respectively. The treatments were Tl to T4, with application of 50, 30, and 10, using 10-cm
installments, and no leaching water, respectively. However, T4 treatment received two additional
irrigations (total 32 cm) between a uniform general planting irrigation and the first post-plant
irrigation. The ECe and SAR of the soil profile shows that Tl, T2 and T4 treatments provided
sufficient salt leaching in the root zone for plant growth. After initial leaching, (before planting) the
ECe and SAR in the T3 treatment were sharply higher in the upper, and lower in the lower soil
profile compared to Tl and T2 treatments. At the end of sixth irrigation, ECC and SAR in Tl, T2,
T4 treatments were similar and considerably less than T3 treatment throughout the soil profile. At
the end of the growing season, the ECe and SAR values of Tl and T2 had slightly increased
compared to the sixth irrigation. Application of T4 treatment is recommended for efficient use of
irrigation water, saving labor cost and time, and adequate salt leaching for planting wheat. Grain
yield of the wheat salt talorant variety (Roshan) for Tl to T4 treatments were 3.8, 3.5, 1.5 and 3.6
Mg ha'; and for salt sensitive variety (Ghods) were 1.9, 1.8, 1.3 and 2.3 Mg ha'1, respectively.
Keywords: minimum leaching, saline, sodic, wheat
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Interactive effects of rainfall and fire on forest soils
at Mudumalai wildlife sanctuary: a landscape analysis
NAGARAJA M.S. (1,2), DATTARAJ H.S. (2), SRINIVASAMURTHY C.A.S. (3) and
SUKUMAR R. (2)
(1) Symbiotec Research Associates, Bangalore, India
(2) Centre for Ecological Sciences, IISc, Bangalore, India
(3) College of Agriculture, GK.VK, Bangalore, India
Forest ecosystems are known to exhibit efficient mass and energy transfers among their
compartments. The magnitude and the rate of fluxes are specific to forest type and are driven to a
great extent by precipitation and temperature. In some cases, even the anthropogenic activities viz.
grazing, fire etc can play a crucial role.
Mudumalai Wildlife Sanctuary, one of the forest ranges at the Nilgiris situated in southern
India, is known for its biodiversity. It has a rainfall gradient ranging from 600 mm in the east to
2000 mm in the western parts. Forest vegetation changes along this gradient from dry scrub type in
the drier region to semi-evergreen types in the wetter region. Frequent occurrence of fire in
deciduous forest types is another factor likely to influence soil properties. In this study, an attempt
has been made to understand the interactive effects of rainfall and fire on these forest soils by
considering the patterns of rainfall and fire occurrence in the past at a landscape level.
The dry deciduous forests were more fertile than the scrub forests with higher nutrient
availability. Large biomass additions in these deciduous forests increased soil organic matter
substantially, resulting in higher nutrient availability. Soil organic matter, a basic soil fertility
parameter, increased along the rainfall gradient. Soil organic-C content ranged from 1.27 per cent
in the dry region to 3.98 per cent in the wetter region. Soil organic-C, total-N and S contents
increased along the precipitation gradient. The soils in the eastern parts were near neutral with a
range of 6.75 to 7.15 while, the western parts of the sanctuary receiving high precipitation recorded
acidic pH (5.96 to 6.78).
Amounts of total recyclable biomass, through litter and annuals, ranged from 1.5 to 8.0 t ha"'.
Drier parts of the sanctuary recorded less than 2 t ha"' of recyclable biomass, while western parts
recorded 4-5 t. Information on fires occurring during the last decade indicate that central and
northern parts of the sanctuary were more frequently burnt than eastern parts. Thus, the amount of
nutrients prone for volatilization losses in the deciduous patches was very high. It was estimated
that 40-60 kg of N, 4-6 kg of P, 30-35 kg of K, 90-100 kg of Ca and 20-25 kg of Mg were prone for
losses. Recent analytical tools viz. geographical information system (GIS) was found useful in
understanding the interactions at a landscape level.
Keywords: rainfall, forest fires, landscape analysis, GIS, the Nilgiris, Southern India
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Soil properties affecting I -asparaginase and urease activities
in soils of Central Iran
NOURBAKSH Farshid (1), MONREAL Carlos M. (2), DINEL Henri (3) and EMTIAZI Giry (1)
(1) Dept. of Soil Sei., Isfahan University of Technology, Isfahan, Iran
(2) Agriculture and Agri-Food Canada Room 771, Sir John Carling Building, 930 Carling Ave.,
Ottawa, ON. K1A 0C5, Canada
(3) ECORC, Ottawa, ON. K1A0C6, Canada
The objective of this study was to investigate relationships of L-asparaginase and urease
activities with some physico-chemical properties of predominant agricultural soils in central Iran.
Soil samples were collected from 0-15 cm layer from several farm fields in October 1999. Soil
particle size distribution, cation exchange capacity (CEC), organic carbon (OC), total nitrogen
(TN), calcium carbonate equivalent (CCE), pH and electrical conductivity (EC), sodium adsorption
ratio (SAR), urease and L-asparaginase activities of soils were measured.Soils varied widely in
texture, OC, EC and CEC. None of the soils were sodic (SAR<5.2), all soils were calcareous (CCE
>107 g kg"1) and their pH ranged from 7.4 to 8.1. Soil L-asparaginase activities ranged from 6.3 to
14.7 and urease activities ranged from 5.3 to 79.2 p.g NH/-N g'soil 2 h . Simple linear model
studies revealed that soil L-asparaginase was correlated with OC (r=0.87 p<0.001) and TN (0.78
p<0.001). Soil urease activity was correlated with OC (r=0.90 p<0.001) and TN (r=0.80 p<0.001).
The strong correlations between either L-asparaginase or urease with OC and TN appeared to be
related to the adsorption of enzymes on soil organic colloids. Soil textural properties did not
influence soil L-asparaginase and urease activities. Significant negative correlations were observed
between either L-asparaginase or urease activity and EC (-0.59 p<0.01and -0.49<0.01 respectively).
A negative correlation also was observed between L-asparaginase activity and SAR (r=-0.58
p<0.01) but there was no significant correlation between urease activity and SAR. Multiple
stepwise regression analysis revealed that 80% of L-asparaginase variation was accounted by OC
and SAR whereas 81% of urease variation was accounted by OC. We concluded that OC has a key
role in predicting L-asparaginase and urease activities in the studied soil samples.
Keywords: L-asparaginase, urease, soil physico-chemical properties, correlation
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Regional estimation of nitrogen transport in streamwater
within the Chao Phraya River Basin
PARAMEESuparb(l) and BASHKIN Vladimir (2,3)
(1) Environmental Technology, The Joint Graduate School of Energy and Environment, King
Mongkut's University of Technology Thonburi, 91 Pracha-u thit Rd., Tungkru, Bangkok,
10140, Thailand
(2) The Joint Graduate School of Energy and Environment, King Mongkut's University of
Technology Thonburi, 91 Pracha-u thit Rd., Tungkru, Bangkok, 10140, Thailand
(3) Geography Department, Moscow State University, Vorobievy Gory, 189988 Moscow, Russia
The present study aimed at determining riverine nitrogen transport within the Chao Phraya
river basin and its tributaries during April 1999 to March 2000. The basin area was divided into
two parts: the upper and lower basin, in which defining land-uses were different. Rainfall input
onto the basin was recorded by the Meteorological Department (MD). Stream-water discharge of
each main tributary of the basin was observed by the Royal Irrigation Department (RID) and the
Royal Forest Department (RFD). Rain and stream water N flux was detected and quantitatively
estimated covering the two annual cycle. It was found that average annual rainfall in the basin was
measured as 1,031 mm and 1,889 mm in the upper and lower part of the basin, respectively.
Atmospheric N deposition onto the upper part of the basin accounted as N-NC"3~ and N - N H /
ranged between 3.6 to 4.6 kg ha"1 y"1 and 3.2 to 3.8 kg ha"1 y"1 respectively. The quantitatively
estimated wet N deposition onto the sub-river basins obtained were 28,739, 23,687 and 19,203 t y' 1
in the Ping, Nan and lower Chao Phraya basins respectively. Annual stream-water discharges from
the four main tributaries of the upper basin were measured and ranged between 408 MCM for the
Wang and 9,184 MCM for the Nan sub-river basins. For the lower basin and the other two
tributaries, the annual discharges were measured and ranged from 603 MCM for the Sakae Krang to
6,990 MCM for the lower Chao Phraya sub-basins. Regional fluxes of N-NC>3~ and N-NH 4 + in
stream-water measured at the basin outlet as nutrients lost from the basin were 2,677 t y"1 and 463 t
y'1 respectively. These data coupled with statistical estimates of fertilizer N application and plant
uptake allowed the researchers to calculate the regional biogeochemical budget, which values are
positive at the moment. Furthermore, the accumulation of nutrients in the flat plain agricultural
areas is of concern in the lower basin due to riverine fluxes. These findings show the large amount
of nutrient transport via hydrologie pathways that should be considered for controlling the chemical
fertilizer application and setting guidelines for a pollution abatement strategy.
Keywords: biogeochemistry, riverine nitrogen, streamwater discharge, Chao Phraya basin
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Soil cover partition of European and Romanian territories
based on soil criteria
PIC1U Ionel and FLOREA Nicolae
Research Institute of Soil Science and Agrochemistry, Bucharest, B-dul Märästi, 61, 71331
Bucharest, Romania
The recent development of informatics and earth sciences, as well as the utility of the
geographic data base elaboration (GIS) have made possible the discussion of the geographic
partition (regionalization) of soil cover at continental (global) and regional level. The geographic
units (entities) of soil cover emphasize the spatial differentiation of the large territories, which helps
to establish of the most favourable land use and most adequate sustainable exploitation of the soil
resources. Global problems have local solutions based on proper studies but planned at regional
scale. Therefore, the data on soil resources are stored in soil database in which these data are
structured (organized) on soil cover entities (soilscapes, soil regions), which have to be defined and
characterized not only by dominant and associated soils but also by soil cover form (evenness,
irregularity) because this one represents an intrinsic attribute of the soil cover (as well as of the
relief).
In current soil regionalization, the soilscapes and soil regions are grouped at higher level
according to criteria belonging to the field of soil formation factors and not to proper soil cover. For
this reason, one tries a regionalization (geographic partition) of the European and Romanian
territories in which the grouping of the geographic partition entities (units) is done using strictly soil
criteria (presented in a separate paper at this Congress by one of the authors).
At the level of the European continent, there were delineated: five thermal soil zones: pergelic
soil zone, cryic soil zone, frigid soil zone, mesic soil zone and thermic soil zone; several soil
domains determined by the soil cover form (level, sloping, steep) and dominant major soil (s) (order
or suborder); and many soil regions characterized by the different associated soils depending on the
nature of parent material and dominant relief.
At level of a country, Romania, the followring units were delineated: two thermal soil zones
(frigid soil zone and mesic soil zone, to which a cryic soil zone at more than 2000 m altitude is
added); eight soil domains and 20 soil regions and several soil subregions in the frame of the soil
domains.
At level of an area, namely the Dobrogea region in the south-eastern part of Romania, more
detailed geographic soil entities were demarcated including elementary soilscapes (constituted of
soil combination or associations and simple soil units).
Keywords: soil regions, Europe, Romania
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Watershed-scale modeling of sediment using BASINS
RADCLIFFE David E.
Crop and Soil Sciences Department, University of Georgia, Athens, GA 30602, USA
Sediment Total Maximum Daily Loads (TMDLs) have been proposed for segments of the
North, Middle, and South Forks of the Broad River. My objective is to make a preliminary analysis
of sediment sources in the Broad River watershed using the HSPF model, which is part of the
BASINS software distributed by U.S. EPA. Total Suspended Solids (TSS) was measured at the
USGS gaging station on the Broad River near Bell, Georgia from 1958 to 1979 and the mean TSS
concentration was a relatively high value of 75 mg L . HSPF was used to predict TSS during the
period 1971 to 1979. Land use data was from 1983. Only small adjustments to default discharge
parameters were required to calibrate HSPF to the observed discharge at Bell. To calibrate the
model for TSS, bed sediment parameters had to be adjusted including reducing the critical shear
stresses for deposition and scouring and increasing the initial silt content and depth of bed
sediments. These results may indicate that the source of the high suspended sediment levels in the
Broad River is legacy sediment.
Keywords: erosion, modeling, sediment, TMDL
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Loss of soil and herbicides in tillage and no-tillage systems
REDPY Gudigopuram B.. RACZKOWSKI Charles and REYES Manuel
Department of Natural Resources and Environmental Design, North Carolina A & T State
University, Greensboro, NC 27411, USA
Environmental impact from agricultural chemicals is governed in part by soil hydraulic
characteristics and resulting soil losses. Southeastern Piedmont soils are responsive to tillage with
respect to soil erosion due to the type of topography and their soil physical nature. A tillage study at
North Carolina A&T State University is evaluating the long-term effects of tillage and wheel-traffic
compaction in no-till on soil physical properties, runoff, and losses of soil nutrients and pesticides.
Treatments are conventional tillage, strip tillage, no tillage with traffic control and no tillage with a
fully trafficked surface. This paper summarizes the results of runoff and losses of soil, nutrients,
and herbicides since the treatments were first implemented in 1995. The recommended rates of
fertilizers N, P, and K to corn as NH4NO3, P2O5, and K2O, respectively were applied in 1995 and
1996. The losses of inorganic N and P and sediment N were analyzed for each rainfall event.
Metolachlor and atrazine were applied in 1996 and 1999, respectively. These herbicides were
analyzed in runoff water and sediment. Data is reported as yearly totals. No significant difference in
inorganic-N was observed among the treatments. Nitrate loss was higher than NH4 loss in all
treatments. Soil losses were higher in 1996-97 (2.0 to 9.6 t ha"1) than in 1995-96 (1.6 to 4.0 t ha"1).
Sediment-N loss in 1995-96 was 22, 12, 8 and 18 kg ha"1 and in 1996-97 was 23, 12, 9 and 5 kg ha"1
for CT, ST, NC and NF, respectively. Higher amount of metolachlor and atrazine were lost in
runoff water than in sediment. Most of these losses were in the first two rainfall events following
the application of herbicides. Overall, the no-tillage system proved to be effective in reducing soil
erosion and the loss of agricultural chemicals.
Keywords: tillage, soil loss, nitrogen, phosphorus, atrazine, metolachlor
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Pedogeoclimatic microzoning of Ciuc Depression
RISNOVEANU
Institutul de Cercetari pentru Pedologie i Agrochimie, Bucureti, Romania
Ciuc Depression is located in the Oriental Carpathian Mountains, in the upper basin of Olt
River, and has an area of 68 000 ha.
Talcing into account the climate, relief and soil, in Ciuc Depressions, 12 pedogeoclimatic
microzone units were separated, numbered on the map from 1 to 12 and labelled by a formula on
the map of pedogeoclimatic microzoning.
Microzone characterisation is given in the Annex 1, where climate, relief, soil and parent
material were detailed, as well as land use, surface (in ha), the percentage of microzones
participation (referred to the total surface of the depression), the improvment requirements and the
types of agro-pedoameliorative works.
Keywords: Ciuc Depression, pedogeoclimatic microzoning, mapping
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Physical changes in a soil conditioned with organic matter
SEGUEL Oscar, GARCIA DE CORTÄZAR Victor and CASANOVA Manuel
Departamento de Ingenieria y Suelos, Facultad de Ciencias Agronómicas, Universidad de Chile,
Casilla 1004, Santiago, Chile
The objective of this research was to evaluate the potentiality of biofertilizer and bovine
manure of bovine as an improvement agent of physical soil properties in a loamy coarse Entic
Haploxeroll upon which was established a cactus pear (Opuntia fwus-indica L. Mill.) plantation.
The applied biofertilizer came from a batch biodigestor and the manure from a dairy. Soil
conditioning was done in plots on the field with increasing volumes of biofertilizer and manure.
Every six months, soil characteristics were evaluated. There were bulk density, specific weight,
pores size distribution, particle size, infiltration rate and aggregate stability by dispersion rate
method. Furthermore, yield of organic matter and shoot grow were measured in cactus pear.
With increasing volume of organic matter, bulk density diminished as measured by cylinder,
but only for a short time; these changes were not evident by clods. Consequently, total porosity,
especially coarse pores, increased. There were no important changes in specific weights. The water
content increased for the same matric potential, but there was no change in plant available water.
With manure, infiltration rates increased. Any supplementation with organic matter increased water
stability of the aggregate, as shown by dispersion rate, but in a short term. With subsequent
application the effect disappeared.
Finally, the biofertilizer applications promoted the shoot grow and production of dry matter in
cactus pear.
Keywords: aggregate stability, biofertilizer, manure, soil physical properties
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Steps towards water balance modeling of mixed systems:
lychee tree irrigation scheduling on sloping land in
Northern Thailand
SPOHRER K. (1), HERRMANN L. (1), KLODPENG T. (2), MUELLER J. (3) and
STAHR K. (1)
(1) Institute of Soil Science and Land Evaluation (310), University of Hohenheim, Germany
(2) Department of Soil Science and Conservation, Chiang Mai University, Thailand
(3) Department of Agrotechnology and Food Science, Wageningen University, The Netherlands
Climate-, soil- and plant characteristics determine the water balance of a single lychee tree on a
specific site. Spatial varying characteristics due to soils, topography, etc. may cause a certain
distribution pattern with regard to the water balance. For sophisticated irrigation scheduling, there is
a need for information about the micro- to meso-scale variability of parameters influencing the
water balance of mixed tree - cover crop systems on sloping land in order to minimize water
consumption and losses. Emphasis will be laid on the structured variability of the parameters since
data of the stochastic variability cannot support site specific decisions.
Data about soil properties and topography have been surveyed during a first field campaign. In
addition, five profiles, which were found representative for different slope positions, have been
characterized with regard to physical and chemical properties. Long-term measurements of the soil
water balance (with TDR-probes and tensiometers) of three lychee trees at different slope positions
have been running since spring of 2000. Furthermore, the function of the unsaturated hydraulic
conductivity will be determined by the Instantaneous Profile Method and tensionsinfiltrometer
studies. Climatic data will be gained through two weather stations to define the potential water
consumption and to derive a relationship between certain slope positions. A root study serve the
calculation of transpiration and soil water uptake by roots. Therefore root length densities for trees
on slope and plateau position has been determined.
The water demand of the plants will be calculated using different models with a different
degree of parameterization. On the basis of the modeling results, the lychee orchard will then be
separated in areas with the same irrigation requirements. That way, one will obtain a multiirrigation schedule in which the water supply responds directly to the actual needs of the tree.
Keywords: modeling, irrigation, mixed cropping systems, Thailand, hillsides
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Scale dependency and solute transport in soils
from temperate upland catchments
STUTTER M.I. (1). BILLETT M.F. (1), DEEKS L.K. (2), BENGOUGH A.G. (2), ZHANG X.
(2), YOUNG I.M. (3), CRAWFORD J.W. (3), WATSON H. (4) and EDWARDS A. (4)
(1)
(2)
(3)
(4)

Department of Plant and Soil Science, University of Aberdeen, AB24 3UU, UK
Soil-Plant Dynamics Unit, Scottish Crop Research Institute, Dundee, DD2 5DA, UK
SIMBIOS, University Abertay Dundee, Bell Street, DD1 1HG, UK
Macauly Land Use Research Institute, Craigiebuckler, Aberdeen, AB 15 8QH, UK

Upland catchments in the United Kingdom are representative of many temperate systems in
that acidic parent materials predominate, giving rise to soils and surface waters sensitive to
acidification from air pollution. Such catchments require careful management if detrimental effects
on soil quality and in-stream ecology are to be predicted and successfully managed. Modelling
approaches, currently in use in describing the hydrochemistry of these catchments, are restricted by
lack of understanding of transport processes and their scale dependency. The aim of this research is
to examine the most relevant scales for hydrochemical modelling and advance understanding of
links between concepts at the soil and catchment scales.
The Allt Roy study catchment (NE Scotland) comprises a small (124 ha) acid sensitive upland
catchment containing organic to podzolic soils derived from granitic till. Detailed mapping of the
catchment soils was undertaken, accompanied by a one-year hydrochemical investigation involving
instrumentation of a flume and biweekly sampling of precipitation and stream network chemistry.
Results revealed a considerable degree of spatial and temporal variability with contrasting chemical
solute signatures associated with different source areas of drainage waters under varying flow
conditions. Natural geochemical tracers were used to assess how transport and storage processes
affect the mixing of precipitation, soil water and groundwater within the catchment. A key question
in solute transport concerns the uniformity and relative importance of exchange processes and of
structure in soil macro- and micro-pores. To evaluate this, field tracer studies were conducted to
investigate the influence of preferential flow pathways and ion exchange on transport at the
hillslope and soil block lysimeter scales.
Results highlight the heterogeneous nature of hydrological and hydrochemical processes within
upland catchments and identify key scales in solute transport. Addressing questions of scale in
environmental modelling is crucial, although spatial and temporal variability in fundamental
hydrological and hydrochemical processes is at present poorly defined. This variation must be
understood across a range of working scales if modelling approaches are to be applied to these
systems with any degree of reliability, hence allowing the accurate prediction and monitoring of
their sensitivity to pollution.
Keywords: catchments, solute transport, scales, hydrochemistry, modelling, acidification
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Erosion in the Ordenes Basin (NW Spain)
during an extremely wet season
TABOADA-CASTRO M. (1). PAZ-GONZÄLEZ A. (1), TABOADA-CASTRO T. (1),
1NGARAMO O. (1) and DAFONTE-DAFONTE J. (2)
(1) Facultad de Ciencias, University of Corufia, Zapateira, 15071, Corufia, Spain
(2) E.P.S. de Lugo, University of Santiago de Compostela. 27002, Lugo, Spain
In the Ordenes Basin (Northwestern Spain) soil erosion has been demonstrated to affect the
sustainability of arable areas. Loamy and silty loam soils of this area belong to the most erodible
soil types in atlantic, humid Spain. Observations at small catchment scale indicate that conditions
for erosive overland flow generation occur in normal weather years. Erosion rates at hillslope and
small agricultural catchment scale were previously surveyed for over four years. These studies flow
concentrated erosion is significant on arable land and that soil loss exceeded tolerable levels. The
erosion varies spatially and temporally as affected by interactions between agricultural operations
and climate. The problem of property damage due to runoff from agricultural land has also been
documented. This study presents results of a survey conducted to study the erosional system in both
a hillslope (about 5 ha) and a small agricultural catchment (about 30 ha). The survey was conducted
during an extremely wet season in autumn and winter 2000/2001. The studied site is located in
Mabegondo, Corufia povince, Spain. Between 1 October 2000 and 15 February 2001 an unusually
high amount of intense storms (> 10 mm h') were recorded. Moreover, the return period of the
most intense event was of about 125 years. As a consequence, the frequency and severity of
overland flow was much higher than in previous years. Ephemeral gullies and rills were mapped
and their length and cross-sectional area were measured several times during the studied period.
Eroded volumes were calculated for the two case studies, i.e. hillslope and catchment. The main
factors controlling concentrated erosion evolution are discussed. The concentrated channel network
developed during the first high intensity storms. In subsequent storms, gullies extended upslope by
headward erosion. Land use controlled soil structure degradation and, in turn, a degraded soil
structure was found to be the main factor in identifying runoff contributing areas. As a consequence
soil losses were mainly explain by the characteristics of the topsoil. Very small catchment areas can
maintain rill growth. The extent and severity of channel erosion was related to water flow
concentration in natural drainage lines and was also affected by man-made linear elements due to
agricultural practices. The unique combination of field data for the same study area and different
events allow us to assess the influence of cumulative rainfall on soil surface degradation and
channel erosion. The contribution of ephemeral gully erosion to total sediment production increased
during the study period as a function of cumulative rainfall.
Keywords: rill, gully, hillslope, catchment, NW Spain
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A statistical evaluation soil variability in Central Cameroon
TCHIENKOUA (1), NOLTE C. (2) and WENDT J. (3)
(1) Institute of Agronomic research for development (IRAD), Yaounde, Cameroon
(2) Soil Fertility Unit, International Institute of Tropical Agriculture, Yaounde, Cameroon
(3) Soil Chemistry Unit, International Institute of Tropical Agriculture, Yaounde, Cameroon
The identification of key factors of soil formation together with their contribution to total soil
variance (TSV) are important steps in understanding soil distribution pattern over the landscape.
Selected morphological and chemical properties of 45 pedons from the Central Plateau of southern
Cameroon were examined by principal component analysis (PCA) and analysis of variance
(ANOVA) in order to i) identify the main factors of soil differentiation and ii) investigate the
effectiveness and utility of soil profile classes in capturing soil variability.
PCA results highlighted five factors responsible for 78% of total soil variance. The
pedogenetic process of ferralitisation with basic cation leaching and correlative soil acidification
was the main factor, accounting for 31% of total soil variance (TSV). Soil organic matter, parent
material, geomorphic surface and soil texture were secondary factors responsible for 15, 14, 11 and
7% of TSV respectively. The soil organic matter component showed no significant change across
the area whereas the soil texture component demonstrated a strong influence on available potassium
and phosphorous. Soil profile classes defined on the basis of field morphological properties were
found efficient in separating soils into four soil taxa significantly different (P <0.05) for all
measured properties except for organic carbon and total nitrogen. These results indicate that in the
humid tropics, climate plays an overriding role modulated by parent material and geomorphic
surface acting as important modifiers.
Keywords: forest zone, Central Cameroon, soil variability, principal component analysis
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Effect of alum on flocculation of sediment in turbid water
of farm ponds in Northeast Thailand
TIPPAYADARA Nisarut and KEERATI-KASIKORN Pirmpoon
Department of Land Resources and Environment, Faculty of Agriculture, Khon Kaen University,
Khon Kaen, Thailand
Dry spells in the rainy season are very common in Northeast Thailand. Having a pond to store
rain water for irrigation and fish culture on farm land is becoming popular. However quite a
number of the ponds cannot be used for such purposes due to long periods of high turbidity. Alum
is an effective and low cost material for flocculating the sediment. Thus, research was carried out
to determine the flocculation value of alum for the turbid water of farm ponds and also the effect of
alum on pH of the pond water.
Turbid water was sampled from five farm ponds, which had different values of light
transmittance (measured by a secchi disk) ranging from 3.9 to 26.8 cm. Alum was added to 300 ml
of the water in such amount that the final concentration of suspension ranged from 0-2,000 mg
alum L , The suspension was left standing at room temperature for 1, 24, 72 and 168 hr.
Flocculation values and water pH were measured.
Light transmittance of the turbid water measured by a secchi disk corresponded with that by a
spectrophotometer and with sediment concentration. Flocculation values of alum were 25 and 50
mg alum L"1 for water having a secchi disk value greater than 15 cm and less than 6 cm
respectively. The amount of alum concentration required to decrease the pH of the water samples
below 4.5 ranged from 100 to 1,000 mg alum L , depending on the sample. However, the pH of
water samples from all the ponds receiving alum at flocculation values was higher than 5.
Keywords: flocculation value, turbid water, water turbidity, alum, secchi disk, Northeast Thailand
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Modelling hydrological processes in farmed landscapes
VOLTZ Marc. MOUSSA Roger, ANDRIEUX Patrick, LAGACHERIE Philippe and
LOUCHART Xavier
Soil and Environment Laboratory, 1NRA, place Viala, 34060 Montpellier Cedex 1, France
Field limits, tillage practices, networks of ditches, and subsoil drainage constitute hydrological
discontinuities in farmed landscapes. They are expected to influence the hydrological and
hydrochemical flow regimes at the soil profile, field and catchment scales. However, only a few
flow modelling approaches consider the influence of these man-made hydrological discontinuities.
The purpose of this paper is i) to present a new distributed hydrological modelling approach, called
MHYDAS, that takes into account the specific characteristics of farmed landscapes, and ii) to use
MHYDAS for simulating the impact of several agricultural management practices on the
propagation of water and pollutants from the field scale to the catchment outlet. In contrast to grid
models, this model considers the catchment as a series of interconnected hydrological units of
irregular shape, corresponding to field parts linked to the channel network. Each unit is described
by hydrological parameters that depend on topographical characteristics, soil properties and
agricultural practices. The boundaries of each unit are defined by a set of linear segments, which
makes it possible to fit them with the hydrological discontinuities occurring in a catchment.
Descriptions are provided for the main flow processes that are represented by the model:
computation of Hortonian excess rainfall on fields using the Green and Ampt approach, conversion
of excess rainfall to surface runoff, interaction between channel network and groundwater using a
Darcian approach and flood routing through the channel network using the diffusive wave model.
The impact of three scenarios of agricultural management is simulated on a small vineyard
catchment (Roujan, 0.91 km2), located in Southern France, for which MHYDAS was initially
developed. The first scenario analyses the role of tillage practices and soil infiltrability variation on
surface runoff by comparing the actual spatial distribution of soils and tillage practices in the
catchment to three hypothetical scenarios. The second scenario studies the role of a network of
ditches by comparing the actual man-made network to a hypothetical drainage network
automatically extracted from a Digital Elevation Model. The third scenario analyses the influence
of the spatio-temporal distribution of pesticide application on the contamination of surface waters at
the catchment scale. Results underline the importance of agricultural management operations on
the form of the hydrograph, the runoff volume, the peak discharge and water contamination level.
The modelling methodology proposed herein is thought useful for simulating the consequences on
water regime and water quality of the main land use changes that affect farmed landscapes.
Keywords: catchment, field scale, runoff, agricultural practices, soil surface conditions, pollutant
transport
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A spatio-temporal simulation approach of
organic carbon at landscape scale
WALTER C.m. VISCARRA RÖSSEL R.A. (1,2) and McBRATNEY A.B. (2)
(1) ENSA-INRA Rennes, 65 rue de St Brieuc, 35042 Rennes, France
(2) Department of Agricultural Chemistry & Soil Science, The University of Sydney, NSW 2006,
Australia
This paper presents an approach for the simulation of soil organic carbon evolution over time at
several spatial scales. The aim was to simulate the spatio-temporal evolution of topsoil organic
carbon at the landscape scale over a few decades and under different management strategies. A
notional part of Brittany (France) was considered for the study. Stochastic simulations and
regression analysis were used to simulate spatial fields with known spatial structures representing
short range, medium range, and long-range variability. These were then combined using an additive
model of regionalisation. Agricultural land use was simulated considering four different land uses:
permanent pasture, temporary pasture, annual cereal crop and maize. Land use evolution over time
was simulated using transition matrices. Evolution of soil organic matter was estimated each year
for each pixel through a rudimentary balance model that accounts for land use and the influence of
soil waterlogging on mineralisation rates. The spatial variability of organic carbon decreased over
time when only land use was considered. This effect may have implications for site-specific soil
management and precision agriculture. Soil waterlogging was found to maintain soil spatial
variability.
Keywords: stochastic simulation, spatial variability, monitoring, landscape
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Effects of green manures on soil physical and
biological properties and on crop yields and N nutrition
ADRIEN N'davegamive (1), THI Sen Tran (1) and MARC R. Laverdière (2)
(1) Research and Development Institute for the Agri-Environment (RDIA), 2700 Einstein Street,
Ste Foy, Quebec, Canada G1P 3W8
(2) Laval University, Ste Foy, Quebec, Canada G1K 7P4
In recent years, use of green manures or cover crops have been increased, as they are
considered as a component of crop management strategies for improving soil quality and fertility.
The effects of two applications of green manures (1993 and 1995) on soil physical and biological
properties, on wheat (Triticum aestivum L.J and silage corn (Zea mays L.J yields and N nutrition
were investigated in 1994, 1996 and 1997 in a Le Bras silt loam (Humic Gleysol). The green
manures were clover (Trifolium pratense L.J, buckwheat (Fagapyrum esculentum L.J, millet
(Echinocloa crus galli L.J, mustard (Brassica hirta Moench), colza (Brassica campestris L.J and a
control without green manure. Green manure application significantly increased the soil water
stable aggregates (MWD), and the >0.25 mm fractions of water-stable aggregates. Levels of soil
microbial biomass, alcaline phosphatase and urease activities, and the N mineralization potential
were also significantly increased by green manure treatments compared to the control. Therefore,
green manure applications significantly increased wheat and silage corn yields and N nutrition in
the subsequent years, depending on green manure species, compared to the control. The results of
this study provide quantitative evidence that crop yields and N uptake increases were mainly due to
the improvement in soil physical and biological properties by green manure application.
Keywords: green manure, crop yields and N nutrition, water stable aggregates, microbial biomass,
N mineralization potential, soil enzymes

89

Symposium no. 03

Paper no. 72

Presentation: poster

Biotic crusts on weathered saprolites:
biogeochemistry and micromorphology
SCHAEFER Carlos (1), TRINDADE E. (2), ALBUQUERQUE M.A. (3) and DE MELO Jaime
V.(4)
(1)
(2)
(3)
(4)

Dept. Solos, Universidade Federal de Vicosa, MG 36571-000, Brazil
Dept. Solos, UFV, MG 36571-000, Brazil
FUNEC, Caratinga, MG 36571-000, Brazil
Universidade Federal de Vicosa, MG 36571-000, Brazil

In the humid tropics, microbiotic crusts are widespread on both natural and anthropic exposed
saprolites, yet their biogeochemical and structural role is virtually ignored. In this work,
microbiotic crusts developed on gneiss saprolite were studied in the Zona da Mata of Minas Gerais
region, occurring at different altitudes and weathering degrees. Physical, chemical and
microstructural attributes and the organic matter were studied in detail. In addition, existing algae
(cyanobacteria) were isolated in culture medium, as the main organisms present in the microbiotic
crusts, aiming to check its feasibility by controlled inocullation in saprolite colonization and
stabilization. The weathering degree and mineralogical nature of the gneiss have influenced the pH
values, clay activity and the eutrophic/dystrophic character of microbiotic crusts and saprolites. In
general, K and Al levels tend to concentrate in the microbiotic crusts, together with Ca and Mg,
except for the mafic saprolites, where high Ca/Mg reserves have masked the biochemical cycling.
Available P, Mn, Pb and Ni were concentrated in the crusts in all points, and a possible atmospheric
contribution of Pb has been considered. Available N levels were high in the microbiotic crusts, due
to N fixation by abundant cyanobacteria.
The Fe-ditionite figures and micropedological
observation all suggest a model of Fe oxidation mediated by microorganisms, based on excess O2
produced by cyanobacteria and further utilization of Fe-MO by chemolithotrophic bacteria, which
derive energy from Fe-oxidation, promoting widespread occurrence of hematite micronodules. The
humic substances fractionation showed dominance of soluble forms (fulvic acids) both in the
microbiotic crusts and underneath, indicating a marked role of low-molecular weight organic acids
in the physical-chemical process associated with microbiotic crusts. The SEM observations
revealed the marked influence of mucilage on the structural stabilization, bridging the OM/mineral
components This points to a possible use of algae inoculation as a rehabilitation strategy in
recently-exposed road-cuts.
Keywords: microbiotic crust, biogeochemistry cycling, micromorphology, culture of
algal inoculant
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Rhizobial inoculation promotes mycorrhizal colonization and
nutrient uptake of bean plants in organically treated soils
ARYAL Lima Kanta (1), XU Hui-lian (2) and FUJITA Masao (2)
(1) Department of Biology, Faculty of Science, Shinshu University, Asahi 3-1-1, Matsumoto,
Japan
(2) International Nature Farming Research Center, 5632 Hata, Nagano 390-1401, Japan
A greenhouse study was conducted to study if rhizobial inoculation facilitates mycorrhizal
colonization and nutrient uptake of bean (Phaseolus vulgaris L., cv. Ceremony), grown under
organic and chemical fertilizers. The rhizobial suspension was a mixed culture of strains of
Rhizobium leguminosarum bv. phaseoli and R. tropici. Four treatments: organic fertilizer without
inoculation (OF); organic fertilizer with rhizobial inoculation (OF+RH); chemical fertilizer without
inoculation (CF) and chemical fertilizer with rhizobial inoculation (CF+RH) were considered.
Samplings were made at three different dates (21, 35 and 49 days after planting) for the assessment
of AM colonization. In organic soils, inoculated plants showed higher percent of mycorrhizal root
colonization than uninoculated, and this increase in colonization was only statistically significant at
the last sampling date. But, colonization was not influenced by inoculation in chemical plants.
Number of spores per gram of dry soil were significantly higher in organic- than in chemicalfertilized soil and inoculation had no significant effect on soil spore population. Rhizobial
inoculation positively influenced nodulation in both organic- and chemical-fertilized plants but this
effect was statistically significant for organic, but not for chemical-fertilized plants. Shoot nitrogen
(N), phosphorus (P), potassium (K), calcium (Ca) and magnesium (Mg) either were not affected or
were erratically affected by rhizobial inoculation. Plant growth and fruit yield were generally
higher in chemical plants compared to organic. Inoculation significantly promoted plant growth in
organic plants but not in chemical. In general, results indicate that rhizobial inoculation positively
stimulated mycorrhizal colonization, nodulation and growth of bean plants under organic
fertilization.
Keywords: arbuscular mycorrhizal fungi, nodulation, organic fertilizer, Phaseolus vulgaris L.,
rhizobia
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The effects of crop rotation and plant residues
on soil structure
BLAIR Nelly (1), FAULKNER R.D. (1), TILL A.R. (1), CROCKER G.J. (2) and PRINCE
K.E. (3)
(1) University of New England, Armidale, NSW 2351, Australia
(2) New South Wales Agriculture, Tamworth, NSW 2340, Australia
(3) Australian Nuclear Science and Technology Organisation, Menai, Australia
The effects of using different crop rotations, including legumes and fallows, on soil structural
stability, unsaturated hydraulic conductivity (K) and different C fractions (labile and total) were
examined at a long-term rotation trial established in 1966 on a Chromic Vertisol soil at Tamworth,
NSW, Australia. The cropped soils were also compared to a nearby uncropped reference soil. At the
same time soil was collected from the long fallow rotation for an incubation experiment to study the
effect of different residue types on C fractions and aggregation, using ' C, 4 C and ' N, labelled
flemingia (Flemingia macrophylla), medic (Medicago truncatula) and rice (Oryza sativa) straw and
a no residue control. Plant material was added to the soil at a rate equivalent to 5 t ha"'. Soils were
incubated at 30°C by day and 20°C by night, at 75% of field capacity for periods of 10-200 days.
The reference soil had significantly higher values of the measured parameters than those of the
cropped soils. Generally the lucerne, clover and medic rotations had higher values for all
measurements than the continuous wheat and long fallow treatments. Significant relationships were
shown between C fractions and soil structural stability and K.
After 10 days, in the incubation experiment, aggregate stability had increased by 36% in the
medic and 18% in the flemingia treatments. By contrast, after 200 days the stability had declined by
8% in the medic, and the flemingia had increased by 17%, from the 10 day value. The rate of loss of
C (calculated from 5 I3 C values) from the added residues was greatest in the medic and least in the
flemingia treatment. Investigation of the C from the residues in successive layers of the soil
aggregates, after 20 days, showed that the concentration of residue C was 54, 106 and 191% more
(calculated from 5 I3 C values) in the outer third of the aggregates than in the inner part for the
medic, rice and flemingia treatments, respectively.
This experiment shows that the biological activity induced by the addition of residues with fast
breakdown rates rapidly improves soil structural stability, however as this material undergoes
further reaction the effect is reduced. The incorporation of residues with slower breakdown rates
has a longer-term effect on the stabilization of soil aggregates. Although the legume rotations have
increased soil structural stability in the field experiment, this is most likely the result of higher straw
and root yields resulting from the fixed N rather than the legume residue contribution perse.
Keywords: structure, organic matter, carbon isotopes, plant residues, biological activity
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Life of protozoa and nematodes in a heterogeneous soil
YOUNG Iain M. and CRAWFORD John W.
S1MB10S, University of Abertay Dundee, DD1 1HG, Scotland, UK
This talk will focus on how the soil physical architecture impacts on the movement and feeding
patterns of soil protozoa and nematodes. Initially, using fractal theory, we will demonstrate
quantitatively how the physical architecture imposes itself on the abundance of protozoa species.
Secondly, we will demonstrate the impact of the same architecture on the Chemotaxis process in
soil, using C. elegans as a model system.
Keywords: fractal, Chemotaxis, protozoa, nematodes, C. elegans

93

Symposium no. 03

Paper no. 1482

Presentation: poster

The impact of biota in Chernozems: humus and
structure formation, ameliorative biological methods
DEMCHENKO Elena N.
Institute of Pedology, Agrochemistry and Hydrology, 100, Ialovenskaya street, Chisinau, 2070,
Republic of Moldova
For the maintenance of the quality and health of soils and the protection of the environment, it
is necessary to conserve soil biodiversity.
During jointly performed bioilogical and soil investigations we have established that biota soil
impact on Moldovan chernozem genesis and structure is quite impressive. The domination of
earthworms among invertebrates (80-90%) determines the formation of chernozerm's waterresistant structure. A close correlative dependence was found between soil biota and humus
composition (the coefficient of correlation is 0.83-0.88).
Between 1960 and 2000, invertebrate biomass on a cultivated chernozems declined from
100-130 kg ha'1 to 32-80 kg ha"1, the diversity of earthworms - from 9 species to 2-5 species, the
humus content - from 5-7% to 3-3.5%. Soil structure also worsened. The degradation of biota in
eroded soils intensified.
During four-year-long field experiments, studied were conducted of biological activity and
quality of medium eroded soils under the influence of biological methods: (1) the introduction of
earthworms (30-50ex/m2) and agricultural crop residues; (2) biohumus, 10 t ha"1. An increase of
invertebrate and microorganism diversity and activity was found. Earthworm introduction
accelerated the decomposition of crop residues.
The humus content change were 1.89% in control eroded soils to 2.16-2.17% in soils where
biological methods were used. The parameters of soil physics state ameliorated. In these
conditions the crop productivity was 31-43% higher.
Optimum parameters of biological, physical and humus state under grass and in virgin soils
were determined.
Keywords: soil biota, soil structure and humus, biological methods
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Hydraulic properties of soil-straw mixtures
GARNIER Patricia. EZZINE Nawal and RICHARD Guy
INRA, rue Fernand Christ, 02000 Laon, France
Crop residue incorporation affects strongly biological and physical processes of soil. It induces
some basic environmental changes concerning soil carbon storage and groundwater contamination
by nitrate. In literature, many studies have analyzed the effect of organic carbon on aggregate
stability, porous space and water flow. In this work we focused on the direct effect of straw
incorporation on hydraulic properties of soil. Laboratory experiments were carried out in order to
determine the retention and the hydraulic conductivity curves of soil and straw mixtures. The
samples were made with 1 cm pieces of straw mixed with loamy soil aggregates. The proportions of
straw volume in the samples were 10%, 20% and 30%. We also analyzed the water retention curve
of soil and straw only. Water retention curves were obtained at equilibrium of different potentials
using tension plate method for low potentials and air-pressure extraction cell method for high
potentials (in absolute values). Hydraulic conductivity curves were obtained using Wind's method
(1968). Relationship between matric potential and volumetric water content did not show
significant differences between samples. Concerning the hydraulic conductivity curves, results
showed that the higher was the proportion of straw the lower was the hydraulic conductivity. We
assumed that the tortuosity was increased by the presence of straw and that decreased the
conductivity of water in the media.
Keywords: soil, straw, water retention, hydraulic conductivity

95

Symposium no. 03

Paper no. 548

Presentation: oral

Can biological activity dictate soil wetting, stability
and preferential flow?
HALLETT Paul P.(U, FEENEY Debbie S. (3), BAUMGARTL Thomas (2), RITZ Karl(l),
WHEATLEY Ron E.(l) and YOUNG Iain M.(3)
(1) Scottish Crop Research Institute, Invergowrie, Dundee, DD2 5DA, Scotland
(2) Institute of Plant Nutrition and Soil Science, Christian-Albrechts-University of Kiel,
Olshausenstrasse 40, 24118 Kiel, Germany
(3) SIMBIOS Centre, School of Science & Engineering, University of Abertay Dundee, Bell
Street, Dundee, DD 1 1 HG, Scotland
Exudates and biomass from plant roots and microbes may coat soil particles with organic films
that alter surface properties considerably. One potential consequence is a hydrophobic surface that
induces soil water repellency, although this is not thought to be a feature of most soils because they
appear to wet readily. Through the development of a highly sensitive testing technique, we have
found that most soils possess a low, yet significant, level of repellency, and that its magnitude is
affected considerably by biological activity. The consequence is reduced rapid wetting, which has
implications for disaggregation by slaking and the development of preferential flow pathways.
We have adopted a repellency index, R, which is directly proportional to the reduction of water
flow caused by repellent surfaces. Water transport is measured using an infiltrometer with a 1.5
mm radius tip, thereby facilitating localized measurements on individual soil aggregates. Soil
repellency is classified as non-repellent for R<2, sub-critically repellent for /?<50, and repellent for
Ä>50.
In a wide range of soils tested, enrichment with simple sugars (10 mg C g"1 soil) induced
extreme levels of repellency (/J>50) and biological respiration. Most agricultural soils have much
lower R levels, which are affected by soil management and depth. A sandy loam soil in northern
Germany, for example, had R levels of 5.18 ± 0.84 and 4.84 ± 0.35 for pasture topsoil and subsoil
(60 cm), respectively, which reduced to 2.46 ± 0.21 and 1.43 ± 0.12 for ploughed topsoil and
subsoil, respectively. Further studies have elucidated the principal microbial groups involved. In a
sandy golf-course soil, the addition of a complex substrate (Tryptone Soya Broth at 1.8 mg C g~'
soil) caused R to change from 1.90 ± 0.08 to 2.34 ± 0.09, a minimal increase. However, fungal
suppression with cycloheximide resulted in an R of 1.72 ± 0.06 and bacterial suppression with
streptomycin resulted in an R of 4.75 ± 0.48 for the same nutrient amendment. The results suggest
that fungi are the major microbial group that imparts repellency and highlight the effect of
microbial competition.
We have started to link repellency with other biological mechanisms involved in the formation
of soil structure. The common perception is that exudates influence structure primarily by binding
soil particles. By studying different biological exudates, we have found that exudates which also
impart repellency are far better at stabilising soil against disruptive stresses.
Keywords: water repellency, biology, fungi, soil structure, physics
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Distinction between mechanical and
biological subsidence of peatland
HYAMA Ippei m . IMOTO Hiromi (2), MIZOGUCHI Masaru (2) and MIYAZAKI Tsuyoshi
(2)
(1) Graduate School of Agriculture, Hokkaido University, Kita 9, Nishi 9 Kita-ku, Sapporo,
Hokkaido, Japan
(2) Graduate School of Agricultural and Life Sciences, The University of Tokyo, Yayoi 1-1-1,
Bunkyo-ku, Tokyo-Met., Japan
Peatland has been reclaimed by such human activities as drainage and soil dressing. And as a
result of drainage, subsidence with several meters has been occurred for several decades, which
damages severely agricultural facilities. However studies, which treat the mechanism of drainage
subsidence in peatland, are few so far. Since peat soil consists of undecomposed dead plant bodies,
peatland should subside due not only to mechanical effects but also to biological effects such as
decomposition of peat soil under aerobic conditions. So it is necessary to clear how much
decomposition contributes to peatland subsidence after drainage. The objective of this study is to
distinguish biological effects from mechanical effects on peatland subsidence.
We made up parallel-piped shape specimens (10x10x40 cm) from undisturbed peat soils
sampled in Bibai city, Hokkaido, to imitate a peat soil layer. After saturating a specimen inside an
acrylic container, we reduced water table level by drainage and kept it at 60 cm depth by a drip
point. From the beginning of drainage, we measured the changes of height of the specimen, pore
water pressure distribution inside of the specimen and the amount of drainage.
In each experiment, a specimen subsided drastically within the first 10min., then continued to
subside gradually with drainage, and subsided with constant rates after drainage ended. Total
amounts of subsidence were, in strain, 3.7-11.5% and 2.4-2.9% for high moor peat specimens and
transition peat specimens, respectively. The ratios of the initial subsidence to the total subsidence
were 30 to 50%. The constant rate subsidence occurred 2 to 3 weeks after starting experiments, and
the rates of this subsidence were 2.5-3.7 cm y"1 and 1.2-2.9 cm y"1 for high moor peat specimens
and transition peat specimens, respectively.
Miyaji et al. (1995) estimated the rate of peatland subsidence in Bibai due to peat soil
decomposition as 2 cm y"1 through field researches. In addition, according to Miyaji et al. (1995),
water table level in that field fluctuated annually between 60-80 cm depth, which means that water
content profile in that field is thought to be similar to that in our experimental condition. So we
concluded that the constant rate subsidence process and the initial subsidence process are due
mainly to biological and mechanical effects, respectively.
Keywords: peat soils, subsidence, drainage, decomposition
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Effect of termites on soil mineralogy in tropical soils
JOUOUET Pascal (1), VELDE Bruce (2), MERY Thomas (1) and LEPAGE Michel (1)
(1) Laboratoire d'Ecologie, UMR 7625, Ecole Normale Superieur, 46 rue d'Ulm, 75230 Paris
cedex 05, France
(2) Laboratoire de Geologie, UMR 8538, Ecole Normale Superieure, 24 rue Lhomond, 75230 Paris
cedex 05, France
Termites of the sub-family Macrotermitinae are usually considered as ecosystem engineers, as
they deeply modify the soil properties, which enhance the availability of resources for other
organisms. Clay content is a major parameter affecting the presence and architecture of
Macrotermitinae termite nests and it has been postulated that termites could modify the
mineralogical properties of the clays selected.
This hypothesis of clay transformation by termites was tested in the laboratory under controlled
conditions. We used Odontotermes nr. pauperans termite species, one of the main fungus-growing
termite species in Lamto research station (Cöte d'lvoire). Soil handled by termites in nest building
were saturated with SrCb, glycol or potassium and afterwards heated at 250°C. Termite handling
tended to increase the expandable layer of the clay minerals. Heating and saturation by potassium of
modified clays did not close the expandable clay layers as was the case in the control unhandled
soil. However, differences occurred between structures built by termites and we could arrange the
soils according to their degree of alteration in the increasing order: unhandled soils, galleries and
chamber walls.
Consequently, termites can be seen as agents of change in clay mineral properties or, in other
words, as weathering agents as was previously shown with micro-organisms and plants. These
preliminary results call for more investigations concerning the direct influence of organisms, and
particularly Macrotermitinae termites, in tropical pedogenesis.
Keywords: clay mineralogy, weathering agents, termites, Macrotermitinae, tropical soils
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Characterization of soil structure using critical water contents
for net N mineralization
KAYB.D.(l), DRURY C.F. (2) and ZHANG T. (2)
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(2) Greenhouse and Processing Crops Research Centre, Agriculture and Agri-Food Canada,
Harrow, ON, BOR 1G0, Canada
Soil structure can influence a range of biological processes and the impact of soil structure on
these processes is determined by water content. Microbial processes in a soil with a given structure
are affected by inadequate aeration at large water contents and by an inadequate supply of water and
diminished accessibility to substrates at small water contents. Although a multitude of methods
have been used to describe soil structure, it is often difficult to relate static measurements to
dynamic microbial processes. A set of characteristics of soil structure that is based on the water
contents at which limitations are imposed on biological processes is potentially a very useful way to
describe the quality of soil structure to support different microbiological processes. Water contents
at which the rates of biological processes approach some arbitrarily set small rate can be identified
at both large and small water contents, giving rise to upper and lower limiting water contents,
respectively. The difference between the upper and lower limiting water contents can be referred to
as the least limiting water range, LLWR. Within the LLWR, a range in intervening water contents
exist in which biological processes are independent of water content. This range of water contents
represents the non-limiting water range, NLWR. The concepts of limiting water contents, LLWR
and NLWR have been used to assess the quality of soil structure for plant growth but have not been
applied to microbiological processes. The objectives of this study were to determine if limiting
water contents, the LLWR and the NLWR for net N mineralization could be determined in soils of
different structure and, if so, to determine the sensitivity of these characteristics to texture, organic
matter content, compaction and the addition of crop residue.
The experimental design involved five soils (clay contents from 5 to 38%, organic C contents
from 1.3 to 2.8%), two rates of crop residue addition (0 and 100 mg N kg"1 soil), packed to two
levels of relative compaction (0.83 and 0.91), and incubated at eight water contents (20, 35, 50, 65,
80, 85, 90, and 95% of water filled pore space) for 3 months. Functional relations were established
between soil mineral N and water content and used to calculate the critical water contents. The
NLWR was taken as the range in water contents in which inorganic N was within 0.98 of the
maximum. The LLWR was taken as the range between the water contents at which inorganic-N was
equal to the initial value.
Values of the critical water contents, NLWR and LLWR for N mineralization varied with soil
properties, compaction and residue addition. The measurements appear to be a particularly useful
way to describe the quality of soil structure for microbial processes related to net N mineralization.
Implications for using the measurements to define N management units in a variable landscape are
discussed.
Keywords: microbial activity, denitrification, aeration, porosity, compaction, texture
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Structural features induced by agricultural management and
earthworm activity in relation to infiltration
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France
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Station Biologique, F-35380 Paimpont, France
Earthworm activity induces changes in the meso-porosity of soil (between 1.000 urn and 30 um
eq. dia.) where both water retention and near-saturated infiltration take place. We do not yet fully
understand how these changes occur. Those structural features in temperate agricultural systems
are poorly represented in past or current works. This study was conducted to determine the
relationships between the morphology of the meso-pores which are mainly affected by earthworm
activity and the hydrodynamic behaviour (near-saturated infiltration) of a topsoil under different
types of agricultural management inducing a large range of earthworm populations.
Investigations were conducted at soil surface in three fields under different management
practices which induced three different earthworm populations: a maize field where pig slurry was
applied, a rye grass/maize rotation (3 years/1 year respectively) also with pig slurry, and an old
pasture sown with white clover and rye-grass.
Pore space was quantified using a morphological approach and 2D image analysis. Undisturbed
soil samples were impregnated with polyester resin that contained fluorescent pigment. The images
were captured under UV light and the spatial resolution was 1764um2 pixel" . Pores were classified
according to their size (which is a function of their area) and their shape. Hydraulic conductivity K.
(h) was measured using a disc infiltrometer at four water potentials : -0.05 ; -0.2 ; -0.6 ; -1.5 kPa.
The biomass and ecological categories of earthworms were investigated.
Continuous soil tillage caused a decrease in both abundance and biodiversity (c.f. maize
compared to old pasture). Fewer roots and anecic earthworms result in fewer tubular pores in the
maize. There are less packing voids in the old pasture because of cattle trampling. Greater
hydraulic conductivity in the pasture phase of rotation may have resulted from a greater biodiversity
than in the maize and no cattle trampling compared to the pasture.
A better understanding of how agricultural treatments influence earthworm population and
activity is needed. This study provides new methodology that may be used to assess the effects that
earthworm activity has on soil structure and water movement. Some significant differences between
three types of agricultural management were shown.
Keywords: soil structure, infiltration, agricultural treatment, earthworm
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The effect of Stylosanthes on soil physical properties
LESTURGEZ Gregory (1), POSS Roland (1), BOURDON Emmanuel (1), HARTMANN
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For a long time, the upland soils of Northeast Thailand have been identified as problematic.
They are sandy and acidic (with a pH of around 4.0 at the surface extending to a depth of 1.50 m).
They are considered to have low fertility because of poor exchange properties and low nutrient
content. Previous studies in the region showed that chemical properties did not explain completely
the low yield of the crops and proved that soil compaction was a major problem, as it prevented the
roots developing in the compact layer (20-40 cm). Stylosanthes is a possible option to optimize
subsequent production crops with a short cycle because it supplies nitrogen and is able to penetrate
the compact layer. It is hypothesized that Stylosanthes can significantly increase macroporosity,
even in the compact layer, and thus improves the root system of a corn crop grown later. A second
hypothesis is that a rotation of corn-Stylosanthes affects nitrogen provision but has no influence on
macroporosity and the increase in yield is not significant.
In order to test these hypotheses and to measure the effect of Stylosanthes on soil physical
properties, an experiment was conducted in Thailand at a Land Development Department research
station located 15 km from Nakhon Ratchasima, Korat province (15°N, 102°E, 1,020 mm mean
annual rainfall). Over three years, five plots grown with Stylosanthes continuously were compared
with a control (five repetitions). Then, com was grown on the 10 plots. Before the sowing and after
the harvesting of corn, the root profile was described using a grid. Macropores and roots below the
compact layer were counted. Agronomic and physico-chemical properties were monitored during
the experiment.
Stylosanthes did not have a large root system during the first months and the roots were
restricted by the compact layer (similar to com roots). But with continuous Stylosanthes treatment,
the rooting became deeper and roots generally penetrated the compact layer. The quantity of
macropores was significantly superior for Stylosanthes in the compact layer. Micromorphological
observations confirmed that the com roots used these channels to penetrate the layer and after the
harvest the com root system was significantly deeper in the plots grown with Stylosanthes
continuously. The pH was not significantly different in the different treatments.
These results show that continuous cultivation of Stylosanthes has a major effect on soil
macroporosity, particularly in the compact layer (20-40 cm). Com roots are not able to penetrate
this layer and are usually limited to the topsoil. Stylosanthes is able to penetrate this layer after a
few months and thus increases the macropore population in the compact layer. A subsequent com
crop can then be grown effectively. Increase in yield is induced mainly by a change in soil physical
properties. If Stylosanthes is not given enough time to grow, there is no significant effect on the
yield, despite nitrogen supply, because the com roots cannot extend deeper than 30 cm to nourish
the plants with water and nutrients.
Keywords: Stylosanthes, bio-remediation, sandy, compact, acidic, subsoil
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Managing termites and mulch for crusted soil rehabilitation
in the Sahel
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(2) Wageningen UR, Department of Environmental Sciences Wageningen, The Netherlands
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Conservation, Nieuwe Kanaal 11, 6709 PA Wageningen, The Netherlands
Soil physical degradation that results in soil structure deterioration and tremendous loss of
water through runoff is the major Sahelian agricultural problem. To mitigate this problem research
was conducted to study during three consecutive years the effect of termites on crusted soil
structure improvement. A split plot design with three replications was used, with termite and nontermite as main factor and mulch treatments as second factor with three variables consisting of
Pennisetum pedicellatum mulch (straw), woody material of Pterocarpus lucens mulch (woody
material) and composite mulch (straw + woody material) applied at rates of 3, 6 and 4 t ha"
respectively. In addition there was a control, [Ba] with no mulch (bare plot). Dieldrin kept termites
away from the non-termite plots during the experiment. Termite-induced features on soil structure
were described and quantified by means of field observations, observation with polarizing
microscope and computerized image analysis using Quantimet 970. Also, data on soil fauna
activity, runoff/ infiltration, hydraulic conductivity were collected on all plots. It appeared that the
biological activity (mainly termites) in mulched plots was the key element in the efficacy of
mulching technique to rehabilitate crusted soil. The termite activity after the application of the
mulch resulted in a change from a compact grain structure (original structure) to a chamber and
channel structure. The channels and chambers accounted for over 60% of the macroporosity in the
0-10 cm layer. Unmulched plots (i.e bare plots) mostly had packing voids, very few macropores, no
voids with equivalent circle diameter (ECD) greater than 2 mm and one-third the number of voids
with ECD > 100 urn compared with the plots with termite activity in the 0-10 cm layer. The values
of parameters like water infiltration, soil porosity and hydraulic conductivity were statistically
lower on non-termite plots than on termite plots and were not different from the values obtained on
bare plots. This study provides information about the intluence of termites in the improvement of a
sealed/crusted topsoil structure. It shows that soil surface management such as mulching which
enhances termite activity is an option to consider in crusted soil structure improvement
Keywords: termites, mulch, crusted soil, infiltration, soil structure, voids
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Medium term impact of no tillage on some physical properties
of a Brasilian Oxisol in Cerrados
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In order to avoid or limit soil erosion in semi-humid environments, annually in creasing
number of Brazilian farmers have adopted no tillage techniques for about twenty years. These
techniques are less aggressive than conventional tillage, and have a lot of effects on physical,
chemical and biological properties of soil. Moreover, these techniques seem to have positive effects
on yield, working time, carbon sequestration, and economic balances at farm level. They seem to be
an interesting alternative to conventional tillage in terms of feasibility and sustainability.
This paper presents the first results in farmers environment of the physical impact of no-tillage
practice. Observations and sampling were realized in a farm (Fazenda Santa Fe), in which historical
data were available. A sample of plots which have been cultivated in no-tillage for 10, 8, 6, 4 and
two years, have been identified, and a listing of technical operations (sewing, fertilization, pesticide
applications, harvesting, crop residue management etc.) has been constituted. These plots constitute
a chronosequence. With comparative intentions, other plots cultivated with conventional tillage
were also sampled, so as soils which had never been cultivated.
Soil profile characterisation, bulk density, soil structure, and macrofauna activity, were studied.
Results showed significant differences for some of these parameters, and non significant for others.
Significant while unexplained differences in bulk density were observed. Soil macrofauna activity
seemed to present high contrast between plots. In this situation, genuine good physical and
chemical properties of this soil (latosols on basalt) probably did not allow the expression of the
expected effects of no tillage.
Keywords: Brasil, Oxisols, soil structure, macrofauna , no tillage
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Concentrated vinasse as a novel diazotrophs growth medium
(Biovinasse inoculant) and soil conditioner to improve
faba bean yield under dripping irrigation system
OMAR M.N.A.. MOSTAFA A.T. and AHMED A.S.
Soils,Water and Environment Res. Inst, ARC. Giza, Egypt
Nitrogen fixing bacterial strains, Azospirillum brasilense, Bacillus polymyxa and Azotohacter
chroococcum were grown on culture containing different concentrations (6, 8, 10 and 15% v/v) of
concentrated vinasse. The maximum activities of nitrogenase potentiality of a single strain was
estimated after 24 hrs of incubation period under 10% of acetylene gas, when bacterial strains
grown on 60, 80, 100 and 150 ml L"' of concentrated vinasse. The values of nitrogenase activity
ranged between 110.70 and 320.90 nmoles C2H4 h'1 100 mL"1 culture in medium containing vinasse
concentration of 8 and 15%, respectively. Two experiments were conducted on a private farm at
Ismaillia governorate to evalute the effect of inoculation on faba bean (var. Giza 714) yield using
nitrogen fixing bacteria Azotohacter chroococcum or Bacillus polymyxa growing on vinasse
medium (Biovinasse). All treatments were inoculated by Rhizohium leguminosarum. By using seed
coating and soil application technique under different concentrations of vinasse as soil conditioner
(0.5, 1.0 and 1.5 t fed"'). Data showed that significant increase in grain yield of faba bean with
average values 33% over the control, irrespective of concentrated vinasse levels. The second
experiment was aimed to study the effect of biovinasse inoculation using seed coating and soil
application technique under two levels of nitrogen fertilizer, half and full dose of the recommended
rate. The strains used in this experiment were Azospirillum brasilense, Bacillus polymyxa and
Azotohacter chroococcum. All treatments were inoculated with Rhizohium leguminosarum. The
obtained data, showed that at half dose of nitrogen, faba bean yield responded well especially with
seed coating treatments (the average values 21% over the control) as compared with soil application
technique. Inoculation with B. polymyxa had a positive effect on grain yield (9.83 ardab fed') as
compared with uninoculated treatment (7.56 ardab fed') at full dose of nitrogen.
Keywords: concentrated vinasse, inoculation, diazotrophs, faba bean, soil conditioner, biovinasse
inoculant
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Physical processes affecting microbial habitats
and activity in unsaturated porous media
OR Dani (1) and FRIEDMAN Shmulik (2)
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Recent advances in soil pore space visualization and geometrical characterization coupled with
improved models for liquid and gaseous behaviour provide the impetus for examination of physical
influences on microbial habitats and activity. Desaturation of a porous medium is accompanied by
marked changes in liquid-vapour interfacial configurations, which result in confinement and
fragmentation of aquatic habitats, alteration of liquid and gaseous diffusion pathways, and
introduction of mechanical stresses exerted by films and receding menisci. At the pore scale we
examine relationships between liquid element size (at a given potential) and typical organism or
colony size, in an attempt to explain physical triggers for enhanced biological production of
extracellular polysaccharide (EPS) coating. The role of EPS in habitat alteration is deduced from its
structural, mechanical and transport characteristics. The interplay between increasing liquid-vapour
interfacial area and decreasing liquid diffusion pathways with decreasing water content can be
formulated as a function of pore space geometry. Such relationships are potentially important for
optimal biological control of various bioremediation activities taking place at the soil profile scale.
Interactions between microorganisms and solid surfaces are investigated in the context of adhesion
and formation of biofilms. In such prevailing microbial communities, EPS forms complex threedimensional structures that facilitate efficient transport processes and support a rich spatial
arrangement of microorganisms with different affinities to oxygen and various nutrients. Effects of
microbial activity on properties of solid surfaces including weathering and wettability, and
structural stabilization of the solid matrix by biological products are examined.
Keywords: microbial habitats, unsaturated porous media, diffusional constraints, bioclogging,
water films
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Changes of physico-chemical properties and
microbial population in cropping and fallowing soil
SEONG Ki Young (1), GU Ja Ok (1), KIM Kil Yong (2) and PARK Keun Hyung (3)
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This study describes the changes of physico-chemical properties and microbial population at
different soil depths in rice cropped paddy soil and fallow paddy soil during a 3 years period. In
fallow soil, the pH and SiÜ2 content became higher and EC and CEC generally became lower as a
function of time, in comparison to the cropping soil, where as the organic matter content gradually
increased both at surface and deeper soil during the fallowing period but was lower in deeper soil in
rice cultivated soil. These results indicate that annual weeds were decomposed in winter and
remained in the soil surface during the fallowing period, which resulted in the organic matter
accumulation even in the lower soil layers. During the rice cultivation period P2O5 and SiC<2
contents increased in cropping soil while its contents were constant in the fallow periods.
The fallowing periods influenced the physical properties of the soil, but, especially increased in
soil hardness and decreased gaseous phase of the soil. These results are related to the changes of
moisture content and the soil bulk density. The number of microorganisms was found to be around
105 ~ 10" CFU for bacteria and around 10 CFU g"1 soil for fungi. No population differences were
found at the surface soil between cultivated and fallow soils. The microbial population remained
rather stable, even though there were seasonal fluctuations in chemical and physical properties in
cultivated paddy rice fields due to agricultural practices such as plowing and the application of
fertilizers.
Keywords: physico-chemical properties, microbial population, fallowing soil, rice cropping soil
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Natural nitrogen fixation of wheat in different tillage systems
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This paper deals with result of the effect of tillage systems on nitrogenase activity rhizosphere
and root of winter wheat. The trial was carried-out at the experimental fields. Faculty of
Agriculture-Zemun "Radmilovac" on the eutric Combisol soil type. The following tillage systems
were included in investigations: Conventional tillage system, (CT), two variants conservation tillage
systems, mulch tillage - (MT) - chisel ploughing to the depth of 25 cm + presowing preparation by
disking tools and harrowing, no-tillage system - (NT).
The following nitrogenase activity characteristics were studied in two wheat cultivars (Pesma,
NS-Rana 5) at three plant developmental stages (tillering, heading and maturity).
Nitrogenase activity was determined by gas chromatography, using Porapak N column (Hardy,
1968). Dehydrogenase activity, was determined by spectrophometrics using TTC as electron
acceptors (Casida, 1964).
The obtained results indicate that the nitrogenase activity roots are very significantly influenced
by the tillage systems, the phenophases wheat cultivars. The highest nitrogenase activity wheat root
was found after direct sowing NT (97.7 nmole C2H4 g'1 h' 1 ), while between chisel and no tillage
system the significant differences were not found. Maximum nitrogenase activity in roots was
found during the heading stage (147.5 nmola C2H4 g~' h ' ) and the lowest during the tillering stage
(14.7 nmole C 2 H 4 g"1 h' 1 ). The high activity level detected in rhizosphere soil in cultivars NS-Rana5
(63.5 nmole C2FLig" h"'). The maximal dehidrogenase activity soil was found in the maturity stage
in the cultivar NS-Rana 5, in mulch tillage (1315 (ig TRF g"1).
Keywords: different tillage, wheat, nitrogenase, dehydrogenase activity
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Interactions between gas transport and biogeochemical
processes: the effect of the soil structure
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Interactions between transport processes and biogeochemical transformations govern the
appearance and the evolution of several types of air, soil and water pollution, and also affect
agricultural production. Such interactions exist simultaneously at soil profile and centimeter scales,
especially when the distribution of gases is concerned. The balance between transport and
microbial production/consumption of gases (oxygen, carbon dioxide, nitrous oxide, hydrogen,
hydrogen sulfide, methane, ethylene etc.) leads to the spatial juxtaposition of ecological
microniches, which provide a competitive advantage to different functional microbial communities,
their activities inducing other gradients over short distances (pH, reduction/oxidation potential, gas
and solute concentrations).
The distributions of gas and solute substrates are therefore affected by, on one hand, the
structure of the soil and the distribution of water within the heterogeneous pore space, and on the
other hand, the distribution of microbial hot spots closely linked to particulate organic matter and
root distributions. Models have already attempted to account for heterogeneities in soil transport
and reactivity properties. The difficulties lie in (i) the accounting for the structure of the medium
by using either a two- or three-dimensional description of the soil or a simplified mechanistic and
stochastic approach, (ii) the identification of the pertinent descriptors of the soil structure with
regard to the global behavior of the medium, and (iii) the description of the spatial distribution of
microbial functions and, maybe, the microbial dynamics over time.
We propose to illustrate this subject by using examples on various topics, including two more
completely described ones. The first one deals with nitrous oxide emissions. These emissions
appear in aerobic conditions during microbial nitrification and in anaerobic conditions during
denitrification; oxygen, carbon dioxide, nitrate and nitrous oxide concentrations affect these
emissions. The second one deals with the distribution of pH, which affects numerous microbial and
geochemical transformations; it is affected by carbon dioxide partial pressure and, also in anaerobic
conditions, organic acid concentrations.
Keywords: transport, biogeochemistry, coupled processes, soil structure, model
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On using multiple approaches to assess tillage
and trafficking effects on crop yields
LAPEN D.R. (1), TOPP G.C. (1), McLAUGHLIN N.B. (1), GREGORICH E.G. (1), HAYHOE
H.N. (1) and CURNOE W.E. (2)
(1) Eastern Cereal and Oilseed Research. Centre., Agriculture and Agri-Food Canada, Avenue,
Ottawa, Ontario, Canada, K1A 0C6
(2) University of Guelph-Kemptville College, Kemptville, Ontario, Canada, KOG 1 JO
Soil variables and soil/crop management practices can interact to cause significant spatial and
temporal variability in crop yields. Sorting-out causal mechanisms from these interactions is often
a primary objective in field scale soil-crop studies. However, this non-trivial task often requires
large collocated data sets that can be used to establish in a confident manner, potentially non-linear,
context dependent soil-crop associations. Tillage (no-till vs. conventional tillage) and trafficking
effects on soil parameters and crop yields were assessed for different (7 m wide x 300 m long) field
plots on a predominantly clay loam soil in Eastern Ontario, Canada. These soils are generally prone
to compaction and poor soil aeration. Crops were under at least five years of continuous corn and
corn-soybean-wheat rotations. Conventional tillage was fall mouldboard plowing with spring seedbed cultivation. The Atterberg upper plastic limit of the soil was used to define the timeliness of
trafficking. Untimely trafficking was wheel beside wheel passes with a tractor when the soil was at
or slightly above the upper plastic limit as seeding time approached each year. Measured (at 10 m
separations along long axis of each plot) parameters included: cone penetration resistance, soil
water content, density, texture, organic carbon, and crop yields (10m spatial integration).
Mouldboard plow draft was also measured in a continuous manner over tilled plots each fall. Soil
oxygen content profiles were also measured during the growing season in the corn plots. A suite of
descriptive, multivariate statistical, and geostatistical approaches were used to evaluate spatiotemporal associations between the management, soil, and crop variables. The purpose of these
investigations was to identify and quantify the relative importance of these soil physical
parameters/indicators with respect to crop yield (primarily soybean and corn), and to evaluate these
measures as broad indicators of crop risk for different tillage and trafficking treatments. The cone
penetrometer and plow implement draft were excellent indicators of soil strength/compaction with
respect to, i) identification of soil strength differences between and among management treatments,
and ii) crop production. Corn yields were generally negatively associated with these indicators
while soybean yields had a much more variable association with soil strength/compaction factors.
Corn yields also displayed more consistent spatial associations with the tillage and trafficking
treatments than did soybean.
Keywords: cone penetrometer, plow implement draft, tillage, trafficking, yield
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The role played by micro-organisms in the biogenesis of
soil cracks: importance of substrate quantity and quality
YOUNG lain M. (1), PRESTON Sara (2), WIRTH Stephan (3), RITZ Karl (4) and
GRIFFITHS Bryan S. (4)
(1) SIMBIOS Centre, University of Abertay Dundee, Bell Street, Dundee, DD1 1HG,
Scotland, UK
(2) Department of Plant and Soil Science, University of Aberdeen, Cruickshank Building, St.
Machar Drive, Aberdeen, AB24 3UU, Scotland, UK
(3) ZALF - Centre for Agricultural Landscape and Land Use Research, Institute of Primary
Production and Microbial Ecology, Eberswalder Str. 84, D - 15374 Miincheberg, Germany
(4) Soil-Plant Dynamics Unit, Scottish Crop Research Institute, Dundee, DD2 5DA, Scotland, UK
The development of cracks in soils has a significant effect on important soil processes such as
gaseous diffusion, water flow and root development. It is the heterogeneity and tortuosity of the
resulting cracks that is important as they influence and control such processes. Microbial
contribution to crack formation was therefore assessed by quantifying the heterogeneity and
connectivity of cracks which developed following the addition of substrates differing in quantity
and quality to a sandy loam soil. The heterogeneity and connectivity of the cracks was assessed
using probability and Monte Carlo techniques respectively, which provided an estimate of how the
occurrence of cracks varied with sample area and the nature of the route taken by a random walker
in such a space. Increasing the amount of glucose added resulted in significantly (P < 0.05) less
heterogeneous and less tortuous cracks on subsequent drying of the soil, after the soil had been
incubated for two weeks at 15°C in a slurried state. The addition of glucose or different forms of
cellulose, such as a native pulverised cellulose and a highly crystalline cellulose, generally resulted
in significantly (P < 0.05) less heterogeneous and less tortuous cracks than those formed in the
absence of a substrate addition. However, the addition of carboxymethylcellulose to soil initially
prevented crack formation and after a 5 or 15 day incubation period resulted in the formation of
cracks which were significantly (P < 0.05) more heterogeneous than those generated by unamended
soil after equivalent incubation periods. Soil amended with glucose, resulted in the formation of
cracks which were significantly (P < 0.05) less heterogeneous and less tortuous than those
generated in soil amended with either pulverised native cellulose or highly crystalline cellulose,
both of which are water insoluble sources of carbon. Crack heterogeneity and connectivity was
shown to depend on the recalcitrance of the substrate and the incubation period before the soil
slurries were allowed to dry and crack. Micro-organisms were thus shown to contribute to the
formation of cracks, as well as hindering crack formation, highlighting a dual role as potential
degraders, as well as producers, of soil binding agents.
Keywords: soil structure, microbial activity, substrate quality, substrate quantity, soil cracks
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Method and investigation of the soil moisture migration
under the effect of the temperature gradient
ALEX1EVA Stefka and STOIMENOVA Ivanka
Institute of Soil Sciences and Agroecology "N. Poushkarov" Shosse Bankja 7, P.O. Box 1080, 1369
Sofia, Bulgaria
The non-isothermal rate in root-inhabitable soil layer influences water transfer and soluble
compounds in a complicated and versatile way. Many authors have investigated the problem with
non-isothermal transfer of salts and water in soil, but because of the complex processes, the purely
analytical way for solving it is very difficult. As the water and salt migration under a temperature
gradient in the soil profile is an important factor, connected to the agro-technics type, our research
consists on one hand in determining parameters, characterizing the diffusion of soil moisture in
non-isothermal conditions, and the other hand, in finding an analytical connection between these
parameters and the change in soluble salts concentration for the examined profile.
Keywords: temperature gradient, soil moisture, available N-forms, coductometric, thermoelectric
transducers
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Evaluation and mitigation of pollutant transport
in agricultural sandy soils
ALVA Ashok (1), COLLINS Hal (1), PARAMASIVAM Siva (2), SAJWAN Ken (2) and
FARES Ali (3)
(1) USDA-ARS Pacific West Area, Vegetable and Forage Crops Research Unit, 24106 N Bunn
Rd, Prosser, WA 99350, USA
(2) Savannah State University, P.O. Box 20600, Savannah, GA 31404, USA
(3) University of Florida, Citrus Research and Education Center, Institute of Food and Agricultural
Sciences, 700 Experiment Station Road, Lake Alfred, FL 33850, USA
Sandy soils in some parts of the Pacific Northwest (PNW) and southeastern agricultural regions
in the United States contain 95 to 98% sand in the soil profile to a depth of up to 2.5 m with no
confining soil horizons. The saturated hydraulic conductivities of these soils range from 5.2 to 9.5
m d . In some areas, these soils may have shallow groundwater, thus providing favorable
conditions for leaching of surface applied chemicals and soluble nutrients that could contaminate
the surface waters as well as subsurface aquifers. In some parts of the intensely irrigated
agricultural production region in eastern Washington state, there has been an increase in
groundwater NO3-N concentration in the shallow aquifer in excess of 10 mg per liter, which is the
maximum contaminant level (MCL) for drinking water quality standards, per U.S. Environmental
Protection Agency regulations. The Columbia Basin region in the PNW represents the premier
potato production region of the U.S. with maximum production (-78 Mg ha"1) of high quality
processed potatoes. Studies are in progress to improve nutrient and irrigation management aimed to
minimize NO3" transport below the root zone. A Bromide tracer study, conducted in a sandy
Entisol in the citrus production region of Florida showed that the peak Br'concentration in the soil
surface disappeared within 21 d after application, and Br" was leached entirely from the top 2.4 m
depth soil profile by 42 d after application. During this period, cumulative water application (i.e.
rainfall plus irrigation) was 308 mm. In a study with 25+ year old citrus trees, application rates of
ammonium nitrate at either 28, 56, 84 or 112 kg N ha"', NO3' concentrations in the surface 2.4 m
depth soil profile returned to background concentrations (<1 mg kg'1 as NO3-N) by 35 to 42 d after
application of N, across all N rate treatments. This shows rapid decrease in NO3" levels in the soil
profile as a result of root uptake and leaching losses below the depth of sampling. In soils with
shallow water table, there was evidence of potential denitrification at the unsaturated/saturated soil
interface. This transformation is due to the presence of denitrifying bacteria and soluble carbon
sources at the interface, which is conducive to gaseous loss of NO2, which may minimize NO3"
leaching into groundwater. Our studies on groundwater flow patterns have shown that the lateral
flow rate in the aquifer can be about 0.08 m d "'. Therefore, the source of the non-point pollution of
NO3" in one area can in turn affect a large body of groundwater under these conditions. Best
management practices of N fertilization and irrigation are critical to minimize this environmental
problem.
Keywords: nitrate in groundwater, nitrogen use efficiency and losses, nutrient and irrigation best
management

116

Symposium no. 04

Paper no. 1820

Presentation: poster

Modelling daily and annual cycles of temperature
in two types of soil
ANPRADEJ.A.(l) and ABREU F.G. (2)
(1) Departamento de Geociências, Universidade de Evora, Evora, Portugal
(2) Departamento de Ciências do Ambiente, Institute Superior de Agronomia, Lisboa, Portugal
Soil temperature influences strongly crop development and growth. The daily and annual
periodic variations of soil temperature follow closely the time-course of solar irradiance. The
temperature profiles of a Luvisol and a Vertisol, in the Mediterranean region of Southern Portugal,
were measured at six depths (2 to 32 cm), and the analysis of daily and annual temperature cycles
was performed by means of Fourier series; daily cycles were studied based on data from four
typical clear days along the year.
Daily course of soil temperature was well described by the two first Fourier harmonics, while
the annual course of soil temperature was described satisfactorily by the first harmonic alone, which
explains more than 90% of total variance.
Soil heterogeneity effects on the simulation and on thermal wave damping are also discussed.
Keywords: soil temperature simulation, Fourier series, damping depth
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Prediction of water retention in soils of Castilla-La Mancha
(Spain) with artificial neural networks
ARTIGAO A. (1), FELIPE B. (2), GUARDADO R. (1) and ORTEGA Y.J.F. (1)
(1) Department of Vegetal Production and Agriculture Technology, University of Castilla-La
Mancha, Campus Universitario s/n, 02071 Albacete, Spain
(2) Cartographic Institute of Valencia, Politecnic University of Valencia, Av. de los Naranjos s/n,
46002 Valencia, Spain
The direct measurement of the water retention in soil at a defined matric potential is a tedious
and hard action. To estimate it indirectly from other soil parameters, which are easily measured,
statistical models have been developed, and nowadays they are also used artificial neural networks
(ANN). The aim of this study has been to see if the ANN application improves the precision in
water retention estimation in relation with some of most common statistical models. It has been
used measured data of water retention at -33 kPa and -1500 kPa. These data correspond to 309 soil
samples of Castilla-La Mancha (Spain). Basic parameters of these samples were also known. For
matric potentials at -33 kPa, the best results were obtained with a network with two hidden layers
of two neurons each one, with mean error of 0.70%. For matric potentials at -1500 kPa, best results
were obtained with simple networks of one hidden layer with maximum 4 neurons, with a mean
error of 0.30%. In both cases the precision were slightly better than the one obtained with statistical
methods.
Keywords: water retention, artificial neural networks, characteristic moisture curve, soil moisture
retention curve
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Estimation of clayey soil hydraulic properties by using
pedotransfer functions: a case study in Guilan, Iran
BAGHERI F., BYBORDI M. and BAHRAMI H.A.
Tarbiat Modarres University, Tehran, Iran
The determination of soil hydraulic properties such as saturated hydraulic conductivity (Ks) and
available water capacity (AWC) are difficult due to required cost and time. This study aims to
investigate the possibility of estimation of these important properties from routinely measured
characteristics of soil that are recorded in soil survey. Clay (%C), silt (%Si), sand (%S) and organic
carbon (%OC) percentage and bulk density (BD) are independent variables. The region under
investigation is agricultural clayey soil texture in Guilan province. Two sets of data were analyzed.
Set 1 (187 samples) was used for multiple linear regression to correlate saturated hydraulic
conductivity and available water capacity to five mentioned independent properties. Set 2 (34
samples) was used as an independent data set to test the results obtained for Set 1. The obtained
regression models for estimations of Ks and AWC are as follows:
(cm day"')Ks = -3.288 + 15.168 B D - 0 . 1 9 8 %C + 0.531 %OC

R2 = 0.972

(%) AWC = - 17.83 + 0.974 %C

R2 = 0.855

(% C/40)
This research proved the
percentage and organic carbon
percentage and available water
hydraulic conductivity (r = 0.979

presence of acceptable correlation among bulk density, clay
content to saturated hydraulic conductivity and, between clay
capacity. The correlation of measured and estimated saturated
) and available water capacity (r = 0.935 ) was agreeable.

Keywords: pedotransfer functions, saturated hydraulic conductivity, available water capacity, bulk
density, clay percentage, organic carbon percentage
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The dynamic of water retention curves
caused by soil deformation
BAUMGARTL Thomas
Olshausenstrasse, 40, 24118 Kiel, Germany
The determination of water retention curves generally assumes a porous system which does not
change during the process of dessiccation or infiltration, respectively. Soil substrates which contain
clay minerals, however, swell and shrink when the water content changes. This means that a given
soil volume changes as well as the pore size distribution due to tensile stresses. Furthermore soil
samples which are exposed to overburden pressure in their natural state will usually expand when
soil samples are taken and the overlying soil is removed. Both reasons for volume change, i.e.
tensile stress and release of stresses, can be explained by the stress state variables total stress
(external stress) and water potential (internal stress).
The objective of this contribution is to show the possibility to combine the prediction of water
retention curves with the modelling of volume change by external and internal stresses based on the
same model.
In case of the stress state variable water potential, volume change can be described with the
shrinkage behaviour with dessiccation. A method is described which predicts volume change by the
stress state variable water potential. Hence each state of water content and soil volume can be
predicted by the same stress variable. The combination results in a universal model, which allows
inclusion of the self induced shrinkage of a soil volume with drying and its change of pore size
distribution.
In the case of the stress state variable total stress, the consolidation curve has to be known. For
its prediction, the same principle was used as that with which internal stresses were modelled. For
different external stress states the variation of the water characteristic curve can then be determined.
The combination of all of the three stress dependent processes by using the same model allows
the modelling of the shrinkage behaviour under different external stress situations with dessiccation
at the same time. The advantage of this approach is that volume changes are not modelled with
empirical parameters but with a process defined state variable.
When water flow is modelled, the neglectance of the boundary condition volume can result in
major deviations of the true situation. The contribution will include as well details in this respect.
Keywords: soil volume, tensile stress, total stress, water potential, water retention curve
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Testing an in tilt rat ion method for estimating
soil hydraulic properties in the laboratory
BRUCKLERL. (1), BERTUZZI P. (1), RUY S. (1) and ANGULO-JARAMILLO R. (2)
(1) Institut National de la Recherche Agronomique, CSE Batiment Sols, Domaine Saint Paul, Site
Agroparc, 84914 Avignon Cedex 9, France
(2) Laboratoire d'Etude des Transferts en Hydrologie et Environnement, LTHE, UMR 5564
(CNRS, INPG, UJF), B.P.53, 38041 Grenoble Cédex 9, France
Solving soil unsaturated flow problems requires knowledge of the water retention 0(h) and
unsaturated hydraulic conductivity K(0) relationships. The purpose of this study was to adapt to
infiltration conditions the so-called Wind method previously described for evaporation conditions
for determining 0(h) and K(0) from laboratory cores. Infiltration in a vertical column of soil was
first simulated using the numerical solution of Richards' equation for two soils. The simulated data
were then used to evaluate the ability of the method to provide estimations of the hydraulic
properties, whether measurement errors on tensiometric data were taken into account or not. In lh~
laboratory, a sandy and a loamy soil sample were used in infiltration experiments. The experimental
equipment consisted of (i) a metal cylinder containing the soil sample and placed on an automaticbalance, (ii) a set of tensiometers inserted in the soil sample, and (iii) a drip infiltrometer placed
horizontally above the soil surface of the sample. Pressure head profiles and the weight of the
sample was recorded at constant time steps. The infiltration method is able to provide estimates of
the retention curve as was shown by numerical and laboratory experiments. Estimating the
unsaturated hydraulic conductivity was possible by applying Wind's method to infiltration
conditions, but as with the evaporation method, the variance of the hydraulic conductivity estimates
was high.
Keywords: soil, hydraulic properties, infiltration, estimation, modeling
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Fe-Mn concretions in Bulgarian soils
•

D1LKOVA Ravna, KERCHEVA Milena, KERCHEV George and JOKOVA Maria
Nikola Poushkarov Institute of Soil Science, Shosse Bankya 7, Sofia 1080, Bulgaria
The objective of the study was to determine the distribution of Fe-Mn concretions along the
profiles of surface waterlogged soils in Bulgaria.
The content of Fe-Mn concretions greater than 2 mm and 1 mm was determined in soil samples
from genetic horizons of representative profiles of virgin and arable Vertisols, Luvisols, and
Planosols. The soils were analyzed for soil particle size distribution, pores with drainage aeration
functions, available water holding capacity, bulk density, pH, hydraulic conductivity, iron and
manganese compounds.
The characteristics of soil water regime and the peculiarities of the chemical and physical
properties permit explanation of the differences in the content and distribution of Fe-Mn
concretions in the studied soils.
The contents of Fe-Mn concretions in soils without or with small textural differentiation
(Vertisols and Vertic Chernozems) are low (0. l-1.0%w/w of soil). They are mainly small sized (<2
mm). It was found that they tend to accumulate in the middle part of the soil profile. The soils with
mean and strong textural differentiation (Luvisols and Planosols) have higher content of Fe-Mn
concretions (up to 8% w/w of soil) and the size of concretions in some soils is larger than 2 mm.
The content of Fe-Mn concretions is accumulated mainly in the humic-elluvial horizons (A[A2, A2I)
and strongly decreases in the illuvial (Btg) compacted horizons.
There are not significant differences between profile distributions of Fe-Mn concretions of
virgin and arable soils.
Keywords: Fe-Mn concretions, surface waterlogged soils
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Predicting deep drainage using soil hydraulic properties
and soil texture data
GEE G.W. and WARD A.L.
Battelle Pacific Northwest Division, Richland, Washington, USA
Unsaturated hydraulic conductivity is a soil hydraulic parameter required for models that use
Richards' equation to predict flow and transport in soils. An accuracy factor of two or less is
required of this parameter for useful predictions of deep drainage rates or for computing
contaminant travel times in deep unsaturated sediments.
However, unsaturated hydraulic
conductivity is typically measured with uncertainties that exceed an order of magnitude or more.
For one sandy soil (a Typic Torripsamment), the unsaturated hydraulic conductivity, K(0,h), was
measured five different ways, three laboratory methods (column outflow, ultracentrifuge, AryaParis estimates using soil textural analysis) and two field methods (Guelph Permeameter and
instantaneous profile). The K(9,h) values were then used to estimate field drainage by applying
Darcy's Law and the unit-gradient assumption such that drainage was equated directly with the
derived hydraulic conductivity functions at field-measured water pressures and water contents.
These values were then compared with lysimeter measurements of drainage for the same soil. Of
all methods tested, the K(8,h) function obtained from the instantaneous-profile method provided the
best estimate of drainage (within 20% of the true value), while the other methods over-predicted the
unsaturated conductivity by as much as three orders of magnitude. Based on the measured drainage
for this sandy soil, a simple empirical model was subsequently developed to predict drainage rates
for waste burial grounds with a wide range of surface textures. Data extending over 20 years,
obtained from a suite of drainage lysimeters, were used to predict drainage from records of winter
precipitation and soil texture (% fines). The predictive tool was tested on an independent set of
drainage data from a solid-waste landfill near Richland, Washington, USA. Agreement of annual
drainage was found to be excellent. The predicted annual drainage agreed within 20% for all years
tested.
Keywords: lysimeters, unsaturated hydraulic conductivity, ultracentrifuge, instantaneous profile,
water-flux meters
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A laboratory experiment of time domain reflectometry for
soil water measurement including effects of
soil bulk density and temperature
GONG Yuan-shi and CAO Qiao-hong
Department of Soil and Water Sciences, China Agricultural University, Beijing 100094, P.R. China
The semi-theoretical and empirical calibration curve, 8V=(T/Ta-Ts/Ta)/(K.W05-1), soil water
content (9V) versus propagation time (T) of electromagnetic wave along time domain reflectometry
(TDR) probe inserted in soil, is used to calculate soil water content. In this experiment TDR is used
to measure Ts/Ta value of oven-dried soils with different texture and bulk density. The results
showed that Ts/Ta value from 1.61 to 1.80 for four soils, and the larger bulk density, the larger Ts/Ta
value. For three agricultural soils the average Ts/Ta can be used as 1.68. The column experiments on
sandy loam and loam showed (water content from oven-dry to saturation) that different Ts/Ta values
lead to water content deviation 0.001 to - 0.005 cm3 cm"3 and 0.007 to - 0.006 cm3 cm"3
respectively. For sandy loam with varied soil temperature, water content measured by TDR
deviated from real values when it was higher than 0.30 cm3 cm"3. The higher the temperature, the
lower the water content measured. This paper also indicates the deviation range of measured water
content with temperature increasing (or decreasing) 1°C and its modification method.
Keywords: soil water, bulk density, temperature, time domain reflectometry
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Influence of surface coverage by humic acids on
wettabilitty of kaolin
HAJNOSMieczyslawd), SOKOLOWSKA Zofia (1), JOZEFACIUK Grzegorz (1) and
SWIEBODA Ryszard (2)
(1) Institute of Agrophysics of Polish Academy of Sciences, Doswiadczalna 4, 20-290 Lublin,
Poland
(2) Medical University, Department of Inorganic and Analytical Chemistry, Staszica 6, 20-081
Lublin, Poland
Surface free energy and wettability of kaolin enriched with different amounts of humic acid
(from c.a. 1.5*10-5 to 1.6*10'2 w/w) were studied. Thin layer wicking technique was used to
determine horizontal migration velocity vs. time dependence in the samples beds for a range of
liquids of various surface tensions (surface free energies, SFE). From the latter dependencies the
SFE and its components responsible for dispersive Lifshitz-van der Waals and polar acid-base
interactions for the studied solids were calculated. The electron-donor and electron-acceptor
components of the acid-base component were calculated as well. From the SFE components water
contact angles for the studied materials were estimated. The contact angles were used for
calculation of the fraction of kaolin surface covered by HA.
The addition of the humic acid decreased the surface free energy and wettability of the mineral
(water contact angles increased). Sharp change in wettability and surface free energy of the mineral
occurred at a very low humic acid content, equal to c.a. 5*10"5 w/w. At this concentration the
average thickness of the HA coating of the kaolin surface was around 0.1 nm. The thickness of the
HA coating appeared to increase linearly with HA concentration. The fraction of the surface
covered by HA, after a sharp increase at very low HA concentrations, reached approximately
constant level equal to c.a. 40% of the surface being covered. This indicates that an accumulation of
higher amounts of the HA occurs on previously covered part of the surface.
Keywords: humic acid, minerals, surface free energy, wettability
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Use of granular material theories to
interpret structural changes in sandy soil
HARTMANN Christian (1). POSS Roland (I), JANEAU Jean-Louis (2), BOURDON
Emmanuel (1), LESTURGEZ Gregory (1) and RATANAANUPAP Santi (3)
(1) IRD, LDD (Land Development Department) Phaholyothin Road, Chatuchak, Bangkok 10900,
Thailand
(2) IRD, IWMI (International Water Management Institute), P.O. Box 1025, Chatuchak, Bangkok
10903, Thailand
(3) LDD (Land Development Department), Division of Soil Analysis, Phaholyothin Road,
Chatuchak, Bangkok 10900, Thailand
Unlike in clayey soils, predicting the mid-term effects of tillage in sandy soils remains
uncertain. In seemingly similar situations, rehabilitation can be a failure or a success. This stresses
the need for a better understanding of the structural changes in sandy soils for improvling the
current models.
The aims of this paper is i) to present a field experiment of subsoil recompaction under rainfall
simulation and ii) to explain how the newly developed theories of granular materials can explain
otherwise incomprehensible behaviour.
The soil was an Arenic Acrisol located in Northeast Thailand in a Land Development
Department research station. The experiment compared i) the effect of two types of rainfall
distribution (80 mm in a unique 2h40 rainfall event or four identical short rainfall events, 20 mm at
30 mm h~' applied every second day), and ii) two different subsoil preparations, a particularstructure treatment where the 0-40 cm layer was completely loosened and a slot treatment where a
particular-structure topsoil (0-20 cm) surmounted 10-cm-wide slots dug every 40 cm through the
compact 20-40 cm layer. Soil water content (0), soil surface height and bulk density (pb) were
measured.
For the four-rainfall-event treatment the wetting front did not reach 20 cm depth and no
structural
change occurred in the subsoil. For the single rainfall event, the wetting front (9 around
0.30 m3 m'3) went deeper than 40 cm during rainfall, whatever the soil preparation. In the particular
treatment, the soil collapsed (-18 mm at the soil surface), pb increased to values similar to those
before soil preparation. In the slotted treatment, soil collapse was significantly reduced (-6 mm, P
<00.5) and pb in slots was significantly lower than the surrounding compact layer (1.33 against 1.66
Mg m'3, P<0.01). As 6 and overburden pressure were similar for both soil preparations, classical
soil mechanics was unable to explain such compaction differences.
More satisfactory explanations were sought in the recent theories on granular materials. A
loosened sandy soil can be compared to a sand pile with discrete particles having only few contacts
with each other. Contacts are rarely located below the centre of gravity, so vertical stress is
redirected laterally, and below such "forces chains" the stress is considerably decreased (arch
effect). In the particular-structure treatment, soil collapse was not induced by capillary forces but
rather by water lubrication which counteracted the friction forces between the grains, allowing a
fast and large collapse. In the slotted treatment, arches certainly developed in each slot from one
wall to the other (wall effect) and overburden pressure interlocked the grains, reinforcing the arches.
In that case water lubrication was unable to counteract such increased forces. In the slotted
treatment, limited collapse can be explained only by arching and grain interlocking.
Prediction of physical properties in clayey or sandy soil cannot be based on the same
characteristics. For sandy soil, wall effects are sometimes as important as particle characteristics.
Moreover, prediction must take into account the history of contacts because forces can be stored in
the arches by interlocked grains.
Keywords: sandy, slumping, structural stability, slotting, subsoil
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Concept and first experiences with virtual lysimeters
LOISKANDL Willibald, HAUER Genia and KASTANEK Ferdinand
Institute for Hydraulics and Rural Water Management, University of Agricultural Sciences, Vienna,
18 Muthgasse, 1190 Vienna, Austria
Traditional lysimeter investigations are bound to a hydrological separation of a soil body,
hence realistic boundary conditions are difficult to be maintained. The concept of a virtual lysimeter
on the contrary takes into account that soil parameter depend on natural conditions. The concept is
based on the simultaneous measurement of soil water tension and soil water content in a soil body
not separated from the environment. Recent improvements of measuring techniques facilitate the
application of this concept. Soil water status is observed with sensors installed from the surface
without digging a trench. The components of the hydrological water cycle are determined by soil
physical principles applied to measured data. Soil water storage is directly assessable by changes of
soil water content profiles and the direction of water movement is a function of the total potential
gradient.
First experiences at the experimental field of the University of Agriculture Sciences, Vienna
proved the usefulness of the concept. From this experiences some recommendations for the set up
of field measuring sites could be drawn. If using data logging (quasi continuos recording) in
principle it is not necessary to observe precipitation as it is for a standard lysimeter, but it is
recommended because this is an additional check on the data and it may allow an interpretation of
interception. Especially near the surface there are some restrictions related to measurements of
matric potential. Tensiometers during dry periods are soon out of their measuring range and so far
no other equipment which gives satisfactory results is available. However carefully calibrated
granular block sensors are one way to handle this problem. Besides the necessary measuring
equipment including data logging, emphasise has to be paid to a proper sensor calibration and to
data analysis. Each field site is included in a data handling software as a so called "project"- which
is a description of the set up of the measuring profile - comprising a sensor identification list, the
transformation of all raw data to readable physical quantities, time synchronisation of different
sensor readings, all calibration informations and plausibility checks of data. The software also
includes simple statistical operations. The data are extracted in the desired way for further usage or
for graphical presentation.
Virtual lysimeters are more than just an equipment for the estimation of evapotranspiration they
also enable the description of soil physical processes. Investigations performed with virtual
lysimeter may be used directly for simulations providing data on one hand and/or to serve for
calibration of complex simulation tasks, such as solute transport where a good water movement
description is an indispensable prerequisite.
Keywords: lysimeter, virtual lysimeter, soil water balance, soil water movement monitoring

127

Symposium no. 04

Paper no. 569

Presentation: oral

Predicting soil evaporation with a revised Ritchie equation
from simple input parameters
HOFFMAN J.E.
Department of Soil Science, University of Stellenbosch, (Private bag XI, Matieland, 7602), South
Africa
Research results worldwide show that approximately 70% of annual rainfall is lost due to
evaporation from the soil. It is therefore of utmost importance to store as much water in the root
zone during the fallow period as possible. The aim of this study was to refine and to develop
procedures to predict soil evaporation. The soil evaporation process was studied in detail using
micro-lysimeters with an inside diameter of 60 mm and a length of 315 mm.
The difference in evaporation between different soil textures was mainly ascribed to the effect
of textures on initial soil water content. The soil water content available for evaporation
(evaporativity) had the greatest influence on the evaporation rate and on the cumulative evaporation
of the soil.
The cumulative soil surface evaporation equations reported in the literature fitted the data of the
different experiments well. Equations were developed with which the regression coefficients and
empirical constants could be calculated from measured parameters, including the silt plus clay
content, initial soil water content (0,), desorptivity (0. -0 O ) and the evaporativity water content
(ö; -0 o )z, of the soil layer. Equations were also developed to calculate the water content at which
evaporation ceased (0O) and the depth of the evaporating soil layer (z,). The Ritchie equation
predicted actual soil evaporation reasonably well. This equation is therefore recommended for
inclusion in computer modelling of evaporation. The following two equations are recommended:
£ E = [47.0497(0, - 0O) + 0.623]v/7
£ £ = [0.135(0; - 0o)z,.+0.262]V7
t = the duration of the evaporation event.
Keywords: evaporation, micro lysimeter, Ritchie model, cultivation practices
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Fractal analysis of pore size distributions in tilled soils
INGARAMO Octavio E. (1), BENITO RUED A E. (2), PAZ-GONZÄLEZ A. (1) and
MIRANDA J.G.V.(l)
(1) Facultad de Ciencias, Campus A Zapateira s/n 15071, University of Coruna, Spain
(2) Facultad de Ciencias, University of Vigo. As Lagoas, Marcosende 36.200, Vigo, Spain
The statistical description of soil porosity is of great importance in the study of soil physical
properties. Fractal geometry has provided new concepts for the mathematical description of
heterogeneous media, as is the case of soil porosity. A fractal model has a geometry which is
statistically repeated across a wide range of scales giving rise to scale invariance, that is, the
structure in question, in this case the soil porosity, is composed of parts which appear similar to the
whole. As a result, a simple parameter, the fractal dimension, applies to all scales.
This paper presents the results of the fractal analysis of 12 samples from agricultural soils with
a wide range of textures and organic matter contents (Table 1). Pore size distributions were
determined by a Carlo Erba 2000 mercury intrusion porosimeter, using individual 1.7-2 g air-dried
aggregates. The matrix fractal dimension, Dm was calculated from a simple power relation between
the solid volume Vm and the pore radius, R. The fractal dimensions of the solid-pore interface, Ds,
were computed using cumulative pore size distributions of the mercury porosimetry data.
Table 1 Clay content,
Clay (g kg 1 )
Dm (1-100 mm)
Ds
Clay (gkg')
Dm(l-lOOmm)
Ds

and fractal
18.0
2.909
2.492
15.3
2.925
2.406

dimensions, Dm, (in the range 1-100 mm) and Ds.
18.0
17.7
21.7
21.9
16.3
2.939
2.945
2.947
2.949
2.935
2.524
2.481
2.576
2.559
2.507
65.4
38.0
36.1
78.7
66.8
2.985
2.993
2.939
2.974
2.994
2.874
2.936
2.740
2.794
2.978

21.8
2.924
2.557
40.8
2.979
2.836

By applying the matrix fractal model dimension, two adjacent ranges of linear scales, each of
them having a constant fractal dimension Dm, were found. These ranges were separated by a
distinct scale break at about 1 mm. The matrix fractal dimension Dm calculated in the range 1-100
mm increased as a function of soil clay content and decreased as a function of sand content and
organic matter content. A similar trend was found for Ds, so that Ds and clay content were
significantly positively correlated, whereas sand content and organic matter content v/ere negatively
correlated with Ds. A positive interrelation between Dm (1-100 mm range) and Ds was also found.
Results obtained over a wide range of tilled soil types confirmed the usefulness of fractal analysis
for soil structure characterization.
Keywords: structure, fractal analysis, mercury porosimetry, clay, organic matter
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Study of soil water movement using time domain
reflectometry
KALFOUNTZOS P. (1), SAKELLARIOU-MAKRANTONAKI M. (1) and
TZIMOPOULOS C. (2)
(!) Dept. of Agronomy, University of Thessaly, Pedion Areos, 38334, Volos, Greece
(2) Dept. of Rural and Surveying Engin. A.U.TH., 540-06 Thessaloniki, Greece
The study of water movement in layered soils has special importance and has been the subject
of increasing interest in recent years, because layers affect the irrigation uniformity and the
transport of pollutants into the underground. The object of this paper is the study of water
movement in a column packed with layered soil, where infiltration applied at the bottom of the
column by carrying up step-by-step a Mariotte burette.
The experiments were conducted in a vertical column of plexiglass with an inner diameter of
20 cm and a length of 24 cm. The column was packed with a siltysand soil of 12 cm depth and bulk
density 1.66 g cm"3, overlying a sandy one of the same depth and bulk density 1.41 g cm"3, well
dried at 105 °C. The bottom of the column was supported by a geotextile of hydraulic conductivity
at saturation Ks=360 cm h'. Using the constant head method, the hydraulic conductivities of the
layers, were measured in separate samples of both the soils, having the same average bulk density.
The result for the sandy, was Ks=211.68 cm h"1 and for the silt-sandy Ks=47.71 cm h'. The soils
were packed as uniformly as possible, using a soil raining method with free falling passing through
a sequence of sieves before reaching the surface of the soil body. With this method a good
homogeneity of the soil packing was achieved.
Soil moisture content was measured using TDR method. The equipment TDR-trase was
connected with a Data Loggin System and through an RS232 port to a PC. Soil water pressure head
was measured by tensiometers connected to pressure transducers arranged in four different
locations in the column (4 cm, 10 cm, 16 cm and 22 cm below the soil surface). At the same
locations TDR waveguides of 15 cm in length were connected. The experiments were performed in
an air-conditioned laboratory at 20±1 C.
Experiments were carried out in order to study the process of infiltration and drainage and to
obtain the boundary characteristic curves. Moisture and tension profiles were determined and
boundary characteristic curves were approximated by analytical relationships.
Keywords: TDR, layered unsaturated soil, characteristic curves, hydraulic parameters, hysteresis
loop
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A survey of soil heat fluxes for wheat under timely and
late sown conditions
KOHLI Anshuman (2), KIRAN Ravi (1). SAINI B.C. (1) and AGNIHOTRI A.K. (1)
(1) Department of Soil Science, GB Pant University of Agriculture and Technology, Pantnagar 263145, India
(2) Department of Soils, Punjab Agricultural University, Ludhiana - 141004, India
The paper evaluates he partitioning of net radiation flux into soil heat flux under the modified
microenvironments of agroforestry for timely and late sown wheat crops and compares the soil heat
fluxes through intercropped wheat canopies with those through sole cropped wheat canopy.
Diurnal net radiation and soil heat fluxes were measured at the tillering, panicle initiation and
grain filling stages of the wheat crops. At the tillering stage, soil heat flux ranged from 6-10
percent of net radiation flux under timely sown conditions and 22-39 percent of net radiation flux
under late sown conditions. Greater partitioning of net radiation into soil heat flux for the late sown
wheat than for the timely sown crop at all the stages indicates inefficient light interception by the
late sown crop canopies. For the timely sown crop the proportion of net radiation flux partitioned
into soil heat flux at various stages decreased in the order Tillering > Panicle initiation > Grain
filling under agroforestry and sole crop. For the late sown crop the proportion of net radiation
partitioned into soil heat flux was greatest at tillering stage in some plots and sole crop but in one
plot observed at panicle initiation stage than at tillering. Greater soil heat fluxes may increase the
amplitude of the periodic temperature wave.
In addition to variations in cloudiness and change in sun angle during the day, in agroforestry,
tree canopy shading and wind movement of tree canopy produces frequent fluctuations in radiation.
Diurnal pattern of soil heat flux for sole cropped conditions shows a gradual increase in soil heat
flux for some hours till about midday and after reaching a peak value, it starts declining. For the
agroforestry plots there were more frequent fluctuations in the soil heat flux probably associated
with more frequent fluctuations in light intensities below foliated tree canopies. These frequent
fluctuations in soil heat flux under agroforestry which would potentially increase the frequency of
the temperature wave in the soil.
It may be argued that greater soil heat fluxes for the late sown crop vis-ä-vis timely sown crop
at similar growth stages could be a result of the later arrival of the respective growth stages for the
late sown crop when the radiation environment is more illuminated. In this context a comparison of
the soil heat fluxes at near similar time of the year revealed that soil heat fluxes for the late sown
crop were far greater than those for the timely sown crop both under agroforestry and sole cropped
conditions. Increased frequency and amplitude of the temperature wave under agroforestry
conditions for the late sown wheat crop might contribute to increasing the soil temperature during
the vegetative phases of crop growth when the ambient temperatures are sub-optimum. Wheat
plants seem to adapt by modifying their canopy architecture to enable greater partitioning of net
radiation into soil heat flux under late sown conditions.
Keywords: eucalyptus, net radiation, soil heat flux, soil temperature, sunflecks and wheat
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Determination of recharge rate from soil classification map
in GW modelling
KOONTANAKULVONG Sucharit and SIRIPUTTICHAIKUL Panot
Water Resources Engineering Department, Chulalongkorn University, Phrayathai Rd., Patumwan,
Bangkok 10330, Thailand
In order to properly simulate groundwater movement in the area, data of geology,
hydrogeology, hydrology, pumpage, boundary conditions are needed. In the study area, northern
part of Lower Chao Phraya Basin, necessary data were collected and field survey on groundwater
use in agricultural sector was done in the sixteen selected locations. Groundwater modelling was
calibrated and run using the data during the year 1989 to 2000. The natural recharge rate was
estimated based on the infiltration rate distributed for each soil type and locations from soil
classification map by GIS techniques in order to find the proper relationship of soil properties and
recharge rates used in GW modelling in the area. The derived relationships were found to have
good correlation with physical soil properties and gave better simulation results. This relationship
can also be used as reference for future groundwater modelling in the country.
Keywords: groundwater, modelling, recharge rate, soil classification map
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Constancy of ratios of dispersed characteristics
of soil solid phase
KRISHCHENKO Vladimir. SAMOKHIN Alexei, BIRUKOVA Olga and BESEDINA Oksana
Rostov State University, Department of Soil Science and Agrochemistry, B.Sadovaya 105, 344006
Rostov-on-Don, Russia
Soil presents a polydisperse heterogeneous open system which forms as a result of a flow of
many reversible primary pedogenic processes. These processes are reflected integrally in
dispersion and aggregation of soil mass. The flowing of these opposite processes becomes balanced
by mass. The system aspires to dynamic state balance. In this connection we can expect not
chaotic ratios of particle-size fraction groups, but regular ones. We can introduce the characteristics
of soil polydisperse system.
N.M. Sibirtsev (1901) combined particle-size fractions into two heterogeneous groups - the
"physical" sand as indifferent mass (the particle size of which is more than 0.01 mm) (y) and the
"physical" clay as origin with adsorption activity (the particles less than 0.01 mm) (z). The last
fraction group is subdivided into dust (the particles size of which is 0.01-0.001 mm) (ß) and silt
which is the most active part of soil (the particles less 0.001 mm) (a). We introduce another system
characteristic - the degree of richness of physical clay by silt - V=100a/z, %. Thus, the soil
polydisperse system are characterized by five arguments (a, ß, y, z, V). It is necessary to interlink
these arguments. Then ki=100/z and k2=z/a can be examined as the coefficients of
commensurability of ratios of system masses. Using the ratios described above we can express their
interdependency by some equations. The content of the fraction <0.001mm (a) in system will:
a=(0.01z2)(k|/k2)
(1)
Three sufficient conditions can be observed (when ki=k2, ki>k2 and ki<k2). We can reduce the
expression (1) to a more common solution. We compare the ratio (k|/k2) to the unified coefficient
of mass balance of polydisperse system for that. After mathematical transformations, equation (1)
will be the following:
a/0.01z2=k,/k2=K

(2)

Hence we can formulate the following general principle: soil polydisperse system aims at
balanced state when the unit of mass of silt accounts for one hundredth of physical clay square
multiplied by the coefficient of the balance (a=0.01z2K).
Keywords: soil, polydisperse system, particle-size fractions
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The effects of various soil tillage methods on
the physical properties of soil and yield of sunflower
MAHMOUDl Asghar and GAHRAMANIAN Gholamrezaan
Agricaltural Research Center, West Azerbaijan, Iran
The yield of sunflower oil greatly depends on the soil physical properties, therefore, improving
them would result in an increased yield of crop. In order to study the effects of various soil tillage
methods, an experiment was conducted using a randomised block design (CRD) with strip factorial
combination of treatments including: factor (A) with subsoiling and without subsoiling as strip plot,
factor (B) plowing by mouldboard and chisel plow and factor (C) depth of tillage (10-15 and 20-25
cm) as a factorial combination in a silty loam soil at the Miandoob station during 2000 -2001.
Results showed that subsoiling has a significant effect on the yield of sunflower and as a result the
yield was increased to 3.67 t ha"' in contrast to chech 3.41 t ha'1. The method of tillage and depth of
tillage were significant in the yield of crop. The effect of treatments on the soil bulk density were
not significant exept for the depth of soil which was significant at (P<5%). Also, the use of
subsoiling resulted in a reduction in comparison to the different tillage method as well as soil depth,
which resulted to increase cone index.
Keywords: tillage, sunflower, subsoiling, cone index, bulk density
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Climatic controls on red soils of the Wang Jia Catchment,
Yunnan, South China
MITCHELL David J. (1), HUANG Bizhi (2), HOCKING Trevor J. (1), LUCKHURST David
(1), MILNE Eleanor (1), WU Bozhi (2), LIU Liguang (2), LI Yong Mei (2), CHEN Jiding (2)
and WANG Shu Hui (2)
(1) School of Applied Sciences, The University of Wolverhampton, Wolverhampton WV1 1SB,
UK
(2) Faculty of Agricultural Science and Technology, Yunnan Agricultural University, Kunming
650201, Yunnan Province, P.R. China
The climatic controls on the Red Soils of the Wang Jia Catchment have a great influence on
crop growth and productivity. Wang Jia Catchment covers 57.2 hectares near Kedu, in Xundian
County, north-east Yunnan (25°28' N, 102°53' E), 60 km north-east of Kunming. The Catchment
has an altitude of 1,860-2,473 m and is composed of a series of outcrops of limestones, sandstones
and shales.
The area belongs to a typical monsoon climate with annual rainfall of approximately 1000 mm.
Winters are dry due to the continental monsoon but in summer convergence zones from the south
result in intense storm events. Consequently 85% of the annual rainfall occurs between June and
September. In the Red Soils, moisture is controlled by these monsoonal variations, namely the
seasonal effects, delay in the onset of the rains and rainfall variability. Topoclimatological factors,
such as anabatic valley winds and aspect, also influence soil moisture and temperatures within the
Catchment.
Instrumentation within the Catchment includes (a) conventional weather station established in
1997 at the Catchment outflow (b) Delta-T Automatic Weather Station sited at the mid-point of the
catchment (c) Spot field measurement of soil moisture. Using these instruments, the effects of
climatic controls on the Red Soils have been assessed with respect to soil temperature, soil drying,
moisture absorption and storage qualities. Moisture conditions in the Red Soils have been compared
with maize growth.
Keywords: red soils, climatic controls, soil moisture, soil temperatures, Yunnan
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Testing an artificial neural network for predicting
soil water retention characteristics from
soil physical and chemical properties
MOHAMMADI Jahangard
Soil Sei. Dept., Agri. College, Shahre Kord Univ., Shahre Kord, Iran
Regression models have been used extensively to predict soil moisture characteristics like filed
capacity (FC) and permanent wilting point (PWP) from easily measured and inexpensive basic soil
properties. In this study artificial neural networks were used to predict soil moisture characteristics.
An artificial neural network is a data processing system such as human brain. Alike a biological
model, which contains a large set of connected neurons, an artificial neural network consists of data
processing units called artificial neurons. Having data processing characteristics, artificial neural
networks enable to determine the approximated solution.
Results obtained from artificial neural networks and conventional regression method in
estimation FC and PWP were compared in terms of correlation coefficient between measured and
estimated values. Results indicated that both variables, FC and PWP, were predicted more
efficiently and accurately by neural networks than regression. Correlation coefficients between
measured and predicted FC values were 0.99 and 0.97 for neural network and regression,
respectively. Neural network performed more well than conventional regression method in
predicting PWP. Correlation coefficients between measured and predicted PWP values were 0.99
and 0.94 for neural network and regression, respectively.
Moreover, the performance of two methods was evaluated using mean square error (MSE) as
the criterion. The prediction of FC with the neural network and regression resulted in MSE of 1.03
and 2.20, respectively. The prediction of PWP with neural network was even more satisfactory than
the prediction obtained with the regression. The MSE values were 0.89 and 3.30 for neural network
and regression, respectively. These results showed that the use of neural network technique is useful
and efficient because of improved accuracy and because it permits a considerable degree of
flexibility toward available input data.
Keywords: soil moisture charactristics, pedotransfer function, artificial neural networks

136

Symposium no. 04

Paper no. 733

Presentation: poster

Heat pipe phenomenon in soil
MOMOSE Toshihiko and KASUBUCHI Tatsuaki
Faculty of Agriculture, Yamagata University, 1-23, Wakaba-machi, Tsuruoka 997-8555, Japan
Vapour transfer under temperature gradient in soil must be suppressed by the air molecules,
because nitrogen and oxygen almost entirely occupy the soil pore space under normal pressure. We
thought that the effect of vapour transfer on the heat transfer in soil would become more clear under
decompressed conditions, because the vapour density does not depend on the air pressure under
each temperature and soil water content, though the density of air molecules decreases as the air
pressure decreases.
We thus measured the thermal conductivity of soils under decompressed conditions over a wide
range of temperature (10-75°C) and water content. The three types of soil, an Ando soil (Haplic
Andosols), a Red yellow soil (Haplic Acrisols), and Toyoura sand (Oleic, Haplic Arenosols) were
used. The required amount of water was added to the sample, which was packed into a sampler.
The samplers were put into a decompression box, and the box was decompressed from 101 kPa to
the saturated vapour pressure at each temperature by a vacuum pump through the pressure
regulator. Thermal conductivity was measured by the improved twin heat probe method.
The thermal conductivity increased sharply under decompressed conditions at more than the
critical water content of the soil, becoming approximately ten times larger than that at normal
pressure (101 kPa). But below the critical water content, the thermal conductivity did not increase.
The maximum thermal conductivity was found to be close to or greater than that of metals such as
Mn, Hg, and stainless steel at the saturated vapour pressure.
Latent heat transfer is caused by evaporation at the warm site and condensation at the cool site,
thus forming a water potential gradient. That is, the water potential becomes higher at a cool site
than at a warm site. As a result, liquid water must return from the cool site to the warm site by the
water potential gradient. This return flow is indispensable to the continuation of the latent heat
transfer. Over the critical water content, the liquid water flux appears to be as large as the vapour
flux.
Heat pipes have the following features: (1) heat is transferred from a warm site to a cool site by
vapour or latent heat transfer. (2) the condensed liquid is returned from the cool site to the warm
site by a liquid potential gradient. Large quantity of heat can be transferred by this system
continuously.
We could recognize the same phenomenon in a three-phase soil under decompressed condition.
However, this can be also applied to the normal pressure, though the presence of nitrogen and
oxygen molecules hinder the vapour transfer and reduce the heat conductance compared with that
under the decompressed condition. We thus concluded that the heat pipe phenomenon occurs in
micro pores in soil under a temperature gradient. We also concluded that liquid water flux, which
flows from a cool site to a warm site, that is, the return flow is the primary factor determining the
magnitude of latent heat transfer.
Keywords: heat pipe, thermal conductivity, latent heat transfer
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Increasing fruit set through foliar application of urea, zinc,
and boron on some cherry varieties
MOTESHARREZADEH B.. MALAKOUT1 M.J., ARZANI K. and SEPEHR E.
Soil Science Department, Tarbiat Modarres University, Tehran, Iran
Cherry (Primus avium L.) is one of the important commercial fruits in Iran. Improving the
yield of fruit trees including cherry is of economic value. The emphasis on the degree of fruit
setting comes from the fact that in Iran very low percentages of tree blossoms develop into fruits.
The percentages of fruit setting in stone fruits are usually between 20 and 30 percent. Therefore,
increasing this percentage in fruit trees such as almonds, hazelnuts, walnuts, grapes, cherries, sour
cherries, etc. is important. This research was conducted in 1998 to study the effect of foliar
application of urea, zinc sulphate, and boric acid in reducing blossom drops and increasing fruit sets
of three cherry varieties in the Research Station in Kamalabad region of Karadj. Ten treatments
used as foliar applications included control (Tl), urea (T2), urea and zinc (T3), zinc (T4), boron
(T5), zinc and boron (T6), urea plus zinc and boron (T7), complete micronutrient fertilizer (T8), and
Fusamco (T9), which were applied at the time of budding in the early spring on three cherry
varieties of Lambert, Mashhad, and Bourbon Silage in a factorial design with three replications.
Soil, leaf, and fruit samples were analyzed according to the standard procedures. The percentage of
fruit set was calculated on the basis of blossom counts in the third week of April, compared with the
fruit counts (made a month later after the last fruit drops). These measurements showed that zinc
and boron treatments resulted in the highest percentage of fruit setting in Lambert and Mashhad
cherries, respectively. These two treatments resulted in 33% fruit set. There was a significant
difference in the increases in fruit sets of these varieties in response to the treatments, (Black
Mashad cherries got the first rank, and Lambertand Bloody Bourbon Silage obtained the second and
third ranks, respectively). Soil and leaf analysis showed higher nitrogen concentrations than
required for the tree. The high nitrogen levels came from the annual application of nitrogen to the
soils, and consequently no responses would be expected from nitrogen additions in this experiment.
However, since no zinc or boron had been applied and because of the calcareous nature of the soils,
foliar application of zinc sulfate and boric acid caused a significant increase in the percentage of
fruit set, fruit weight, size, quality characteristics, and taste. Analytical results emphasized the
positive values of foliar application in improving fruit yield and quality. Therefore, we can obtain a
steady improvement of fruit yield and quality by adding at least one foliar application of 1% zinc
sulfate and boric acid in the spring during the budding process.
Keywords: fruit set, foliar application, urea, zinc, boron, cherry
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Validation of international scale soil hydraulic pedotransfer
functions for national scale applications
NEMES AttUa (1), SCHAAP Marcel (2) and WÖSTEN Henk (3)
(1) Research Institute for Soil Science and Agricultural Chemistry of the Hungarian Academy of
Sciences, Herman Ottó u. 15., H-1525 Budapest, Hungary
(2) USDA-ARS, George E. Brown Jr. Salinity Laboratory, 450 W. Big Springs Road, Riverside,
CA 92507, USA
(3) ALTERRA Green World Research, P.O. Box 47, 6700 AA Wageningen, The Netherlands
Intensive agricultural and industrial activities increasingly cause our soils and waters to
deteriorate. Soil water and solute transport models currently applied to investigate environmental
processes require data on soil water retention and hydraulic conductivity characteristics. However,
the use of these models has often been limited by the lack of accurate information on soil hydraulic
properties. For many applications, the prediction of these properties by pedotransfer functions
(PTFs) can be a valuable alternative to troublesome and expensive measurements. These PTFs
predict hydraulic properties from soil parameters that are collected routinely during soil surveys.
A prerequisite for wide and reliable application of PTFs is the collection of large amounts of
relevant data into a source database. National and international databases are being compiled and
used worldwide to support such PTFs. New approaches to develop PTFs are continuously being
introduced to increase their reliability and to characterise their uncertainty; however, the
geographical validity of the PTFs is often not studied. PTFs derived from international databases
are often assumed to be valid for each contributing country/area without testing this assumption.
A new aspect of PTF comparison is shown in this study. PTFs were derived -using the same
technique -from databases at three different scales. The national database of Hungarian soils was
used to derive "National scale" soil hydraulic PTFs using hierarchical neural network models. The
HYPRES Database of European soils was used as one of the international data sources to develop
"Continental scale" PTFs using the same technique. Finally, data of the Rosetta pedotransfer
software was used which makes predictions using "World scale" neural network PTFs. The national
scale, and the two international scale PTFs were subsequently used to make predictions of hydraulic
properties of an independent Hungarian data set, thereby testing the use of international scale PTFs
for national scale studies. Prediction errors of 0.02 to 0.06 (cm3 cm'3) were obtained using PTFs
from the Hungarian data, while international scale PTFs provided errors from 0.025 to 0.088
(cm3 cm"3) depending on the n=model and data set that was used. Inclusion of data from the test
country improved predictions; however, it was not significant in all cases. Larger prediction errors
mostly occurred when the prediction data were not representative (e.g. certain texture classes), or
data were significantly different from the data of the testing data set. Extensive international
databases may offer alternatives to separate smaller databases in combatting potential
environmental hazards; however, one should apply them with appropriate care, keeping in mind that
limitations in their representativeness and accuracy may exist.
Keywords: soil hydraulic database, soil water retention, pedotransfer function, neural network,
downscaling, simulation modelling
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Similarity relationships of thermal conductivity
with soil moisture
ONISHCHENKO V.G.
Agrophysical Research Institute, 14 Grazhdansky Prospekt, St. Petersburg 195220, Russia
Thermal conductivity of a soil mainly depends upon its properties and moisture status. In this
connection the relationships between thermal conductivity and soil water content are individual and
are measured, as a rule, experimentally. A correct quantitative estimation of thermal conductivity
of soils is a rather complex problem because of a complexity of soils as polydisperse systems and of
a shortage of the methodical and technical base.
The objectives of the present studies were to: (1) obtain the generalized relationships between
thermal conductivity and moisture content of soils and (2) develop the methods for calculations of
the coefficients of soil thermal conductivity.
The analysis of physical parameters affecting the thermal conductivity (A) showed that the most
important ones were soil water pressure (P) or moisture content, bulk density (p), specific surface
area (S) or texture, temperature (T). Taking into account the above-mentioned parameters the
equation of soil thermal conductivity can be written in an implicit form:
f (A, p, S, P,T) = 0
On the basis of therc-theorema dimensionless complex (criteria of similarity), defined as the
reduced thermal conductivity X*, was obtained. Another dimensionless variable is represented as
the ratio of water content 9 (%, vol.) at a given value of P to the moisture content 6d (%, vol.) in an
air-dry soil at corresponding P equal to 8.3 107 Pa. This relationship is defined as the reduced soil
moisture content (0*). The transition from the individual relationships A(9) to the function X* (6*)
allowed us to obtain the generalized characteristics of the thermal conductivity which are invariants
at changing a number of variables represented in the above-mentioned equation.
The obtained relationship enables us to: (i) predict the heat transfer in soils with different
granulometric composition at changing their properties using low-parametric expressions and (ii)
minimize the number of variables and calculations of procedures at determining X (6) relationships.
The generalized function can be used for the development of reliable and simple methods for
determination of heat physical properties on the basis of key parameters.
Keywords: thermal conductivity, reduced variables, low-parametric expressions
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Using similarity and neural network approaches to
interpolate soil particle-size distributions
NEMES Attila (1), PACHEPSKY Yakov (2), RAWLS Walter (2), WÖSTEN Henk (3) and
ZEILIGUER Anatole (4)
(1) Research Institute for Soil Science and Agricultural Chemistry of the Hungarian Academy of
Sciences, Herman Ottó u. 15, H-1525 Budapest, Hungary
(2) USDA-ARS Hydrology Laboratory, Beltsville, MD 20705, USA
(3) ALTERRA Green World Research, P.O. Box 47, 6700 AA Wageningen, The Netherlands
(4) Moscow State University of Environmental Engineering, Pryanishnikov Street 19, 127550
Moscow, Russia
Soil hydraulic pedotransfer functions (PTFs) often offer a good solution to predict missing soil
hydraulic characteristics. PTFs transfer simple-to-measure soil survey information into soil
hydraulic characteristics that are otherwise costly and cumbersome to measure. Soil texture is
among the key inputs for most current PTFs. Most PTFs are developed using texture data
compatible to the USDA/FAO particle size system. However, many laboratories use different
particle size systems, which often hinders the development and/or application of PTFs. Without a
reliable method to estimate missing particle size classes, soils from many sources cannot be used in
PTF development, neither can existing PTFs be securely applied for those soils. Linearity is often
assumed for particle-size distributions that are plotted on a log-scale; however, this assumption has
proven to be unreliable.
A total of about 119.000 measured soil particle-size distribution (PSD) curves were used from
the NRCS, BIS (The Netherlands) and HYPRES databases to test two methods for the interpolation
of the PSD curve. The 'similarity procedure' does not rely on mathematical interpolation but
involves searching in a sufficiently large external reference data set for a number of soils that have a
particle-size distribution similar to the PSD of the soil in question. Similarity between soil PSDs
was quantified based on correspondence of mass fractions at common particle sizes. Secondly,
neural network (NN) models combined with the bootstrap method were developed to predict
intermediate points on the PSD curve from measured PSD points. The accuracy of each method
was tested on independent data. Both methods outperformed the log-linear interpolation. The two
methods showed comparable prediction accuracy.
Use of two alternative data sets as
calibration/reference data set showed that which source data set we used had more importance than
which of the two methods we used. The prediction error varied by soil texture, methods showed
similar trends. A lot depends on the interpolation method and the measured data used for
interpolations when it comes to of classifying soils using estimated data; the success of prediction
of the correct texture class may vary from about 50% to 90%.
The proposed new techniques offer a solution for expanding applicability of pedotransfer
functions in various regions of the world.
Keywords: particle-size distribution, interpolation, soil texture similarity, neural network,
standardization, pedotransfer functions
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Using of standard soil parameters for solution of
forecast tasks on irrigated lands
PYAGAY E. (1) SAVIN I. (1) and EOM KI-CHEOL (2)
(1) V.V. Dokuchaev Soil Science Institute, Pyzhevsky per., 7, 109017 Moscow, Russia
(2) National Institute of Agricultural Science and Technology, Suwon 441-707, Republic of Korea
A comprehensive analysis of the trends in the development of forecasting in soil science
indicates that the concept proper is not simple. Two sorts of forecasting are recognized: forecasting
as related to solving the tasks for a definite period of time and forecasting as prediction independent
of time. In soil science the above kinds of prognosis have been so far distinguished insufficiently,
and the major cases of forecasting are considered as predictive ones.
Recently, the "determinable" forecasts have grown in importance as based on simulation of the
processes taking place both in the soil and in the environment. Depending on the tasks, different
levels of models are used including the most simple empiric and complicated models capable of
simulating the actual state of soil and all the soil processes.
When elaborating a model it should be simplified for understanding and practical use, on the
other hand, the model may needed be rather complicated to reflect the real situation. A number of
proposed models meet the requirements to a certain extent. However their use for solving the
prospective tasks of the first kind is not always possible due to the absence of soil hydro-physical
and hydro-chemical parameters, which are necessary for forecasting calculations by means of
mathematical models.
In this context it should be advisable to solve some problems concerning, for instance,
underflooding of irrigated lands, their salinization, seepage loss of irrigation water, etc. using
intermediate balance models of water and salt transfer elaborated on the basis of standard soil
parameters, such as bulk density, porosity, water capacity, water permeability, moisture dynamics,
salinization, salt composition of soils. Such a minimum but widely distributed set of soil
parameters permits making forecasting calculations with the help of the model.
The essence of forecasting soil water regime method is to transform the data about bulk
density, porosity, water permeability and capacity of the soil into parameters for a balance model of
water transfer. The procedure of transformation is rather simple but requires practical skills. The
calculation and assessment of coefficient of water transfer in case of full and partial saturation of
soil and heterogeneous infiltration using the data on the water permeability is as follows.
The data of the first (short-term) stage of experimental irrigation on water permeability make it
possible to estimate the dynamics of water absorption from the soil surface as well as the infiltration
coefficient, the value of which is approximate at the moment when the irrigation is completed.
Then the results of calculations are analyzed applying graph method of investigations. The data of
the second stage of experiment give possibilities to assess water conductivity coefficient and
parameter of water permeability unhomogenousity based on data of moisture distribution in soil
profile (using graph approach).
Keywords: water balance, forecast of soil water regime, water conductivity, water regime
modeling
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Soil water relationship affected by physico-chemical properties:
the 42-plot experiment, Versailles, France
PERNES-DEBUYSER Annie and TESSIER Daniel
Unite de science du sol, 1NRA, route de St Cyr, 78 026 Versailles cedex, France
Under temperate climate, soil evolution as affected by to human practices (agriculture
intensification, fertilizer use, acid rainfall...) is a real question. If physico-chemical changes and
their repercussion in agriculture are well known, their influence on physical properties is more
difficult to study because of the time factor. Thus long-term experiments are important to diagnostic
soil evolution in a human scale.
The 42 plot experiment of 1NRA in Versailles (France) started in 1929. Since this date, each
plot received fertilizer or amendment and ten reference plots received no-treatment. Plots were dug
up twice a year and let fallow. The samples were collected in 1999 and compared with 1929 soil
reference. Physico-chemical properties were determined by several measures: as pH in water,
cation exchange capacity, exchangeable cations (Ca2+, Mg 2+ , K+, Na+ and Al 3+ ). Water retention
property, water moistening rate and also aggregate stability measurements were carried out.
The average pH of the reference plot collected in 1929 was close to 6.3. In 1999, pH values
ranged between 3.5 and 8.2. For ammoniacal fertilizers, pH ranged from 3.5 to 5.5. On the other
hand, with basic treatment or liming, soil pH was close to 8.2 and equilibrated with carbonates.
Intermediate pH, i.e. from 5.5 to 7.5, were obtained with reference plots, neutral salts such as KCl,
or NaNOi, or with superphosphate. When CEC was measured at soil pH (CECSOii), strong changes
were observed. From 15.2 cmol+ kg'1 in 1929, CEC SO JI ranged (i) between 11 and 16 cmol+ kg"1 with
amendments or neutral salts, (ii) was under 11 cmol+ kg"', with ammonium fertilizers. It was
remarkable that between pH = 6.0 and pH = 7.5 the CECSOii doubled.
Six months after digging, the soil surface shape was very variable with thick crusts in acidic
conditions or with dispersing cations (K+, Na*), and smooth with amendments. In the profile, bulk
density increased with acidity and sodium or potassium cations. Soil water affinity changed with
pH and with dispersing cations. With dominant exchangeable Ca' + and in basic situation, water
moistening rate and retention was higher than in acid plots or with Na+ or K .
In summary, after 70 years with intensive fertilization or amendment and under fallow, soil
properties can dramatically change. The first indicator of this evolution is pH. The second
important factor to take in consideration is the CEC measures at soil pH. The latter, in combination
with physico-chemical properties, strongly influences soil surface shape, but also soil profile
porosity. In this experiment, both acidification and dispersing cations are factors of soil
degradation i.e. crusting and compaction whereas high pH values and calcium as exchangeable
cation improve structure stability and porosity. Indeed, cation exchange capacity measured at soil
pH can be used as an excellent indicator of soil quality.
Keywords: long term experiment, fertilization, pH, cation exchangeable capacity, exchangeable
cations, water retention, water moistening
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Compaction effects on least limiting water range and
plant growth
REINERT Dalvan J.(l). WOLKOWSKI Richard P. (2), LOWERY Birl (2) and ARRIAGA
Francisco J. (2)
(1) Dept. of Soil Science, Federal University of Santa Maria, 97105-900, Santa Maria, RS, Brazil
(2) 1525 Observatory Drive, University of Wisconsin, Madison, 53706-1299, USA
Soil compaction effects on soil properties and crop yield have been extensively studied.
However, several questions regarding how much compaction directly interacts with crop production
factors and if critical limits to root growth can be assessed under field conditions still remain. Soil
physical factors may interact with plant roots limiting root growth and function, which in turn can
have significant effects on plant growth and productivity. Scientists have defined the least limiting
water range (LLWR) as the water content range wherein plant growth is least limited and outside of
this range growth is most limited. The objective of this study was to evaluate the effects of
compaction on water availability to corn and soybean grown with no-tillage and chisel plowing. A
compaction/tillage study was established in May 2000 on Piano silt loam soil (Ap horizon
approximately 22% clay and 67% silt) at the University of Wisconsin-Madison Agricultural
Research Station near Arlington, WI, USA. Two experiments were set up, one for corn and another
for soybean, consisting of two compaction levels (14 Mg load compaction and no-compaction) and
two tillage systems (no-tillage and chisel). Corn (Dekalb 520 RR) and soybean (Kallenberg 215)
were planted on May 17, in 76- and 25-cm spaced rows, respectively. Soil water content was
measured throughout the plant growth period using a datalogger and time-domain reflectometry.
Soil resistance to penetration (SR) was measured using a constant rate penetrometer. An in situ soil
drainage experiment was used to estimate the upper limit of soil available water. The permanent
wilting point was estimated using water retention curves developed using a thermocouple
psychrometer. Undisturbed soil cores (7.6 x 7.6 cm) at various water contents were placed under
the penetrometer and SR readings were made for each core. These and respective values of water
content and bulk density were used to fit the model - SR=a+6 +BDC. A least limiting water range
was constructed for the Piano silt loam soil using data for field capacity, air-filled porosity,
permanent wilting point and soil resistance at critical or limiting state, all as function of soil bulk
density, which was reflective of the compaction levels. Corn plant height was measured weekly and
yield of both crops was assessed. Corn and soybean root growth in the upper 50 cm of soil was
evaluated. Compaction had significant effects on root limiting soil factors inducing decreasing
rates of LLWR with increasing bulk density (>1.3 g cm"3). For the 2000 season, compaction and
tillage did not affect corn and soybean yield, even though it increased soil water evapotranspiration
and reduced the magnitude of LLWR.
Keywords: compaction, tillage, water range, corn, soybeans
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The effect of K, Mg, S, and micronutrients on the yield and
quality of sunflower in Iran
SEPEHR E.. MALAKOUTI M.J. and RASOULI M.H.
Soil and Water Research Institute, Kargar Shomali Avenue, Jalal Ale - Ahmad Road, Tehran
14155/6185, Iran
Sunflower is one of the crops that can be grown in a wide range of climate in Iran due to its
tolerance to drought and ability to grow in a wide range of soils. Also due to short growth period, it
can be used as a second crop in rotation with wheat or oat and provide higher income to farmers.
The demand and requirement of sunflower for potassium is very high and in some cases it can
absorb twice as much as nitrogen. Afieldexperiment was carried out in northwestern part of Iran in
Azarbaijan province to determine the response of sunflower to different rates of potassium fertilizer
with and without micronutrient application. The treatments were replicated four times in a
completely randomized block. Potassium application at the rate of 50 kg K20 ha"1 increased the
grain yield and oil content of the sunflower crop significantly. The increases of 6.5 percent in oil
content and 950 kg ha"1 in grain yield were obtained with the application of potassium at the rate of
200 kg K2O ha"1 with micronutrients. The growth characteristics such as diameter of head and
1000-seed weight were also improved with the application of potassium, but the height values were
absorbed with the higher rate of potassium with micronutrients application. The application of
potassium increased K and Zn contents, but decreased Mg, Cu and B content in the plant.
Keywords: sunflower, potassium, magnesium, sulphur, micronutrient
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Studies on the influential factors in order to increase efficiency
of furrow irrigation in relation to water crisis
SHAHIDI A. and FROGHIFAR H.
Irrigation Department, Faculty of Agriculture of Brigand, P.O. Box: 97175-331, Birjand, Iran
Drought and water crisis (especially in recent years) has covered a vast part of Iran and caused
a great concern among the farmers and officials. In order to solve this problem, few strategies can
be suggested. Taking long-term decisions for increasing should the efficiency of irrigation is
strongly suggested. At the same time ways in which the customized irrigation is optimized must be
studied. An old way of irrigation in the country on a large scale has been furrow irrigation.
Unfortunately no attempt has been made to optimize this method. Different designs for furrow
irrigation is offered the most important of them are: 1- S.C.S method, 2- F.A.0 method, and 3Walker and Skogerboe method. The present study offers a designed method that is suited to
environmental conditions and the results obtained from this study. An attempt was mad to identify
the efficient length of the furrow. Keeping these in mind, a study field in Amirabad farm of the
College of Agriculture at Birgand University was chosen. Because in furrow irrigation the slop for
land leveling slope distribution is very important, preparing the land and leveling was carefully
done. Research on the, soil infiltration (double ring and input - output methods), advancing time
and delaying time and measuring furrow cross section in different steps of the study.
The following results were obtained:
1) After infiltration studies it was noted that the mean infiltration of double ring for groups of
IF =1 when the mean for input -output groups came out to be IF=1.5, the differences among the
groups could be:
a) The surface infiltration area for the input - output method was more than for the double
ring method.
b) The double ring method only considers vertical infiltration where in the input - output
method the permeability and capillary are also considered.
c) The related soils contained layers in which the top layer was heavy soil and subsoil was
light soil, and because in the input - output method, the surface layer was disturbed, therefore, the
subsoil had the most infiltration. Therefore, considering the obtained results showed that the input output method is a more reliabled method.
2) As the initial irrigation, water flow in the furrow is slow because the soil pores are not
closed by small soil particles yet, and there is a soil taughness resistance.
3) The theoretical input discharge is 0.925 (L s ' ) and this was tested for 1, 1.5 and 2 (L s"1).
The obtained results showed that 1.5 and 2 (L l ) caused erosion.
4) After evaluating different tested designs it was concluded that the S.C.S method of furrow
with the optimum length of 130 m has a better efficiency than any other method.
Because in the F.A.O method, the effect of the soil on the width of the furrow is not
considered, whereas this is considered in the S.C.S method. The obtained result also showed
Walker and Skogerboe method had a efficiency between the F.A.O and S.C.S.
It should be
mentioned that the obtained conclusion was under the condition of gate pipe use.
Keywords: furrow irrigation, drought, furrow length, soil infiltration, permeability, irrigation
efficiency
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Dielectric mixing models: validation in mineral soils
SKIERUCHA W. and MALICKI M.A.
Department of Hydrothermophysics of Soil and Agricultural Materials, Institute of Agrophysics
Polish Academy of Sciences, 20-290 Lublin, ul. Doswiadczalna 4, Poland
The dielectric mixing models of mineral soils: 3-phase and 4-phase a model, 4-phase model a
and de Loor model with the bound water dielectric constant dependent on soil moisture, and
regression model are validated. Values of soil dielectric constant, e, were determined by Time
Domain Reflectometry method.
The empirical models e(ö) and e(ö, p), form the formula of the appropriate regression curves,
where p is the soil bulk density, 0 is the soil sample volumetric water content determined using
thermogravimetric method.
In the study it is assumed that for each soil type there is a transition moisture, dwp, which
makes the distinction between soil water as bound or free. The value of 0Wp, calculated by the
presented formula for each soil type depends on soil texture, mainly on soil clay content. Further
assumptions in the presented validation, concerning 4-phase models are:
if 6 > 0WP, the soil dielectric constant is represented by the 3-phase models,
if 6 ^0WP, the soil dielectric constant is represented by the 4-phase models, with dlm =8 and
£tl>, =£, +(80,2-e,)——, where £., and e*. are soil solid phase and bound water dielectric
0WP
constants, respectively, 6(,„. is water volume fraction which is bound by soil solid phase.
It has been found that for mineral soils the 4-phase a model with the bound water dielectric
constant dependent on soil moisture works equally well as the regression model, which allows the
TDR equipment user to correct the e(6) relation for the bound water influence using clay content in
the modified a model. This correction gives similar results as using soil bulk density with the
regression e(0,p) model.
The data calculated from the modified 4-phase models follow the measured data in the range
where the regression model produces higher values. In the range of £< 15 the 4-phase models work
in agreement with the TDR measured data. Better correlation is achieved after application of the a
model than the model of de Loor.
The assumptions accounted for in the presented validation although very coarse, describe the
contribution of soil solid phase to the soil dielectric constant, especially in soils with high clay
content.
Keywords: soil moisture, dielectric constant, Time Domain Reflectometry, dielectric mixing
models
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Profiling soil moisture with a Time Domain
Reflectometry tube probe
STACHEDER M., BLUME P., KÖHLER K. and RUF R.
IMKO Micromodultechnik GmbH, Im Stoeck 2, D-76275 Ettlingen, Germany
The measurement of soil water content with Time Domain Reflectometry (TDR) technique is
now a well established method.
However the limited measurement volume of conventional TDR rod probes is disadvantageous
when water content profiling is desired. Vertical water content profiles with TDR are commonly
constructed by differencing the depth-averaged water contents of adjacent pairs of continuous rods
of different lengths. Besides the inaccurate calculation procedure, this method is problematic when
there is horizontal variability due to changes in soil material or due to infiltration. Therefore we
have been developing a TDR tube probe for soil moisture profiling in access tubes.
A specific cylindrical 18 cm long probe is successively positioned at different depths into a 42
mm inner diameter, 1 mm thick plastic tube where TDR measurements are taken. The instrument
directly converts measured transit-times resp. dielectric constant in terms of soil water-contents.
A calibration of the indirect moisture measurement method was carried out with the oven
drying technique as a reference method. A universal regression function for a broad variety of
different mineral soil types was established, which yields an accuracy of+/- 2% by volume.
The size of the measured soil volume was characterized showing that the soil water content in
an annulus of 15 cm of soil radial thickness from the surface of the tube can be measured. The
influence of air gaps around the access tubes was investigated and a close contact between access
tube and surrounding soil was found to be very important for reliable measurement values.
Therefore a special drilling set for access tube installation in homogeneous soils has been
developed. It represents the best compromise between achieving a close contact and a minimum of
soil compression. With this method measurements immediately after the installation of the tubes are
possible.
The new technique was tested in the field. The results were compared both to neutron probe
measurements and to thermogravimetrically determined values in different soil types. The probe
proved to be a good alternative to the soil moisture neutron probe with the advantage of avoiding
hazardous nuclear sources.
Keywords: Time Domain Reflectometry, tube access probe, soil moisture, profiling
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Land use effects on total porosity and pore size distribution
in the Amazon
TEIXEIRA Wenceslau Geraldes (1), SCHROTH Götz (2) and HUWE Bernd (3)
(1) Embrapa, Amazonia Ocidental, CP 319-69011-970-Manaus-AM, Brazil
(2) INPA, Manaus, Brazil
(3) Uniersity of Bayreuth, Bayreuth, Germany
Soil pores vary in size and shape and manifest an interconnected framework typical for each
particular soil type, which, however, may change as a consequence of different land use systems.
The porosity (0) controls the storage, availability and transport of water and air in the soil.
However, this control depends not only on the total volume occupied by pores, but also and
specifically on how the porous space is distributed and connected. The equation proposed by van
Genuchten (1980) is widely used to fit experimental water retention data. However, this equation
has not the necessary flexibility to fit reasonably the well aggregated soil, which the pores size
distribution has bi or tri modes. A better description of the SWRC of soils exhibiting bimodal poresize distributions has been given by linearly overlapping two functions of VG. The objective of this
study was to characterise <>
| and pore-size distribution for the clayey Ferralsol in the central Amazon
under different land use systems. The discussion is focused on the consequences for the hydraulic
properties of the soil and practical inferences about the pore size distribution relative to water
availability and fluxes are also pointed out. Three agricultural land use systems were investigated:
monocultures of peach palm (Bactris gasipaes) and cupuacu (Theobroma grandiflorum) and a
agroforestry system with peach palm, cupuacu, Brazil nut (Bertholletia excelsa) and annatto (Bixa
orellana). The soil was covered by Pueraria phaseoloides in all systems except the peach palm
monoculture. Adjacent areas of primary and secondary forest were investigated for comparison.
The study was carried out in Manaus, Brazil. The results show that using the VG-bimodal approach,
excellent fits and resulting curves were obtained, relating 9 and h for the soil surface for different
land use systems and also for different depths in the soil profile. Agricultural land use and plant
specific effects on total porosity and pore-size densities were assessed. The soil near the peach
palms has a concentration of pores in the micropore range. The soil, which was not well covered by
cover crops, shows a reduced total porosity and a pronounced reduction in the macropore range.
Under primary forest, the soil has more than 30% of the total porosity in the macropore range. The
pore-size distribution in the original conditions in the clayey Ferralsol seems to be very well
adapted to the climatic conditions in the region. It allows a rapid drainage of large amounts of
water, and avoids runoff and consequently erosion processes. Further, it also reduces nutrient
leaching from the soil matrix bypassing the water to deep layers through the macropores.
Keywords: van Genuchten, bimodal, peach palm, hydraulic, agroforetry, land use system
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An automated system for the quasi-continuous measurement
of the particle-size distribution
NEMES Attila (1), CZINKOTA Imre (2), CZINKOTA György (3), TOLNER Laszló (2) and
KOVÄCS Baläzs (4)
(1) Research Institute for Soil Science and Agricultural Chemistry of the Hungarian Academy of
Sciences, Herman Ottó u. 15., H-1525 Budapest, Hungary
(2) Szent Istvan University, Dept. of Soil Science and Agricultural Chemistry, Pater Käroly u. 1.,
H-2103Gödöllö, Hungary
(3) ALTAIR Bt„ Hegyalja u. 13, H-2151 Fót, Hungary
(4) University of Miskolc, Dept. of Hydrogeology and Engineering Geology, H-3515 MiskolcEgyetemväros, Hungary
Soil texture is an important input parameter for many soil hydraulic pedotransfer functions
(PTFs) of the day. Common soil particle-size classes are required to be able to uniformly determine
the texture of the soils. However, this is not always possible - due to different national
classification systems - and much valuable information is disregarded while either deriving or
applying PTFs.
One way to get common particle-size class information is to interpolate the particle-size
distribution (PSD) curve. Advanced interpolation solutions are becoming available, but there is
always uncertainty associated with these techniques. Another possibility is to measure all PSD
curves in a way that is compatible to the commonly used classification systems.
A new automated measurement technique is introduced that can easily provide PSD data
compatible to any (and all) of the existing national and international classification systems at the
same time, without the burden of extra labor. A computerized measurement system has been
developed to record density changes in a settling-tube system in any discretional (small) time steps,
which in turn allows the derivation of a quasi-continuous PSD curve. The measurement is based on
areometry (Stokes-law), thus the system is compatible with the most commonly applied settlingtube measurements. The new evaluation method of measured values takes into consideration the
density changes along the areometer-body so it avoids the problem of reference point
determination. The theory and setup of the system are explained and measurement examples are
given. The presented comparative measurements show good correspondence with conventional
settling-tube results, and the reproducibility of the measurement is shown to be very high.
Using this technique does not require more sample preparation than past methods. The
automated reading requires less manpower to perform the measurement -which also reduces human
error sources -but provides very detailed PSD data that has advantages like revealing multimodality in the particle-size distribution or providing data that complies with any classification
system.
Keywords: soil texture, particle-size distribution, pedotransfer functions, automated, areometry
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The universal model of mass and energy transfer
in a porous medium
USOWICZ Boguslaw
Institute of Agrophysics, Polish Academy of Sciences, ul. Doswiadczalna 4, P.O. BOX 201, 20-290
Lublin 27, Poland
The exchange of mass and energy which takes place in a porous medium is the object of study
for numerous research disciplines, including agrophysics. The above process is measured and
calculated as the quantity of mass and energy transferred from one thermodynamic system to
another which can be determined on the basis of its transporting properties.
A new statistical model of the mass and energy transfer has been formulated in the paper on the
basis of the most fundamental concepts and ideas of mechanics, thermodynamics and
electrodynamics. The new model allows the relation between the properties of a porous medium
and directly measured physical values to be described. The model enabled the following porous
medium properties to be considered:
• The electrical properties of the porous medium from the viewpoint of its salinity on the basis
of the bulk electrical conductivity measured and the determination of its moisture content by
measuring the porous medium dielectric constant,
• The hydraulic, pneumatic and diffusive properties of a porous medium resulting in the
determination of its gas and water conductivity as well as in the determination of its diffusivity
from the water retention curves and some calibration data,
• Thermal properties of the porous medium leading to determination of its thermal
conductivity from the basic properties of the solid, liquid and gas phases forming this medium.
The calculations based on this new statistical model and comparison of the calculated results
with the data measured together with a statistical analysis allowed the conclusion that the model
predicted the mass and energy transfer with satisfactory accuracy. This procedure confirms the
accuracy of the assumptions introduced and the simplifications used and confirmed the conclusion
that the parameters were properly fitted.
Keywords: mass and energy exchange, salinity, dielectric constant, water retention, hydraulic and
thermal conductivity, gas diffusivity
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Using bulk density measured by X-ray
tomography to estimate the hydraulic structure of soil
VOGEL H.J. (1), ROTH K. (1) and BASTIAN P. (2)
(1) Institut für Umweltphysik, Universtät Heidelberg, INF 229, 69120 Heidelberg, Germany
(2) Interdisziplinäres Zentrum für Wissenschaftliches Rechnen, INF 368, 69120 Heidelberg,
Germany
The quantitative description of solute transport in soil is based on effective parameters which
are related to i) the physical structure of the porous media, i.e. dispersivity, fraction of mobile and
less mobile regions, rate parameters of exchange between regions and ii) to the soil-solute chemical
interaction, i.e. the adsorption isotherm. The physical quantities are typically fitted to
experimentally determined breakthrough curves. However, such experiments are expensive and,
more critical, the obtained results may only be valid for the specific initial and boundary conditions,
depending on the validity of the underlying process model.
We hypothesize that the contribution of the physical material properties is mainly determined
by the spatial structure of hydraulic properties which govern the flow field of water in soil. Direct
measurements of the structure of hydraulic properties within typical soil columns of some 10-30 cm
in diameter are difficult. Thus, we assume that the soil bulk density within a given soil can be used
as a suitable proxy.
We measure soil bulk density within a soil column at a resolution of 1.0 mm using x-ray
tomography, separate different density classes and estimate the corresponding hydraulic properties
by inverse modeling. The latter is based on measurements of the water-retention characteristics and
the hydraulic conductivity curve for the entire soil column. Then, we simulate the breakthrough
curve for a conservative solute based on the structure of hydraulic properties and compare the
results to direct experiments.
We demonstrate the sensitivity of solute transport with respect to i) the structure of the
material, ii) the accuracy of its representation and iii) the local hydraulic characterization.
The presented approach is able to predict the phenomenology of solute transport by using only
the structure of the material and a classical measure of hydraulic properties. No empirical transport
model is required and hence, the results may be applied to a large variety of initial and boundary
conditions.
Keywords: solute transport, hydraulic properties, X-ray tomography
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Fertility quality changes of Isohumisols
in the northeastern area of China
WANG Jingkuan. ZANG Xudong, WANG Qiubing, WANG Tieyu and ZHAO Yongcun
Research Lab. of Soil Fertility, Shenyang Agricultural University, Shenyang 110161, Liaoning
Province, P.R.China
The changes of main fertility quality indices of Isohumisols were approached according to the
definition of soil quality. 249 soil samples of Isohumisols (including 0-20 cm and 20-40 cm) were
collected from Jilin and Heilongjiang Provinces in the Spring, 2000. The natural conditions, and
reclamation history of all sampled sites were carefully investigated and each site was positioned
with GPS. The total organic C, total N and total S in the soils were tested with the Elementar
(Vario EL III, Germany), and the other indices were determined with normal standard methods. The
results showed that the texture of Isohumisols was little affected by the history of reclamation. The
soil organic matter, total N, total S, total P and available K declined with the increase of time of
reclamation, normally they fit the formula, Y=Y 0 e" u . However, the total K increased slightly with
the lengthening of reclamation time, and the available P had no relationship with the history of
reclamation. The statistical results suggested that the contents of organic matter could be an
integrated fertility index of Isohumisols.
Keywords: isohumisol, soil fertility quality, index, history of reclamation
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Estimation of bulk density of soil by using
amplitude domain reflectometry (ADR) probe
WIJAYA Krissandi. NISHIMLRA Taku and KATO Makoto
Tokyo Univ. of Agriculture and Technology (TUAT), 3-5-8 Saiwai-cho, Fuchu-Shi, Tokyo 1838509,Japan
Heterogeneity of soil physical properties is an important aspect in agriculture and
environmental issues, since it may affect irrigation efficiency, soil and water conservation, and
transfer of pollutant through soil. To solve the problems, it is necessary to have a basic knowledge
of the distribution of soil physical properties in situ, especially soil bulk density. However,
measurement of the soil parameter with undisturbed soil sample using gravimetric method usually
requires more time, labor, and cost. In this study, the authors tried to estimate soil bulk density
using the amplitude domain reflectometry (ADR) probe, since it strongly affect soil permeability.
Bulk density can be calculated by combining either wet (total) bulk density or water content of a
given soil with its volumetric water content measured by the ADR probe.
The experiment was conducted on disturbed and undisturbed Andisol. In the disturbed soil
measurement, Andisol sieved through 3 mm screen mesh with 40-70% water content, was gently
packed by hand into a plastic acrylic cylinder 68 mm in inner diameter and 69 mm long. The
packing bulk density was 0.39-0.96 g cm"3. A small chamber was used for this experiment to
prevent excess evaporation. Whereas, the undisturbed soil measurement was conducted at the
Sakae-cho experimental field of TUAT with a 4x4 m area divided into 81 small quadrangles each
0.5x0.5 m.
Measured water content and bulk density were 60-90% and 0.49-0.69 g cm"3,
respectively. The measurement including taking soil samples and the ADR probe data were
conducted at every small quadrangle. Soil samples were taken by using a steel ring of 100 cm3 in
volume.
The result showed that bulk density measured by gravimetric method and by the ADR probe
agreed well with regression coefficient of 0.962 to 0.989 for the disturbed soil, and 0.670 to 0.802
for undisturbed one. It suggested that the estimation of bulk density with wet bulk density was
better than with water content. Also, it was identified that the estimation on the disturbed soil had
higher preciseness than the undisturbed soil. The uniformity of soil wetness with depth and the
accuracy of volumetric water content by the ADR probe are the critical factors in estimating soil
bulk density.
Keywords: bulk density, permeability, heterogeneity, ADR probe
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Translating available basic soil data into
missing soil hydraulic characteristics
WOSTEN Henk (1), NEMES Attila (2), PACHEPSKY Yakov (3), RAWLS Walter (3) and
ZEILIGUER Anatole (4)
(1) Alterra Green World Research, P.O. Box 47, 6700 AA Wageningen, The Netherlands
(2) Research Institute for Soil Science and Agricultural Chemistry of the Hungarian Academy of
Sciences, Herman Ottó u. 15, H-1525 Budapest, Hungary
(3) USDA-ARS Hydrology Laboratory, Beltsville, MD 20705, USA
(4) Moscow State University of Environmental Engineering, Pryanishnikov Street 19, 127550
Moscow, Russia
Water retention and hydraulic conductivity are crucial input parameters in any modelling study
on water flow and solute transport in soils. Due to inherent temporal and spatial variability in these
hydraulic characteristics, large numbers of samples are required to properly characterise areas of
land. Hydraulic characteristics can be obtained from direct laboratory and field measurements.
However, these measurements are time consuming which makes it costly to characterise an area of
land. As an alternative, analysis of existing databases of measured soil hydraulic data may result in
pedotransfer functions. In practise, these functions often prove to be good predictors for missing
soil hydraulic characteristics. Examples are presented of different equations describing hydraulic
characteristics and of pedotransfer functions used to predict parameters in these equations.
Grouping of data prior to pedotransfer function development is discussed as well as the use of
different soil properties as predictors. In addition to regression analysis, new techniques such as
artificial neural networks, group methods of data handling, and classification and regression trees
are increasingly being used for pedotransfer function development. Actual development of
pedotransfer functions is demonstrated by describing a practical case study. Accuracy and reliability
of pedotransfer functions are demonstrated and discussed. In this respect, functional evaluation of
pedotransfer functions proves to be a good tool to assess the desired accuracy of a pedotransfer
function for a specific application. Functional testing of uncertainty in the soil hydraulic input data
reveals to what extent variability in calculated modelling results is explained by uncertainty in
PTFs. Linking PTFs with soil survey information results in the much needed soil hydraulic
characterisation of areas of land. Since PTFs offer sufficiently accurate predictions for many model
applications, it is recommended that large and reliable global databases of soil hydraulic data be
created.
Keywords: simulation, regression, neural network, accuracy, reliability, functional evaluation
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Estimating soil water retention using
soil component additivity model
ZEILIGUER Anatole M.(l), NEMES Attila (2), PACHEPSKY Yakov A. (3), RAWLS Walter
(4), and WÖSTEN J.H.M. (5)
(1) Moscow State University of Environmental Engineering, Prjanishnikov Street 19, 127550
Moscow, Russia
(2) Research Institute for Soil Science and Agricultural Chemistry of the Hungarian Academy of
Sciences, Herman Ottó u. 15, H-1525 Budapest, Hungary
(3) USDA-ARS Animal Waste Pathogen Laboratory, Beltsville, MD 20705, USA
(4) USDA-ARS Hydrology and Remote Sensing Laboratory, Beltsville. MD-20705, USA
(5) Alterra Green World Research, P.O. Box 47, 6700 AA Wageningen, The Netherlands
One approach to soil water retention estimation is to compute soil water retention by
accumulating water retention of pore subspaces associated with soil textural and/or structural
components. We developed an 'additivity' model assuming that (a) water retention associated with a
textural fraction can be measured on samples consisting exclusively of this fraction's particles, and
(b) the additivity is applicable to gravimetric water contents in the range of soil water potentials
from -1500 kPa to 0 kPa. This model does not have fitting parameters. The model was tested with
data from the UNSODA database on nine textural classes ranging from fine sand to clay. The root
mean square errors (RSMEs) of the volumetric water content estimates were at the lower end of the
RMSE range for regression-based water retention estimates found in literature. At low water
contents, a bias was detected that we attempted to correct assuming the residual water content
depends not only on proportion of clay, but also on organic matter content. This correction resulted
in RSME values in the range from 2.7 vol. % to 5.3 vol. %. The attained accuracy warrants testing
the 'additivity' model with additional data and improving this model to accommodate effects of fine
particles on water retention of coarse components.
Keywords: soil water retention, soil components, additive model, soil texture
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Impact of residue quality and location in soil on the C and N
mineralisation of residues from cropping systems
from Cerrados, Brazil
ABIVEN Samuel (1.2), RECOLS Sylvie (1,3), REYES Victor (3,4) and OLIVER Robert (4)
(1) INRA Laon-Reims, Unite d'Agronomie, rue Fernand Christ, 02007 Laon, France
(2) present adress : INRA UMR SAS, 65, rue de Saint Brieuc, CS 84215, 35042 Rennes Cedex,
France
(3) CONACYT-SFERE-Mexique
(4) CIRAD TA 40/01, avenue Agropolis, 34398 Montpellier Cedex 5, France
In the sub-humid tropical area of the Cerrados, central Brazil, cropping systems with no tillage
and direct sowing have been increasingly developed during the past 20 years to prevent erosion and
soil acidification damages. These cropping systems are now practiced on up to 8.8 M ha in Brazil.
It is necessary to better evaluate changes in soil water dynamics and nutrient cycling with these
techniques, particularly the effect of mulch of crop residues in the no-tilled systems. In the
framework of a larger collaborative project involving CIRAD, IRD, EMBRAPA and INRA, this
study performed under controlled conditions aims at describing and modelling the effect of residue
quality and residue location in soil on carbon (C) and nitrogen (N) dynamics.
The experiment consists in incubating, at constant temperature (25°C) and optimal soil water
content (-60 k Pa), crop residues and following the kinetics of C mineralisation and of mineral N in
soil over time. The crop residues come from rainfed rice and soya plants as the main crops of
rotation and Sorghum and Brachiaria sp. which are used in mixture as cover crop between the main
crops. The crop residues are separated into leaves, stems and roots. Then the various tissues are cut
in 1-2 mm particle size and either incorporated into the soil sample, or left at the surface during
incubation. The soil is ferralitic (an oxisol aquox) (1.6% C, 0.1% total N, 48% clay, pH 6.0),
sampled on the 0-30 cm depth and moist sieved. The characteristics of the residues are determined
using a range of chemical methods such as water soluble C, biochemical composition by proximate
analysis, polyphenols content and by electronic microscopy of the plant cell walls.
The impact of residue quality will be discussed and modelled in comparison with existing
published data sets and mathematical relationships from both temperate and tropical agro-systems.
Possible interactions between crop residues of different quality (brachiaria + sorghum) will be
examined experimentally and by modelling. The effect of reduced contact of crop residue with soil
during decomposition will be quantified across a range of residues varying by their biochemical
quality. It is expected that the residue biochemical quality interacts with the effect of initial soilresidue contact. Impact of quality and location will be analysed using models (STICS, PASTIS)
varying by the number and chemical characteristics of pools of fresh organic matter.
Keywords: crop residue decomposition, initial location, residue quality, modelling
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Effect of IS and ESP on the flocculation/dispersion of
three surface soils from Eastern Arkansas
AL HAMMADI Mohamed
Department of Crop, Soil and Environmental Science., University of Arkansas, Fayetteville, AR
72703, USA
Eastern Arkansas soils are characterized as sodic soils with high clay content that are cemented
tightly like one unit of rock. Such soils exhibit low drainage capacity since they have low water
dispersivity. Therefore, the objective of this research is to conduct a laboratory experiment at the
University of Arkansas, Fayetteville in order to define the effect of ionic strength (IS) and
exchangeable sodium percentage (ESP) on clay behavior of Eastern Arkansas soils. Three different
soils will be selected showing different sodicity. Seven IS's solutions; 0.0025, 0.001, 0.01, 0.025,
0.05, 0.1, 0.5 unit, will be analytically created using combinations of Na and Ca.
For each IS, 10 different ESP's will be prepared using the following equations:
Logy = -0.512xZ :

( V7
i+V7

•0.3/

2/c

Er„=\-

W-E'c)
E'c,+A{l-E'Ca)2

Keywords: diffuse double layer theory, M?+-saturated clay, ionic strength, ESP, flocculation,
dispersion
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Direct and residual effects of applied organic manures
on yields in a wheat-rice cropping pattern
BODRUZZAMAN M. (1). SADAT M.A. (1), MEISNER C.A. (2), HOSSAIN A.B.S. (1) and
KHAN H.H. (1)
(1) Wheat Research Centre, Bangladesh Agriculture Research Institute, Dinajpur, Bangladesh
(2) CIMMYT P.O. Box 6057 Gulshan Dhaka-1212, Bangladesh
Integrated use of chemical fertilizers with organic manures enhances the productivity and
sustainability of agriculture systems especially for soils low in organic matter. A 3-year study with
a rice-wheat cropping pattern was conducted on an acid, sandy loam soil at the Wheat Research
Centre, Nashipur, Bangladesh to investigate the direct and residual effects of organic manures
applied in combination with chemical fertilizers on crop productivity and soil fertility. The
experiment was comprised of nine treatments in a randomized complete block design. The
treatments were 1) absolute control (no fertilizers, no manures), 2) 100%NPKSZn, 3) 75%NPK
SZn, 4) 75%NPKSZn + FYM (farm yard manure) applied in wheat (direct effect for wheat and
residual effect for rice), 5) 75%NPKSZn + FYM applied in both wheat and rice (renewed effect), 6)
75%NPKSZn + FYM applied in rice (direct effect for rice and residual for wheat), 7) 75%NPKSZn
+ PM (poultry manure) applied in wheat (direct for wheat and residual for rice), 8)
75%NPKSZn+PM applied in both wheat and rice (renewed effect), 9) 75%NPKSZn + PM applied
in rice (direct effect for rice and residual for wheat). Wheat yields from poultry manure (PM) plus
75% of the recommended NPKSZn ranged from 3.8 to 4.7 t ha"'. In the first year these wheat
yields were similar to the 100% recommended mineral fertilizer NPKSZn treatment and all other
OM applied treatments. However, in the next two years, continued application of PM plus 75%
mineral fertilizer produced wheat yields that were significantly higher than all other treatments.
Plots with farmyard manure (FYM) plus 75% NPKSZn produced equivalent yields as plots with
100% NPKSZn indicating that FYM can substitute for 25% of the inorganic fertilizers. Rice yields
were also significantly higher in plot* with PM plus 75%NPKSZn compared to all other treatments.
The results indicated that both PM and FYM had direct and residual effects on crop yields and plots
where PM was applied gave greater yields overall than plots with FYM treatments. Soil analyses
indicated that the pH was unchanged in all treatments over the 3-year period. Percent organic
matter was reduced from 13 to 19% in plots where only inorganic fertilizer was used, and increased
from 7 to 39% in plots where organic manures were applied, with the increasing trends more
prominent in plots with PM than plots with FYM. Percent total N was unchanged in treatments
where organic manures were combined with inorganic fertilizers, but was reduced in control plots
and in plots where only inorganic fertilizers were used. The available soil P content increased
dramatically in plots where PM was applied.
Keywords: wheat, rice, organic, farm yard, manure
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Modeling of organic matter turnover in some Taiwan soils
and estimation of organic manure application
CHEN Chiling and LIAN Shen
Department of Agricultural Chemistry, Taiwan Agricultural Research Institute, 189 Chung-Cheng
Road, Wufeng, Taichung, Taiwan
This study reviews the changes of organic matter contents in the soils of some long-term
experiments conducted in Taiwan, where different rates of crop residues or organic manure had
been applied continuously. The decomposition and accumulation of organic matter in the soils were
simulated by the first order reaction and the model was used to estimate the input of organic manure
required to maintain different levels of organic matter in the soils.
The experiments consist of a 48-year field trial with the cropping system of two crops paddy
rice per year in Taipei, a 14-year field trial with the cropping system of rice-rice-soybean per year in
Pingtung and a 9-year field trial with the cropping system of 2-3 crops soybean per year in Taiwan.
For the sake of comparison, a 60-year field trial with the cropping system of one crop paddy rice
per year in Saitama, Japan and a 9-year field trial with the cropping system of onion-cabbage per
year in Kanagawa, Japan were also reviewed.
The results indicate that soil organic matter can be maintained at higher level generally in the
Temperate Zone than in the Tropics, and in paddy than in upland. The long-term application of
chemical fertilizer did not deplete the content of soil organic matter but even increased slightly
compared to soil without application of fertilizers. A stabilized content (3.0%) of organic matter
was, in fact, maintained in the soil without application of fertilizer in this paddy soil; the rice
stubble and roots remained in the soil after the harvests were enough to maintain this level of
organic matter without any tendency toward of depletion. On the other hand, the long-term
application of green manure did not increase the content of soil organic matter as significantly as
that of compost did, although it did increase slightly higher than the soil with the application of
chemical fertilizer. Apparently, the increase of soil organic matter through the application of
organic manure is more difficult in Taiwan than in Japan due to its higher rate of decomposition.
According to the results of the experiments and simulation analysis, the continuous application
of 17 Mg ha"1 y (fresh weight basis) of farm yard manure for 70 years was required to raise soil
organic matter from the level of 3.5% to 4.5% in the paddy field of Taipei. The rate of N release at
equilibrated status maintaining 4.5% organic matter is 180 kg N ha"' y . On the other hand, the
continuous application of 110 mg ha"' y" (fresh weight basis) of bagasse filter cake compost for 30
years is required to raise soil organic matter from the level of 1% to 2% in the upland field of
Taiwan. The rate of N release at equilibrated state maintaining 2% organic matter is 740 kg N ha"'
y . The long-term application apparently will cause pollution to the environment. The reasonable
rate of application should be evaluated so that environmental impact will be minimized.
Keywords: soil organic matter, turnover, modeling
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Effect of sugar-cane green trash management on
soil carbon stock and aggregation in Säo Paulo State, Brazil
DE LUC A Edgar Fernando (1). CAMPOS Dinailson Corrêa del (1),CERRI Carlos Clemente
(1), FELLER Christian (1), BARTHÈS Bernard (1) and ESCHENBRENNER Vincentl (2)
(1) Centro de Energia Nuclear na Agriculture, Universidade de Säo Paulo, Brazil. Av. Centenä
rio, 303 CP 96 Piracicaba-SP, Brazil
(2) Institute de Recherche pour Ie Développement (IRD) BP 5045, Cedex 34032 Montpellier,
France
Sugar-cane can be harvested with or without prior burning. In Brazil almost one century of
sugar-cane research was based on trash burning but there are only few results about sugar-cane
green trash management. We studied a clay (Eutrorthox=EU) and a sandy (Psamment=PS) soil
under trash burning (BU) and green trash blanket (BL) treatment in Ribeiräo Preto region, Säo
Paulo State, Brazil. The trial was set-up in a block design consisting of six repetitions. The
summarized amounts of trash blankets from three harvests (BL) were 40 t ha'1 of dry matter (dm)
for EU and 39 t ha"1 dm for PS. One year after the third harvest, the remaining blanket amounts,
total soil carbon (C) contents in 0-5, 5-10, 10-20 and 20-40 cm layers as well as soil aggregate
stability in 0-5 cm were measured. Subsequently C-stocks were calculated. Soil macrofauna (TSBF)
was measured one year later only in EU. Remaining trash blankets were 4.5 t ha'1 dm (1.601C ha"1)
for EU and 3.6 t ha"' dm (1.35 t C ha"1) for PS, which correspond to decomposition rates of 89% for
EU and 81% for PS. Significant differences for C contents (g C kg"1 soil) and stocks (t C ha'1 soil)
were only found in 0-5 cm soil layer. Here the C contents for BU and BL were 21.1 and 25.1 g C
kg'1 soil for EU and 6.6 and 10.3 g C kg'soil for PS, respectively. The C stocks for BU and BL
were 13.6 and 16.4 t C ha"1 for EU and 5.3 and 8.2 t C ha'1 for PS, respectively. The macroaggregates (>200 urn) contents for BU and BL were 693 and 814 g kg"1 for EU and 420 and 516 g
kg"1 for PS. The soil macrofauna biomass (litter (trash) + 0-30 cm soil) for BU and BL were 0.65
and 6.28 g m"2 with densities of 72 and 790 animals m"2, respectively. One year after the last harvest
the amounts of carbon sequestered in litter and soil were 0.53 t C ha"1 y"1 and 0.92 t C ha"1 y"1 for
EU and 0.45 t C ha"1 y and 0.98 t C ha"1 y'1 for PS, respectively. The C dynamics were apparently
related to soil aggregate and soil macrofauna dynamics. The higher C contents in the BL trial
resulted in more water stable soil aggregates larger due to higher macrofauna activity. This
indicated less C mineralization and a longer C residence time. In conclusion, by using the green
trash management a carbon sequestration in the litter/soil compartment of about 1.4 t C ha"1 y"1 for
both soils, even over a short time span of three years, could be obtained. Finally, further researches
are required to evaluate the level and forms of sequestered carbon over longer application times of
this agricultural management practice.
Keywords: carbon sequestration, residue burning, aggregate stability, macrofauna
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Proposal of soil indicators for spatial analysis of
carbon stocks evolution
DE NONI Georges (O. BLAVET Didier (1), LAURENT Jean-Yves (1), BISSONNAIS Yves
LE (2) and ASSELINE Jean (1)
(1) IRD Institut de Recherche pour Ie Developpement, 911 Avenue Agropolis, B.P. 5045, 34032
Montpellier, France
(2) INRA: Institut National de la Recherche Agronomique, Science du Sol, Centre de Recherche
d'Orléans, 45160 Ardon, France
As erosion, exacerbated by the extension of vine growing on hillslopes in Mediterranean
environment, takes part in the spatial reorganization of topsoil and its carbon stock, indicators
stemmed from this phenomena could be useful for studying space-time variations of carbon stocks.
On the other hand, aggregate stability indexes could be useful also to define such indicators because
they can be relevant in this environment inducing runoff and erosion when soils are uncovered or
low plant covered. Within this framework, our objective was to test four widely used methods for
aggregate stability determination, that includes slaking effects and gives indexes such as macroaggregates rates (MA 200) or mean weight diameter (MWD). The test was performed in three
French Mediterranean study sites characterized by brown calcareous soils, vineyard and the
existence of previous erosion data from simulated rainfalls. Our first goal was to select the
aggregate stability method which was best correlated with data from simulated rainfalls. For that,
we chose 5 farming situations, corresponding to 14 simulated rainfalls with an intensity of 60
mm h', located on the stations of Corconne village and Pradel. Significant relationship were found
between rainfall simulations data and aggregate stability indexes: the relationships are positive and
linear in case of the runoff initiation variable and negative and curvilinear in case of the other runoff
and soil loss variables. The 2 indexes resulting from the method of Le Bissonnais (MWD in its
logarithmic form and MA 200) are the best adjusted with all these variables. The second goal was
to analyze the relationship between aggregate stability and soil properties that were relatively easy
to spatialize. We took complementary soil samples on various situations of the 3 selected sites; thus,
68 soil samples were carried out on the whole. The relationships between the 2 indexes of Le
Bissonnais's method and soil properties show that there is a very significant correlation with the
organic carbon rate (CSOM), while the adjustments are significantly better with curvilinear
regression models. The 2 indexes of Le Bissonnais's method, that give very significant correlations
with simulated erosion data and CSOM which is a good indicator for the spatialization of these 2
indexes, appears to be very useful for the forecasting of the spatial evolution of carbon stocks in the
studied area.
Keywords: erosion, carbon, rainfall simulation, aggregate stability, spatialization, Mediterranean
soils
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Agricultural land use and change of soil organic matter
in arid to semi-arid South Africa
DU PREEZ C.C.
Department of Soil Science, University of the Free State, P.O. Box 339, Bloemfontein 9300, South
Africa
South Africa is characterized by soils with low organic matter levels, based on the organic C
content of virgin soils. Only 4% of the soils contain more than 2% organic C, and 58% of the soils
contain less than 0.5% organic C. The remaining 38% of the soils contain 0.5 to 2% organic C. On
the latter soils, which cover approximately 45 million ha, commercial crop- and stock-farming are
practised under arid to semi-arid conditions. The intention therefore is to report on the changing
organic matter status of those soils as a result of different agricultural land uses.
Dryland crop production, irrespective of the period, caused at four distinctive agro-ecosystems
a significant decrease in the organic C content of cultivated soils with virgin soils serving as
reference. The rate of loss was rapid during the first few years of crop production, whereafter the
rate declined until an equilibrium was approached. In the two agro-ecosystems from warmer, drier
regions an equilibrium was approached before 20 years and in the two agro-ecosystems from the
cooler, wetter regions, after 40 years. The loss of organic C at equilibrium averaged 44% in the two
warmer, drier agro-ecosystems and 71% in the two cooler, wetter agro-ecosystems.
Crop production under irrigation caused adverse changes in the organic C content of loamy
sand soils at 21 sites under three different agro-ecosystems. The organic C content of cultivated
soils increased at seven sites with an average of 50%, decreased at nine sites with an average of
27% and were not affected at the remaining five sites when virgin soils served as reference. Neither
the cultivation and irrigation history of the sites, nor the properties of the soils, provided any
obvious explanation of the contrasting findings.
Stock farming on an agro-ecosystem with native veld that induced a change in veld condition
from good to moderate and poor resulted after 15 years in significant lower organic C content in
sandy loam soils. In comparison with the organic C content in soil from the good veld, soil from
the moderate and poor veld contained 21 and 33% less organic C in the upper 50 mm layer. These
differences declined with depth and below 300 mm depth the organic C content in soil from the
good, moderate and poor veld were similar.
The depletion of soil organic matter as a result of some land uses in the arid to semi-arid region
is alarming for sustainable agricultural production. Sound management practices should be
implemented to maintain soil organic matter.
Keywords: agro-ecosystem, crop production, dryland farming, irrigation farming, native veld,
stock production
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Relevance of organic matter forms associated to particle size
fractions for studying efficiency of soil carbon sequestration:
examples for tropical agroecosystems
FELLER Christian
IRD: Institut de Recherche pour le Developpement, BP 5045, 34032 Montpellier Cedex, France
Abstract: Carbon (C) sequestration is related to the environmental problem of mitigation of the
greenhouse effect from human origin. Soil (S), via soil organic matter (SOM) storage, exerts a
medium- to long-term function of organic carbon (OC) sequestration. SOC sequestration is defined
as the carbon amount removed directly or indirectly from the atmosphere (CO2, CH4), and stored in
the soil during a given period and over a given area. This communication deals with the SOC
sequestration in some major tropical agroecosystems. Three aspects will be developed for the
quantitative evaluation and dynamics of SOC sequestration: (i) the different methodological
problems involved in such an evaluation (OC transfers, time- and space-scales, diachrony or
synchrony approaches), (ii) the ecological and agronomic determinants of SOC sequestration level,
(iii) the interest of particle size fractionation for evaluating SOC pools "functional" for the
sequestration process. Regarding this last aspect, a quantitative functionality scale is proposed and
applied to different examples of tropical land use and alternatives of soil management.
Keywords: SOC sequestration, functional pools, tropical land use, alternatives of soil
management, particle-size fractionation
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C and N dynamics in alpine soils as affected by
low temperatures and organic matter characteristics
FREPPAZ Michele (1), CELI Luisella (1), EDWARDS Anthony C. (2), SCALENGHE
Riccardo (3), WILLIAMS Berwyn (2), BONIFACIO Eleonora (1) and ZAN1NI Ermanno (1)
(1) DIVAPRA, Universitè di Torino - 44, via Leonardo da Vinci, 10095 Grugliasco, Italy
(2) The Macaulay Land Use Research Institute - Craigiebuckler AB 15 8QH Aberdeen, UK
(3) ACEP pedologia, Universitä di Palermo - Viale delle Scienze, 90128 Palermo, Italy
The turnover of carbon and nitrogen in soil is affected by many factors such as climate and
vegetation. This study aimed to determine the C and N dynamics at low temperatures in soils under
different vegetation. The soils were collected at 1600 m a.s.1. (N.W. Italy) under larch (Larix
decidua) with herbaceous scrub, and spruce (Picea abies). Changes in C and N fractions were
evaluated by incubating soils at -3 and +3°C. The concentrations of dissolved organic C (DOC),
inorganic N forms ( N H / , NO3"), dissolved organic N (DON), and microbial C and N were
measured. Humic and fulvic acids were extracted from the soils before the incubation, quantified,
and characterized by chemical and spectroscopic analysis.
The soil under larch was characterized by a greater amount of C and N and lower percentages
of these elements in the dissolved organic fraction and fulvic and humic acids, than the soil under
spruce. Soil organic matter under larch appeared partially degradable and rich in carbohydrates and
proteinaceous residues, while, under spruce, it was characterized by oxidized aromatic compounds.
Lowering the temperature from +3°C to -3°C reduced the rates of net ammonification and
nitrification in soil under larch while no significant effect was recorded under spruce. Microbial C
significantly decreased from its initial value at both temperatures in soil under larch while under
spruce it increased at +3°C and remained constant at -3°C. The proportion of total N mineralized
was equal to 0.6% in larch and 0.3% in spruce and was related to the organic matter characteristics.
Under larch, the higher N content and the presence of a more degradable organic material
allowed the production of inorganic and organic N forms, readily available to plants. By contrast,
the low N content of the spruce soil and the strong humification pathway limited the transformation
to the more labile fraction, with a consequent low nutrient availability.
Keywords: SOM, DON, humic acids, fulvic acids, Larix decidua, Picea abies
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Dynamics of labile organic matter under shifting cultivation
in different bio-climatic conditions in humid Asia
FUNAKAWAShinvad). KAEWKHONGKHA Thamanoon (2) and PULUNGGONO Heru B.(3)
(1) Graduate School of Agriculture, Kyoto University, Sakyo-ku, Kyoto 606-8502, Japan
(2) Soil Science Division, Department of Agriculture, Bangkok 10900, Thailand
(3) Department of Agriculture, Bogor Agricultural University, Bogor 16680 Indonesia
We investigated and compared the dynamics of readily mineralizable organic C and N (Co and
No) of soils under shifting cultivation in East Kalimantan (EK), northern Thailand (NT), and Japan
(JP). In EK, acidic and/or oligotrophic conditions of the soil as well as highly accumulated Co were
considered to suppress nitrification and enhance immobilization of NH./. Generally the potential
for N supply through mineralization was low in the EK soils, and a long period of fallow followed
by N release through intensive soil burning is necessary to sustain crop production. In NT,
simultaneous increases in Co, No, and bases in the surface soils were observed in a late stage of
fallow, suggesting a kind of pump-up effect of nutritional elements by fallow vegetation.
Maintenance of this particular forest-fallow system is probably dependent on this effect, and
consequently shifting cultivation systems without sufficient fallow (i.e. less than five years) can be
considered to be less sustainable. In JP, neither Co nor No fluctuated appreciably during cropping
and fallow phases, presumably because the northern temperate climate not only supplied lower
amounts of forest litter during the fallow period, but also prevented soil organic matter from rapid
decomposition. These characteristics allow continuous cultivation to be practiced for a period of
several years. It was concluded that traditional systems of shifting cultivation in EK, NT, and JP are
well adapted to their differing soil-ecological conditions.
Keywords: East Kalimantan, Japan, Northern Thailand, readily mineralizable soil organic matter,
shifting cultivation
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Effect of land management on soil organic matter content and
quality and on earthworm communities
HAYNES Richard J. and DLAMINI Thebesile C.
Soil Science Discipline, School of Applied Environmental Sciences, University of Natal,
Pietermaritzburg, Private Bag X01, Scottsville, 3209, South Africa
The effects of land management on soil organic matter content and quality and the size and
composition of earthworm communities were investigated in the tropical sugar belt region of
northern KwaZulu-Natal, South Africa. The land management systems investigated were sugarcane
(green cane harvested or burnt), horticultural plantation crops (citrus, avocado and banana), forestry
(eucalypt, wattle and pine), permanent kikuyu pasture, native forest ant native grassland. A total of
66 fields were sampled (six replicates per management) to a depth of 10cm and soil measurements
included organic C, K2SO4 - extractable C, light fraction C and microbial biomass C. In addition,
four replicate soil samples (25x25x25cm) were taken from each field and transported to the
laboratory where earthworms were separated by hand sorting. These were identified by external
characteristics and internal organisation following dissection using appropriate keys.
The native vegetation in the region is forest. Although long-term kikuyu pasture maintained a
soil organic matter content at a level similar to that under native forest, all the other land uses
caused an appreciable decline in soil organic C. Labile organic matter fractions (K2SO4 extractable and light fraction C) showed greater changes induced by land management than organic
C and, in general, soil microbial biomass C levels were more closely related to labile than total
organic C content. Earthworm numbers were also closely related to concentrations of labile C
demonstrating the great importance of C supply in soils in determining the activities of both
heterotrophic microorganisms and soil mesofauna. Concentrations of organic C, labile C, microbial
biomass C and earthworm numbers generally followed the order: burnt sugarcane < green cane
harvested sugarcane = native grassland = eucalypt forest = pine forest = wattle forest = avocado
orchard < citrus orchard < banana plantation < native forest < kikuyu pasture. However, in
comparison with the microbial biomass, earthworm numbers were surprisingly low under eucalypt,
pine and wattle forest. This was attributed to the poor quality and low palatability of forest litter to
earthworms.
It was concluded that land management has a large influence on soil organic matter status
through its effects on both inputs of above - and below - ground litter and on soil organic matter
decomposition. Since the heterotrophic microbial biomass and the earthworm community both rely
on organic matter as their energy and C source, they are also greatly affected by land management.
Keywords: earthworm community, land management, light fraction C, organic matter
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Factors controlling mineralization of soil organic matter
in humid Asia
KADONO Atsunobu. FUNAKAWA Shinya and KOSAKI Takashi
Graduate School of Agriculture, Kyoto University, Sakyo-ku, Kyoto 606-8502, Japan
An understanding of the dynamics of soil organic matter (SOM) will help improve both
agricultural production and environmental protection. In this study, we investigated the amounts of
readily mineralizable SOM under various soil conditions in humid Asia in an attempt to identify the
factors that control SOM mineralization processes. Ninety-one surface soils were collected from
forests and croplands in Indonesia, Thailand, and Japan. These sites include mesic, thermic and
hyperthermic soil temperature regimes. The amounts of readily mineralizable carbon (MinC) and
nitrogen (MinN) were evaluated by aerobic incubation at 30°C for 133 days. Particle size
distributions, pH, and amorphous Si, Fe and Al contents were measured. The soils were separated
into a light fraction (LF, <1.6 g cm"3) and a heavy fraction (HF) and their respective carbon and
nitrogen contents measured.
Generally MinC and MinN were higher under forests than under crops. Within forest sites,
MinN was higher under mesic than hyperthermic conditions. LF and HF carbon and nitrogen were
higher in forest sites than in cropland. Linear stepwise regression followed by principal component
analysis revealed the following relationships between MinC or MinN and soil properties:
MinC (mg C kg-1) = 2567 + 993 (LF C) + 888(HF C) - 453(amorphous factor)
- 420 (C/N and acidity factor)
(R2= 0.54)
1
MinN (mg N kg" ) =132 + 24 (LF N) + 66 (HF N) - 14 (amorphous factor) (R2 = 0.66)
In spite of HF C being 8 times higher than LF C, both fractions contributed similarly to
MinC—probably because of the relatively labile nature of LF C. For MinN however, the LFGN
contribution was lower than that of HF N—probably because of N immobilization caused by the
high C/N ratio in LF. The amorphous factor contributed negatively to both MinC and MinN,
presumably because amorphous sesquioxides (derived from volcanogenous materials) stabilize
SOM. The C/N and acidity factor contributed negatively to MinC, i.e. mineralization of SOM with
a high C/N ratio under acid conditions was restricted. Mesic soil temperature conditions tended to
accumulate LF and HF in comparison with hyperthermic conditions.
Keywords: Asia, bio-climatic conditions, parent materials, readily mineralizable C, readily
mineralizable N
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The role of plants in the dynamics of iron crust formation
at Uberaba, Minas Gerais, Brazil
K1RMANS. (1), MEUN1ER J.D. (1), ALEXANDRE A. (1), VARAJAO A.F.D.C. (2) and
COLIN F. (3)
(1) CEREGE, Europole Méditerranéen de 1'Arbois, PB 80, 13545 Aix en Provence Cedex 4,
France
(2) DEGEO/EM/UFOP, Campus Morro do Cruzeiro, 35400-000 Ouro Preto, MG, Brazil
(3) CEREGE/1RD, Europöle Méditerranéen de 1'Arbois, PB 80, 13545 Aix en Provence Cedex 4,
France
Lateritic formations cover over one third of the continents and have essentially developed since
the tertiary era under tropical and subtropical climates with contrasting seasons. Ferruginous crusts
result from a chemical precipitation of Fe3+ in the water table fluctuation zone. Among the factors
that control induration processes of a soil, biotic systems are to be taken into account; nevertheless
their study in laterites remains rarely undertaken. A lateritic sequence was studied in the region of
Uberaba (Minas Gerais, Brazil), in order to understand the role of soil-plant interactions in lateritic
processes. The study area is located on the Uberaba Plateau (Minas Gerais, central Brazil), under a
tropical humid climate. The vegetation is a cerrado dominated by perennial grasses and scarce trees.
Peat bogs covered by grasses and sedges develop in the depressions of the plateau. The studied
sequence, developed at the expense of kaolinitic sediments, is constituted, in the top part of the
profile of an iron crust developed on a fossil peat over-lying a clay horizon composed mainly of
gibbsite and kaolinite. Fossilized root structures were observed in the iron crust. Samples taken
along the sequence were analysed using petrologic (optical and electronic microscopes), chemical
(ICP-AES, XRD) and physical (density measurements) techniques. Phytoliths from the iron crust
and the functioning peat were analysed. The distribution of fossilised roots and the phytolith spectra
suggest that the ferruginisation process took place in a soil covered by a grassland formation similar
to the one in place today, recorded by the peat. The petrographic observations of well-preserved and
erased cell structures are interpreted as a rapid ferruginisation episode. The formation of the crust
results from chemical precipitation of iron oxides, which is linked to cither a change in the climatic
conditions or in the hydrous environment. The phytohthic data do not show any drastic variation of
the vegetation before and after the formation of the crust. Thus, the ferruginisation seems to be
linked to a rapid change in the water table fluctuation zone.
Keywords: Brazil, iron crust, laterite, peat, phytolith, roots

171

Symposium no. 05

Paper no. 1933

Presentation: oral

Role of the chemistry of soil organic carbon
in pesticide sorption in soils
AHMAD Riaz (1,3) and KOOKANA Rai (2)
(1) Department of Soil and Water, Adelaide University, PMB 1, Glen Osmond, SA 5064, Australia
(2) CSIRO Land and Water, PMB 2, Glen Osmond, SA 5064, Australia
(3) Current address: AgResearch Limited, Ruakura Research Centre, P. B. 3123, Hamilton, New
Zealand
Sorption is one of the key processes controlling fate and behaviour of pesticides in soil
environment. Soil organic matter (SOM) is the most important sorbent in soils for non-ionic
pesticides. It is often assumed that Koc is approximately constant for a given non-ionic compound in
various soils. Consequently data from Europe and North America are often used for environmental
risk assessment in many developing countries. However, the properties of SOM are expected to
vary among soils of various regions. The objective of this study was to investigate the sorption
behaviour of different pesticides in soils from different countries with particular reference to the
role of the nature of SOM. We carried out studies on sorption of two non-ionic pesticides (carbaryl
and phosalone) on 55 different soils collected from Australia, Pakistan, New Zealand and the
United Kingdom, representing a range of soil organic matter contents. The SOM chemistry in these
soils were studied by solid-state, cross-polarising magic-angle spinning (CPMAS) l3C NMR. Clear
differences in the chemical nature of SOM in the whole soils from different origins and landuses
were observed. The relationships between the KoC values of carbaryl and phosalone and the various
structural components of SOM in a range of soils from various regions were established. A strong
positive exponential correlation of K^ values with aromaticity (fraction of aryl C + O-aryl C) with
r2 = 0.94 and 0.95 for carbaryl and phosalone, respectively, was observed. It was concluded from
the study that the aromaticity of SOM is a key structural parameter that regulates sorption of nonionic pesticides. It study cautions against heavy reliance on overseas data and highlights the need of
adequate considerations to the chemical nature of SOM during the assessment of environmental fate
of pesticides.
Keywords: pesticides, sorption, soil organic matter, aromaticity, K^
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Nitrogen status and its supplying capacity
of tropical soils of Sri Lanka
NANDASENA K.A.
Department of Soil Science, Faculty of Agriculture, University of Peradeniya, Peradeniya, Sri Lanka
Total Nitrogen (N) content in tropical soils is generally low compared to the most temperate
soils. About 98% total N is associated with soil organic matter which in turn subjects to
mineralisation and hence releases mineral N to the soil. Thereby most tropical soil's N supplying
capacity or N mineralisation potential is relatively low and declines rapidly during cropping season
unless N sources are incorporated frequently. This investigation conducted to find out the N status,
distribution of different N fractions and the mineralisation potential of some selected agriculturally
important soils of Sri Lanka.
Twenty five soils collected from various locations representing different soil types were
analysed for total N. Eight soils from twenty five soils were fractionated and analysed for different
N forms viz. available -N, ammonia-N, amino sugar-N, amino acid-N, acid hydrolysable unknownN and acid insoluble-N after acid hydrolysis. Soils were also analysed for non-exchangeable
ammonium N (NH4+-N) using a method described by Silva and Bremner (1966).
In a laboratory incubation experiment, eight soils were subjected to follow the N mineralisation
potential and to determine the mineralisation rates according to the method described by Stanford
and Smith (1972). The N mineralisation data during 315 days of incubation were used in Stanford
and Smith's first order decay model to calculate N mineralisation rate (k) and N mineralisation
potential (No).
Total N contents in the studied soils varied from 85.40 (LHG of Dodangolla) to 365 mg 100 g'1
(RYP of NuwaraEliya) soil. Soil organic matter contents also gave similar variation and showed a
close relationship with total soil N. The distribution of different forms of soil N also varied among
the soils studied. A major part of organic N in Sri Lankan soils was found to be associated with
amino acid-N fraction followed by the ammonia-N fraction. This was consistent with the other
studies conducted in elsewhere (Stevenson, 1957; 1982a).
The fixed or non-exchangeable NH4+-N in Sri Lankan soils varied from 12 to 28% of total soil
N. The amounts of non-exchangeable NH/-N were highly correlated with the clay content of the
soils. This shows that the Sri Lankan soils have different N fixation capacities which in turn reduce
N fertiliser use efficiency in these soils.
N mineralisation rate was ranged from 0.0069 to 0.026 N mg 100 mg'1 soil per day. Highest
mineralisation rate was given by two paddy soils (Kiribathkumbura and Pilimathalawa). N
mineralisation potential or N supplying power also varied from 5.33 to 38.52 N mg 100 g"' soil.
High mineralisation potential was also recorded in paddy soils. This may be attributed to the high
organic matter contents in those soils. Further these different N supplying powers of soils reflect
their inherit characteristics or potential in supplying available N for plant usage. One should give
serious consideration to those parameters of soil N when the N fertilizer recommendation practices
are conducted for crops to attain optimum yield.
Key words: soil N, N forms in soil, tropical soils, N mineralisation, mineralisation potential
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Effect of chitin derivatives on the early growth of tomato
PARK Ro Dong, JO Kyu Jong, KIM Kil Yong, SHIM Jae Han, KIM Yong Woong and SUH
Yong Tack
Department of Agricultural Chemistry, College of Agriculture, Institute of Biotechnology,
Chonnam National University, Kwangju 500-757, Korea
Chitin is a natural polysaccharide occurring in the crust of arthropods, and in the cell wall of
fungi and some algae. Many derivatives are made from chitin, which have special functions and
uses. Even though research and commercial development of chitin and chitosan are rapidly
proceeding in the biomedical and nutritional fields such as microcarrier, artificial skin, burn healing
cream, cholesterol regulator, cosmetics and various foodstuffs, they are still incompletely exploited
polymers in agriculture. Possible agricultural utilization of chitin includes plant growth promoter,
plant chitinase activator, phytoalexin inducer, antifungal activator, soil amendment, and protector
from soil-born disease.
In this study, we evaluated the effect of application of chitin and its derivatives as a potent
biomodulator on the early growth of tomato plants in pots. Six treatments were included: Direct
mixing with soils of powder of chitin, chitosan, or chitooligosaccharide (3.3 kg 10 a"'), watering of
0.7% chitosan or chitooligosaccharide solution in diluted lactic acid (3.3 kg 10 a"1), and chitosancoating of seeds (10 mg mL"1). The plants were grown in a greenhouse under 14 h light and 10 h
night condition. The early growth components of tomato plants were measured 30- and 45-day
after transplanting in the pots.
The treatment of chitin and its derivatives significantly promoted the stem and plant height,
shoot weight, maximum leaf length and number of leaves compared to control. Significant increase
in development of plant roots was also observed when treated, but maximum root length was not
affected. By comparison in the contents of cellular inorganic nutrients in the plant shoots, we found
that treatments of chitin and its derivatives accelerated nitrogen and potassium uptake, but inhibit
calcium uptake. Inversely, chitin/chitosan treatments lowered the contents of nitrogen and
potassium in the roots, suggesting that chitin and its derivatives modulate absorption and transport
of inorganic nutrients through plant roots from soil environment.
Germination ratio of tomato seeds was not affected when coated with lower concentration than
0.1% chitosan in 0.2% lactic acid. At 1.0% chitosan, no seeds germinated at 5' day and only one at
6th day, implicating that chitosan affects the germination physiology of tomato seeds.
Altogether, these results suggest that chitin and its derivatives could be a potent biomodulator
of the seed germination and plant growth.
Keywords: tomato, chitin, chitosan, biomodulator
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Carbon sequestration and qualitative changes
of soil organic matter in no-till areas in Southern Brazil
PILLON Clenio (1), MARTIN-NETO Ladislau (2) and MIELNICZUK Joäo (3)
(1) Embrapa Suinos e Aves, C.P. 21, 89 700-000, Concordia, SC, Brazil
(2) Embrapa Instrumentacäo Agropecuäria, C.P. 741, 13 560-970, Säo Carlos, SP, Brazil
(3) Universidade Federal do Rio Grande do Sul, C.P. 776, 90 001-970, Porto Alegre, RS, Brazil
Conservative management systems increase soil C and N pools, but their effects on chemical
composition of the humic substances (HS) and macro-organic (>53 urn) and mineral-associated
(<53 urn) soil organic matter (SOM) fractions are little known under subtropical conditions. This
study evaluated the long-term effects of no-till cropping sistems on a) SOM contents and quality in
a paleudult from southern Brazil; b) the total organic carbon (TOC) and total nitrogen (NT)
distribution in the macro-organic and mineral-associated fractions of SOM; c) the chemical changes
on litter and selected organic fractions (light free OM, light occluded OM and humic acid-HA) with
the advance of humification degree as measured by electron spin resonance (ESR) and NMR of 13C.
Six cropping systems (fallow/maize-Zeo mays; oat-Avena strigosa/maize; oat+vicia-Vicia
.saftWmaize+vigna- Vigna
unguiculata;
Macroptilium-M«crapj;7z'um
atropurpureum;
cajanus/maize+cajanus-Co/a««5 cajan: doMchos-Lablab purpureos/maizc) with varying additions of
C and N were conducted from 1983 to 1999. Soil samples were collected at 0-2.5, 2.5-7.5, 7.517.5, 17.5-30 cm depths, and analyzed for TOC and TN content. The macro-organic and mineralassociated fractions were obtained by sieving after soil dispersion by sonification. HA extraction
from soil samples used the classical method (NaOH 0.1M). Litter was considered the organic
residues in decomposition on surface soil. The free light and occluded OM was separated from soil
samples at 0-2.5 cm by flotation in Nal d of 1.65 g cm"3 before and after the aggregates were
disrupted by sonification, respectively. C and N addition increases soil and both macro-organic and
mineral-associated C and N pools at 30 cm depth, and this increase was directly related with C and
N added by the systems. Compared with fallow/maize, C accumulated in the soil at 0-30 cm depth
varied from 4.08 Mg ha"1 in the oat/maize to 12.50 Mg ha"' in the lablab/maize, corresponding to a
net C0 2 sequestration of 15 and 46 Mg ha'1, respectively. Macro-organic matter represented a small
fraction of the total SOM at 0-30 cm depth (10-13% of C and 4-7% of N). The higher C and N
contents in the mineral-associated SOM (+80% of total SOM) were associated with higher colloidal
stability of this fraction. With the advance of crop residues decomposition, the chemical changes
more evident were O-alkyl C reduction and alkyl and aromatic C increase. The vegetation
influenced the chemical composition of litter and free light fraction, but showed little effect on
more humidified fractions (free occluded and HA), suggesting higher incorporation of microbialderived products in these fractions. The SOM increase was associated with reduced spin
concentration in the HA fraction, determined by ESR, and with reduction in the alquil C/O-alquil C
and recalcitrant C/labile C ratios, determined by NMR 13C, indicating the incorporation of OM at a
stage of humification lower than that of native HS.
Keywords: soil organic matter; ever crops, ESR,
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Yield response and change in soil nutrient availability by
application of lime, fertilizer and micronutrients in
an acidic soil in a rice-wheat cropping system
RAHMAN M.A. (1), MEISNER C.A. (2), DUXBURY J.M. (3), LAUREN J. (3) and HOSSAIN
A.B.S.(l)
(1) Wheat Research Centre, Bangladesh Agriculture Research Institute, Dinajpur, Bangladesh
(2) CIMMYT-Bangladesh, P.O. Box 6051 Gulshan Dhaka-1212, Bangladesh
(3) Bradfield Hall, Cornell University, Ithaca NY, USA
While the application of lime to an acidic soil is a common practice in many countries, it is not
practiced in Bangladesh. Lime application may improve yields and may influence nutrient levels in
the anaerobic rice and yearly aerobic wheat cropping system in the acidic alluvial soils of
Bangladesh. To quantify those affects, an experiment was initiated in an acidic soil in Dinajpur
1999 under rice-wheat cropping system starting from the Transplanted monsoon rice. The
experimental design was a split-split plot with 3 replications, taking 2 micronutrient treatments
(foliar spray of water and foliar application of Zn, Mn, Cu, B & Mo) in the main plots, 3 levels of
lime (0, 1 and 2 t ha"1) in sub plots and 4 fertilizer treatments (control, recommended NKS, NPK.S
and NPKSMg) in sub-sub plots. Results showed liming significantly increased yield and yield
components of both rice and wheat. The highest rice (4.69 t ha'1) and wheat (4.13 t ha"1) yields were
recorded with the application of lime at the rate of 2 t ha'. Soil pH, available P and B,
exchangeable Ca and Mg contents in the soil taken after rice harvest were increased significantly by
adding lime at the rate of 2 t ha'1. Available Zn content in the soil was not affected by liming up to 2
t ha"'. Foliar application of micronutrients had no effect on yield of rice and wheat as well as not
changing post harvest soil nutrient content. Additive fertilizer nutrients increased the number of
grains/panicle of rice and grains/spike of wheat. Phosphorus fertilizer significantly increased the
grain yields of both rice and wheat, but magnesium application resulted in increasing wheat yields
but not that of rice.
Keywords: lime, fertilizer, nutrients, rice, wheat
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C0 2 flux and microbial biomass dynamics under different
tillage systems in the Cerrado region, Brazil
RESCK Pirnas V.S.(l). FERREIRA E.A.B. (2), GOMES A.C. (1) and RAMOS M.L.G. (2)
(1) EMBRAPA Cerrados, Km 18 BR 020, Cx. Postal 08223, CEP 73301-970, Planaltina-DF,
Brazil
(2) FAV - Universidade de Brasilia, Cx. Postal 04508, 70910-900, Brasilia - DF, Brazil
In a long term field experiment, under a corn-soybean crop rotation, two tillage systems were
studied in relation to microbial biomass and CO2 flux: no-till (NT), disk plow (DP) and a virgin
area of savanna type vegetation, Cerrado (CE), as a reference. Sampling for microbial biomass was
made in four periods: 1- April 15th, at harvesting time; 2- May 30th, after harvesting time; 3- August
30th, in the dry season with no crop on the field and 4- November 30th, at the begining of rainfall
season and planting time. These samples were taken at five depths: 0-5, 5-10, 10-20, 20-30 and 3040 cm of a clayey Dark-Red Latosol (Oxisol), with three replicates and determined by the
chloroform-fumigation-incubation method. CO2 flux at the soil surface was determined by two
different methods: a static classical soil chamber method using alkali (KOH) as CO2 trapper (AA)
and a dynamic portable infrared CO2 gas analyser (IRGA) over 2-3 min. These measurements were
taken during a period of 350 days consisting of 43 intervals of approximately one week, from April
2000 to March 2001, also with three replicates. A software "Profile" (p<0.05) was used to detect
statistical differences among treatments and to determine the linear, quadratic and cubic coefficients
of a polynomial regression model in relation to biomass.
Biomass found in the Cerrado was 1.9 times greater than the average of NT and DP with no
difference between these treatments (391 versus average = 203 mg COi-C kg"1 of dry soil), except
at sampling period 1, when NT was significantly different from DP. Biomass decreased with depth
in all treatments and sampling periods. The linear decrease in relation to each cm-depth increment
was significantly higher in the Cerrado (33.82 mg CO2-C kg"1 of dry soil) in comparison to the
other two treatments, NT (11.22 mg C0 2 -C kg"1 of dry soil) and DP (5.25 mg C0 2 -C kg"1 of dry
soil), averaged over all four sampling periods. At sampling period 4, biomass decrease with soil
depth in the NT system (11.40 mg CO2-C kg"1 of dry soil) was significantly higher than DP system,
which presented a value equal to 1.5 mg CO2-C kg"1 of dry soil whereas in the CE this decrease was
equal to 27.91 mg CO2-C kg"' for each centimeter of soil down into the profile. Considering C 0 2
production (kg CO2-C ha'1 h ' ) the differences among treatments varied within each period of
measurement. IRGA equipment consistently gave higher values than the classical AA method
mainly for the Cerrado treatment, ratio between IRGA and AA equal to 1.611, compared to 1.282
and 1.174 for NT and DP, respectively.
Keywords: CO2 flux, microbial biomass, no-till, disk plow, Oxisol, savanna
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Strategies to address soil micronutrient deficiencies
for flooded rice
BODRUZZAMAN M. (1), DUXBURY J.M. (2), WELCH R.M. (2), LAUREN J.G. (2),
MEISNER C A . (3), SHAHEED A. (1), SADAT M.A. (1) and ALAMIN S. (1)
(1) Wheat Research Centre, Bangladesh Agriculture Research Institute, Dinajpur, Bangladesh
(2) 917 Bradfield Hall, Cornell University Ithaca, NY 14853, USA
(3) CIMMYT P.O. Box 6057 Oulshan Dhaka-1212, Bangladesh
Many soils in Bangladesh are deficient in micronutrients, especially Zn, B and Mo. Yield
responses to foliar application of micronutrients showed that several recently released rice varieties
(BR32, BR33 and BR 37) for the Aman (monsoon) season are more susceptible to micronutrient
deficiencies than the current standard variety (BR 11). Micronutrient enrichment of seed via foliar
application of micronutrients to growing plants, seedling soaking in micronutrient solution,
application of micronutrients to main field or to nursery soil, and micronutrient treatments in
combination with generation of "healthy seedlings" by solarization of nursery soils and seed
treatment with vitavax were investigated as treatments to address soil micronutrient deficiencies.
All micronutrient treatments increased crop yields to some extent with seed enrichment and
application of micronutrients to soil of the rice nursery giving the greatest response.
Keywords: micronutrient, deficiency, wheat, rice
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Soil organic matter and microbial biomass under
shifting cultivation by Karen in Northern Thailand
TANAKA Sota (1), FUNAKAWA Shinya (2), SUKHRUN Chainarong (3),
KAEWKHONGKHA Thammanoon (3), IWASAKI Kozo (1) and SAKURAI Katsutoshi (1)
(1) Faculty of Agriculture, Kochi University, B-200, Nankoku 783-8502, Japan
(2) Faculty of Agriculture, Kyoto University, Sakyo-ku, Kyoto 606-8502, Japan
(3) Department of Agriculture, Bangkok 10900, Thailand
Organic matter, microbial biomass, and the N mineralization process were studied at the
surface 0-5 cm soils under traditional shifting cultivation in Northern Thailand. Five plots with 0,
10, 20, 50, and 100 Mg ha'1 of slashed materials were burned (Experiment 1). Burning caused a
conspicuous increase in soluble organic matter and a simultaneous decrease in microbial biomass.
In the rainy season, the parameters recovered to the level before burning, all except for microbial
biomass in the 100 Mg ha"1 plot, which still remained low. The N mineralization rate of the soils
was higher just after burning than during the rainy season. The rate just after burning correlated
with the content of soluble (organic+NH4)-N. The N mineralization in the 100 Mg ha'1 plot was
profoundly affected by burning and did not recover in the rainy season. The organic matter and N
mineralization during fallow were studied (Experiment 2). The amount of soluble organic matter
was highest in the fields just after cropping and decreased with the length of fallow. The origin of
the organic matter was attributed to microbial debris produced mainly due to a decrease in the soil
moisture content in the dry season. Nitrogen mineralization activity was considered to be higher just
after cropping and under fallow for 1 year than under fallow for 3 to 5 years. Shifting cultivation
can be considered a well-balanced agricultural system in terms of N dynamics and microbial
biomass.
Keywords: extractable organic matter, microbial biomass, nitrogen mineralization, Northern
Thailand, shifting cultivation, soil burning effect
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Land use and soil organic matter in Northeast
Thailand:Mici obial biomass, humic acid and mineral N
TANGTRAKARNPONG Somva and VITYAKON Patma
Department of Land Resources and Environment, Faculty of Agriculture, Khon Kaen University,
Khon Kaen 40002, Thailand
Soils in the undulating terrain of Northeast Thailand generally have coarse texture and low soil
organic matter (SOM) content. Different systems of land use and soil management have brought
about perceived soil degradation. The objectives of this study was to investigate effects of land use
and soil management on changes in various pools of SOM and nitrogen transformation. Soil was
sampled in farmers' fields in a study site on undulating terrain having plots with different land use
systems including forest, upland field crops (cassava and sugarcane), and paddy rice in the lowland.
The soils were Paleustult and Quartzipsamment. In each plot soils were sampled (0-15 cm depth) at
upper, middle, and lower slope positions. Sampling time was determined by the farmers'
management practices on the plots. The samples were analyzed for various pools of SOM and
mineral nitrogen. The SOM pools analyzed included the labile pool (microbial biomass C and N);
and the stable pool (humic substance). Soil litter (size >2 and 1-2 mm) was also determined. Forest
soils had higher organic carbon (5.5 g kg"1), microbial biomass C and N (116.14 and 26.56 mg kg"1,
respectively) and litter >2 mm (12.17 g kg"1) than cultivated soils, such as cassava soils (1.2 g kg"1
for organic C; 33.45 and 7.97 mg kg"1 for microbial biomass C and N, respectively, and 0.70 g kg'1
for >2 mm litter). Comparing the upland field crops land use, cassava exhibited lower SOM pools
than sugarcane, (i.e. 2.03 g C kg"1 and 78.17 and 17.45 mg kg'1 of microbial biomass C and N,
respectively for sugarcane). Sugarcane produced higher organic return to the soil than cassava. As
opposed to the SOM, mineral N was significantly lower in the forest (0.75 mg kg"1) than the
cultivated fields (2.46, 2.34, and 2.70 mg kg" for paddy, cassava, and sugarcane, respectively).
These contrasting results of microbial biomass and mineral N between forest and agricultural land
use indicate a more efficient N cycling in the forest system. Forest soil also had higher levels of
humic acid than the agricultural soils with the exception of the paddy fields. Paddy fields in the
lowland had many SOM pools (i.e. microbial biomass N and humic acid) and soil litter and total N
in comparable quantities to the forest. Various cultural and soil management practices in different
land-use systems, i.e. ploughing, weeding, and fertilizing, as well as seasonal variations in rainfall,
exerted significant effects on dynamics of the labile SOM pools and N transformation. This study
has pointed out clearly that upland field crops land use brings about soil degradation as seen in the
decline in various pools of SOM (both labile and stable pools) and the inefficient N cycling, in
comparison to the original forest stage. Paddy rice land use, on the other hand, is considered
sustainable due mainly to higher organic input received. To counter these processes of soil
degradation, use of agroforestry system is recommended in farming systems of Northeast Thailand.
Keywords: soil organic matter, microbial biomass, humic acid, nitrogen transformation, land use,
Northeast Thailand
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Differences in effect of cereal and legume crops
on organic forms of N in soil
TRIPATHI K.P. and PRAVEEN-KUMAR
Division of Soil Water Plant Relationship, Central Arid Zone Research Institute, Jodhpur 342003,
India
Effect of legumes on improving soil fertility and yield of cereals grown subsequently is well
establishment. These effects are often attributed to N enrichment in soil. Apart from it, legume
cultivation also improves microbial activity and enzyme status in soil. On the contrary, cereal
cultivation is known to deplete soil N and shows marginal effect on microbial population and
activity of enzymes in soil. Most of N in soil is found in organic forms as fractions of amino acid,
hexosamine, hydrolysable NH4-N compounds etc. Microorganisms can use some of these fractions
as their substrate and through increased enzyme activity may promote transformation of one
fraction of organic N to another. This can alter the distribution of total N in different organic
fractions. Therefore, an experiment was carried out for five years involving the two legumes viz.,
clusterbean (Cyamopsis tetragonoloba) and mung bean (Vigna aconitifolia) and a cereal pearl millet
(Pennisetum glaucum ) to study the effect of these crops and their cropping sequence on
distribution of organic fractions of N in soil.
The experiment was carried out in Aridisols (Typic Camborthids, silt 9.9%, clay 4.5%, pH 8.1,
SOC 19.0 g kg 1 , total soil N 291 mg kg"1) of Jodhpur, India with five treatments upto a period of
five years. First two treatments were devided into two stages. In first stage, clusterbean and mung
bean were grown for three years in the same plot. In the second stage, pearl millet was grown in all
these plots for remaining two years. Under third and fourth treatments pearl millet was cultivated in
rotation with clusterbean and mung bean for five years. Under fifth treatment pearl millet was
grown in the same plots for all the five years. Soil samples were collected after harvesting the crops
and analysed for organic fractions of N.
Pearl millet cultivation for three years only marginally changed the status of total soil N from
290.70 mg kg"1. But the contribution of amino acid, hexosamine and total hydrolysable fraction of
N to total N pool declined gradually with years of successive pearl millet cultivation. The decline
after three years was 13.5, 1.58 and 11.1% for amino acid, hexosamine and total hydrolysable-N,
respectively. In contrast, the contribution of unidentified and non hydrolysable fractions of N
increased by 44.58 and 7.6%, respectively. Cultivation of clusterbean and mung bean for three
years, on the other hand increased the status of total N to 299.82 and 306.02 mg kg"1 respectively.
This increase in total N was reflected in increased concentration of amino acid, hexosamine and
total hydrolysable N in soil. At the same time, contribution of N in these fractions to total N pool
also increased however, the contribution of non-hydrolysable N and unidentified fractions of N to
total N pool declined. These trends pronounced with years of successive legume cultivation. The
concentration of amino acid, hexosamine and total hydrolysable N decreased after cultivation of
pearl millet in these plots. Changes in organic fractions were not so clear where legume and pearl
millet were grown in alternate years probably due to their contrasting effect.
Keywords: organic fractions of N, cereal, legume, Aridisols
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Combining organic/inorganic fertilisers for sustainable rice
and wheat cropping systems in Thailand and Australia
WHITBREAD Anthony (1). KONBOON Yothin (2), BLAIR Graeme (3), LEFROY Rod (4)
and PROBERT Merv (1)
(1) CSIRO Sustainable Ecosystems/APSRU, P.O. Box 102, Toowoomba, Queensland 4350
Australia
(2) Ubon Rice Research Center, P.O. Box 65, Ubon Ratchathani 34000, Thailand
(3) Division of Agronomy and Soil Science, University of New England, Armidale, NSW, 2351
Australia
(4) International Water Management Institute (IMWI), P.O. Box 9-109, Jatujak, Bangkok 10900,
Thailand
The expanding world population plus the need to increasing per capita consumption of
agricultural products means that there is a large demand to increase the production of food and fiber
crops. The largest increases in productivity are required in Africa and Asia, where most of the
population growth will occur. The maintenance of soil organic matter (SOM) and the balancing of
nutrient flows into and out of any cropping system is of paramount importance to arresting the
decline in soil fertility and crop yields.
This paper reports on the influence that residue and fertilizer management have on SOM
dynamics and crop yields of a flooded rice system in Northeast Thailand (1992-1997) and a wheatforage legume rotation in Eastern Australia (1992-1998). Both soils had been subject to at least 18
years of cultivation and had lost up to 90 % and 85 % of the original labile (CL) and total carbon
(CT), respectively.
For the rainfed rice cropping systems of Northeast Thailand, a system is described in which
small applications of leaf litter from locally grown trees are applied annually to rice paddy soils
prior to transplanting. Annual applications of 1500 kg ha"1 of leaf litter from different locally
grown shrubs for 5 seasons resulted in increases in rice grain yield in 1997 of between 20 and 26%
above the no-leaf litter control. Soil carbon (C) concentrations increased significantly only where a
higher fertilizer rate and rice stubble retention were combined.
The poor management of fertilizers and crop residues, and excessive cultivation also have
resulted in large soil fertility losses in the grain growing areas of Eastern Australia. In the subtropical cropping areas of eastern Australia, rapid losses of labile C pools in legume pasture/wheat
sequences were found to result in no medium term C sequestration (6 year trial).
Sustainable farming systems require that crop yields are stable through the maintenance of soil
fertility. Increases in soil C levels require sustained periods of balanced fertilization and residue
retention.
Keywords: inorganic fertiliser, organic fertiliser, nutrient recovery, soil carbon, litter quality

182

Symposium no. 05

Paper no. 396

Presentation: poster

C of soil organic carbon in croplands and forests
in Thailand
YONEYAMA Tadakatsu (1). OKADA Hideki (2), CHONGPRADITNUM P. (3), ANDO
Shotaro (4), PRASERTSAK P. (4) and HIRAI Keizo (5)
(1) Department of Applied Biological Chemistry, The University of Tokyo, Yayoi 1-1-1,
Bunkyo-ku, Tokyo 113-8657, Japan
(2) University of Tsukuba, Ibaraki 305-8037, Japan
(3) Department of Agriculture, Bangkok 10900, Thailand
(4) Suphan Buri Field Crops Research Center, Suphan Buri, Thailand
(5) Forestry and Forest Products Research Institute, Ibaraki 305-8687, Japan
The natural 13C abundance (8 I3 C) of organic carbon was analyzed for plants and soils collected
in Thailand. The 813C values of C3 plants (33 species, 77 samples) varied between -31.4 and 26.l%o (the average, -28.9%o), while those of C4 plants (18 species, 54 samples) ranged from 15.7%o to -11.8%o (the average, -13.6%o). Pineapple plant, CAM-type, had -13.8%o. The 813C
values of top-soil (0 to 15 cm) organic carbon in the 226 croplands were between -27.1 and 15.5%o, and the averages were -22.8, -21.5%o, -21.4%o and -23.4%o in the northern, northeastern,
central plain and southern regions. These 813C values were also affected by previous crops: from 26.8 and -24.0%o in continuous mulberry and from -21.9 to -17.5% in sugarcane. The soils cropped
to cotton, soybean, mung bean, peanut, paddy rice, corn, sorghum at the soil sampling showed
varied 8' C values between those of C3 and C4 plants. In the northeastern and central plain regions,
by conversion from forests to sugarcane cultivation, the soil organic C content in the 0 to 30 cm
layer had quickly decreased while the 813C values had increased. From the 813C values and carbon
content of the soil, the amounts of forest-derived carbon and sugarcane-derived carbon was
calculated. In the northeastern region, the decrease of forest-carbon (y, mg g" DW soil) with the
years (x) of sugarcane cultivation was expressed by y = 1.0 + 2.8exp(-0.63x) with half-life of 1.1
years, while in the central plain region, y = 4.2 + 13.2exp(-0.14x) with half-life of 5 years. In
contrast, the sugarcane-derived carbon was accumulated to 1.0 mg g" DW after around 5 years in
the northeastern region and to 5.5 mg g'DW within 20 years in the central plain region.
Keywords: natural 13C abundance (8 I3 C), soil organic carbon, carbon turnover, C3 plant, C4plant,
Thailand
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Considerations of the compositions of organic matter
in a tropical soil
YORMAH Thomas B.R. (1) and HAYES Michael H.B. (2)
(1) Department of Chemistry, The University of Sierra Leone, Fourah Bay, Sierra Leone, Ireland
(2) Hemical and Environmental Sciences, University of Limerick, Ireland
The highly weathered soils of the humid tropics are mainly kaolinitic and with significant
amounts of (hydr)oxides, especially those of iron and aluminium. Because of the high ambient
temperatures the year round, and the availability of water, the turnover of organic matter (OM) is
rapid. The OM associated with the inorganic colloids have a significant residence time in the soil,
and thus has an important role in the reactivities of the soil colloidal constituents, and in the fertility
of the soils.
The soil used was taken from the Rice Research Station at Rokupr, in the North-Western region
of Sierra Leone, located at the border between the coastal plain (with abundant mangrove swamps),
and the interior plain, where the vegetation is largely composed of farm bush and savannah. There
are two main soil types in this area. The first, located in the coastal plain, is used almost
exclusively for the cultivation of swamp rice. The second, which was used in this study, belongs to
Soil Province F, which is characterized by soils from acid igneous and from metamorphic rocks,
and shifting cultivation is the norm for the area. The region has a mean annual temperature of ca
27 °C and an annual rainfall of ca 300 cm. The rainy season is May to October, followed by a
relatively dry period of about six months.
The purpose of this study was to investigate the properties of the OM at different depths in the
surface metre of the soil profile, and to focus especially on the properties of the humic substances
(HS) associated with the soil mineral colloids.
Soil samples taken from the 0-20, 20-50, and 50-90 cm depths were analysed for clay and
(hydr)oxide compositions, and for total OM, for the light fraction of the OM, for OM in different
soil size fractions (including the clay-size fractions), and for the humic acids (HA) in the combined
sodium pyrophosphate (0.IM, pH 7) and sodium hydroxide (0.5M) extracts.
The inorganic colloids were composed mainly of 1:1 layer clays (kaolinite with some
halloysite), and the (hydr)oxides gibbsite and goethite. The clay-size fractions had significant
associations (11-13%) of OM. Although the greatest amounts of OM were associated with the finer
soil components in the 0-20 cm surface soil, the contents decreased only by small amounts at deeper
depths in the 0-90 cm profile studied. The OM was a major contributor to the cation exchange
capacity (CEC) of the soil. Although the data would suggest that humification of the OM increased
with depth in the profile, the CEC values for the 100-mesh soil samples suggested that the
contribution of the OM to the CEC at the higher pH values at depth was less than for the surface
soil OM. The difference may be attributable to a greater ease in accessibility to the exchange sites
in the case of the surface soil OM.
Keywords: organic matter, tropical soil, soil mineral colloids, humic substances, clay minerals
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Transformation of organic matter in Ultisols
YL'SRAN Fadlv H. (1,2), RATE Andrew W. (2) and ABBOTT Lynette K. (2)
(1) Soil Department, Faculty of Agriculture, Lambung Mangkurat University, Banjarbaru 70714,
Indonesia
(2) School of Earth and Geographical Sciences, The University of Western Australia, 35 Stirling
Highway, Crawley 6009, Australia
The application of various types of organic matter (OM) is a possible solution for managing
Ultisols. However, the key questions relate to how long any recently added OM could persist in the
soil and whether the addition of organic-C (OC) has any advantage in the long term. The main
objectives of this study were to determine: (1) the persistence of soil organic matter (SOM) over
time, (2) the effect of additional OC on the characteristics of soil, especially chemical and
biological aspects, and (3) the long-term effect of additional OC to the extractability of nutrients,
especially N, P, and K which may be affected by C dynamics in the soil. An Ultisol from Western
Australia was treated with peat, wheat straw (Triticum aesticum), and lucerne hay (Medicago
saliva), and incubated wet and dry (weekly watering, up to 60% water holding capacity) for 3, 6, 9,
and 12 months in a greenhouse. The rates for OC sources were 40, 80, 120, and 160 t ha'1. Soil
microbial biomass C increased over time suggesting an increase in the population of soil
microorganisms, while soil respiration increased then showed a decrease after 6 months. The loss
of OC as CO? ranged from 1.4-15.3% of total OC during a 9-month incubation time, and the higher
the OC applied the greater the C loss as CO2. Net mineralisation of N decreased over time,
indicated by decreasing contents of both NH4-N and NO3-N. Although not significant, P and K
mineralisation tended to follow the same trends as N. These results suggest that maximum N
mineralisation, as well as P and K, occurred within the first three months of incubation time.
Almost all variables measured increased in the order control<peat<wheat<lucerne, except for NH4N and P, which showed control<wheat<peat<luceme. The effect of increasing amounts of OC
increased the content of all variables in the soil, except for NO3-N. The highest OC level (160 t ha"
') reduced NOj-N content probably due to immobilisation or denitrification by the increasing
number of soil microorganisms. These results show that most OC added to the soil persists for at
least nine months independent of source or amount applied, and that OC addition significantly
effects N, P, and K dynamics.
Keywords: Ultisols, soil organic matter, soil organic carbon, mineralisation, persisten
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Adoption of soil and water conservation measures (SWCM)
by subsistence farmers in the Eastern Ethiopia
BEKELE Wagavehu and DRAKE Lars
Swedish University of Agricultural Sciences, Department of Economics, Box 7013, 750 07
Uppsala, Sweden
Problems related to soil erosion have been receiving more and more attention in recent years,
especially in developing countries. Attention given to the problem, however, may vary from
country to country depending on the physical environment, importance of agriculture in the national
economy and the level of technology applied in the sector. Agriculture in Ethiopia is the dominant
economic sector upon which the vast majority of the population directly or indirectly depends. This
sector is characterized by small-scale subsistence agriculture based on traditional techniques and
implements incapable of preventing soil losses due to erosion to any tolerable level. Soil and water
conservation is, therefore, among the top priority areas of intervention to insure food security and
improve living conditions of the fast growing rural population. Methods of intervention should,
however, depend upon knowledge of various personal, physical, economic and institutional factors
that influence farmers' conservation decisions. This understanding could prove useful in the
formulation and implementation of policy programs to induce voluntary uptake by farmers.
This paper is based on a survey conducted in the Western Hararghe Zone of the Eastern
Ethiopian Highlands. Within this study area 145 farm households were randomly selected and
individual interviews, using a semi-structured questionnaire, were conducted. Multinomial logit
analysis of survey data shows that farmers' adoption of conservation measures is positively related
to their ranking of soil erosion problem, wealth status, support programs for initial investment, and
participation of women in fieldwork activities. Farmers' ranking of the problem itself is
significantly influenced by access to credit and the topography of plots. Large family size is
negatively correlated while land tenure system was not shown to affect conservation decisions.
These results suggest a need for wide range of policies and programs for intervention.
Keywords: Ethiopia, erosion, adoption, soils and waters conservation
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Pedotransfer function for estimation of
phosphate adsorption capacity and saturation in soils
BORGGAARD O.K.. RASMUSSEN L.H., GIMSING A.L. and SZILAS C.P.
Chemistry Department, Royal Veterinary and Agricultural University, 40 Thorvaldsensvej, DK1871 Frederiksberg C, Denmark
Phosphate saturation appears very useful in predicting risk of phosphate pollution because of
overfertilisation and because of re-establishment of former drained and cultivated wetlands but also
in indicating the risk of ground water contamination with the widely used glyphosate herbicide.
Phosphate saturation is the ratio between actual adsorbed phosphate (Pa), often taken as oxalateextractable phosphate, and the phosphate adsorption capacity (PAC). As aluminium and iron oxides
are the main phosphate adsorbents in many soils, PAC can be predicted by pedotransfer functions
based on various aluminium and iron oxide fractions such as oxalate-extractable aluminium and
iron (Al0, Fe0) and dithionite-extractable iron (Fed). Thus, experimentally determined PAC taken as
the Langmuir maximum of the phosphate adsorption isotherm, was found to be well predicted by
the pedotransfer function Pca|C = 0.22 Al0 + 0.12 Fe0 + 0.04 (Fed - Fe0) + 0.3 for a wide range of
soils including mainly Alfisols, Entisols and Spodosols. However, for several strongly weathered
tropical subsoils (from Oxisols and Ultisols), this function overestimated PAC. The reason is
undoubtedly that the oxides of these samples are more well crystallised, and hence have less
specific surface area and adsorption capacity than accounted for by the pedotransfer function
developed by means of mainly Spodosols dominated by amorphous to poorly crystalline oxides.
Keywords: phosphate adsorption maximum, Langmuir adsorption, aluminium and iron oxides,
soil quality indicator
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Microbial interactions in the rhizosphere of
bulbous rush colonizing acidic sediments
CHABBI Abad (1), KÜSEL Kirsten (2) and TRINKWALTER Tanja (2)
(1) Department of Soil Protection & Recultivation, Brandenburg University of Technology,
Faculty of Environmental Science, P.O. Box 10 13 44, D-03013 Cottbus, Germany
(2) Lehrstuhl für Ökologische Mikrobiologie, BITÖK, Dr. Hans-Frisch Str. 1-3, 95440 Bayreuth,
Germany
Bulbous rush (Juncus bulbosus) is a pioneer species in highly acidic mining lakes (pH 2.5-3) of
the Lusatian mining district in the eastern part of Germany. These lakes are known to be extremely
low in inorganic carbon. Oxygen is released by the roots to the anoxic sediment leading to the
formation of iron plaques around the roots. Our previous research indicated that the interactions of
microbial community and root exudates under iron plaque not only provide a substantial portion o;
photosynthetically fixed CO2 for Juncus plant growth but also may have implications on pH
changes in the rhizosphere. The specific goals of this study were (i) to enumerate the root
colonizing microflora in comparison to the rhizosphere microflora; (ii) to study effect of oxygen
and pH on the consumption of root exudates by the root colonizing microflora; (iii) to determine the
capacity of the root colonizing microflora to reduce iron, and finally (iv) to study the effect of pH
on sulfate-reducing activity of the root colonizing microflora.
Rhizosphere sediment and plants were collected from the littoral area in June and July 2000.
For enumeration studies, homogenized roots with iron-crusts and rhizosphere sediment were
serially diluted and incubated in various media at pH 3 at 15°C. To study the metabolic capacities
of the root colonizing microflora, roots with iron plaques were transferred to (i) oxic or anoxic tubes
containing defined media at pH 3 or pH 4.5 supplemented with a mixture of citrate, malate, and
glycine, (ii) anoxic tubes containing undefined media supplemented with goethite and glucose, or
(iii) anoxic tubes containing sterile lake water supplemented with ethanol and H2. Roots without
substrates served as control.
Most probable number estimates of aerobes and anaerobes capable to consume root exudates
were similar in the rhizosphere sediment and in Juncus roots; but numbers of aerobes were
significantly higher than those of anaerobes. At pH 3, supplemental root exudates were primarily
subject to aerobic oxidation to CO2 and not subject to fermentation. However, at pH 4.5, root
exudates were also rapidly utilized under anoxic conditions. Roots of Juncus plants were enriched
with Fe (Il)-oxidizing and goethite-reducing microbes. Under anoxic conditions, goethite was
reduced by the root colonizing microflora indicating an iron-cycle at the root surface. Sulfate was
not utilized under acidic conditions by the root colonizing microflora. In all incubation studies, the
pH increased during the microbial consumption of supplemental substrates both under oxic and
anoxic conditions. Thus, due to the microbial turnover of organic root exudates, pH and CO2 levels
might be elevated at the root surface and favor juncus plants to colonize acidic habitats.
Keywords: acidic sediment, Juncus bulbosus, rhizosphere, root exudates, iron and sulfate
reduction, alkalinity
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Stimulation of plant growth by humic substances
CLAPP Edward C. (1), CHEN Yona (2), HAYES Michael H.B. (3), PALAZZO Anthony ,7. (4)
and Van CLINE W. (5)
(1)
(2)
(3)
(4)
(5)

USDA-ARS & University of Minnesota, St. Paul, MN, USA
Hebrew University of Jerusalem, Rehovot, Israel
Limerick University, Limerick, Ireland
US Army Corps of Eng., CRREL, Hanover, NH, USA
The TORO Company, Bloomington, MN, USA

Humic substances (HS) under conditions of adequate mineral nutrition, consistently show
stimulation of plant growth in nutrient solutions. A novel screening system for HS effects on plants
grown in nutrient solutions was used. Root growth was usually more apparent than stimulation of
shoot growth. Typical response curves showed enhanced growth with increasing nutrient and HS
concentrations, followed by a decrease in growth at high concentrations. Shoots generally showed
similar trends in growth response to HS. Addition of HS was found to stimulate growth beyond
that provided by mineral nutrients, presumably because of the effects of humic (HA) and fulvic
(FA) acids. Plant growth experiments were carried out on turfgrasses and agricultural crops (corn
and soybean). The addition of HAs or FAs alone did not result in growth enhancement or remedy
the iron deficiency. However, addition of iron, and either HAs or FAs resulted in healthy,
chlorophyll-rich plants and enhanced growth, thereby proving that improved iron availability is a
major mechanism of plant growth stimulation by HS. The feasibility and impact of HS utilization
in agriculture and horticulture will be presented.
Keywords: humic substances, plant growth, humic acid, fulvic acid, iron deficiency, chlorophyll
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Fertiliser impacts on the chemistry and biology
of managed grasslands
COLVAN Stephanie R„ WAITE Ian S., SYERS J Keith and O'DONNELL Anthony G.
Department Agricultural and Environmental Science, University of Newcastle upon Tyne,
Newcastle upon Tyne, NE1 7RU, UK
The importance of the soil biota in the sustainable management of agricultural soils has been
widely recognised. However, we know relatively little about the effects of fertiliser inputs on
microbial diversity in soils or of the effects of fertiliser induced changes on the sustainability of
grasslands. Recently, considerable advances have occurred in the development of molecular
methods for studying bacterial and fungal communities in soils but these approaches have not been
applied routinely to other taxa such as the nematodes. These organisms are known to be highly
diverse and to have a key role in regulating the size and activity of bacterial and fungal
communities in soils through predation. In this paper we report on the development and application
of nematode specific primers for studying nematode communities in grasslands subject to over 100
years of the same fertiliser management (since 1897). DNA was extracted from each of the 13 plots
at the Palace Leas Hay Meadow experiment, Northumberland and amplified by PCR using
consensus nematode primers. Resultant amplicons were analysed by DGGE and the resultant
fingerprint subject to multivariate statistical analysis. The results obtained from the molecular
analysis of the nematode communities were compared to those obtained from PLFA, BIOLOG,
microbial biomass, soil phosphatase activity and the partitioning of mineralisable and plant
available P. The data shows that although long-term fertiliser use has measurable effects on the
chemistry and biology of soils, these impacts are not easily understood, with indirect effects of
fertiliser addition, such as acidification, having a more significant role.
Keywords: fertilisers, biodiversity, nematodes, phosphatase, managed grasslands, phosphorus
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Investigation of compounds causing water repellency in
the rhizosphere of sandy soils from a wide range of locations
DOERR S.U. (1), LLEWELLYN C.T. (2), DOUGLAS P. (2), MORLEY C.P. (2),
HASKINS C. (2), JOHNSEY L. (2), RITSEMA C.J. (3), STAGNITTI F. (4) and
FERREIRA A.J.D. (5)
(1) Dept. of Geography, University of Wales Swansea, Singleton Park, Swansea SA2 8PP,
UK
(2) Dept. of Chemistry, University of Wales Swansea, Singleton Park, Swansea SA2 8PP,
UK
(3) Alterra, PO-Box 47, 6700 AC, Wageningen, The Netherlands
(4) Deakin University, School of Ecology and Environment, PO-Box 423, Warrnambool, Victoria,
Australia 3280
(5) Departamento de Ambiente e Ordenamento, Universidadae de Aveiro, 3801 Aveiro, Portugal
Although soils are generally considered to wet readily, some are actually water repellent at the
surface and in the rhizosphere. This phenomenon occurs at low to moderate moisture contents and
has been reported from soils under a range of vegetation types and from many regions around the
globe. Water repellency in soils can have serious environmental implications including reduced
seed germination and plant growth as well as irrigation efficiency, accelerated soil erosion, and
enhanced leaching of agrochemicals through preferential flow. It has been proposed that water
repellency is caused by the accumulation of hydrophobic organic compounds released as root
exudates, microbial byproducts or from decomposing organic matter, which are deposited on
mineral or aggregate surfaces, or are present as interstitial matter. Few studies to date have
attempted to isolate and characterize these compounds and their structure is therefore only poorly
understood. These studies have generally focussed on only a single soil or a small range of samples,
have not included non-repellent soils as a control and have not always been able to demonstrate that
the substances isolated are indeed responsible for repellency formation.
This study reports on the first part (extraction procedures) of a research programme addressing
these gaps in current knowledge by investigating a wide range of severely repellent and wettable
'control' samples from different countries, and by including assessments of extraction efficiency
and ability of extracts to cause repellency. Analytical methods include DRIFT (Diffuse Reflectance
Infrared Fourier Transform Spectroscopy) of soils and IR (Infrared) analysis of extracts.
Key findings are that (i) soil sample heating after extraction is valuable in assessing the
effectiveness of the extraction procedure, (ii) Soxhlet extraction using isopropanol/ ammonia (70/30
v/v) was the most effective method in extracting hydrophobic compounds, while leaving the ability
of extracted compounds to induce water repellency virtually unaffected, (iii) wettable control soils
also contain hydrophobic substances capable of inducing water repellency, (iv) the amount of
organic compounds extracted was poorly related to sample repellency, indicating that compounds
responsible for repellency may only represent a small fraction of the extract, (v) differences in
extraction efficiency between different samples indicate that the compounds responsible may differ
generically and/or in terms of their bonding to minerals, and (vi) the combination of repellency
assessments with DRIFT on soils and IR on extracts used with internal standards has considerable
potential to allow quantification of C-H bearing organic matter in the soil, the efficiency of
extraction processes for its removal, and its significance in causing water repellency in soils.
Keywords: soil water repellency, hydrophobicity, rhizosphere, organic compounds

194

Symposium no. 06

Paper no. 918

Presentation: oral

Does rhizosphere phytase activity limit mineralisation
of phosphorus from phytate?
GEORGE Tim, RICHARDSON Alan and SIMPSON Richard
CSIRO Plant Industry, GPO 1600, Canberra, ACT 2601, Australia
Phytate (inositol hexaphosphate; 1HP) is the most abundant form of organic phosphorus (P) in
many soils, comprising up to 50% of total organic P. Phytate accumulates in soils over time,
particularly with sustained P addition, suggesting a restriction to its mineralisation. Despite
accumulations in soils, mechanisms for mineralisation of phytate do exist. Enzymes which
specifically catalyse its hydrolysis (phytases) have been identified in plants and microorganisms.
However, plants have poor ability to acquire P from phytate. Phytase is either not secreted from
plant roots or may be ineffective upon secretion to the rhizosphere. Low solubility of phytate in
soil solution may also limit hydrolytic reactions. In order to investigate the limitations to
mineralisation of phytate in the rhizosphere, lines of transgenic Trifolium subterraneum which
expressed a phytase gene (phyA) from Aspergillus niger were generated. These plants are putatively
not restricted by inability to release phytase to the rhizosphere. Previous work has shown that
transgenic Arabidopsis thaliana (showing expression of the phyA gene) had improved growth and P
uptake, compared to wild type, when grown on agar with IHP as the sole P source. In this paper, we
show that transgenic 7". subterraneum releases 26-fold more phytase from its roots than control lines
when grown in solution culture. Furthermore, the transgenic plants can use IHP as their sole source
of P when grown in an agar medium under sterile conditions. Current work is addressing whether
phytase excreted into the rhizosphere in soil environments will confer to plants improved access to
phytate in soil.
Keywords: Aspergillus niger, organic P,phyA, soil enzymes, Trifolium subterraneum
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Studies of humic fractions from a Mollisol soil
CLAPP C. Edward (1) and HAYES Michael H.B. (2)
(1) Department of Soil, Water and Climate, University of Minnesota, St. Paul, Minn., USA
(2) Chemical and Environmental Sciences, University of Limerick, Ireland
Mollisols are among the most fertile of the world's soils and are characterized by relatively high
soil organic matter (SOM) contents. The importance of SOM to the fertility of soils is well
recognised, but there is less awareness of the differences in the compositions of the SOM
components in soils in different soil types and even in the same soil type where different
management procedures are followed.
The present study deals with the humic components from a Waukegan (fine-silty over sandy or
sandy skeletal, mixed, mesic Typic Hapludoll) Mollisol soil from the University of Minnesota
Research and Outreach Center in Rosemount, Minnesota. The soils were fertilized annually before
planting maize (Zea mays L.) each May for 8 years. Stover was either removed or incorporated into
the soil, using a rototiller.
Soil samples (taken in the fall) were ultrasonicated, separated into clay- and silt-sized fractions,
and these fractions were exhaustively extracted, first with 0.1M sodium pyrophosphate (Pyro,
Na4P207) at pH 7 till the colour in the extracts was negligible, then sequentially (and exhaustively)
with Pyro, pH 10.6, then with 0.1M Pyro + 0.1M NaOH (pH 12.6), and finally with
dimethylsulfoxide (DMSO) + 12M HCl (6%). Two procedures were used to isolate the humic
fractions from each fraction. In the first, the humic acids (HA) were precipitated at pH 1 and the
fulvic acids (FA) were isolated from the supernatant solutions. The HA fraction was dialyzed
against distilled water, then freeze dried. The FA fraction was passed onto XAD-8 [(poly)
methylmethacrylate] resin and the true FA materials retained by the resin were desalted using
distilled water, then back eluted in 0.1 M NaOH, passed through IR-120 cation-exchange resin, and
freeze dried. DMSO-HC1 extracts were passed on to XAD-8 resin, washed with water until the
DMSO and HCl were removed, then back eluted in NaOH, and further treated as described for the
FA.
In the second procedure the aqueous extracts were diluted to <50 mg L"1, the pH adjusted to 2
and the solution passed on to XAD-8 resin. After back elution in 0.1 M NaOH the centre cut was
adjusted to pH 1, and the HA and FA fractions were recovered as described above. Elemental,
neutral sugar (NS), amino acids (AA), CPMAS 13C and 2-D (Correlation Spectroscopy) NMR,
Potentiometrie titration, and d l3 C data were obtained for each fraction.
Overall, the corn stover amendments did not have large effects on the compositions of the
humic fractions from the different sized separates, but there were differences in the relative
abundances of some AAs and NS in the HAs and FAs. The NMR and d13C data provided evidence
of some compositional differences and extents of humification between the HS from the clay- and
silt-sized separates. The silt-sized components were shown to be microaggregates of clay-sized
particles, and the humic components were preserved in these. These components (in the silt-sized
fraction) had greater resemblances to the plants of origin than did those associated with the clays.
DMSO-HC1 extracts did not exhibit the properties of humin. The data showed that isolation at the
different pH values provides a worthwhilefractionation,though it was clear that all fractions retain
characteristics typical of Mollisols.
Keywords: soil organic matter, humic fractions, Mollisols
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Phosphorus mobilization by organic-acid exudation:
processes governing benefits in rotational cropping
HENS Maarten and HOCKING Peter
CSIRO Plant Industry, GPO Box 1600, Canberra ACT 2601, Australia
Root exudation of organic acids can benefit the phosphorus (P) nutrition of plants, enabling the
plant to access soil P pools that are unavailable to non-secreting plants. Moreover, organic-acid
secreting plants may free up soil P in excess of their own requirements, as evidenced by observed
intercropping and rotational benefits of organic-acid secreting crops. Sound management of these
residual P benefits requires a thorough understanding of the processes governing the increased
availability of soil P upon organic acid exudation.
A first series of experiments aimed at identifying the soil P pools affected by organic acid
amendments as well as the soil factors controlling the time for which the P-mobilization effect lasts.
Six contrasting soils, all low in available P, were incubated for 12 weeks after the addition of either
14
C-labelled glucose, citrate or malate. Concentrations of soil solution P species (molybdate reactive
P, organic P, condensed P), isotopically exchangeable P, and microbial P, as well as soil phytase
and phosphatase activities were measured at regular time intervals. The evolution of CO2 and '4C02
allowed quantification of the net microbial breakdown of soil-borne and added C-substrates. In
general, soil respiration rates upon glucose and citrate addition were comparable, although
biodegradation of citrate was much lower than that of glucose, suggesting that citrate triggers
microbial activity by mobilization of labile soil C. Increases in microbial P and phosphatase
activities were more pronounced for citrate, with malate and glucose being comparably lower. Both
citrate and malate caused drastic increases in soil solution P concentrations (molybdate reactive P as
well as organic P), with citrate yielding higher total concentrations. The time for which this P
mobilization effect lasted was proportional to the biodegradation of the organic anions, which in
turn seemed to be related to soil mineralogy (no or litlle breakdown in soils with high Fe- and Aloxyhydroxide contents). Overall, these results provide clear evidence on the importance of
biological processes in the organic-acid driven mobilization of P.
Ongoing research examines the contribution of root turnover to the carry-over benefit of
organic-acid secreting crops. White lupin (Lupinus albus), narrow-leaved lupin (Lupinus
angustifolius), chickpea (Cicer arietinum) and wheat (Thticum aestivum) were grown in pot culture
in three contrasting soils low in available P for 42 days. At different times (1 week-6 months) after
harvest of the aboveground biomass, wheat is sown in the pots. Monitoring of soil P availability
parameters, root residue breakdown as well as growth and P nutrition of wheat, will make it
possible to point out the role of root residues to residual P benefits from the organic-acid secreting
crops.
Keywords: organic acids, phosphorus availability, isotopic exchange, phosphorus mineralization,
organic phosphorus
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Rhizospheric characteristics of pakchoi cultivars
differing in zinc efficiency
HUXue-Yuq.2), LI Xue-Yuan (1) and XIE Zhen-Chi (2)
(1) Soil and Fertilizer Institute, Hubei Academy of Agricultural Sciences, Wuhan 430064, P.R.
China,
(2) Huazhong Agricultural University, Key Laboratory of Subtropical Soil Resources and
Environment of Ministry Agriculture, P.R. China
The main materials used for the experiment were pakchoi cultivars with different Zn nutrient
efficiency and the calcareous purple soils derived from purple sandstone. Seeds of different pakchoi
cultivars used were obtained from the middle and lower reaches of Changjiang river. The soil used
was a Zn-deficient soil collected from the Xinzhou district of Wuhan municipality in China. The
rhizospheric characteristics of pakchoi cultivars was studied by using rhizosphere culture
experiments and chemical analysis methods. The major findings are summarized as follows: 1) The
pH values in rhizosphere were lower than that in bulk soil, the microbial biomass carbon in
rhizosphere was significantly higher than that in bulk soil for pakchoi cultivars used. 2) Under zinc
deficiency, both the soil pH value and the microbial biomass carbon in rhizosphere of cultivar
Wuyueman were much lower than of cultivar Heiyoubaicai. 3) The decrease of pH value and the
increase of microbial biomass carbon in rhizosphere of cultivar Wuyueman may have contributed to
the translocation of Zn in its rhizosphere soil, which makes Zn absorbed more easily by cultivar
Wuyueman than by cultivar Heiyoubaicai. For this reason, there was much more the loss rate of
available Zn in rhizosphere of cultivar Wuyueman compared with that of cultivar Heiyoubaicai.
This might be the ground for the greater Zn efficiency of cultivar Wuyuman. This indicates that the
rhizospheric characteristics of pakchoi has a certain effect on the expression of zinc efficiency
mechanisms, especially under zinc deficiency.
Keywords: pakchoi (Brassica campestris ssp. chinenses (L.) Makino), genotypic variation, zinc
efficiency, Zn-deficient soil, rhizosphere
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Electric potential (\|/s and \yd) at OHP and midplane on
clay colloid surface with overlapping flat double layers
JIANG Xin , ZHOU Jian-Min, JI Guo-Liang and YU Tian-Ren
Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, P.R. China
An anion negative adsorption equation in the condensed colloidal suspension with overlapping
flat double layers was derived according to Gouy-Chapman theory. The electric potential at the
outer Helmhotz plane (OHP), y8, and the electric potential at midplane, ya, were numerically
solved by computer using the anion negative adsorption equation on the basis of experiments. The
results showed that y 5 and ya increase with the decrease of the distance between two clay plates, X,
at first in the given electrolyte concentration. When X is smaller than 50-70 A, ya remains almost
unchanged while y6 declines remarkably with the further decrease of X. The change of ya/y5 with X
can explain and manifest overlapping degree of flat double layers more appropriately than y d in
previous works. Due to compression of the flat double layer on the clay colloid surface at increasing
electrolyte concentration, the magnitude of the electrical potentials at OHP and midplane is
considerably reduced at a given X.
Keywords: electric potential, clay colloid, overlapping flat double layer
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Surface charge characteristics of some Bulgarian soils
JOKOVA Marivka
"N. Poushkarov" Research Institute of Soil Science and Agroecology, 7 Shosse Bankya, 1080
Sofia, Bulgaria
Soils with advanced soil development stages are rich in free compounds of amphoteric
elements, mainly iron and aluminium oxides and hydroxides. The pH dependent charge generated
by them with increasing pedogenic age becomes dominant over pH independent charge, caused
mainly by the isomorphous substitution in clay minerals and organic functional groups. Studies on
surface characteristics of such soils are required because they would contribute to the use of more
appropriate methods of analyses and more accurate prediction of the soil response to the
surrounding changes. The most important surface characteristics are: zero point of charge (ZPC),
pH at which the net charge of the variable - charge colloids is zero; op, the amount of H+ or OH",
balanced and adsorbed on the components bearing variable charge at ZPC.
The purpose of this paper is the determination of surface charge characteristics of some
Bulgarian soils with appreciable amount of free Fe and Al compounds.
Objects of the studies were some Chromic Luvisols, Calcic Luvisol, Vertisol.
Content of the dithionite, oxalate, and pyrophosphate extractable forms of the free Fe and Al
compounds was determined by the methods of Mehra - Jackson, Tamm, and Bascomb, respectively.
Total content of these elements was determined by acid dissolving of soil samples. The
concentrations in the solutions obtained were determined by AAS method.
ZPC and op were determined according: Salt method (ST) and Salt method combined with
Potentiometrie titration (STPT), described by Sakurai at al (1988).
The results showed that the values of ZPC and ap were estimated in the soils with advanced
stages of weathering and soil forming processes, developed on the less permeable solid parent
materials. So the released free elements (mainly Fe and Al) have been gradually aged and
crystallized or included in the clay mineral lattices. The intensity of their migration out of the
profile is low, i.e. they have remained in the soil solum, contributing to the development of the
variable charge. The surface charge characteristics are related to the content of sesquioxides and
organic matter and to the mineralogical composition.
Keywords: zero point of charge, free iron and aluminium
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Endophytic N2 fixation in cereal crops
KANNA1YAN Sadasivam and KUMAR Krishnamurthy
Azolla Laboratory, Tamil Nadu Agricultural University, Coimbatore - 641 003, Tamil Nadu, India
The extension of biological nitrogen fixation by endophytic diazotrophs to cereal crops such as
rice, maize, Sorghum, finger millet, pearl millet, wheat etc., would be of enormous economic and
environmental impact. The use of the endophytic diazotroph, Azorhizobium caulinodans, which
forms nodules on both stem and roots of tropical legume green manure Sesbania rostrata, is known
to be a promising approach in this direction. Preliminary studies were made to find the feasibility of
extending the N2 fixation to cereal crops such as rice, Sorghum, baby corn and maize. These studies
revealed the formation of nodule like structures in roots of rice, maize and Sorghum when
inoculated with A. caulinodans and growth regulator 2.4-D at 0.5, 1.5 and 3.0 mg kg" . There was
no nodular structure formation when either A. caulinodans or 2.4-D alone was applied. Further
studies revealed the stimulation of lateral roots formation in rice, maize and pearl millet upon
inoculation with A. caulinodans in the presence of growth regulators 2,4-D, NAA and kinetin.
Recently, it has been found that individual inoculation of A. caulinodans alone brought about
formation of nodule- like structures in rice and baby corn with increased protein and chlorophyll
contents. Increased nodule-like structure formation was noticed with the inoculation of A.
caulinodans in combination with NAA and cellulase and pectinase enzymes. The above
experiments were carried out in hydroponics. The effect of flavonoid (naringenin) on the
endophytic colonization by A. caulinodans in rice was studied and favourable stimulation of lateral
root formation by naringenin in ADT 36 rice was observed. We found that the main mode of entry
of A. caulinodans into rice roots is by crack entry through the emerging lateral roots. The effect of
flavonoid on root morphology of different rice varieties was studied and it was found that flavonoid
naringenin at 5 x 10"5 M concentration significantly stimulated lateral root formation in rice
varieties Lemont, ADT 36, Co 43 and CR 1009. By using the bacterial strains carrying a marker
gene, it is now possible to detect both visually and enzymatically the internal colonization of
inoculated diazotroph. The efficacy of endophytic colonization by Azorhizobium tagged with lac Z
marker genes in rice was investigated. They first entered through lateral cracks and traversed
intercellularly and colonized xylem of rice var. ADT 36. Generally the colonization was greater in
older roots than younger roots. None of the rice varieties showed positive ARA due to inoculation.
This might be due to the lack of carbon sources in the tube grown experiment. So far endophytic
colonization study using the marker strain of A. caulinodans was confined only to rice among
cereals. Once the bacterium is established in xylem with adequate colonization, it might be capable
of fixing nitrogen.
Keywords: Azorhizobium caulinodans, cereal crops, endophytic colonization, N2 fixation
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2-Ketogluconic acid production and phosphate
solubilization by Enterobacter intermedium
K I M K i l Y o n e t n . HWANGBO Hoon (1), PARK Ro Dong (1), SEONG Ki Young (2),
KIM Yong Woong (1), PARK Bum Ki (3) and KRISHNAN Hari Bhupathi (4)
(1) Department of Agricultural Chemistry, Institute of Biotechnology, Chonnam National
University, Kwangju 500-757, Korea
(2) Division of Applied Plant Science, Chonnam National University, Kwangju 500-757, Korea
(3) R&D Center Namhae Chemical Corp, 343 Nampo Dong, Yosu 555-250, Korea
(4) Plant Genetics Research Unit, USDA-ARS, University of Missouri Columbia, USA
A phosphate-solubilizing bacterium (PSB), Enterobacter intermedium isolated from
rhizosphere, exhibited a strong ability to solubilize insoluble phosphate. This ability was mediated
by the production of organic acids in culture media. The organic acids produced by E. intermedium
were identified using high performance liquid chromatography (HPLC) and a gas Chromatograph
mass spectrometer (GC-MS). 2-ketogluconic acid (2-KGA) was identified as the main organic acid
released by E. intermedium. This bacterium oxidized glucose to gluconic acid and sequentially
converted it into 2-KGA. The ability of E. intermedium for phosphate solubilization and 2-KGA
production in broth medium containing different components was monitored under aerobic and
anaerobic conditions. Soluble phosphate and 2-KGA concentrations gradually increased, whereas
pH in culture media decreased throughout the incubation period under both aerobic and anaerobic
conditions. Under aerobic conditions, the production of 2-KGA markedly increased to about 110 g
L"' at 10 days in GGR (glucose 0.6M, gluconic acid 0.2M and rock phosphate 5%) and GGRC
media (glucose 0.6M, gluconic acid 0.2M, rock phosphate 5% and CaC03 1%), while the
concentration of soluble phosphate significantly increased to about 1000 mg L"1 in GR (glucose
0.8M and rock phosphate 5%) and GGR media. In GRC (glucose 0.8M and rock phosphate 5% and
CaCC"3 1%) media, the concentrations of 2-KGA and soluble phosphate were about 60 g L"' and
250 mg L" , respectively. When E. intermedium was grown in broth culture medium under aerobic
conditions, the pH of the medium was negatively correlated with phosphate concentration, which
indicated that the solubility of phosphate and decreased pH were due to the production of organic
acids. Under anaerobic condition, the concentration of 2-KGA was about 5.5 g L"' in all treatments.
Phosphate concentrations was about 40 mg L"' when E. intermedium was grown in GR and GGR
media, whereas it was only 10 mg L"1 in GRC and GGRC media. Our results indicated that the
culture medium should be supplemented with gluconic acid as an initiator, CaC03 as a buffer agent,
and O2 as a terminal electron acceptor for optimum production of 2-KGA by E. intermedium.
However, for phosphate solubilization, CaC03 should be omitted from the culture medium.
Keywords: Enterobacter intermedium, 2-ketogluconic acid, phosphate soubilization
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Distribution of humus, nitrogen and phosphorus in
granulometric fractions of Chernozem-Solonets complex
KIRYUSHIN V.l.
Soil Science Department of Timiryazev Agricultural Academy, Pryanishnikov st., 6, 127550,
Moscow, Russia
A group composition of humus by I. V. Tiurin's method and the same of phosphorus by
Chunch and Jackson's method in granulometric fractions (<0.0002 mm; 0.0002-0.001; 0.001-0.005;
0.005-0.01; 0.01-0.25 mm) of Chernozems, meadow soils and solonets soils in the steppe zone of
Western Siberia and Kazakhstan were investigated.
It was found that distribution of humus in granulometric fractions of soils is connected with
primary accumulation of plant residues' humification products as fine silt elements mainly and with
absorption of humic substances from solutions by smaller fractions. The intensification of their
redistribution increases with strengthening of soil's hydromorphism and, accordingly, with
increasing of solubility of organic matter and sesqiuoxides in more disperse fractions. For this
reason in automorphic soils of Chernozem zone maximum content of humus was observed in the
fine silt fraction (0.001-0.005 mm), and in hydromorphic in clay fraction (<0.001 mm).
That the conformation of humus group composition changes in granulometric fractions
confirms positions stated above. The widest humic acids to fulvic acids ratio occurred in the fine
silt fraction, the lowest - in the colloidal. The content of undissolved residue in granulometric
fractions of the humic horizon increases with enlargement of the particles because of increasing of
the half-humificated residues content.
The distribution of nitrogen in granulometric fractions of soils is connected with humus content
and its qualitative composition. C : N ratio become narrow with decreasing of fraction size by
reason of increasing fulvic acid content in the fraction and decreasing undissolved residue content
in addition to increasing of fixed ammonium content.
The distribution of phosphorus in granulometric fractions varies in soil profile. In parent rock
the richest in phosphorus is the fine silt fraction (0.001-0.005 mm). With enlargement of fraction
size the content of phosphorus decreases. Clay fraction is also relatively poor in phosphorus and
contains the same quantity of it as in medium silt fraction (0.005-0.01 mm), or less. The clay
fraction higher in the profile is richer in phosphorus because of the presence of organic phosphates.
In A horizon the content of general phosphorus in the clay fraction is almost 1.5 times higher than
in the fine silt fraction, though the quantity of mineral phosphates in fine silt is higher. Iron
phosphates accumulate mainly in fine fractions of upper horizons, in the clay fraction first of all.
Calcium phosphate content in all silt fractions, especially in fine silt fraction, is considerably higher
than in the clay fraction. The decreasing of mineral phosphate content occurring in illuvial horizons
of solonets is a result of accumulation of clay fraction, which is relatively poor in mineral
phosphorus.
Keywords: humus, nitrogen, phosphorus, Chernozem, solonets
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Interaction between charge character and Cu2+adsorptiondesorption of soil with variable or permanent charge
LI Xue-Yuan. LING Wan-Ting and HE Ji-Zheng
Huazhong Agricultural University, Key Laboratory of Subtropical Soil Resources and Environment
of Ministry Agriculture, Wuhan 430070, P.R. China
Charge character, Cu + ion adsorption-desorption of soil with variable charge (Latosol) and
permanent charge (brown soil) and the relation between them were studied by back-titration and
adsorption equilibrium method respectively. Results show: 1) The amount of variable negative
charge in variable charge soil is much less than that in permanent charge soil and rises with the
increase of pH in the system but the PZC is opposite. 2) The amount of Cu2+ ion sorbed by the latter
is higher than the former and rises with the increase of Cu2+ ion concentration at a certain range in
the equilibrium solution. 3) The amount of Cu2+ ion desorbed from the latter by KCl is larger than
that of the former, but the amount of Cu2+ ion desorbed from the latter by deionized water is
extremely low whereas there is a certain desorption for variable charge soil. 4) The increase of PZC
of soil with variable or permanent charge varies with the increment of Cu2+ ion added. It is worthy
of note is that same amount of Cu + ion is added, the increment of PZC and surface variable
negative charge for permanent charge soil and variable charge soil is different.
Keywords: variable charge soil, permanent charge soil, Cu ion, adsorption-desorption, surface
variable negative charge

204

Symposium no. 06

Paper no. 2034

Presentation: poster

Monitoring of polycyclic aromatic hydrocarbons (PAHs)
in stratigraphic profile of peat from North-eastern Poland
MALAWSKA Malgorzata (1), BOJAKOWSKA Izabela (2) and WILKOMIRSKI Boguslaw
(1)
(1) Institute of Botany, Department of Plant Systematics and Geography Warsaw University, 00478 Warszawa, Al. Ujazdowskie 4, Poland
(2) Polish Geological Institute, 00-975 Warszawa, Rakowiecka 4
Polycyclic aromatic hydrocarbons (PAHs) were analysed in peat collected from wetlands in
North-eastern (Masurien) Region of Poland. In terms of its geological structure, landscape, climate
and plant cover the Masurien Region is part of East Europe; predominantly agricultural, with many
forests, lakes and wetlands; most wetlands are under conservation protection. Thirty-seven samples
of peat were taken from 8 sites at different depth in stratigraphic profile between June and
September 2000.
The contents of 116 EPA PAHs are similar in all peat samples, ranging from 70 - 439 ug g'.
In all type of peat, 3-ring PAHs (Acenaphthene, Acenaphtylene, Fluoranthene, Phenanthrene,
Anthracene) and 4-ring PAHs (Fluoranthene, Pyrene, Benzo[a]anthracene; Chrysene) dominate (5070% and 20-30% respectively), while 5,6-ring PAH Benzo[b]fluoranthene, Benzo[k]fluoranthene;
Benzo[e]pyrene; Benzo[a]pyrene, Indeno[l,2,3-cd]pyrene; Dibenzo[ah]anthracene; Benzofghi]
perylene) are either absent or do not exceed 10%. The average concentration of perylene (85 - 337
ng g') was observed in Bryalo-Parvocaricioni, Magnocaricioni and Alnioni peat (fens), but not in
Ombro-Sphagnioni peat (raised bogs) and Minero-Sphagnioni peat (transitional bogs). Similar
concentrations of 16 PAHs and perylene have been observed in Gyttja. The results show that
content of PAHs depends on type of peat but does not depend on the depth in stratigraphic profile.
Keywords: polycyclic aromatic hydrocarbons (PAHs), analysis, peat, plants, Poland

205

Symposium no. 06

Paper no. 1013

Presentation: poster

Effect of some forest plantations on the revitalisation
of lignite mine deposols
MILETIC Zoran
Institute of Forestry, Kneza Viseslava 3. Belgrade, Yugoslavia
We studied the effect of forest plantations aged 15 years established on deposols of REIK
Kolubara lignite mine on the contents of the total and group-fraction composition of humus, total
nitrogen and available forms of phosphorus and potassium in the soil. Fifteen-year influence of leaf
litter of different chemical natures resulted in differences in the contents of the available forms of
phosphorus and potassium, total and group-fraction composition of humus and total nitrogen.
Plantations of lime and alder had better effects on soil revitalisation, while plantations of Austrian
pine and Scots pine had a less favourable effect.
Keywords: deposol, forest plantations, soil properties
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Phosphate-induced cadmium release from soils
ONYATTAJ.O.(l) and HUANG P.M. (2)
(1) National Council for Science and Technology, P.O. Box 30623, Nairobi, Kenya
(2) Department of Soil Science, University of Saskatchewan, 51 Campus, Drive, Saskatoon,
SK S7N 5A8, Canada
The presence of high concentrations of phosphate within the vicinity of phosphate fertilizer
zone of soil can cause dissolution of soil minerals. However, little is known about the release of
cadmium (Cd) in the immediate vicinity of phosphate fertilizer zone in phosphorus deficient acidic
soils of variable charge found in the tropics, which account for a large proportion of the world's
arable land. A study was conducted to investigate the kinetics of phosphate-induced Cd release
from selected tropical soils in Kenya. The study shows that IM NH4H-,P04 solution induced the
release of Cd from the natural soils and the soils treated with Idaho monoammonium phosphate
(MAP) fertilizer. The enhanced release of Cd by the phosphate was attributed to the combined
effect of Cd introduced to the soils and the Cd released from the soils through the attack of protons
and the complexation of phosphate. The phosphate-induced Cd release from the natural and the
treated soils increased during the short-reaction period of 0.25 to 1 h and then decreased with time
and tended to approach a plateau. The decrease of the Cd concentration was apparently due to
readsorption of the released Cd onto the surface of the soil particles and /or formation df sparingly
soluble reaction products in the solution. The present study also shows that the amounts of Cd
released by NH4H2P04 increased with the increase in the concentration of NH4H2P04. Phosphate
fertilizers are often mixed with seeds or side banded. This, therefore, indicates that, at the fertilizer
granule-soil interface where the concentration of orthophosphate is high, more Cd would be
mobilized compared to the bulk soil. The mobilized Cd in the soil rhizosphere can be transported to
the plant root and would then be taken up by the plant. This could lead to the contamination of the
food chain.
Keywords: cadmium, phosphate-induced, phosphate complexation, the rhizosphere, acidic soils
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Adsorption of phosphate and sulphate on metal oxides and
variable charge soils as affected by organic ligands
PIGNA Massimo. VIOLANTE Antonio and RICCIARDELLA Mariarosaria
Dipartimento di Scienze Chimico-Agrarie, Universitè di Napoli "Federico II", 80055 Portici
(Napoli), Italy
We have carried out studies on the adsorption of phosphate and sulphate in the presence of
strongly chelating low molecular mass organic ligands (LMMOA) on variable charge minerals (Feallophane, gibbsite, goethite and ferrihydrite), a soil sample (Andisol), and a synthetic organomineral complex [Al(OH)x-oxalate], as influenced by (i) the initial organic ligand/phosphate
(sulphate) molar ratio, (ii) the order of anion addition, and (iii) the pH (4.0-8.0).
The adsorption capacity of phosphate on variable charge samples was much greater than that of
malate, oxalate, and sulphate (in the order listed). Maximum reduction in phosphate and sulphate
adsorption occurred when oxalate or malate was introduced before phosphate (or sulphate). The
efficiency of LMMOA in reducing phosphate adsorption was particularly high only at acidic pH
values. In fact phosphate adsorption was reduced of 40% or less at pH 4.5, in the presence of malate
at malate/phosphate molar ratio 6.0 on gibbsite, ferrihydrite and Andisol. Sulphate competed with
LMMOA only at pH < 5.0 and, usually, at organic ligand/sulphate molar ratio < 4. Malate
completely inhibited sulphate adsorption on the same sorbent at organic ligands/sulphate molar
ratio > 4.
Oxalate coprecipitated with aluminum formed on organo-mineral complex hampering the
formation of well crystallized Al-hydroxide. The organo-mineral complex adsorbed large amounts
of phosphate.
Removal the oxalate present in the complex by phosphate has been ascertained. The ability of
phosphate in replacing oxalate from the complex increased with increasing pH. Sulphate poorly
counteracted with phosphate on variable charge minerals and soils and organo-mineral complex,
particularly at pH > 4.0.
Keywords: phosphate, sulphate, metal oxides, variable charge soils, root exudates
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Field study and controlled conditions experiments of nitrogen
mineralization and changes of a soil physical properties,
after spreading of organic matters coming from
agricultural and municipal wastes
BOUANANl F., DOMEIZEL M. and PRONE A.
Université de Provence, Laboratoire de Chimie et Environnement Case 29, 3. place V. Hugo 13331
Marseilles Cedex 3, France
Knowledge related to the spreading of organic matter from wastes or human activities is
limited. Field experiments, lysimcter studies in greenhouses, and incubation experiments have been
conducted to learn the effects of various organic matters (sewage sludge, pig slurry, sludge
compost, household refuse compost) on nitrogen mineralization, wheat yield and soil structure
modifications. Changes in the physical and chemical properties of soil, and effects on agricultural
and environmental activities have been shown by study of the impact of organic matter spread on a
soil under a mediterranean type of climate. Comparison of organic treatments with chemical
fertilizer yielded the available nitrogen brought by each kind of organic matter, and the probable
interaction of soil with organic matter. Changes in soil structure and pore space evolution were
observed, with a difference between a control soil and a soil with addition of organic matter. An
improvement of soil structure was apparent, which involved favourable consequences for root
installation for all the organic treatments. Changes of soil morphology were also observed, with an
increase of macroporosity after sewage sludge and pig slurry spreading, as well as an increase of
microporosity after compost spreading. Measurements of growth and yield for wheat crops showed
the importance of each kind of organic matter. Sewage sludge and pig slurry can be considered for
crops needing large amounts of mineral nitrogen rapidly. Household refuse compost releasing less
nitrogen but at a constant rate, is more suitable to crops with lower requirements for nitrogen.
Nitrogen in drainage water, studied with lysimeters in greenhouse, is more important after sewage
sludge application. Whatever the type of organic matter, leaching of nitrate is important during the
winter precipitation in absence of crops. On the contrary, it is higher in fall season following crops.
Incubation experiments conducted over 20 weeks at 28°C and 15°C show that the effect of
temperature was low on organic nitrogen mineralization rate and high on ammonification. Soil
structure changed markedly at 28°C after spreading of sewage sludge or sludge compost, with an
improvement of soil microaggregation and microporosity, biological activity being higher with
these organic matters. Household refuse compost improves the soil structure at the very beginning
of incubation. Degradation of soil structure observed in time can be explained by a decrease in the
structural stability because of a lower organic matter rate.
Results obtained with these three experiments can constitute basis for advice to agriculturists
for a better knowledge of the effects of organic matter from wastes with a given kind of crop.
Keywords: nitrogen, organic matter, mineralization, soil, macromorphology, micromorphology
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Acid phosphatase activity in cereals roots cultivated on
a medium with different pH and phosphate supplies
SARAPATKA Borivoi and DUDOVÄ Lenka
Department, of Ecology and Environmental Sciences, Palacky University, t. Svobody 26, 771 46
Olomouc, Czech Republic
Plants meet their phosphorus requirement through the uptake of phosphate anions from the soil.
To be available to plants, organic forms of soil phosphorus must be mineralized by those processes
which are mediated by phosphatase enzymes. Soil phosphatases play a major role in the
mineralization processes (dephosphorylation) of organic P substrates. Enzymes in soils originate
from animal, plant and microbial sources and the resulting soil biological activity includes the
metabolic processes of all these organisms. The literature shows that under favourable conditions
microorganisms supply most of the soil enzyme activity, with their large biomass, high metabolic
activity and short lifetime. Plants have a marked effect on soil enzyme activity. This effect could be
due to changes in organic matter content and microbial populations, but enzymatic activity in the
soil is also formed by accumulated enzymes, continuously released extracellular enzymes and by
endocellular enzymes; all originating in the plant roots.
This research studies acid phosphatase activity linked to cultivated plants. The monitoring was
carried out on the root systems of both the chosen species and cereal cultivars and also in a nutrient
medium on which the crops were planted under conditions of changing pH and phosphorus supply.
For the research different cultivars of winter wheat, barley and rye at various stages of seed
improvement were used. The seeds were sterilized and sown on the nutrient medium (Murashige Skoog) with a pH of 5.6, 6.2, and 6.8 and a phosphorus supply between 30-160 mg P2O5 kg"' of
soil. After 10 days cultivation the plant roots were harvested and homogenized and the acid
phosphatase activity was measured using adjusting methods (Tabatabai and Juma, 1988). The acid
phosphatase activity was also set in the nutrient medium in which the plants were cultivated.
When the results were evaluated it became clear that the acid phosphatase activity in the root
system of various species and cereal cultivars decreases depending on increasing pH and an
available phosphorus level in the nutrient medium. The results of our experiment also show that the
acid phosphatase activity varies in particular cultivars within a species. The activity was found to be
higher within modern more improved cultivars compared to older ones. This may be connected with
the cultivars ability to absorb nutrients from the soil. If we compare individual crop species then
the spring barley with the least developed root system and reduced possibilities of nutrient uptake
showed the highest activity.
The results provide new findings on enzyme synthesis in particular cereal species and
cultivars, especially how these subjects behave under conditions of different pH and acceptible
phosphorus supply, and therefore, such results can be used in the search for cultivars suitable for
less intensive forms of farming.
Keywords: phosphatase activity, soil, roots, cereals
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An analysis of PAHs content in peat of
two selected raised bogs from Poland
WILKOM1RSKI Bogusaw (1), BOJAKOWSKA Izabela (2) and MALAWSKA Malgorzata
(1)
(1) Institute of Botany, Department of Plant Systematics and Geography Warsaw University,
00-478 Warszawa, Al. Ujazdowskie 4, Poland
(2) Polish Geological Institute, 00-975 Warszawa Rakowiecka 4, Poland
Polycyclic aromatic hydrocarbons (PAHs) are important and well-known pollutants that have
been identified in diverse environmental matrices world-wide. In the present study content of
PAHs was established in peat and plants from two raised peat-bogs, i.e. Zdory in Masurian District
(lakes in North-eastern Poland) and Wolosate in Bieszczady Mountains (South-eastern Poland).
Peat was collected from different layers of stratigraphic profile (Zdory - 3 samples), (Wolosate
- 5 samples). On both bogs plants were collected; Zdory, Ledum palustre, Eriophorum sp.
Vaccinium uliginosum and Wolosate, Ledum palustre, Eriophorum sp. Vaccinium uliginosum,
Pinus sylvestris).
It was found that in peat from Zdory the level of the sum of 16 PAHs in all samples was
between 183 and 273 ug g , and the level of perylene was much lower in all types of peat. In
Wolosate the level of the sum of 16 was similar (120 - 299 ug g ' ) whereas the level of perylene is
much higher, i.e. 2292 ug g" in wooden peat. Amongst of all peat samples, PAHs with 2 and 3
rings, predominated.
The level of PAHs in plants from Zdory varied from 83 to 305 ug | , but in plants in Wolosate,
it was surprisingly high and exceeded the level from Zdory by up to more than ten fold (851-4343
ug g"1). No perylene was found in plants from either bog.
These results indicated anthropogenic pollution of Wolosate territory as well as high biogenic
synthesis of PAHs in peat (perylene) especially in wooden peat (Pineti).
Keywords: polycyclic aromatic hydrocarbons (PAHs), analysis, peat, plants, Poland
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Study on electrostatic properties of permanent charge
and variable charge soil inorganic colloids
VV1J Jingming, LJU Yonghong, LI Xueyuan, DONG Yuanyan and LING Wanting
(1) Department of Science, Huazhong Agriculture University, wuhan 430070, P.R. China
(2) Department of Resource Environment and Soil Chemistry, Huazhong Agriculture University,
wuhan 430070, P.R. China
Variable charge of inorganic colloid for four types of soil in China with variable or permanent
charge under different pH values was measured by using back-titration method. Results show that:
(1) There exists one peak on the curve of variable charge amount-pH value (Qv-pH ) for every
testing soil sample while the pH value of the system is about 5. It may be related to different
behaviors of Fe, Al etc between sample titration solution and reference titration solution. Normally,
the negative variable charge amount of inorganic colloid in permanent charge soil is higher than
that in variable charge soil. The main reason is probably that the contents of kaolinite and Fe, Al
oxides in the former soil are greater more than those in the latter soil whereas the content of 2:1
type clay minerals in them is the reverse. (2) The shape of Qv-pH curve of inorganic colloid in
variable charge soil and permanent charge soil is similar. The amount of variable charge in
inorganic colloid varie with different kinds and content of clay minerals and Fe, Al oxides. For
example, geothitc is possibly the source of variable negative charge at pH 3-4; gibbsite, pH 4~5;
hematite, magnetite, pH 5~7 and Al-OH, pH 8-10. For the same clay mineral or Fe, Al oxides, the
amount of variable charge changes with the pH value in the system. The higher the pH value, the
higher of the variable negative charge amount from H+ dissociation of Si-OH in tested soil
inorganic colloids.
Keywords: back-titration, electrostatic properties, variable negative charge, inorganic soil colloids
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High performance adsorbents synthesized from soils for
cleaning our environments: P-adsorbent
YANAG1TA T. (1), JIANG Y. (1), MATSUMOTO S. (2) and WADA H. (3)
(1) Createrra Inc., 6-39-18, Matsubara, Setagaya-ku. Tokyo 156-0043, Japan
(2) Akita Prefectural University, Akita city 010-0146, Japan
(3) 1-53-12, Umegaoka, Setagaya-ku, Tokyo 154-0022, Japan
On the basis of knowledge about P-adsorption by soils, we succeeded in synthesizing a very
effective P adsorbent (high performance P adsorbent: HPA) which can effectively remove P from
water for avoiding eutrification of water bodies such as ponds and rivers. The materials of the HPA
were soil, especially the volcanic ash soil with high P-adsorbing ability, and various sludges.
Generally, these materials were added with ferrous sulfate, pelletized and baked at 500"C for 15
min. The HPA had a much higher ability to adsorb P and to resist mechanical disintegration in
water than the volcanic ash soil. These abilities are prerequisite for cheap and simple removal of P
from flowing water by percolation through the column of the P-adsorbent. The used and Psaturated HPA could be utilized as an amendment of P-deficient soils or could be regenerated with
dilute sulfuric acid for further use as a P-adsorbent. Consequently, various users in Japan have
welcomed the HPA. In addition, the HPA and its derivatives could strongly adsorb As (111), As (V),
F and some toxic heavy metals as well and could be used for removing these pollutants from our
environments.
Keywords: high performance P adsorbent, utilization of wasted soils, P-absorption, volcanic ash
soil
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Utilization of crop residues and other organic materials
of plant origin for producing high quality peat
RAZAQ I.B., AL-GRARY S.M., ALI A.W., AL-OBAIDI H.S., MUHAWISH N.M.,
RASHEED I.GH. and HASSAN A.F.
Agriculture and Biology Research Center, Iraq Atomic Energy Commission, P.O. Box 765,
Baghdad, Iraq
Straw of wheat, barley, reed, phragmities, spent of licorice roots, corn cobs and sawdust were
separately used as primary materials for producing well-decomposed peat rich in plant essential
elements. Corn cobs were crushed to pass 0.8-cm sieve while other primary materials were
chopped into 8-10 cm pieces. The so-prepared raw material was spread over a cemented floor and
wetted thoroughly by sprinkling water in an amount large enough to initiate the reaction under
aerobic conditions. Other ingredients were mixed thoroughly in the wet materials, which was
finally piled in a heap of a certain dimensions suitable for O2 and other gases exchange with the
surroundings. These materials were subjected to aerobic decomposition in presence of adequate
level of nitrogen, phosphorus, potassium, calcium, and magnesium. Results showed that a soil
suspension of 1: 50 soil: solution ratio is very essential to provide the mixture with microorganisms
essential for the rapid initiation of decomposition process. Staking of the materials in a heap of
1.0-1.5 meters high and 1.5 -2.0 meters width is the most appropriate dimensions for the effective
aerobic decomposition. It is essential to open the entire pile and re-do it again in case of
temperature drop below 40°C or temperature rise above 65°C. A period of 8-9 weeks was enough
to produce very well decomposed materials. The product was of relatively high salt content that
was easily leached with a certain depth of water. The leached materials were superior in most of
relevant properties to all types of naturally obtained peat in terms of salt and nutrient content.
Biological assay showed that materials are an excellent medium for plant growth and development.
Keywords: aerobic, essential - elements, decomposition soil suspension
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Effect of parent material on clay mineralogy
in some woodland areas of Northern Iran
BAHMANIAR M.A.
Dept. of Soil Science, Sari College of Agricultural Science, Mazandaran University, P.O. Box 578,
Iran
In order to evaluate the effects of parent material on clay mineralogy in northface of the Elborz
mountain area that is covered with deciduous trees, five mountain physiographical units with
dolomite, conglomerate, sandstone, limestone and marl parent material were selected and in each
physiographical unit some soil profiles were studied. Soil samples were taken from different
horizons and layers of the soil profiles. Morphological features of each soil profile were determined
and soils were classified according to USDA soil taxonomy. Soil samples were analyzed by
conventional methods and clay minerals were identified by x-ray diffraction analysis. This study
indicated that montmorillonite, illite, vermiculite, chlorite and mica-smectite were dominant
respectively in soils that formed from dolomite. But in sandstone parent material soils, due to light
texture and good drainage, the vermiculite, illite, montmorillonite, kaolinite and hydroxide
interlayer vermiculite were dominant, respectively. In marl with high amounts of CaCCh, no
leaching and translocation of clay, montmorillonite, illite, chlorite, vermiculite and mica-smectite
clay minerals were dominant, respectively. In soils formed from limestone, the accumulation of
lime occurred in subsurface layers and clay minerals of illite, chlorite, montmorillonite, vermiculite,
kaolinite and mica-vermiculite were present. Soils that have been formed on conglomerate parent
material were dominant in the order of illite, vermiculite, montmorillonite, chlorite and kaolinite,
respectively.
Keywords: parent material, clay minerals, woodland, deciduous trees
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Humus nature of the soils in the upper Western Andes
(Southern Ecuador)
BEjCHJaume (1), SOKOLOVSKA Maria (2), PETROVA Lidia (3), TONON L. (4) and
LANSAC A. (5)
(1)
(2)
(3)
(4)
(5)

Faculty of Biology, University of Barcelona, Avda.Diagonal, 645. 08028 Barcelona, Spain
Forest Research Institute, BAS. 132 Bulv.Kl.Ohridski, 1756 Sofia, Bulgaria
N.Poushkarov Institute for Soil Science and Agroecology, 1000 Sofia, Bulgaria
University of Cuenca, Ecuador
Applied Physics Departament. Polytechnical University of Catalonia, Spain

On the basis of the profile- genetic approach in the study of the humus matter in the highmountainous ecosystems of the Western Andes, as well as some peculiarities established in the
recent stages of humus formation in the soils in this scantily studied region of Azuay. These studies
characterize the humus nature of the soils on the hypsometric sequence between 2190 and 4200 m
a.s.1. in the valley of the Tomebamba river (Southern Ecuador). Through accounting the changes in
the indices of the humus condition of the soils (degree of humification; qualitative composition of
the humus or humus type - Cha:Cfa; nitrogen contents; free or Ca bound humic acids; unextractable
organic carbon; optic density of the humus substances) and through the extended possibilities of the
applied scientific approach, the ecological and genetic significance were established of the same
humus profiles of the investigated Leptosols, Cambisols, Histosols and Andosols. The obtained
data show that the basic characteristics of the humus nature of the soils from the ecosystems with
different vegetation character do not exceed the limits of the zonal humus profile and express the
integral action of the soil formation factors.
Keywords: humification, humus type, humic acids, fulvic acids, acidic mull, andic mull
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Study of the impact of organic amendments
on treated Italian soils
UGOLINI Fiorenzo Cesare (1), ARFAIOLI Paola (1), BARABESI Chiara (2), BOSETTO
Marinella (1), AGNELLI Alberto (1), AGNELLI Alessandro Elio (1), MASTROMEI Giorgio
(2), PERITO Brunella (2) and TAMBURINI Elena(2),
(1) Dipartimento di Scienza Suolo e Nutrizione Pianta, Universita di Firenze, P.le delle Cascine
28, 50144 Firenze, Italy
(2) Dipartimento de Biologia Animale e Genetica, Universitä di Firenze, via Romana 17/19, 50125
Firenze, Italy
Food industry waste, cow slurry, and Compost MSW (municipal solid waste) applied to three
Italian soils, located at Cuneo, Bologna and Pavia, respectively, were investigated. The intent of this
work is to examine the fate of the added organic matter, the impact of amendments on native
organic matter, the nature of the humic substances produced, and the changes in the microbial
community composition in the treated soils. Humic (HA) and fulvic acids plus non-humified
fraction (FA+NH) were extracted from the amendments and from treated and untreated soils,
according to the IHSS methods. The obtained fractions were analyzed for elemental content,
spectroscopy (UV-VIS and FT-IR) and isotopic composition (8I3C and 5I5N). The soil microbial
community was characterized by molecular techniques based on rRNA genes analysis. The results
have shown that the addition of amendments increases in some cases the organic matter in the soils.
The amendments rich in easily decomposable compounds are rapidly mineralized and, in some
cases (food industry waste), the amendment favours the decomposition of the native soil organic
matter.
Hydrophobic compounds present in the Compost MSW have preserved the clay minerals
stocking (particularly for the smectite), resulting in a better resolution of the peaks of these minerals
in the X ray diffractograms.
The whole community ARDRA showed no differences between untreated and treated soils.
The relative abundance of streptomycetes and ammonium-oxidising bacteria, (AOB) appeared
different in untreated and treated soils. Data obtained for AOB are in agreement with the signature
of 8,5N of the humic fraction.
Keywords: organic amendments, SOM, 8 n C and 6I5N, soil bacterial community, rRNA genes
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Changes in soil organic matter in Podzols with lowered
groundwater-pyrolysis-GC/MS and micromorphology
BUURMAN Peter. DURAN Barbara, JONGMANS Antoine G., VAN BERGEN Pirn F. and
VAN LAGEN Barend
Laboratory of Soil Science and Geology, Department of Environmental Sciences, Wageningen
University. P.O. Box 37, 6700 AA Wageningen, The Netherlands
The chemical composition of organic matter in podzols is very variable, both in vertical and in
lateral direction. Micromorphology and typology of humus contributes considerably to the
interpretation of such variation. Root derived organic matter, which is recognizable as fecal pellets
and aggregates in all Podzol horizons, contributes aliphatic moieties, lignin and polysaccharides.
Illuvial organic coatings have a composition closer to that of dissolved organic matter. Chemistry of
such coatings shows considerable influence of the water regime or oxygen availability. Podzol A
horizons that are cut off from fresh litter input by, e.g, a cover of drift sand, shift towards E horizon
composition, apparently due to microbial decay and not to eluviation. This suggests that the
dominance of aliphatic moieties in E horizon is due to decay rather than removal by eluviation of
the more palatable organic fractions. Horizons from which the entrance of fresh litter is barred,
continue to decompose and show an increase in microbial organic products.
The complex changes in space and time of the chemistry of a Podzol profile indicate that it can
only be understood within its landscape and genetic context.
Keywords: podzols, organic matter chemistry, drainage effect, microbial decay
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NOE, a model for forecasting N 2 0 emissions by
nitrification and denitrification in soils
HENAULT Catherine and GERMON Jean- Claude
Institut National de la Recherche Agronomique , UMR 111 Microbiologie des Sols-GéoSol 17, rue
Sully, B.V. 86510 21065 Dijon Cedex, France
Nitrous oxide (N2O) is a trace gas involved in greenhouse effect and stratospheric ozone
depletion. Soils contribute 65% of the total N2O emissions produced by terrestrial ecosystems. N2O
emissions on the field scale have to be estimated in view of mitigation. Experimental works
demonstrated that these emissions resulted mainly from nitrification and denitrification activities in
soils. We propose a model including both activities for forecasting N2O emissions on the field scale.
The model simulates denitrification and nitrification from soil WFPS, temperature, nitrate and
ammonium contents respectively and denitrification and nitrification potentials measured in the
laboratory. The part of N2O emitted during both nitrification and denitrification is experimentally
defined in controlled conditions for studied soils. A significant correlation was observed between
the simulated and measured N2O emissions in 5 experimental situations where N2O emissions were
managed. Spatial application of this model can be developed to evaluate emissions on a larger area.
Keywords: nitrous oxide emissions, denitrification, nitrification, soil, model
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The potential of theoretical calculations to estimate
the stability of Al3+-citrate, oxalate and acetate complexes
HABERHAUER Georg (1). AQUINO Adélia J.A. (1), TUNEGA Daniel (1), GERZABEK
Martin H. (1,3) and LISCHKA Hans (2)
(1) Austrian Research Centers Seibersdorf, A-2444 Seibersdorf, Austria
(2) Institute for Theoretical Chemistry and Structural Biology, University of Vienna, Wä
hringerstrasse 17, A-1090 Vienna, Austria
(3) Institute for Soil Research, University of Agricultural Sciences, Gregor-Mendel-Straße 33, A1140 Vienna, Austria
Results from density-functional theory (DFT) calculations of a number of organic acidaluminum (III) complexes were discussed. A variety of different structural arrangements such as
monodentate and bidentate were considered. Entropy contributions to the investigated reactions
were significant and depended on the number of water molecules released per interaction. The most
stable complexes are the citrate complexes. The acetate and oxalate calculations show quite
acceptable agreement with physico-chemical experiments. Due to the manifold number of
interactions of citrate with aluminum a range of experimental data on the formation reactions have
been published, which makes a direct comparison to our calculations difficult. The calculated
preference of the citrate aluminum formation reflects well the often-observed correlation of citrate
concentration and mobility of aluminum in soil solutions. The calculated high stabilities of the
oxalate and citrate complexes support models derived from studies in soil solutions, which stress
the important role of these acids in the soil chemistry of aluminum.
Keywords: computational chemistry, soil, aluminum, organic acids
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Nitrification-denitrification loss and N 2 0 emission from urea
applied to crop-soil systems in the North China Plain
HONG Ding (1,3), CAI Guixin (2), WANG Yuesi (3) and CHEN Deli (4)
(1) Institute of soil and fertilizer, Fujian Academy of Agricultural Sciences, Fuzhou 350013, P.R.
China
(2) Institute of Soil Science, CAS, Nanjing 210008, P.R. China
(3) LAPC, Institute of Atmospheric Physics, CAS, Beijing 100029, P.R. China
(4) Institute of Food and Land Resources, Univ. Melbourne, PV 3052, Australia
Fertilizer N losses by denitrification were measured using the intact soil core-acetylene
inhibition technique. N2O-N fluxes in the presence and absence of C2H2 were calculated as
denitrification losses and N 2 0 emissions, respectively. Results are as follows: 1) Results obtained
from the field experiment on a corn-fluvo aquic soil system show that the rates of urea hydrolysis
and nitrification were high in the soil. The N2O emission was 0.33 kg N ha"1 when no urea N was
applied. It was 2.91 kg N ha'1 from the N fertilizer applied by surface broadcast, and 2.5 kg N ha'1
from the N fertilizer applied by point deep placement, which account for 1.94% and 1.67% of the
applied N, respectively. The denitrification loss from the control soil was 1.17 kg N ha."' It was 3
kg N ha'1 from the N fertilizer applied by surface broadcast, and 2.09 kg N ha"' from the N fertilizer
applied by point deep placement, which account for 2% and 1.39% of the applied N, respectively.
Both denitrification loss and N2O emission were higher from the applied N by surface broadcast
than by point deep placement. 2) In another field experiment N2O emissions were compared
between the four different crop-fluvo-aquic soil systems (soybean, peanuts, corn and cotton). The
N20 emission from the control soil was in the range of 0.57-1.00 kg N ha', and that it ranged
between 1.48 and 3.12 kg N ha"' when urea was applied, accounting for 0.57-1.58% of the applied
N. Among them the highest was obtained from the corn-soil system, which was near twice as high
as that from the cotton-soil system. 3) Nitrification and denitrification potentials were studied in
incubation experiments using soil samples taken from five main soil types (fluvo-aquic soil, Sajong
black soil, cinnamon soil, aeolian sandy soil, and the salt-affected soil) in the North China Plain.
The nitrification rate was 18.7% in Sajong black soil, and 88.4-98.6% in the other four soils, after
100 hours of incubation. The N 2 0 emission from the above five soils was 0.27, 0.04, 0.24, 0.41 and
0.45 ug N g"1 soil, respectively, after 268 hours of incubation. The corresponding figures for
denitrification loss were 0.3, 0.6, 0.08, 0.02 and 0.05 ug N g'1 soil, after 650 hours of incubation.
The results indicate that the nitrification potential was relatively lower and the denitrification
potential was higher in Sajong black soil than in the other four soils. The potential of nitrification
and denitrification was related to soil texture and/or soil pH.
In general, the above studies evaluated the effect of nitrogen fertilizer application method, crop
and soil types, and soil moisture content on the denitrification loss and N2O emission from soils of
the North China Plain. These indicate that denitritication was not an important pathway of N loss in
the region. However, the N2O emission was greatly increased by application of N fertilizer, which
might affect environmental quality.
Keywords: nitrogen fertilizer, nitrification-denitrification, N2O emission
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Greenhouse gas emissions and their control at four
land-use types on Sumatra Island, Indonesia
ISHIZUKA Shigehiro (1), NAKAJIMA Yasuhiro (2), ISWANDI Anas (3), TSURUTA Haruo (2)
and MURDIYARSO Daniel (4)
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(2)
(3)
(4)

Forestry and lOForest Products Research Institute, Sapporo, Hokkaido, 062-8516, Japan
National Institute for Agro-Environmental Sciences, Tsukuba, Ibaraki, 305-8604, Japan
Department of Soil Science, Bogor Agricultural University (IPB), Bogor, Indonesia
State Ministry for Environment, Jakarta, Indonesia

Studies on the effect of land-use change on greenhouse gas emissions in humid tropical
ecosystems are limited, although the land-use change has a potential to affect global budget of
greenhouse gases. We measured gas fluxes of carbon dioxide (CO2), methane (CH4), and nitrous
oxide (N2O) from soil surface to the atmosphere at various land use types in Sumatra, Indonesia,
tropical South-East Asia. Four land use types, e.g., an old-growth natural forest, logged-over
forests, a slash-and-burn site and a rubber plantation site were prepared. At one logged-over forest,
a slash-and-burn occurred early in the experimental period. An incubation experiment was also
performed to measure the potential of these three gases' emissions by using intact soil cores. Each
flux ranged 56.9-89.3 mg C m2 h"1 (C02), -20.9-6.1 ug C m"2 h"1 (CFL,), and 0.8-11.6 ug N m-2 h"1
(N2O), respectively. The N 2 0 and CO2 flux were one of the smallest in other tropical regions. The
N2O emission and CH4 uptake showed large variation in some sites. Burning of residual trees after
logging caused the increase of N2O emissions at the slash-and-burn site. N2O emissions were highly
correlated with nitrification rate of 0-5 cm soils. Our result suggests that the nitrification is
performed by heterotrophic soil microorganisms in these areas. CH4 fluxes were correlated with the
clay content of the 0-5 cm soil. The high N2O emissions continued for less than two years. From
the results of both flux measurement and core incubation, we can suggest that the regeneration of
vegetation reduces the impact of land-use change.
Keywords: flux measurement, greenhouse gas, land-use change, nitrification, slash-and-burn, soil
microorganisms
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Effects of iron oxide on methane emission rates and
rice growth in paddy soils: a pot experiment
ITO Tovoaki. HANAKI Mayumi and SAIGUSA Masahiko
Experimental Farm, Graduate School of Agricultural Sciences, Tohoku University, Kawatabi,
Naruko, Miyagi 989-6711, Japan
Nowadays, agricultural production must be sustainable and environment-friendly. One of the
environmental problems associated with rice production is methane emission from flooded rice
fields. Rice growth is recognized to be influenced by not only nutrients supplying capacity of soils
but also presence of toxic substances such as hydrogen sulfide generated under intensive reduction
condition. Methane production is influenced by oxidizing and reducing reagents in submerged soils.
Iron oxide is considered to function as a major oxidizing reagent and protect rice roots from toxic
hydrogen sulfide. In this study, we investigated the effects of iron oxide on methane emission rates
and rice growth in paddy soils by a pot experiment.
Paddy soils used in this study were selected to have a wide range of the chemical properties.
Soil samples were taken from the plow layers of 12 paddy fields of Fluvisols and Andosols. Airdried soils (3 kg as dry soils) were packed into 0.02 m2 Wagner pots and rice seedlings (Oryza
saliva L. cv. Hitomebore) were transplanted into the pots. The Cultivation experiment was
conducted for 116 days in the open air with three replications. Nitrogen, phosphate and potassium
of 1 g, 0.44 g and 0.83 g and rice straw of 10 g were applied to each pot. Total amounts of methane
emitted were calculated from the integration of the methane flux measured every 2 or 3 weeks by
the closed chamber method. Total dry matter weight of rice was measured at the harvest time.
Mineralizable N, available P, exchangeable K, easily decomposable carbon, acid oxalate extractable
Fe (Feo), easily reducible Mn, sorbed sulfate, and exchangeable nitrate were determined using airdried samples sieved to 2 mm.
We determined soil components related significantly to methane emission rates and rice growth
by the multiple regression analysis. Iron oxide contents correlated significantly with total amount of
methane emitted from paddy soils among easily decomposable C and oxidative reagents such as
Feo, SO42", NO3" and easily reducible Mn. There was very close negative correlation between the
methane emission and Feo (R2=0.93, P<0.001). Rice growth (dry matter weight) did not
significantly correlate with the amounts of available nutrients (N, P, K) but significantly correlated
to the amounts of iron oxide and sulfate among Fe3+, SO42", NO3" and Mn4+ (R2=0.88, P<0.001).
The regression coefficients were positive for iron oxide (P<0.001) and negative for sulfate (P
<0.05). From these results, it is considered that iron oxide functions as a major electron acceptor
and protects rice roots from the toxicity of hydrogen sulfide. It is concluded that soil iron oxide
contributes to the suppression of methane emission from paddy soils and to increase of rice growth
in the presence of sufficient nutrients and application of rice straw.
Keywords: paddy soil, iron oxide, methane emission, rice growth
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Tropical peatland management: lesson from mega
reclamation project in Central Kalimantan, Indonesia
JAYA Adi (1), RIELEY J.O. (2), ARTININGSIH T. (3) and UMBING Rolland (1)
(1) Faculty of Agriculture, University of Palangka Raya, Indonesia
(2) School of Geography, University of Nottingham, NG7 2RD, UK
(3) The Indonesian Institute of Science, Jl. Ir. H. Juanda, Indonesia
Ecological and economical functions of tropical peat swamp forest have already been enough
understood and the attention of global society to this ecosystem show of this important functions.
However, the need to converse and use this area is still very strong. Conversion of this ecosystem to
other land uses is still continuing. Up till now, it is estimated that approximately 20 percent of
tropical peatland including of deep peat, already developed, mostly for agriculture. Therefore,
evaluation of development of peatland area, especially deep peat and its impact should be
conducted as a lesson for the future.
A 24,500 km2 (2.45 Mha) study area in Central Kalimantan, call as ex-Mega Rice Project, has
been used to investigate the consequences of peatland development. By combining data from
remote sensed images, field measurements and laboratory analysis, it has been possible to
determine the impact of reclamation of peatland area as well as to predict environmental outcomes.
Results indicate that the study area has been fire affected and huge amount of carbon was emitted to
the atmosphere. A detail study on deep peat area, which is located in Kalampangan Village, Central
Kalimantan, Indonesia, has been developed for agriculture since 1979 that related to transmigration
programme. Peatland development and agricultural activities using burning peat technique as well
as high input of fertilizers are considered as the best way for the cultivation. This technique is
carried out by the farmers based on the trial and errors ways and this is being practised, even it is
proven and known that the technique causes the loss of peat as cultivation media as well as loss of
huge carbon. The result showed that there was a changing on chemical, physical and biological
characteristics between developed deep peat and its natural conditions.
Keywords: tropical peatlands, mega rice project
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Effect of temperature on carbon mobilization
in sandy loamy soils of different ecosystems
KHOMUTOVA Tatjana E. (1). SHIRSHOVA Ludmila T. (1) and RICHTER Joerg (2)
(1) Institute of Physicochemical and Biological Problems in Soil Science, Russian Academy of
Sciences, 142290 Pushchino, Russia
(2) Institute of Geography and Geoecology, Technical University of Carolo-Wilhelmina,
Langer Kamp 19c, D-38106 Braunschweig, Germany
Global climate change is tightly bound with carbon cycling affecting soil humus state. We
studied the influence of temperature on carbon mobilization in soils of native deciduous forest,
coniferous woodland and pasture in the laboratory percolation experiment on undisturbed soil
monoliths (Al/Ap horizon, 0-10 cm; 6, 20, and 30°C, field capacity). The monoliths were
percolated with 0.2 mM K2SO4 once per five days, once per ten days, and three times per week
during 9-20 weeks, each percolation accounted for 52 mm of precipitation. The leachates were
analyzed for dissolved organic carbon (DOC) content, light absorbance at 260 and 330 nm; soils
were analyzed for soil organic carbon (C0rg), acid humic (HA) and fulvic acid (FA).
All soils demonstrated similar DOC dynamics, with levels decreased in the range from the
coniferous plot to pasture. Daily DOC production increased with incubation temperature (17.3-36.4,
7.7-12.3, and 3.4-4.3 (ig CDOC g' soil day"' in coniferous, deciduous forests and pasture,
respectively). The response of DOC production to temperature was highest in pasture in the range
between 6 and 20°C and increased in the course of the experiment (Qios 1.43-5.05) compared to the
forest soils (Qios about 1). The response in the range from 20 to 30°C was negative in pasture (Q10
0.5) and did not change in forest soils. Losses of COIÏ due to percolation reached up to 27%
(deciduous forest), 11% (pasture), and 37% (coniferous woodland), share of DOC in these losses
varied from 7 to 68%. The content of FA decreased, especially in the coniferous forest, it was
accompanied by HA losses in the pasture.
Keywords: soil organic matter, carbon mobilization, temperature
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Role of urea and nitrification inhibitors
on methane consumption
MAJUMDAR Deepanjan (1) and MITRA Sudip (2)
(1) Department of Environmental Sciences, Institute of Science and Technology for Advanced
Studies and Research, SICART Building, Vallabh Vidyanagar, Gujarat-388120, India
(2) Indian Agriculture Research Institute, Pusa, New Delhi 12, India
Effect of fertilizer urea and urea mixed with different doses of two nitrification inhibitors viz.
dicyandiamide (DCD) and karanjin [a furanoflavonoid, obtained from karanja (Pongamia glabra
Vent.) seeds] on methane (CH4) consumption was examined in an alluvial soil (typic ustochrept)
maintained at field capacity. Samples of the soil, fertilized with urea (100 mg N kg soil) and urea
combined with different doses of the two inhibitors, DCD and Karanjin (each added at 5, 10, 15, 20
and 25% of applied N), were incubated at 25°C, at field capacity moisture content for 35 days. CH4
consumption rate ranged between 0.247 and 1.7 ng CH4 kg"1 soil day"'which had little temporal
variation (10-31%). Mean CH4 consumption rate and total CH4 consumption was significantly
higher in control (no fertilizer-N) than all other treatments. Methane consumption rate was found to
be negatively and positively correlated with soil NK»+ and NO2+NO3" content, respectively. Mean
CH4 consumption rate, as well as total CH4 consumption were lower on the addition of karanjin due
to slower nitrification and higher conservation of NRt+ released from applied urea. Addition of urea
led to 17% reduction of total methane consumption while urea combined with karanjin and DCD
had 50-64% and 19-34% reduction, respectively. Karanjin had higher nitrification inhibition (6275%) than DCD (9-42%) at the end of incubation period. The study has indicated that ammonium
has strong inhibitory effect on CH4 consumption in soil and application of nitrification inhibitors
may appreciably retard CH4 consumption and can increase its emission.
Keywords: ammonium, methane consumption, nitrate, nitrification inhibitors, soil, urea
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Generation of DOC from organic layers of forest soils
controlled by biotic and abiotic processes
NAMBU Kei (1), WAKU Takako (2), MORI Keiko (3), KANEKO Shinji (4) and
YONEBAYASHI Koyo (5)
(1) Japan Science and Technology Co. Current address: Dept. of Natural and Environmental
Sciences, Mid Sweden University, SE-851 70 Sundsvall, Sweden
(2) Kinki University, Nakamachi, Nara City 631-8505, Japan
(3) Kyoto University, Sakyoku, Kyoto City 606-8224, Japan
(4) Kansai Research Center of FFPRI, Fushimiku, Kyoto 612-0855, Japan
(5) Kyoto Prefectural University, Sakyoku, Kyoto City 606-8522, Japan
The generation of dissolved organic carbon (DOC) is involved in the dynamics of nutrient
elements in forest organic layers and surface soils. The objective was to evaluate the amounts of
DOC generated through biotic and abiotic processes in relation with the stage of decomposition of
substrate organic layer. Oi, Oel, Oe2, and Oe3 layers of mor-type O layer under beech forest were
sampled to represent substrate organic layers of different stages of decomposition, and were
incubated with 3 levels of interval between extractions. The cumulative extracted amount of DOC
in 180 days at 25°C varied between 8.9 mg g', for Oe3, and 11.3 mg g', for Oi. By comparing the
amounts of generation under different times of extractions, the generation controlled by the times of
extractions (DOCabio) was distinguished from that controlled by biological activity (DOCbio).
DOCabio for Oi was 1.4 to 2.0 times as much as that for Oe layers. For Oi layer, DOCabio
accounted for more than 80% of total DOC during the first 80 days, and it was only after that period
that DOCbio was produced appreciably. In contrast, for Oe layers, DOCabio accounted for 37 to
56%, and DOCbio was produced from the beginning of the incubation. Compositional analysis of
DOC showed that the generation of DOC from Oi in the early period included the dissolution of
water-soluble saccharides and tannin. Although the emission of CO2 was active on such fresh
substrates in that period, the microbial activity did not lead to the production of DOCbio. The
amounts of DOCbio for the Oe layers were in linear relationship with the emission of CO2. Higher
contents (up to 15.3% on average) of phenolic carbon from the lower layers implied that the larger
portion of DOC was derived from lignin. Lignocellulose was considered to be the major substrate
for the production of DOCbio.
Keywords: dissolved organic matter (DOM), generation, mechanism, simulation
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Sequestration of soil organic carbon by
an "/« sita" polymerization reaction
PICCOLO A. (1), SPACCINI R. (1), TAGLIATESTA P. (2) and MOSCHETTI G. (3)
(1) Dipartimento di Scienze del Suolo, della Pianta e dell'Ambiente, Universita di Napoli
"Federico II", Via Universita 100, 80055 Portici, Italy
(2) Dipartimento di Scienze-Tecnologie Chimiche, Universitä di Roma "Tor Vergata", Via della
Recerca Scientifica, Roma, Italy
(3) Dipartimento di Scienza degli Alimenti, Sezione di Microbiologia Agraria, Universita di
Napoli "Federico II", Via Universita 100, 80055 Portici, Italy
Soil humus is the major reservoir of organic carbon in the planet surface and its dynamics in
agricultural soils represents about 20% of yearly increase in greenhouse gases (Cole et al., 1996).
The overall contribution of soil annual respiration to CO2 emission is one order of magnitude larger
than that emitted from industrial and automotive sources (Schlesinger, 1997). It is thus fundamental
to introduce innovative processes aimed to stabilize SOC and offset the current large CO2 emissions
from non-agricultural sources.
Novel understanding (Piccolo, 2001) on the nature of soil humic substances (HS) indicates that,
rather than macromolecular polymers, they are supramolecular associations of heterogeneous
molecules with relatively low molecular sizes. Humic molecules are held together by relatively
weak forces (van der Waals, Jt-Jt, CH-7t, and H-bond interactions) in contiguous hydrophilic and
hydrophobic domains of apparently large molecular sizes. It has been proved that humus molecules
can be polymerized by forming covalent bonds through an oxidative coupling reaction catalyzed by
enzymes (Piccolo et ah, 2000; Cozzolino and Piccolo, 2001). One may thus infer that an increase in
SOC chemical energy may become a carbon sequestration process that slows down biological
mineralization, and enhances OC stabilization in soils.
We present an "in situ" experiment by which both soil native and exogenous humus was
subjected to an oxidative coupling reaction promoted by a biomimetic catalyst, a iron-porphirine
that is much more viable, to ensure a more effective OC polymerization in soils than the easily
deactivated oxidative enzymes. After an "in situ" polymerization, soil samples were subjected to
determination of: 1) water-stable aggregate stability, 2) biological respiration, 3) HS extractability,
4) distribution of size-particles, and 5) OC content in the size-particles. Results showed a significant
increase of soil microaggregates (<250 |im) and OC retention in all size-particles, a significant
reduction of soil microbial respiration (CO2 emission) and of HS extractability, and a significant
improvement of aggregate stability (MWDw). We conclude that the proposed SOC polymerization
is an effective and practical process to sequester OC in soils at reasonably low costs and that
experimentation on the field scale should be encouraged.
Keywords: soil organic carbon, carbon sequestration, greenhouse gases, polymerization, humic
substances
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Reduction of methane emission from submerged paddy soils
by water management in Thailand
SIRIRATP1RIYA Orawan (1) and PRADUBSUK Suphasuk (2)
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(2) The Southeast Asian Fisheries Development Center (SEAFDEC), Bangkok 10903, Thailand
Flooding rice field is believed to be a cause of global warming. As a consequence, Asian
nations in conjunction with their international alliance are urged to curtail the emission of gases
produced from submerged paddy soils. Most paddy areas in Thailand, a country located in a
tropical region, are rain-fed which the water level depends solely on precipitation. Furthermore, the
decomposition of organic substances in soils is generally found and considered to promote methane
production under anaerobic condition. During the monsoon season, the water level in flood prone
rice paddy may rise up to 50 cm., the role of paddy field without rice plays as a wetland commonly
cycling in the production and emission of methane.
Water management is suggested to be an important mitigation option for the reduction of
methane emission from paddy fields. Pot experiment was, therefore, conducted at Chi-Nat
Province and Bangkok Metropolis in order to investigate the mechanism of submerged soil
responding to water management, including water regime and drainage. The experimental design
was subjected to 3 factors factorial in randomized complete block with 3 replications for 2 soil
series (Nakorn-Pathom and Roi-Et), 3 water levels (0, 10, 20 cm.), and 3 types of drainage (30
days; 60 days; 30-60 days after flooding; DAF) from 20 cm. in water height. One experimental unit
was 0.6x0.6x0.6 m. The entire time of this study was equal to the rice cultivation period.
The results indicated that, at each water level of 0, 10, 20 cm., the methane emission rate from
Nakorn-Pathom series (7.29, 6.47, 5.12 mg m' 3 h') was higher than that of Roi-Et series (3.23, 2.05,
1.42 mg m"3 h"'). The lowest in methane emission rate was found in both soil series when the soils
were submerged at 20 cm. Concerning the water drainage, as soon as the drainage began, methane
emission acutely increased and rapidly decreased after the fourth day of drainage. The reduction in
methane emission was directly related to the frequency of drainage. The drainage alone showed a
short-term reduction of methane emission particularly on Roi-Et series. However, the methane
emission rate from drained soils was not significantly different from that of continuous flooded soil
of Roi-Et series whereas Nakorn-Pathom series presented with tendency of a significant difference
(p<0.05). This study indicated that the water height and the water pressure were able to obstruct the
emission of methane under continuous flood soils resulting in an abrupt emission of accumulated
methane when the drainage was suddenly performed. Hence, water drainage alone was not
considered a significant mitigation action for the reduction of methane from submerged paddy soils
in Thailand.
Keywords: water drainage, water regime, methane reduction, submerged paddy soils, soil series
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Long-term nitrous oxide emissions from grass swards
under elevated pC0 2
BAGGS E.M. m . RICHTER M.(2). HARTWIG U.A.(2,3) and CADISCH G.(l)
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5AH, UK
(2) Institute of Plant Sciences, ETH Zürich, 8092 Zürich, Switzerland
(3) Institute of Crop and Grassland Sciences, University of Hohenheim, 70593 Stuttgart, Germany
Emissions of N2O were measured over a year from grass swards under ambient (350 uL L"')
and elevated (600 uL L"1) CO2 partial pressures at the Free Air Carbon dioxide Enrichment (FACE)
experiment, Eschikon, Switzerland. Measurements were made following high (56 g N m"2 y') and
low (14 g N m"2 y"') rates of fertiliser application, split over 5 re-growth periods, to Lolium perenne,
Trifolium repens and mixed LoliumlTrifolium swards. Elevated PCO2 increased annual emissions of
N2O from the high fertilised Lolium and mixed LoliumlTrifolium swards by 62 and 72%,
respectively, but had no significant effect on annual emissions from Trifolium monoculture swards.
The greater emissions from the elevated pCC>2 Lolium swards were attributed to greater
belowground C allocation under elevated pCÜ2 providing the energy for denitrification. Our
findings are of global significance as increases in atmospheric concentrations of CO2 may,
depending on sward composition and fertiliser management, increase greenhouse gas emissions of
N2O, thereby exacerbating the forcing effect of elevated CO2 on global climate. Our results suggest
that when applying high rates of N fertiliser to grassland systems, Trifolium repens swards, or a
greater component of Trifolium in mixed swards, may reduce the negative effect of continued
global warming on N2O emissions by maintaining them at todays rates.
Keywords: nitrous oxide, elevated atmospheric carbon dioxide, long-term, FACE
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Soil organic matter and nutrient bioavailability
JACKSON W. Roy (1), PATTI Antonio F. (1,3), SLATTERY Bill (2) and SCHEFE Cassandra
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Rutherglen, Victoria 3685, Australia
(3) Gippsland school of Applied Sciences, Monash University, Churchill, Victoria 3042, Australia
Australian soils are generally deficient in phosphorus (P). This deficiency is treated by regular
applications of inorganic P fertilisers. However, in acidic soils, a large proportion of the applied P
is adsorbed by aluminium (Al) oxides, or precipitated by soluble Al, rendering much of the applied
P unavailable to plants. Strategic use of organic amendments in conjunction with P applications
may increase the efficiency of inorganic P fertilisers applied to these soils. At the same time,
replenishment of soil organic matter will occur.
This project will test the hypothesis that the efficiency of inorganic P fertiliser is increased by
organic amendments, and investigate how "plant available" P is affected by particular soil
conditions.
Experiments will be conducted, which will focus on the fate of P in inorganic P fertilisers,
when applied in combination with soil organic matter derived from different sources. At the same
time, the effect of such treatments on the levels and mineralisation of soil organic matter will be
explored. The results of these initial experiments will be reported.
These studies are of importance in exploring the role of soil organic matter in increasing the
efficiency of inorganic P fertilisers in Australian acidic soils, as well as gaining some insight into
the accumulation and decomposition of organic matter using such management practices.
Keywords: organic matter, nutrient availability
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Water regime of model forest ecosystems under
elevated carbon dioxide and nitrogen deposition
SCHULIN Rainer. BUCHER-WALLIN Inga K. and SONNLEITNER Marion A.
Institute of Terrestrial Ecology, ETH Zürich, Grabenstrasse 3, CH-8952 Schlieren, Switzerland
Sixteen open-top chambers, each equipped with two non-weighable gravity-drained lysimeter
compartments, were used to investigate the impacts of elevated atmospheric carbon dioxide
concentration and nitrogen deposition on the water relations and growth of young beech-spruce
model forest ecosystems on two soils, an acidic sandy loam and a calcareous loamy sand. The soils
were repacked on top of a drainage layer. Four combinations of two CO2 and two N treatments
were applied in four replicates each: ambient vs. elevated (+220 mg kg1) CO2 and low (2.5- 7 kg N
ha"1 a') vs. high (25-70 kg N ha"1 a"1) N deposition.
Treatment effects were very different for the two soils. On the acidic soil, evapotranspiration
was reduced by approximately. 8% under elevated CO2, while growth showed a slight, but not
significant tendency of increase. High N deposition on the other hand not only led to a strong
increase in new leaf growth, but also to an increased evapotranspiration. Water use efficiency was
increased in both treatments. In combination the effects of CO2 and N on evapotranspiration and
growth were approximately equivalent to the sum of the single treatments. On the calcareous soil,
elevated CO2 tended to increase evapotranspiration and strongly enhanced growth, whereas N had
none or a small negative effect on new leaf growth and evapotranspiration and decreased subsoil
root growth at both CO2 concentrations, in contrast to the N treated acidic soil. The differences in
the treatment effects are consistent with the hypothesis that growth on the acidic soil was N limited,
while on the calcareous soil it was not.
Keywords: soil water regime, forest ecosystems, climate change, evapotranspiration
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Methane evolution from Histosol-grown rice
SNYDER G.H.q), REDDY K.R. (2) and LINDAU C.W. (3)
(1) University of Florida/EREC, 3200 East Palm Beach Road, Belle Glade, FL 33430, USA
(2) University of Florida/Soil and Water Science Department, Gainesville, FL 32611, USA
(3) Louisiana State Uni versify/Wetlands Biogeochemistry Institute, Baton Rouge, LA 70803, USA
There is concern throughout the world about the emission of the greenhouse gas methane from
flooded rice fields. In Florida, USA, rice is grown on Histosols in the Everglades, which due to
their highly organic composition potentially could provide conditions very favorable for methane
emission when cropped to flooded rice. Gas samples were collected in chambers placed over plots
with and without rice plants for an entire growing season, and redox potentials were measured from
the 10 and 25 cm soil depth. The soil was a Pahokee muck (Euic, hyperthermic Lithic Medisaprist).
Surprisingly, no measurable (> 30 g ha"1 d') methane emission was observed. This lack of methane
emission was attributed to the observation that redox potentials seldom fell below -200 mV, the
minimum potential required for methane production by bacteria. The relatively high redox
potential in the flooded rice plots probably was due to oxygen carried in percolate water, as cropped
Histosols in the Everglades may have percolation rates of 5 to 7 cm d"'.
Keywords: organic soils, redox, Everglades
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Straw management affecting methane emissions from
different rice ecosystems
WASSMANN Reiner (1,6), BUENO Crisanta S. (2), LANTIN Rhoda S. (2), LU W.F.(3),
CHAREONSILP Niwat (4) and OLK Daniel C. (5,6)
(1) Institute for Meteorology and Climate Research (IMK 4), Forschungszentrum Karlsruhe, 82467
Garmisch-Partenkirchen, Germany
(2) International Rice Research Institute, Manila, Philippines
(3) China National Rice Research Institute, Hangzhou, Zhejiang, P.R. China
(4) Prachinburi Rice Research Center, Prachinburi, Thailand
(5) Agricultural Research Service, National Soil Tilth Research Laboratory, Ames, Iowa, USA
(6) Formerly at International Rice Research Institute, Manila, Philippines
Wetland rice fields are a source of the greenhouse gas methane. Emissions are generally
enhanced by organic inputs into the soil such as animal or green manure. However, application of
organic manure is gradually decreasing in virtually all rice growing countries - one of the reasons
why previous estimates may have overstated the global methane source strengths of rice fields
under contemporary practice of crop management. Rice soils largely rely on recycling of plant
residues to compensate for carbon losses through harvest. As the level of carbon input into the soil
is low, methane emissions become very sensitive to the modalities of straw management.
This study comprises experiments conducted at three different sites, i.e. Los Banos
(Philippines), Hangzhou (China) and Prachinburi (Thailand). In Los Banos, the common practice of
incorporating rice straw during field preparation resulted in seasonal averages of 30 to 250 mg CH4
m"2 (T : Early residue incorporation (i.e. app. 30 d before field preparation) reduced emissions by
81%, 18% and 54% in the wet season 1996, dry season 1997 and wet season 1997, respectively.
Grain yields did not differ significantly among treatments. In Hangzhou, late incorporation of rice
straw resulted in high emission levels of >250 mg CH4 m"2 d"1. Emissions could be reduced by
approximately 10% when the straw was incorporated before the winter fallow (in the early season)
and was mulched (in the late season).
Experiments in Prachinburi were conducted in deep water rice yielding high amounts of straw
due to elongated rice plants. The common practice of straw burning (followed by soil incorporation
of ash) resulted a low level of emissions (<90 mg CH4 m"2 d ' ) during the vegetation period, but this
practice implied methane emissions and air pollution during the burning process. Methane
emissions were generally high (>300 mg CH4 m"2 d'1) when fresh straw was incorporated into the
soil. However, proper straw management could minimize the incremental effect on emissions as
compared to straw burning. Emissions were on a low level when the straw was either composted or
mulched on the soil under zero-tillage. Results from all three locations clearly indicate that methane
emissions from rice fields not only depend on quantity of rice straw, but also on mode and timing of
incorporation. Sustainable agriculture relies on proper residue management to reduce adverse
impacts on the environment - on a local as well as a global scale.
Keywords: residue, mulching, zero-tillage, fallow, timing
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Application of BIOLOG sole carbon source utilization tests
in Chinese red soils
YAO Huaiving. HUANG Changyong and HE Zhenli
Institute of Soil and Water Resources and Environmental Science, Zhejiang University (Huajiachi
Campus), Hangzhou 310029, China
The microbial community structure in a sequence of eight red soils that have undergone land
improvement and change in land use was investigated. The soils were selected from the same
climatic region (Longyou county, Zhejiang Province, in south-east China) and were derived largely
from the same soil parent material (quaternary red earth) so as to remove edaphic and climatic
influences. Our objective was to understand the microbial ecology of this important soil resource
and to test the hypothesis that their community structure would be primarily determined by their
different land uses. In addition, because the conventional BIOLOG test plates contain high
concentrations of carbon sources, toxic TTC (triphenylte-trazolium chloride) and the plates are
buffered at nearly neutral pH, which is quite different from the pH of Chinese red soils, we
evaluated the effect of TTC on soil microorganisms and tested the hypothesis that community level
physiological profiles are conditioned by the culture conditions (pH) of the test medium. The
average utilization (AWCD) of the carbon sources for the eight soil samples using the BIOLOG
microtitration plates generally followed the same pattern with incubation time. The AWCD of the
microbial communities from a tea orchard soil was significantly less than all other soils.
Multivariate analysis of substrate utilization data showed that the tea orchard soil was particularly
distinctive in its substrate utilization pattern, which had higher ordinate value on canonical variate
1. However, the substrate utilization patterns were not related to either the size of microbial biomass
or other soil chemical fertility indices. Application of TTC decreased the color development
sharply and resulted in a great biocidal effect on the growth and reproduction of soil
microorganisms, indicating that TTC can affect the discrimination of soil microbial communities.
A modified carbon source utilization method, using absorbance readings at 405 nm and different
culture media at pH values of 4.7 and 7.0 showed that the pH 4.7 plates increased the discrimination
of this technique, compared with the pH 7.0 plates. Since most tested soils are acid, it seemed that
it is better to use a suitable pH characterization medium for a specific soil in the sole carbon source
tests. The modified method also showed that the distinctive microbial community structure in the
tea orchard soils was not due to differences in pH alone.
Keywords: BIOLOG, Chinese red soil, substrate utilization pattern
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Release of hydroxyl ions associated with sulfate
and chloride adsorption in Ferralsol
ZHANG Gangya and ZHANG Xiaonian
Institute of Soil Science, the Chinese Academy of Sciences, Nanjing 210008, China
The Ferralsol (Oxisol) sample was subsoil collected from Kunming, China. The main clay
minerals were kaolinite, gibbsite and ferric oxide. The content of free Fe2C>3 is 15.9%. Ferralsol has
the distinct amphoteric characteristics. It simultaneously carries positive and negative charge on the
surface and adsorbs anions and cations. The release of hydroxyl ions from the ferralsol associated
with the adsorption of sulfate and chloride in NaClC>4 solutions was examined in the present work.
The amount of hydroxyl ions replaced by sulfate and chloride from the electric double layer of
Ferralsol was measured quantitatively in different conditions with automatic titration equipment.
The amount of hydroxyl ions release increased with the amount of Na2S04 and NaCl added and
decreased with raising pH in the suspension of Ferralsol. The adsorption of chloride was almost
linearly related with the quantity of NaCl added to the system, while the hydroxyl ions release
varied with the concentration of electrolyte solution. The release of hydroxyl ions decreased with
the increase in the NaC104 concentration at first, while it was little affected by the latter. The
logarithm of the quantity of released hydroxyl ions was linearly related with pH.
In the solution of 2.0 mol L'1 NaC104, the amount of hydroxyl ions replaced by sulfate from the
surface of ferralsol could be considered as the amount of hydroxyl ions adsorbed by ligand
exchange reaction. The amount of hydroxyl ions released in the solution of NaC104 concentration
below 2.0 mol L" from which the amount of hydroxyl ions adsorbed by ligand exchange reaction
was subtracted could be considered as the hydroxyl ions adsorbed by electrostatic attraction. The
hydroxyl ions adsorbed by electrostatic attraction decreased with increases in the concentration of
electrolyte solution and pH. The percentages of hydroxyl ions adsorbed by electrostatic attraction in
water and in different electrolyte solutions were calculated.
Keywords: Ferralsol, hydroxyl, sulfate, chloride, ligand exchange reaction
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Identification and implication of amino acid enantiomers
in prairie soils of North America along a climosequence
ZHANG Xudone (1,2), WANG Jingkuan (3), AMELUNG Wulf (2) and ZECH Wolfgang (2)
(1) Open Lab. of Terrestrial Ecological Process, Institute of Applied Ecology, Chinese Academy of
Sciences, Shenyang 110016, P.R. China
(2) Institute of Soil Science and Soil Geography, University of Bayreuth, D-95440 Bayreuth,
Germany
(3) Faculty of Land and Environment, Shenyang Agricultural University, Shenyang 110161,
P.R. China
As protein biosynthesis produces the amino acids exclusively in the L-form, the occurrence of
certain D-amino acids in cell residues has been attributed to an age effect or microbial contribution
or both. Understanding the response of soil amino acid enantiomers to climate is therefore essential
for predicting the feedback effect of global warming on soil N dynamics and sequestration. In this
study, we applied the enantiomers of amino acids as markers for protein origin and ageing as
affected by climate in 18 native grassland soils (0-10 cm), sampled along mean annual temperature
(MAT) and precipitation (MAP) transects from Saskatoon, Canada, to South Texas, USA. After
removal of the free amino acids with cold 1 M HCl, the enantiomers were released from remaining
soil organic polymers with 6 M HCl (12 h, 105*C), purified, and quantified as ester derivatives
using gas chromatography with mass sensitive detection. Deuterium labelling was used to
distinguish hydrolysis-induced racemization from soil-inherent D-amino acid formation.
The potential markers for protein ageing, such as D-lysine, D-phenylalanine, and D-aspartic
acid, comprised 2-15% of the respective L-form. The age markers D-proline and D-a//o-isoleucine
did not exist in the soils but were completely formed during hydrolysis and derivatization. In the
prairie soils D-aspartic acid and D-lysine are the two most relevant ageing markers. Microbeinduced racemization likely increased the D/L ratio of aspartic acid in the mollic epipedons.
Nevertheless, the D-aspartic acid was a witness of protein ageing, despite the living environment.
D-lysine is even a more reliable marker of protein ageing than that of D-aspartic acid. It was
estimated that the average protein age in the selected topsoils of the prairie was 120 years but
climatic effects on the soil protein age remained uncertain.
The concentrations of the bacterial biomarkers D-alanine and D-glutamic acid (in g kg"1 soil N)
were parabolically related to MAT, peaking in the mesic temperature regime. This coincided with
another bio-marker, amino sugars. In the prairie soils, the 1:1 ratio of D-alanine-N to muramic acidN was sustained. Apparently intact bacterial cell walls rather than fragments were preserved since
the ratio of D-alanine-N to muramic acid N is typically 1:1 in the peptidoglycan cell wall of
bacteria. We conclude therefore that for grasslands the MAT at 12-15°C, such as in the Midwest of
the States, offered optimum conditions tor the microbial sequestration of N in intact but dead
microbial cell walls.
Keywords: amino acids, enantiomer, ageing, Mollisols, North American prairi
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Total trace element contents in natural soils by two methods
CARIDAD CANCELA R. (1), ABREU C.A. (2) and PAZ-GONZÄLEZ A. (1)
(1) Facultad de Ciencias. Campus A Zapateira s/n 15071. La Corufia, Spain
(2) Instituto Agronómico, Av. Barao de Itapura. C. P. 28, 13001-970, Campinas (SP), Brazil
Anthropogenic metal accumulation such as for instance in agricultural and urban soils has
generated a great amount of information. Nowadays, there is an increasing demand to measure
background levels of trace elements in soils because of the need to supply interpretations of both
contaminated and non-contaminated profiles in an environmental context. The main goal of this
study was to provide background levels for Cu, Mn, Ni, Pb, Zn and Cr for natural soils in Galicia
(Spain). Thirty-eight horizons from 10 natural soil profiles developed over a wide variety of soil
parent materials, including serpentine soils, which have naturally elevated Cr and Ni levels, were
sampled. Total metal concentrations measured by two different methods were compared. So, trace
elements were determined semi-quantitatively by X-ray fluorescence spectrometry (XRF) and
quantitative determination of samples was achieved by inductively coupled plasma-mass
spectrometry (ICP-MS) after acid digestion (HNO3 + HCl + HF + aqua regia).
The results showed that metal concentrations of native soils varied widely, and differences
between methods may be attributed to interferences and biases of the XRF technique and also to
losses in the solution prepared for ICP-MS. Except for Pb and Cu, all the correlation coefficients of
the trace elements studied were higher than 0.85. In spite of its semi-quantitative nature, XRF can
offer substantial benefits in the investigation of trace elements in natural soils, also by metal
enrichment, allowing assessments for diverse applications. However, trace metal data are methoddependent and care should be taken when performing specific environmental studies.
Keywords: trace elements, natural soils, metal enrichment, acid digestion, ICP-MS, XRF
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Sequestration of radionuclides during clay mineral
weathering at high pH
CHOROVER Jon (1), CHOI Sunkyung (1), MUELLER Karl (2), CROSSON Garry (2) and
KARTHIKEYAN K.G.(3)
(1) Department of Soil, Water and Environmental Science, University of Arizona, Tucson, AZ
85721, USA
(2) Department of Chemistry, Pennsylvania State University, University Park, PA 16802, USA
(3) Department of Biological Systems Engineering, University of Wisconsin, Madison, WI, USA
Integrated macroscopic and spectroscopic studies are being conducted to help understand the
migration of radionuclides (137Cs/ °Sr) in the vadose zone of nuclear waste tanks. Our focus is on
interfacial reactions in layer silicate clays (iliite, vermiculite, smectite and kaolinite) that affect
contaminant sorption/coprecipitation under geochemical conditions imposed by tank waste leachate
(pH = 14; 2 M NaNÜ3 background, high Al concentrations). Under these conditions, dissolution of
Si leads to incipient precipitation of short-range-ordered Al and Si phases that transform to
crystalline zeolites, with concurrent impacts on Cs and Sr uptake kinetics. The coupling of Cs/Sr
uptake to mineral transformation rates (monitored using solid-state NMR, XRD, FTIR, SEM-EDX,
TGA and wet chemical methods) depends on (i) the type of clay mineral and (ii) contaminant
concentrations. The formation of Sr-containing chabazite and cancrinite (zeolites) is observed in
both kaolinite and montmorillonite systems by 180 d. The recalcitrance of both radionuclides to
desorption increases with weathering time (consistent with Ostwald ripening) for all systems
studied.
Keywords: radionuclides, metal speciation, clay minerals, mineral weathering, zeolites
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The role of humic substances in increasing ecosystem stability
CHUKOV Serafim
St.-Petersburg State University, Russia
One of major soil components having unique buffer properties is the organic substance of the
ground and, in particular, humic substance, which, due to best adsorption properties and plasticity,
covers the greatest part of a surface of contact of the soil solid phase with the soil solution.
Thus, the raincoat humic acids is the main arena of chemical and biochemical reactions for the
immobilization and inactivation xenobiotics acting in a soil. Among them it is possible to mention
heavy metals, which are taken by humic acids from a soil solution and immobilized by linkage in
insoluble complexes, and organic xenobiotics, which also inactivated by humic acids by oxidizing
polimerization. This process passes at free radicals humic acids and results in sharp chock easing or
complete disappearance toxic organic xenobiotics (Senesi, 1998).
At the same time in our researches (Chukov, 1998) and works of other authors (Perminova,
1998; etc.) the obviously expressed protective functions humic acids (in relation to biota) are
marked and it is possible to generalized this by the term "bioprotection function by humic acids". It
is shown as at influence xenobiotics or high dozes of mineral fertilizers, and at other adverse factors
of external environment.
In our researches the mechanism of bioprotection activity of soil humic acid was investigated
in pollution of environment by heavy metals at different levels of organization: vegetative tissue,
unicellular seaweed and polycellular plants. It was established, that at all these levels, two
mechanisms of bioprotection activity are observed.
The first of them is well enough known and consists of in linkage of heavy metals ions from a
soil solution with participation of acid functional groups of humic acid. However this mechanism
provides only about 20% from a level with their common bioprotection activity. The most part
chock (80%) is necessary on the mechanism of a straight line physiological stimulate of plants
adaptation reactions on toxic action of heavy metals. This process, as well as physiological activity,
is closely connected to the content (estimated by ESR) of free radicals in soil humic acid.
Thus, one more mechanism of importance as a functional parameter of soil humic acid having
the large importance for an adequate estimation of ecological potential of humic substances,
determining stability modern ground ecosystem in conditions of anthropogenic pollution is
established.
Keywords: humic acid, free radicals, ESR, physiological, bioprotection activity
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An equipment and software for improved estimation of
soil acidity
CZINKOTA Irnre m, FILEP György (2), RÉKAS1 Merk (2) and CZANIK Peter (1)
(1) Szent Istvan University, Dept. of Soil Science and Agricultural Chemistry, H-2103 Gödöllö, Pa
ter K. u. 1, Hungary
(2) Debrecen University, Dept. of Soil Science and Microbiology H-4015 Debrecen, Böszörményi
üt 138, Hungary
In some countries it is accepted for estimating the lime requirement (LR) to use hydrolytic
acidity suggested by Kappen, which is based on a single time extraction of hydrogen- and
aluminum-ion with calcium-acetate. We could achieve more accurate results, if we measure the
total surface acidity (TSA) of soils. For this reason it is an improvement to use a direct
measurement method and equipment, which is suitable to estimate the results of long-term
processes and TSA, via investigating the kinetic properties of desorption.
The method of measurement: A pH electrode is dipped into continuously stirred soil
suspension, containing background salt (e.g. KCl), and it is connected to a computer using an
amplifier and A/D converter. A computer program has been developed that controls an automatic
burette, which adds the base solution into the system if pH is less than the pre-adjusted value (e.g.
pH 6.5 or pH 6.8) and stops adding if pH reaches this value.
For evaluation, the amount of added base vs. time data series can be used. With increasing time
the amount of added base keeps to a constant (asymptotic) value. The program fits an exponential
associate function on measured data, and outputs the asymptotic value connecting to infinite time,
which can be used to calculate LR.
Let us suppose that there are two processes with different speeds, in this case the function can
be created as the addition of two first order kinetic sub-processes.
y = bl(\-e-«') + b2(l-e-'")
The faster process that takes place on the outer surfaces features easily removable acidity, and
the slower process probably describes processes inside the deeper pores. The fitting error of
parameters is about 0.1%, which means, that the TSA value, based on these measured data and
method can be estimated with high accuracy. Differentiating the fitted function the soil buffering
capacity-pH function can be calculated, which features the base or acid sensitivity of soils at
different adsorbed H+ amounts.
The measurement is fully automated. The evaluation is based on extrapolation so the precision
of results increases with the number of measurement points and the length of measurement time.
Depending on the application, a quick measurement with approximate results or a longer
measurement with more precise results can be chosen.
Keywords: acidity, lime requirement, kinetics, automated method, ion exchange
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Assessment of binding forms of some elements
in soil profiles using different extractants
DONISA Carmen (1), STEINNES Eiliv (2) and MOCANU Raluca (3)
(1) University "Al.I.Cuza", Faculty of Geography and Geology, Bd. Copou 20 A, 6600 Iasi,
Romania
(2) Norwegian University of Science and Technology, Department of Chemistry, N-7491
Trondheim, Norway
(3) University "Al.I.Cuza", Faculty of Chemistry, Department of Analytical Chemistry, Bd.
Mangeron 71, 6600 Iasi, Romania
In a study of trace elements in soil profile development in the Romanian Carpathians different
approaches involving the use of extraction agents were used in order to distinguish between
separate chemical binding forms of major and trace elements in the forest soils studied. In the
present paper an attempt is made to derive some general conclusions about the relative binding of
selected elements in forest soils by comparing the data obtained in the above study by using
different extractants.
The extracting solutions employed in this study were the following: HCl, 0.05 M, to mimic the
plant-available pool of elements in soil, sodium pyrophosphate, 0.1 M, the classical reagent used to
separate soil organic matter from the inorganic constituents of the soil, and HNO3 14 M, which
extracts what may be defined as the "total reactive pool" of the elements, leaving behind only the
fraction of elements strongly bound in the matrix. Samples from three different series of soil
profiles collected in forested mountain areas of the northern part of the Eastern Carpathians,
Romania, 126 samples in total, are the subject of the present work.
To reveal the systematic trends in the extraction data and possibly explain these trends, ratios
were calculated between concentrations of each element extracted with different agents.
Generally less than 10% of the HNO>extractable fraction is released by 0.05 M HCl, but the
amount shows considerable variation among the elements studied. The relative amount extracted by
pyrophosphate increases with organic matter content of the soil for Cu, Zn, Pb, AI, Fe, and Cr, stays
more or less constant for Mn, K, and Mg, and decreases for Ca. These findings are discussed with
respect to the different binding forms of the metals in the soil and the processes affecting their
mobility. From the present results the metals may be ranked as follows with respect to their ability
to form organic complexes in natural soils: Cu>Cr, Pb>Ca>Al>Fe, Zn, Mn, K>Mg.
Keywords: soil, extractants, major elements, trace elements, Romania
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The effects of three kinds of fertilizers on
degradation of chlorsulfuron
FABINYetn. YUANYAN Dong (2), XIANWEN Hu (2) and TIANZHI Ouyang (3)
(1) Department of Chemistry, Huanggang Normal University, Huanggang 438000, PR China
(2) Department of Science, Huazhong Agricultural University, Wuhan 430070, PR China
(3) Department of Bioengineering, Hubei Polytechnic University, Wuhan 430068, PR China
The effects of Ca(H2P04)2 , NH4HCO3 and (NH2)2CO on degradation of chlorsulfuron in sand
culture were investigated in this paper. Chlorsulfuron was directly measured by gas
chromatography with electron capture detector. Results demonstrate that Ca(H2P04)2 facilitate
degradation of chlorsulfuron because the pH of the sample solution decreased, and the rate of
degradation of chlorsulfuron was subject to a parabola equation. On the contrary NH4HCO3
hindered the degradation of chlorsulfuron because the pH of the sample solution increased, and the
curve of degradation also conformed with parabola equation. The curve of degradation of
chlorsulfuron , which firstly declined , then increased and in the end slowly declined, was different
from the former two cases when (Nr^hCO was used. The concentration of chlorsulfron was
quickly decreasing at the beginning, then increasing after 10 days, and the curve of 20 days later
from the beginning followed pseudo-first order equation. It was show that chlorsulfuron combined
with (NfyhCO into some kinds of compounds, which was first quickly, later slowly decomposed
by microbe et al.
Keywords: chlorsulfuron, degradation, calcium dihydrogen phosphate, ammonium hydrogen
carbonate, urea
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In situ Mössbauer spectroscopy and soil solution monitoring
to follow spatial and temporal iron dynamics
FEDER Frederic (1), KLINGELHÖFER Göstar (2), TROLARD Fabienne (3) and BOURRIÉ
Guilhem (3)
(1) INRA, Unit de Gochimie des Sols et des Eaux, URGSE-CEREGE, BP 80, F-13545 Aix-enProvence , Cedex 04, France
(2) Institut für Anorganische und Analytische Chemie, Johannes. Gutenberg-Universitt Mainz,
Staudinger Weg 9, D-55099 Mainz, Germany
(3) CIRAD - Station de La Bretagne - BP 20, F-97408 Saint-Denis Messagerie Cedex 9, le de La
Runion, France
Green-blue colours characteristic of hydromorphic soils have been recognized to be due to
green rust minerals, for which the name " fougerite " has been proposed. In reducing conditions,
iron activity in soil solution is controlled by the dissolution and precipitation of iron oxides and
especially of these transient but well crystallised green rust minerals. Recent study by EXAFS has
suggested the partial substitution of Fe2+ by Mg2+. Consequently, the general formula is:
[FeV^Mg 2 ^Fe 3+ ,(OH) (2+2 ,)r [x/n An" (\-x+y)H^ff
n

where A ' is the interlayer anion and x is the ratio Fe3+ / Fetolai (Refait et al, 2001).
The aim of this study is to follow the spatial and temporal iron dynamics by using in situ
instruments. For the first time, a field Mössbauer spectrometer, adapted to the Earth's conditions
from the instrument developed for Mars missions has been used to obtain spectra directly in a soil.
MIMOS-II operates in back-scattering geometry measuring the 14.41 keV Mössbauer radiation and
the 6.4 keV Fe X-rays. The sensor head has been installed on an Archimedes screw into a PVC tube
equipped with plexiglass windows through which spectra can be acquired at a given depth (± 0.4
mm). A printed circuit board carries the digital electronics for instrument control, communication,
data acquisition and storage. No sample preparation is needed, the measurement is non-destructive
and the volume probed is about 1-2 cm diameter and 100 to 200 urn depth. A spectrum is acquired
in about 2-3 days. The tube is placed in hydromorphic soils in Fougères (Brittany, France). For the
analysis of the soil solution, we have installed a multiparametric probe with a measurement cell at
80 cm depth, isolated from the atmosphere. In this cell, several parameters (pH, Eh, dissolved
oxygen, temperature, conductivity) are directly measured and samples are collected with tubing.
Dissolved Fe(II) and S(-II) are immediatly measured in the field with a portable spectrometer after
filtration. The chemical analysis is completed in the laboratory.
The first results show both spatial and temporal mineralogical variations. The first evidence is
the spatial variation of the x ratio of the green rust mineral at a given time. In the deepest horizon
(approximately 100 cm), the green rusts are more reduced (x - 0.33) than at 50 cm (x = 0.65). The
second evidence, obtained by resetting the instrument exactly at the same vertical position, is that
the x ratio changes with time. This shows that the green rust minerals are highly reactive solid
phases. These mineralogical variations can be correlated with fluctuations of the water table and the
developement of oxidoreduction processes in the soil solution.
Keywords: hydromorphic soils, oxidoreduction, iron oxides, monitoring, Mössbauer spectroscopy
groundwater
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Association of radiocesium on different
geobiochemical soil phases
KRUSE-IRMER Sven, VON WALDHAHSEN Constanze and GIANI Luise
University of Oldenburg, Faculty of Biology, Geo- and Environmental Science, Dept. Soil Science,
PO 2503, D-26111 Oldenburg, Germany
The vertical distribution of 137Cs was investigated in undisturbed grassland and forest soils with
different physicochemical properties from the southeast of Bavaria (Germany).
In order to obtain more information about the association of radiocesium on different
geobiochemical soil phases, two sequential extraction procedures were applied. Soil-to-plant
transfer experiments under controlled conditions were conducted to ascertain the bioavailability of
radiocesium.
The results of the sequential extraction procedure show a different behaviour of 137Cs in
organic and mineral soils. In mineral soils, between 66-93% of the total 137Cs were persistently
bound, e.g. fixed in illites and expandable clay minerals. The percentage of the exchangeable
fraction was relatively low, but increased with increasing depth. Furthermore, the 137Cs sorption by
sesquioxides and carbonates was negligible.
By way of contrast, l37Cs was much more mobile in peats and in the humus layer. Up to 28.5%
of the total 137Cs were located in the saturation extract and in the exchangeable fraction, whereas up
to 30 and 60% were organically and persistently bound, respectively.
These findings explain the different vertical distribution patterns in organic and mineral soils.
While 85-97% of the total l37Cs were located in the upper 10 cm in mineral soils, the percentage
ranged between 65-85% in organic soils indicating a higher Cs migration with depth in organic
soils. Moreover, the transfer experiments revealed a higher bioavailability of radiocesium in peat
soils and humus layers.
Despite the high mobility of Cs, the humus layers contain up to 91% of the total Cs contents
in forest soils. Thus, it suggested that Cs is involved, in a short cut element cycle in the system
humus layer - plant uptake - litter fall, and the humus layers are therefore effective sinks for cesium.
Keywords: radiocesium, forest soils, humus layer, sequential extraction
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Hydrophobic sites in humic acids as detected by ESR
of spin-label 5-SASL and 13C NMR of labeled oleic acid
FERREIRA Julieta A. (1,2), MARTIN-NETO Ladislau (1), NASCIMENTO Otaciro R. (2),
COLNAGO Luiz. A. (1), and FORATO Lucimara A. (1)
(1) Embrapa Instrumentacäo Agropecuaria, P.O. Box 741, 13560-970 Säo Carlos/SP, Brazil
(2) USP- Säo Carlos/SP, Brazil
It is well accepted that hydrophobic bonding between nonpolar pesticides and soil organic
matter (SOM) has an important role. However, hydrophobic bonding experimental evidence is hard
to obtain because generally binding energy is low, as occur in the van der Waals interaction.
The spin-label probe 5-SASL (stearic acid spin-label with nitroxide free radical in position 5 of
hydrocarbon chain), detectable by electron spin resonance (ESR), was tested to evaluate pH and
reaction time dependencies of hydrophobic interactions with humic acid (HA). Strong changes
were observed in 5-SASL ESR spectra in the presence of HA suspensions below pH 5, with
disappearance of the three isotropic narrow hyperfine lines of the nitroxide group (typical of free
spin-label) and formation of "immobilized" 5-SASL spectra. These changes were interpreted as
due to 5-SASL bonding with hydrophobic groups of HA, by van-der-Waals forces and/or hydrogen
bonds in hydrophobic sites (probably water-protected) existent in HA below pH 5. However, such
sites are absent above pH 5, as demonstrated by a specific experiment to check 5-SASL spectra
reversibility. On the other hand, the HA suspension was more efficient in dissolving 5-SASL than
water above pH 5. This fact also suggests the existence of "surface" hydrophobic sites, where the
spin-label binds to HA while maintaining the nitroxide group hydrated.
The interactions of labeled oleic acid with HA were also studied by l3C NMR spectroscopy
using 90% isotopically substituted [l-l3C]oleic acid. I3C NMR spectra were obtained as a function
of pH and reaction time dependencies of hydrophobic interactions between HA suspensions and [113
C]oleic acid. The spectra of oleic acid/HA complexes showed only one narrow resonance from
the oleic acid carboxyl carbon in a region (178 - 182 mg kg') from carboxyl carbon resonances,
leading to the conclusion that there is (at least) one high-affinity site for oleic acid on HA
molecules. This NMR titration curve with an apparent pKa of ~ 5 (lower values of chemical shift
are seen with decrease of pH) suggest hydrophobic interactions between the carbonic chain of the
oleic acid and the hydrophobic groups of HA, by van-der-Waals forces and/or hydrogen bonds in
hydrophobic sites, in agreement with data of ESR of spin label 5-SASL.
These experiments realized by powerful spectroscopic methods, ESR and NMR, gave totally
new experimental evidence of hydrophobic sites of HA that can help in better understanding fate of
several xenobiotics, as nonpolar pesticides, in soils.
Keywords: nonpolar pesticides, conformational changes, spectroscopic methods, soil organic
matter, pH effects
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Fluorescence spectroscopy as indicator of
humification degree of soil humic acid
M1LORI Débora M.B.P. (1). MARTIN-NETO Ladislau (1), BAGNATO Vanderlei (2),
S. BAYER Cimélio (3) and MIELNICZUCK Joäo (3)
(1) Embrapa Instrumentacäo Agropecuaria, P.O. Box 741, CEP 13560-970, Säo Carlos-SP,
Brazil
(2) Universidade de Säo Paulo, Instituto de Fisica de Säo Carlos, Departamento de Fisica e Ciência
dos Materials, C. P. 369, 13560-970, Säo Carlos -SP, Brazil
(3) Universidade Federal do Rio Grande do Sul, Departamento de Solos, C. P. 776, 90001-970,
Porto Alegre-RS, Brazil
This work aims to apply somefluorescencemethods, already demonstrated in the literature, to
analyze humification degree and evaluate soil management, and propose a new and easy
fluorescence method to measure it. Our proposal is to use blue light (465 ran) as excitation
wavelength of humic acid samples. This wavelength is more resonant with condensed aromatic
groups presents in humic acid molecules. We studied eighteen humic acids extracted from four
Brazilian soils (Paleudult, Hapludox, Haplortox and Paleudalf), under long term tillage
experiments, with a wide range of humification degrees, as evaluated by semiquinone free radical
concentration determined by electron spin resonance (ESR) spectroscopy.
Soluble humic substances were extracted with 500 mol m"3 NaOH (ratio 1:5 soil:extractor; 3 h
horizontal shaking) from the air-dried, ground, and sieved (<0.105 mm) soil samples. Soluble
humic substance solutions were acidified with HCl to pH 2.0 and kept for 24 h while humic acids
precipitated. The solutions were then centrifuged (5,000 rpm for 30 min.) in preparation for acid
treatment (3 periods of 2 h shaking in a 5% HC1/HF (1:1) solution) to reduce ash content.
Precipitate was washed with distilled water until a negative test to chloride.
Each HA sample was dissolved in NaHC03 0.05 N solution at concentration of 20 mgL"1 and
the final pH around 8. This concentration was used to minimize effects of interaction between
molecules and reabsorption of emitted light.
After preparation of solutions, fluorescence spectra in emission, excitation and synchronous
scan excitation mode were recorded on Perkin Elmer LS-50B luminescence spectrophotometer. In
all experiments, the emission and the excitation slits were set at a band-width of 7 nm and a scan
speed of 200 nm min"' was selected for both monochromators.
Fluorescence has been shown to be a potential technique for studying of land degradation and
management effects. It is similar in sensitivity to ESR, as easy to operate, and cheaper. Our
method had a close relationship with another fluorescence techniques (R-0.9, P<0.0001) and
semiquinone radical concentrations measured by ESR (R~0.85).
Keywords: no-till area, conventional tillage, soil organic matter stability, chemical recalcitrance,
ESR

252

Symposium no. 08

Paper no. 332

Presentation: poster

Adsorption of heavy metals by Chernozem
MINKINA Tatjana, SAMOKHIN Alexei and STATOVOY Andrei
Rostov State University, Department of Soil Science and Agrochemistry B.Sadovaya 105, 344006
Rostov-on-Don, Russia
This research was aimed at the mechanisms of the Cu, Pb and Zn sorption by Chernozem. It
was based on the study of sorption isotherms and the establishment distribution of metals being
sorbed by the soil. Comparison of metal absorption isotherms in case of those metals' separate and
combined introduction has shown their competitive interaction during their absorption by soil. Cu
was absorbed by Chernozem most intensively, and almost completely during separate introduction.
This metal's affinity with the surface was highest possible as compared to other studied elements,
that is why Cu obstructed Pb and Zn sorption, especially at the initial lots of isotherms. The
contribution of various soil components to metal sorption at lots of isotherms has been shown with
the help of the selectivity factor.
Keywords: heavy metals, Chernozem, sorption
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Kinetics and mechanisms of nickel surface precipitation
in multi-sorbent systems: a spectroscopic study
NACHTEGAAL Maarten and SPARKS Donald L.
Department of Plant and Soil Sciences, University of Delaware, Newark, DE 19717-1303, USA
Contamination of soils with toxic metals derived from industrial, municipal, and agricultural
sources is a worldwide concern. Recent metal sorption studies have shown that surface precipitates
can form on clay minerals, particularly with metals such as Cr, Mn, Ni, and Zn. The surface
products are either stable metal-aluminum layered double hydroxides when Al is present in the
sorbent structure or metal hydroxides when Al is absent in the sorbent structure. Over time, the
surface product evolves into a precursor metal phyllosilicate. However, in heterogeneous soil
systems clay minerals and metal oxides are intimately associated with organic matter and oxides,
which could mask the mineral surface from metals in solution and could compete with the clay
mineral surface for metal uptake. Therefore, the objective of this study is to elucidate the effects of
a Natural Humic Acid (NHA) and a goethite coating on the mechanisms of Ni surface precipitate
formation and stabilization on either a kaolinite or a gibbsite surface.
The kinetics of Ni partitioning to gibbsite and kaolinite, coated with either goethite or NHA,
were assessed in both batch and stirred-flow reaction chambers. Reaction conditions were pH = 7.0
- 7.5,1 = 0.02 M, and an initial Ni concentration of 3 mM in the batch reactor and 0.05 mM in the
stirred-flow reactor. Selected samples were retained for in-situ characterization of the sorption
complex structure with extended X-ray adsorption fine structure spectroscopy (EXAFS),
thermogravimetric analysis (TGA) and diffuse reflectance spectroscopy (DRS).
Macroscopic sorption experiments show a fast initial Ni uptake followed by a slow continued
Ni removal in all systems. The systems coated with NHA or goethite were more efficient in
removing Ni from solution than gibbsite/kaolinite alone. Desorption experiments, using the
background solution as a desorption agent, showed an increased stability of the Ni sorption complex
with aging. EXAFS studies indicate the growth of a Ni containing precipitate over time in all
systems. This Ni containing precipitate is similar in structure to brucite, with Ni and Al in the
octahedral layer. Further evidence for the formation of a Ni containing precipitate phase is obtained
from DRS studies, which indicate the partial substitution of Al for Ni in the octahedral layer and
TGA studies, which indicate sillicication of the precipitate on the kaolinite surface. These findings
suggest that the incorporation of Ni and other first row transition metals in stable surface
precipitates might be an important way to sequester first row transition toxic metals in the
environment such that they are less mobile and perhaps less bioavailable.
Keywords: surface precipitate, XAS, kinetics
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Copper adsorption by bentonite and soils high in iron oxides
DIMIRKOU Anthoula (1), PAPADOPOULOS Pericles (1), IOANNOU Andreas (2) and
FULEKY George (3)
(1) National Agricultural Research Foundation of Greece. Soil Science Institute of Athens, 1 Sof.
Venizelou St. 14123, Lycovrissi, Attiki, Greece
(2) University of Athens, Department of Chemistry, Panepistimiopolis-Zografou, Athens 15771,
Greece
(3) Godolo University of Agricultural Science, H-2103. Godolo Pater K.Q.I., Hungary
Adsorption of Cu by bentonite, hematite and soils high in iron oxides and the effect of pH anci
Cu in the availability of Zn, Mn, Ca, and Mg to plants were the subject of this investigation. These
processes were studied in the presence of 0.01N K.2SO4, under differing initial concentrations of Ci
(12-20 mg Cu L"1 of bentonite or soil solution) and pH (4.0 to 8.0).
Langmuir, Freundlich and Temkin isotherms were fitted to adsorption data and compared on
the basis of goodness of fit. The correlation coefficient of Pearson, r and the isotherms constants K,
Xm, n, a, b, were estimated and discussed.
Analytical data show an increasing adsorption of Cu by bentonite, hematite and soils due to an
increase of initial concentration and pH. The differences of copper adsorption by bentontite,
hematite and soils at differing pH values were estimated and discussed.
Keywords: adsorption, copper, bentonite, soils
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Atrazine transport in soil colums using 2:1 clays in
the presence and absence of nonionic surfactant
PRIMA Sandra and EVANGELOU V.P.
Soil Science Dept, Agric Fac, Andalas University, Padang, Indonesia
The mineralogy of the clay and the presence of the surfactant may produce additional effects on
the potential of atrazine to move in a soil profile, e.g., reach surface or groundwater. This study
was carried out to evaluate the implications of atrazine-surfactant (Brij 35)-2:l clay interactions on
the miscible displacement behavior of atrazine. Miscible displacement studies showed that the
components controlling atrazine distribution in clays were diffusion controlling components. These
components included a type of cation in the interlayer and absence or presence of surfactant. In the
case of Na-montmorillonite, Brij-35 delayed breakthrough of atrazine, while in the case of Camontmorillonite, Brij 35 enhanced breakthrough of atrazine. Diffusion appeared to involve clay
interlayers as well as interparticle spaces. The data showed that mobility of the herbicide relative to
the mobility of water was influenced by the surfactant as well as the mineralogy of the clay. Our
data showed that surfactants (herbicide additives) do influence mobility of herbicides in soil with a
given mineralogy by affecting a) solubility, b) diffusional processes and c) molecular sieving.
Keywords: atrazine, surfactant, Brij-35, montmorillonite
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Real time and remote monitoring of soil and
water pollutants by mid-IR fibreoptics
SHAVIVAvraham(l). KENNY A. (1), SHMULEVICH I. (1), SINGHER L. (1), REICHLIN
Y. (2) and KATZIR A. (2)
(1) Soil-Water-Environment, Agricultural. Engineering. Technion-IIT, Haifa, Isreal
(2) Applied Physics Group, TAU, Tel-Aviv, Isreal
Few systems are known which can be used successfully for direct and real time monitoring of
ionic and other pollutants in soil or environmental systems. Most widely used methods are based
on disturbed sampling and special treatments, which often do not provide continuous and/or remote
monitoring. Introduction of fiberoptic chemical sensors (e.g., silica fibers, visible or UV ranges'i
enabled monitoring in remote locations. Development of new silver halide (AgCl x Br i_x) fibers;
that transmit well into the mid-IR, paved the way to their successful utilization as effective and
selective in situ ATR sensing elements. Short segments of these fibers were used as sensing ATR
elements promoting the introduction of Fiberoptic Evanescent Wave Spectroscopy (FEWS). This
work focuses on the direct or in situ, remote and online high sensitivity detection of nitrate, and
other soil pollutants by direct contact of fiber sensors with soil or water sources.
Samples containing known amounts of nitrate in water, soil extracts and soil pastes were used
for the determination of nitrate concentration by means of a common ATR ZnSe crystal in
comparison to cylindrical (0.9 mm) and flattened (0.2 mm) mixed silver halide (AgCl „ Br i.x) IR
fibers. Spectra obtained for a variety of soil pastes, dispersions of montmorillonite, and for
phosphate, carbonate, sulphate and ammonium in water were used to study possible interference
with nitrate determination. Detection limit of nitrate in water solutions checked with a common
ATR device and with 0.2 mm silver halide sensor was 10 mg kg"1 N using the simple Absorbance
Difference for data processing. Application of the Cross Correlation method further increased the
detection limits by a factor of about five. The detection limits of nitrate in 2:1 water/soil extracts
obtained with a flat fiber dropped four-fold in comparison to water solutions due to the
interference of bi-carbonate and organic constituents in the extracts and the noise increase in the
system. No interference with nitrate was observed in montmorillonite suspension. Analyses of soil
pastes having gravimetric moisture in the range of 38 to 75% resulted in the appearance of new
peaks, which interfered with the nitrate. Application of the Cross-Correlation method and
particularly in combination with Neural Network significantly improved the detection iimits.
Keywords: monitoring, nitrate, soil pollutants, fiberoptics, evanescent wave spectroscopy
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A continuum of oxyanion adsorption mechanisms
on metal oxides: results from in situ spectroscopies
PEAK Derek, ARAI Yuji, HUNGER Stefan, GRÄFE Markus and SPARKS Donald L.
University of Delaware, Department of Plant and Soil Sciences, 149 Townsend Hall, Newark DE
19717, USA
Many different oxyanions are found in the soil environment, and the chemistry of these
oxyanions is quite varied. Oxyanions are studied for both agronomic and environmental reasons by
soil chemists. Some oxyanions such as phosphate and sulfate are essential nutrients for plant
growth and are found in relatively high concentrations in soils. Other oxyanions such as borate are
micronutrients. They are essential for plant growth at low concentrations but become toxic at
higher concentrations. The range between deficiency symptoms and toxicity is usually quite
narrow. A third group of oxyanions, such as arsenate, arsenite, selenate, selenite, and Chromate are
frequently studied because they have little agronomic use and are instead detrimental to human
health. Understanding the mechanisms by which these oxyanions react with mineral surfaces is
vital for predicting their bioavailability, toxicity, and transport in natural systems.
Our research group has conducted many in situ spectroscopic studies to determine the
mechanism by which many different oxyanions sorb to an array of soil components. Several types
of X-Ray Absorption Spectroscopy (XAS) have been utilized to study arsenate, arsenite, selenate,
sulfate, and phosphate sorption on iron and aluminum oxides. Attenuated Total Reflectance (ATR)
FTIR spectroscopy was employed to study sulfate, phosphate, and borate adsorption on iron oxides.
Additionally, Nuclear Magnetic Resonance (NMR) spectroscopy was utilized to study phosphate
sorption on aluminum oxides. While the mechanisms of adsorption are unique to both the sorbate
and sorbent being studied, there is also a recurring theme in all studies that is of great importance.
In many cases, more than one adsorption mechanism can be seen to occur simultaneously. In
systems where only adsorption is occurring, then both outer-sphere and inner-sphere complexation
are often seen at the same time. This distribution of outer-sphere and inner-sphere surface
complexes has been seen with sulfate, selenate, and borate on iron oxides, and for arsenite on both
aluminum and iron oxides. In systems where precipitation is occurring, then adsorption complexes
are still present. This has been determined for phosphate sorption on both aluminum and iron
oxides. Reaction conditions such as pH, ionic strength, and reactant concentration have all been
shown to influence the relative distribution of the simultaneously occurring sorption complexes.
Therefore it is necessary to conduct spectroscopic studies at a wide range of reaction conditions to
truly understand the reactivity of oxyanions. It is also important to account for outer-sphere
complexation of oxyanions when attempting to describe their adsorption with surface complexation
models.
Keywords: sorption, oxyanions, phosphate, sulfate, borate, XAFS, NMR, ATR-FTIR, kinetics
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Evaluation of association of Co and Mn in soil samples
by continuous-flow sequential extraction
TONGTAVEE Namfon (1), SHIOWATANA Juwadee (1) and MCLARERON N. (2)
(1) Department of Chemistry, Faculty of Science, Mahidol University, Bangkok, Thailand
(2) Soil and Physical Sciences Group, Lincoln University, Canterbury, New Zealand
Chemical speciation of metals in soils can be determined by sequential extraction techniques.
However, conventional batch extraction procedures have many disadvantages, for example, they are
time consuming and tedious to undertake. A flow system has been developed in our laboratory to
speed up and facilitate the chemical fractionation of metals by sequential extraction in soil or
sediment samples.
In studies of soil properties, it has been hypothesised that soil Mn plays a crucial rule in the fate
of soil Co because of the affinity of soil Mn oxides for Co. In the current study, the strong
association between Co and Mn in soil samples has been evaluated using a continuous-flow
sequential extraction technique. A modified Tessier's scheme was employed. The extraction
chamber containing a soil sample was connected to the extractant reservoir and the collector bottle
using silicone tubing, and was then placed on a magnetic stirrer. Extractants were sequentially and
continuously pumped through the chamber and separated from the soil by filtration through a glass
micro-filter placed at the exit port of the chamber. The extracts were collected in the collection
bottle at the required volume intervals. Co and Mn in the extract were determined by graphite
furnace atomic absorption spectroscopy and flame atomic absorption spectroscopy, respectively.
Graphical plots of metal concentration vs. subfraction number, termed 'extractograms' can
provide detailed information of the distribution and association of elements present in soil. The
association between Co and Mn in soil samples was evaluated using the extractograms. The
coincidence of peak appearances in the extractograms showed that these two elements were
associated closely in some phases especially in the exchangeable, reducible and oxidizable
fractions. The use of extractograms from the flow method to evaluate the association between Co
and Mn in different soil samples will be demonstrated.
For several soil samples, the sum of Co and Mn in the subtractions obtained using this method
was compared with results obtained using the conventional batch method. The results showed good
agreement between the two systems.
Keywords: flow system, sequential extraction, metals, association, distribution
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Heterogeneity of in situ mineralisation of PAHs
at an old wood preservation area
TÖRNEMAN Niklas and BENGTSSON Goran
Lund University, Department of Ecology, Section of Chemical Ecology and Ecotoxicology,
Ekologihuset, 223 62 Lund, Sweden
We investigated the rate of mineralisation at different sites within an old wood preservation
area contaminated with high levels of PAHs with the aim of elucidating the relationship between in
situ biodegradation potential and rate of mineralisation. In situ biodegradation potential was
assessed with the use of NAH7 (a plasmid responsible for degradation of at least 5 PAHs) derived
gene probes. The degradation rate was measured using a novel technique where l3C Phenanthrene
was added to vials containing soil samples from the different sites and '3CC>2 production was
measured by an isotope ratio mass spectrometer. Simultaneously, the total soil bacterial activity was
quantified from l2CC»2. The concentration of 12 PAHs was analysed by gas chromatography - mass
spectrometry. The results indicate that both the PAH concentrations and mineralisation rates were
heterogeneous within a site and that the gene probe hybridisation was related to in situ
biodegradation potential.
Keywords: PAH, biodegradation, gene probes, heterogeneity
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Long-term kinetics of the disappearance of Al tridecamer
from a solution in the presence of humic acid
YAMAGUCHI Noriko U. (1), HIRADATE Syuntaro (2) and MIZOGUCHI Masaru (1)
(1) Graduate School of Agriculture and Life Science, The University of Tokyo 1-1-1 Yayoi,
Bunkyo, Tokyo, 113-8657, Japan
(2) National Institute for Agro-Environmental Sciences, 3-1-3 Kannondai, Tsukuba, Ibaraki, 3058604,Japan
We investigated the effects of humic acid on the disappearance of Al tridecamer (Aln) to
examine the possibility of the presence of Aln in a soil solution. By using a liquid-state 27A1-NMR,
the concentrations of Aln, an Al monomer and dimer (AISYM), and NMR-undetectable Al (A1NON,
aggregated/precipitated Al) were monitored in the presence and absence of humic acid for 19
months. By adding humic acid to an Al solution consisting of Aln (87%) and AISYM (13%), the
concentration of Al13 decreased, whereas the concentrations of AISYM and A1NON increased with
time. The decrease in Aln and the increase in AINON were more pronounced at a higher COOH/A1
ratio. All Aln disappeared from the solution of COOH/A1>0.6 within 19 months. The mechanisms
for the disappearance of Aln from the solution seem to include the precipitation of the Aln-humic
acid complex and the degradation of Aln to form AISYM and AINON- Removal of Aln by humic acid
through the precipitation of the Al-humic acid complex was predominant at the early stage of
reaction, whereas that through aggregation/precipitation of Al hydroxide became significant after
aging for a long time. In conclusion, the Aln would not be present in a soil solution under high
humic acid-rich conditions.
Keywords: Al tridecamer, 27A1-NMR, humic acid
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Effect of organic ligands on Cu2+ sorption
in permanent and variable charge soils
ZHANG Guivin (1), LI Hongjun (1), LI Ying (1), WEI Jing (1) and LI Xueyuan (2)
(1) Agricultural University of Hebei, Baoding, Hebei Province, 071001 China
(2) Huazhong Agricultural University, Wuhan, Hubei Province, 430070 China
Effects of oxalate and citrate on Cu24 sorption in permanent and variable charge soils were
studied by batch method. The results showed that maximum sorption of Cu2+ (118.4 mmol kg') on
permanent charge soil (PCS) was around 5 times ofthat on variable charge soil (VCS) (18.8 mmol
kg'1). The percentage of Cu2+ sorption on PCS decreased in the presence of organic ligands, and at
lOmmol L~' of oxalate or citrate, percentage of Cu2t sorption decreased by over 40% than that in the
absence of organic ligands. At lower concentration of oxalate (<1 mmol L"1) or citrate (<0.05 mmol
L'1), sorption of Cu2+ on VCS increased with the increment of organic ligands by about 17.5% and
27% respectively. Sorption of Cu"+ began to decrease when the concentration of oxalate and citrate
exceeded lmmol L"1 and 0.05 mmol L separately. When organic ligands previously adsorbed on
soils were compared with the presence of organic ligands in solution, their effects on sorption of
Cu 4 appeared different. At 1 mmol L"1 of oxalate, the percentage of Cu + sorption on PCS and VCS
increased by 9.3% and 54% respectively. Percentage of Cu2+ sorption decreased on both PCS and
VCS when the concentration of oxalate was higher than 1 mmol L . Effect of citrate on sorption of
Cu2+ was similar to that of oxalate on VCS, but different on PCS. In the range of 0 to 10 mmol L~'
of citrate, sorption of Cu + decreased with increment of organic ligands. The results suggested
organic ligands had great effects on Cu*f sorption; that is, sorption of Cu2+ was promoted with
lower concentrations and inhibited with higher concentrations. This was mainly dependent upon
the ratio of distribution of organic ligands between solid phase and liquid phase, as well as contents
of organic ligands remained in solution.
Effects of organic ligands on sorption of Cu2+ were quite different between PCS and VCS, and
the citrate had greater effects on Cu'+ sorption than oxalate.
Keywords: oxalate, citrate, Cu2+ sorption, permanent charge soil, variable charge soil
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Effect of mycorrhization on yield and nutrient uptake
by barley in saline condition
ALIASGHARZADEH Nasser (1), SALEH RASTIN Nahid (2), TOWFIGHI Hasan (2) and
ALIZADEH Aziz (3)
(1) Department of Soil Science, Faculty of Agriculture, University of Tabriz, Tabriz 51664,
I.R. of Iran
(2) Department of Soil Science, Faculty of Agriculture, University of Tehran, Karaj, I.R of Iran
(3) Department of Plant Pathology, Faculty of Agriculture, University of Tarbiat Modarres,
Tehran, I.R. of Iran
In this study barley plants (Hordeum vulgare L. cv. Makouei) were tested under 4, 8, 12, 16
and 20 dSm"' of soil salinity. Inoculation was performed with three different species of arbuscular
mycorrhizal fungi (AMF) including two isolates of Glomus intraradices (M1&M2), G.mosseae
(M3) and G. etunicatum (M4). Non-sterile and uninoculated natural soil was used as control
treatment (MO). Salinity levels were provided by combining four types of salts (NaCl, Na2SC>4,
CaCl2 and MgS04 at a ratio of 0.90:1.00:0.87:0.48 w/v respectively). Dry weight of top plant was
increased slightly upto 8 dSm', but was decreased significantly (p<0.05) at highest salinity level.
M2 and M4 fungi caused significant (p<0.05) reduction of shoot dry mass in higher salinity
condition. Main effects of AMF, salinity levels and their interactions were significant on grain
weight. The highest harvest index was obtained by M2 fungus. Root length colonization percent
was negatively correlated with CI concentration (mg g') in shoots. Concentrations of Na, CI, Ca
and Mg in top plant were increased (p<0.001) and K was decreased (p<0.001) with increasing soil
salinity, while P was not affected. M4 fungus enhanced CI uptake in shoots at highest salinity level.
Keywords: barley, salinity, arbuscular mycorrhizal fungi, nutrient uptake
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Soil microbial biomass and metabolic diversity of soils
from NSW in Australia
BANU Nargis A.. SINGH Balwant and COPELAND Les
Department of Agricultural Chemistry and Soil Science, University of Sydney, Sydney, Australia
Soil is an important natural resource that contains a vast diversity of microorganisms, which are
important for soil quality and health. Soil microorganisms play a critical role in the cycling of
nutrients and the formation of soil structure. Soil microbial biomass carbon represents about 2-3%
of the total soil organic carbon. Soils in Australia have several unique properties, including their
highly weathered nature, high Fe oxides content and, in general, low pH and low organic C content.
Only a limited amount of research has been carried out into soil microbial biomass and biodiversity
in different soil types in Australia with the properties.
Eight surface soils (0-15 cm), two Ferrosols, two Tenosols, two Kurosols, one Sodosol, and one
Kandosol were used for this study. The soils representing diverse range of physico-chemical
properties, different climatic zones of NSW and sites are mostly used as improved pasture. The
fumigation-extraction method was used to estimate microbial biomass C and the substrate
utilization patterns of the microbial communities were determined by the Biolog method.
Estimates for microbial biomass C were highest in soil from Robertson NSW (285 ii.g g"1),
lowest in soil from Orange. The microbial biomass C values were significantly different (P >0.001)
from Robertson, Pine, Box Hill, Lucerne soils in other four soils analyses of variance. Microbial
biomass and biodiversity varied not only with soil type, but also depended on environmental
factors, including, temperature and rainfall.
Principal-component analysis (PCA) of the average well colour development (AWCD) patterns
in Biolog plates revealed differences in community level physiological properties between some of
the soils, although soils from Robertson, Box Hill, Pine and Lucerne showed biodiversity is too
strong. Two components accounted for most of the variation in activity levels among the sites (first
principal component of the data accounted 36% of the variation and the second accounted 20% of
the variation).
Keywords: soil microbial biomass, biolog, metabolic diversity
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Soil solarization: a cropping systems perspective research
to increase productivity
BANU Salina P.(l). DUXBURY John M. (2), LAUREN Julie G. (2) and MEISNER Craig A. (3)
(1) Wheat Research Centre, Bangladesh Agriculture Research Institute, Joydebpur, Gazipur
1701, Bangladesh
(2) Dept. Crop and Soil Sciences, Bradfield Hall, Cornell University, Ithaca, New York 14853,
USA
(3) CIMMYT, P.O. Box no 6057, Gulshan Dhaka-1212, Bangladesh
The rice-wheat cropping system is one of the world's major cereal production systems. The
Indo-Gangetic plains (IGP) region of Pakistan, India, Nepal, Bangladesh and China belongs to this
system. This system is clearly under stress now. Diagnostic research using soil solarization
suggested that pressure from soil-borne pathogens (poor soil biological health) and seed-borne
pathogens are major constrains that need attention. Soil solarization is a good alternative to
chemical control of pathogens. An experiment was conducted on a farm in the eastern part of
Bangladesh using a single soil solarization in summer followed by three successive crops. Soil
solarization significantly increased crop productivity and growth parameters. The crop response
was mainly due to reduction of soil-borne pathogens and possibly to increased availability of
nutrients. Integration of solarization with seed treatment (Vitavax-200™) proved to be an efficient
technique for controlling both soil and seed-borne pathogens and gave the greatest crop growth
responses. More straw was also produced, providing more fodder, fuel and thatch. Compared to
conventional practice, the yield of the first crop (monsoon rice) was increased by 48% with
solarization, 38% with seed treatment and by 81% with the combination of solarization and seed
treatment. Corresponding yield increases of 26%, 27%, and 63% were found with the following
wheat crop. The third crop, spring rice was grown to the seedling stage only. Seedlings had
increased height, chlorophyll content and root length in solarized plots.
Keywords: solarization, rice, wheat, soil-borne pathogens
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Significance of indigenous arbuscular mycorrhiza on
phosphorus influx of maize grown on an Oxisol
RAKSHIT Amitava (1), BHADORIA P.B.S. (1), SINGH Satnam (1) and CLAASSEN Norbert
(2)
(1) Department of Agricultural and Food Engineering, Indian Institute of Technology KJiaragpur
721 302, India
(2) Institute of Agricultural Chemistry, Von-Sieboldstr. 6, 37075 Göttingen, Germany
The contribution of indigenous arbuscular mycorrhiza (AM) to phosphorus (P) uptake by maize
was examined in a field soil containing 6.2 mg kg"1 Bray extractable P. The fungicide Benomyl was
applied to eradicate mycorrhizal infection by mixing thoroughly to a soil depth of 0.15 m at the rate
of 500 kg ha'. Thus treatments consisted of three P levels viz. 0, 50 and 400 mg P kg"'soil, with
and without Benomyl application. Each treatment was replicated four times. Maize as test crop was
sown two weeks after the application of Benomyl and was harvested four times covering the whole
growth period. At each harvest, the shoot yield, shoot P concentration, root length, soil solution P
(Cu) and percent root infection by AM was determined for Benomyl treated and untreated soil at all
P levels. Plant growth was reduced by Benomyl at low but not at high soil P supply, indicating that
the fungicide had no detrimental effect on plant growth per se but affected the P supply to the plant.
Irrespective of P fertilization rates, Benomyl treatment decreased or totally prevented AM
colonization throughout the crop growth period. An extensive colonization of up to 55% was
recorded in untreated soil, although P fertilization reduced colonization to 22% at maturity.
Phosphorus influx was reduced by Benomyl by 60% in the early season but in the middle of the
growing period, at the time of maximum P uptake, the reduction was only 30%. This reduction was
attributed to the inhibition or reduction of AM root infection. The results show that AM may make
an significant contribution to the P nutrition of maize, but other factors, like P solubilization by root
exudates, may be even more important.
Keywords: arbuscular mycorrhiza, Oxisol, P influx, soil solution concentration, Benomyl
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Phytophysiognomy differentiation as related to soil
in the Pantanal, Brazil
CARVALHO F1LHO Amaurv. CARDOSO Evaldo Luis, NAIME Uebi Jorge, MOTTA Paulo
Emilio Ferreira, OLIVEIRA Henrique, BRANCO Oslain Domingos and SANTOS Raphael
David
Embrapa - Solos. Rua Jardim Botanico 1024, RJ. 22460-000, Brasil
The "Nhecolandia" subregion in the southern Pantanal, Mato Grosso do Sul state, Brazil, is a
mosaic of vegetation communities of diversified aspects, comprising water and flooded grassland
(campos limpos), savanna - like vegetation (cerrado), savanna forest (cerradao) and semideciduous
forest formations, interpersed with a complex system of small lakes, "baias" or "salinas" (brackish
to salty water ponds). In this habitat, derived from sandy Quaternary sediments of the river Taquari
alluvial fan, in the Nhumirim farm (4,100 ha), Embrapa , soil profiles were sampled and analysed
for nutrients (Ca, Mg, K, Na, P), organic carbon and particle size; the plants were identified along
transects of distinctive communities. Two major factors influence the vegetation: the soil water
table, related to the small topographic relief (< 4 meters), and the nutrient contents. To the water
flooding regime is related the ocurrence of two plant physionomies: the herbaceous and the
arboreous. The herbaceous is seasonally flooded grassland and the arboreous is the in the higher
lying strips of not flooded lands (called "cordilheiras" by the local people). Along of topographic
transect from low to higher grounds there is an increase in vegetation densification and heights. The
vegetation goes in sequence: grassland - grassland with shrubs and trees (campo sujo and campo
cerrado) - savanna like vegetation (cerrado) - savanna forest (cerradao) - forest. There is also a trend
of a nutrient increase in this direction. This characteristic influences the floristic composition to a
great extent, especially the dynamic of species ocupation and settlement. Some of the species may
be of great significance as environmental indicators. In the arboreous vegetation the Scheelea
phalerata (acuri-palm) is the principal indicator of soil nutrients, since it is strongly dominant in the
semideciduous forest and it is almost absent in the cerrado and cerradao, which have very low (<1
cmolc kg"1) exchangeable cations. It is very common to see many seedlings of acuri-palm in the
cerradao but not the adult plant. In the major part of the grassland area the soil is also very poor. In
this occurs Axonopus purpusii (mimoso-grass), Andropogon bicornis (rabo-de-burro-grass),
Andropogon hypogynus (rabo-de-lobo-grass) and others, and the Elyonurus muticus (carona-grass)
where the water cover is less pronounced. In the habitats somewhat protected against the direct
water flux (salinas and other flooded areas with higher vegetation in the borders), richer in
nutrients, of Vernonia scabra (assa-peixe) and clusters of Copernicia alba (caranda-palm) are
common. This palm is well known as an indicator of sodium rich soils.
Keywords: hydric soils, wet lands, hydrosequence, soil-vegetation, salt affected soils, cerrado
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Distribution and biodiversity of soybean rhizobia
in the soils of Shennongjia forest reserve, China
CHEN Wenli and HUANG Qiaoyun
Key Laboratory of Agricultural Microbiology, Ministry of Agriculture, Wuhan 430070, China
Soybean rhizobia and their biodiversities were studied based on a systematic investigation of
microbial flora at different altitudes of Shennongjia, a forest reserve in central China. The
objectives of this work were to investigate the distribution and the genetic variation of the
indigenous soybean rhizobia in an unexploited virgin forest with no soybean-planting history, and
to employ this biodiversity to improve innoculant strains that are applied to increase biological
nitrogen fixation of soybean. Samples were collected respectively from the soils at 500, 1060, 1500,
1950, 2400 and 3100 meters above sea level in Shennongjia Forest Reserve. Their corresponding
pHs were 5.50, 4.91, 5.64, 5.28, 5.49 and 4.60. Results showed that the number of microorganisms
in all the soil samples studied followed the order: bacteria> actinomyces> fungi. Soybean rhizobia
were isolated only from the soils above elevations of 1500 meter. A total of 25 strains were isolated
using plant trap method with four different trapping plants. They were all Sinorhizobium fredii.
Their genetic biodiversities were characterized by 16S-23S rDNA intergenic region PCR-RFLP and
RAPD analysis. After having been washed two times, bacterial suspensions were used as template
for the PCR amplification. One pair of opposite highly conserved 16S and 23S ribosomal
primers—pHr(rev) and p23SR01—were used to amplify the intergenic region between 16S and 23S
rDNA by PCR. All the tested strains produced a 2.1Kb 16S-23S rDNA fragment. After digestion
with three restriction enzymes (Haelll, Mspl and Cfol) respectively, several different restriction
patterns were observed. Great variations in 16S-23S RFLP-patterns were observed. The tested S.
fredii strains could be differentiated into eleven different genotypes. Then twelve primers were
applied to RAPD analysis and a dendrogram was obtained. These isolates showed a great diversity.
Since Shennongjia is an unexploited forest region in central China and the gene center of soybean is
located in China, the symbiotic genes harbored by these strains may be of great importance.
Further studies to characterize these isolates are being carried out.
Keywords: biodiversity, Sinorhizobium fredii, 16S-23S rDNA intergenic region PCR-RFLP,
RAPD, Shennongjia
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Population and activity of soil microorganisms
in function of legumes cover crops between coffee rows
COLOZZI-FILHO A. (1), ANDRADE D.S. (1), BALOTA E.L. (1) and COSTA S.M.G. (2)
(1) Instituto Agronömico do Parana, Londrina, CP 481 86060-070, Brazil
(2) Universidade Estadual de Maringa, Maringa, CP 331 87020-900, Brazil
The coffee (Coffea arabica L.) crop has great economical importance for Brazil, because it
represents great part of the total of Brazilian agricultural exported products. For smallholders, the
coffee crop represents one of the most important sources of income because it demands little area
and uses family work. However, when coffee is under inappropriate management, it tends to result
in soil degradation. This soil degradation is a result of several factors that cause productivity losses
such as, erosion, provoked by superficial water flow, reductions in the organic matter contents,
decrease in biological activity in the soil and in the natural fertility. Legume cover crops between
rows of coffee plants have been recommended as an alternative to recover degraded soils. The
cover crops protect the soil against rain erosion, inhibit the growth of weeds, increase the organic
matter contents and stimulate the biological activity, contributing to the improvement and
maintenance of the soil fertility. This practices has resulted in increases of 78% in relation to
conventional fertilizer recommendations for coffee crops. The soil microbial community is
influenced by changes in physical-chemical soil characteristics that occur after legume cultivation.
These alterations can either stimulate or inhibit microbial groups, with effects coffee yields. This
study aimed to evaluate the long-term effects of seven legume cover crops cultivated between
coffee rows on the soil microbial biomass dynamics and on the micorrhyzal fungi and Rhizobium
populations. Soil and root samples were collected from a field experiment, which was set up in a
Oxisol in the North of the state of Parana, Brazil by the Agronomic Institute of Parana - IAPAR.
Microbial biomass was determined by using the fumigation-incubation methods. The mycorrhizal
fungi diversity and sporulation were evaluated by using count and identification of extracted spores
from soil. Percentage of mycorrhizal plant colonization was determined. Using the technique of
plant inoculation with the most probable number did the abundance of Rhizobium in the soil and the
diversity of rhizobia isolates by using phenotypic and genotypic methods. Legume cover crops
between rows of coffee plants were found to alter the microbial biomass, the mycorrhizal fungi
spore diversity and the abundance of Phaseolus-nodu\ating rhizobia. Possible reasons for these
effects on microbial nutrient cycling in the soil are discussed in relation to the microbial ecology in
the field and implications for improvement of P and N coffee plants uptake.
Keywords: mycorrhizal fungi, rhizobia, microbial biomass
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Molecular bacterial ecology of Fe(III)-precipitates in
a constructed wetland treating acid coal mine water
NICOMRAT Duongruitai, DICK Warren A. and TUOVINEN Olli H.
School of Natural Resources, The Ohio State University, Wooster, OH 44691, USA
Little information is available concerning the microbiology of wetlands receiving acid mine
drainage (AMD) from studies using newly developed molecular techniques. We were interested in
knowing whether there existed dominant types of bacteria in such a wetland that had not been
previously identified by traditional culture methods. Such information can provide further
understanding of the biological functions taking place in a constructed wetland treating AMD. Iron
precipitates from a wetland located near Carbondale, Ohio (USA) were collected and the total DNA
was extracted. A novel procedure to remove interfering iron was developed and the purified DNA
was characterized using molecular techniques based on polymerase chain reaction (PCR),
denaturing gradient gel electrophoresis (DGGE), restriction fragment length polymorphism (RFLP),
and 16S rDNA sequencing. Based on PCR amplification of the 16S rDNA in the iron precipitate
sample followed by RFLP analysis of 200 randomly selected clones, several unique clones
representing 86% of the total were observed. The DNA from these dominant clones was sequenced
and identified as being from the acidophilic iron- and sulfur-oxidizing bacterial species Thiobacillus
ferrooxidans and T. thiooxidans. The combined total of all other unique clones represented only
14% of the total bacterial community. The roles of these less dominant bacterial species, however,
remain unknown and their importance in proper wetland functioning cannot be discounted until
further identification and characterization has been completed. Finally, we concluded that the
microbial oxidation processes in this wetland were more important that the microbial reducing
processes in removing iron from the influent AMD.
keywords: acid mine drainage, constructed wetlands, microbial communities, pyrite oxidation,
surface coal mines, Thiobacillus
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Ectomycorrhization of Acacia spp. by Pisolithus'.
effect on nodulation and on the rhizospheric bacteria
FULELE-LAURENT E.. DUPONNOIS R. and CHOTTE J.L.
IRD. Laboratoire de Biopédologie. BP 1386. Dakar, Senegal
We studied the ectomycorrhization of fast-growing leguminous trees, such as Acacia
holosericea, brought from Australia and introduced in West Africa (Senegal). These tree species
play a major role in environmental protection and in the local economies of dry and semi-arid
tropical areas. Previous studies evidenced the favourable role of fungal symbiosis on the
development of those leguminous trees.
We focused our study on bacterial groups such as Pseudomonasfluorescentsp. and rhizobia
known to be key factors in N and P cycles. Some fluorescent pseudomonads are referred to as
mycorrhization helper bacteria (MHB) because they enhance the symbiotical interactions between
the fungal strain and the host plant. Rhizobia, forming nodules on plants, can fix athmospheric
nitrogen which, thus, becomes usable by the vegetals.
We decided to use molecular tools as R1SA (Ribosomal Intergenic Spacer Analysis), dot-blots
or PCR-RFLP to assess the fungal and bacterial biodiversities in controlled mycorrhization
experiments in the field. The results of this study will give us information on the structure of
microbial populations and, thanks to fluorescent RNA probes, will inform us about the relative
importance of the different taxa which compose them. Furthermore, this molecular microbial
ecology study will also give us information on the competitiveness of the target species in their
natural environment. Indeed, molecular methods, usable without time-consuming culture steps,
allow us to define microbial populations in their natural environment, on the single basis of their
genomic sequences.
In field, the fungal symbiosis with Pisolithus IR 100 increases plant development after one year
plantation. Ectomycorrhizae were confirmed by a microscopic study to check formation of a Hartig
net between epidermal cells. Our spectroscopic analyses of the microbial biomass in the
rhizospheric soil did not reveal any significant difference between non-inoculated or inoculated
soils. On the other hand, RISA and PCR-RFLP of the 16S-23S rDNA performed on the same soil
samples showed that ectomycorrhization enhances bacterial diversity among microorganism
populations, i.e. fluorescent pseudomonads population. The analysis of rhizobial biodiversity by
PCR-RFLP showed that it is directly correlated to the level of the ectomycorrhization
establishment.
These preliminary results show that molecular methods have to be developped in microbial
ecology studies. They give us information on the different soil populations without the necessity of
performing time-consuming culture steps which are not always possible for the majority of them.
Keywords: ectomycorrhiza, Acacia, RISA, PCR-RFLP, rhizobia, pseudomonads
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Biodiversity of Azospirillum in the ornamental
rhizoshpere soils of Karnataka
GADAGl Ravi (1), KRISHNARAJ P.U. (2), KULKARNI J.H. (2) and SA Tongmin (1)
(1) Department of Agricultural Chemistry, Chungbuk National University, Cheongju, Chungbuk,
Korea
(2) Department of Agricultural Microbiology University of Agricultural Sciences, Dharwad, Korea
The biodiversity of Azospirillum with respect to ornamental plants grown in different
agroclimatic regions of Karnataka, India, was investigated in the present study. Different locations
representing flower-growing areas, where flower cultivation has been undertaken on a large scale
for over a period of time, were selected for isolating Azospirillum spp. By using the enrichment
culture technique, Azospirillum isolates were obtained from soil and root tissue of different
ornamental flower plants.
Eighty-eight Azospirillum strains were isolated from the 15 different families of plant species,
which are grown in different agro ecological regions of Karnataka. Their cultural and biochemical
characteristics indicated that 55.06 percent were Azospirillum lipoferum and 41.57 percent
Azospirillum brasilense. The rest of the isolates showed properties which were atypical of the
recognized species. The Azospirillum isolates of the ornamental plants varied in their ability to fix
atmospheric nitrogen. However, Azospirillum isolates obtained from Gaillardia pulchella roots
were more efficient nitrogen fixers than other isolates. Further, nitrogen-fixing ability of the
isolates was confirmed by acetylene reduction activity (ARA). The ARA ranged from 40.05
(OAD-24) to 195.41 N mole g~' protein h"' (OAD-2). The highest ARA and dinitrogen fixed g ' o f
malate was recorded in Azospirillum isolate OAD-2, which was isolated from Gaillardia pulchella.
In vitro synthesis of 1AA and GA by the 88 Azospirillum isolates and four reference strains was
examined on medium with tryptone as precursor. All the isolates could produce IAA and GA
although their abilities ranged from 1.12 (OAD-75) to 38.2 mg mL"1 and 0.1 (OAD-16) to 4.23 (ig
25 mL"1 (OAD-57) respectively.
All Azospirillum isolates were screened under greenhouse conditions using Gaillardia
pulchella as a test plant to select efficient strains for inoculating the Gaillardia pulchella and other
ornamental plants. The study indicated that maximum plant height, biomass and N-uptake was
observed in plants inoculated with OAD-2, OAD-3, OAD-9, OAD-11, OAD-29, OAD-37 and
OAD-57, when compared to other inoculated plants and / or uninoculated control plants.
From the present investigation, it is concluded that Azospirillum also's harboured by 15
families of plant species apart from graminaceae. The isolate OAD-2 proved to be best in N2
fixation, among the other isolates. Also, it is interesting to note that strains OAD-57 produced the
highest both plant growth promoting substances (IAA and GA). This can impact on beneficial
activities of this organism to ornamental plants for augmenting their crop productivity.
Keywords: Azospirillum, Gaillardia pulchella, biodiversity, beneficial traits
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Protozoan diversity in soil and its influence on microbial
functions that determine plant growth
GUPTA V.V.S.R.(l) and ROPER M.M. (2)
(1) CSIRO Land and Water, Glen Osmond, South Australia
(2) CSIRO Plant Industry, Wembley, Western Australia
Protozoa being the principle microbial grazers in terrestrial systems stimulate carbon turnover
and nutrient mineralization and regulate population densities of bacteria (both native and
introduced) and fungi. They also regulate the decomposition of agrochemicals, play a key role in
the functioning of the detritus food web and influence plant growth. The distribution of protozoa in
the soil is patchy due to the heterogeneous nature of soil matrix. Availability of resources, microclimatic conditions, restrictive pore sizes, discontinuity of water films surrounding soil particles and
water filled pores all control the size and composition of the protozoan population.
We determined the abundance and composition (species richness) of protozoa at five different
microsites in soil (i.e. rhizosphere, decomposing crop residues located above the soil surface and
incorporated in soil, aggregates >4 mm and <1 mm in diameter with no visible plant residues and
earthworm casts) under a pasture-wheat rotation from a long-term permanent rotation trial (on a
Rhodoxeralf) at the Waite Agricultural Research Institute. We also investigated the relationship
between protozoan diversity and biological functions including effectiveness of a biocontrol
bacteria, nitrogen uptake by plants and the survival of a pathogenic fungi in glasshouse and field
experiments (calcaric Xerosol from Avon, South Australia). We used Most-Probable-Number
methods and direct microscopy to determine the abundance of different groups of protozoa and a
modified non-flooded petri-dish technique to measure species composition and richness. We used
l4
C and , 5 N labeled substrates and genetically modified soil bacteria to quantify the role of
protozoa in specific soil functions.
The abundance of protozoa was greater (10-100 fold) at microsites that were associated with
available carbon and nutrient sources (e.g. rhizosphere and decomposing residues) compared to that
in bulk soil. Each microsite differed in the composition and species richness of protozoa. Ciliates
were more abundant and greater in species number in the rhizosphere and near fresh decomposing
residues. Plant residues located above soil surface supported more fungal-feeding amoebae
compared to that near the incorporated residue and rhizosphere. Differences in the abundance and
composition of protozoa in different microsites could be attributed to the type of microflora they
support and the accessibility of microsites to protozoa. Protozoan dynamics can impact plant
growth. For example, our results indicate that a higher protozoan diversity resulted in reduced
effectiveness of biocontrol bacteria (Pseudomonas corrugata) with increased incidence of disease.
In addition, the nitrogen uptake by plants was related to the total activity of protozoa in the
rhizosphere.
Keywords: protozoa, aggregates, rhizosphere, nutrient mineralization, crop residues
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Diversity of nitrogen fixing cyanobacteria under
various ecosystems of Thailand
lNNOKSasidhorn(l), CHUNLEUCHANON Somporn (2), TEAJVIROONG Neung (1) and
BOONKERD Nantakorn (1)
(1) School of Biotechnology, Institute of Agricultural Technology, Suranaree University of
Technology, Nakhon Ratchasima 30000, Thailand
(2) Department of Soil Science, Faculty of Agriculture, Chiang Mai University, Chiangmai 50202,
Thailand
To investigate the diversity of nitrogen fixing cyanobacteria, soil samples were collected from
different ecosystems of mountainous areas, forest areas and cultivated areas in North, Northeast and
Central Thailand. A total of 853 isolates were obtained and classified using morphological
characteristics. It was found that most of them belonged to the heterocystous filamentous cell
group. Anabaena sp. and Nostoc sp. were the dominant native genera, 322 strains are Anabaena,
242 strains are Nostoc while 132 isolates remain unidentified. For studying genetic diversity, 102
isolates were randomly selected. Nostoc and Anabaena strains demonstrated the highest N-fixing
abilities. The ni/H PCR products from randomly selected cyanobacterial isolates were grouped by
UPGMA. It was found that one cluster out of the five main clusters was entirely composed of
highly effective N-fixers. Forty-five isolates of Nostoc spp. and 44 Anabaena spp. were selected for
analysis of genetic diversity. The primers STRR, DAF 8.7b and DAF 10.6e were used to
fingerprint all strains. The ability to distinguish each primer could not differentiate some strains
even those belonging to the different genus. When using a combination of all three sets of primers,
all strains were clearly distinguished and this indicated that a high diversity among both genera
persisted in Thai soil. The dendogram showed some relationships among strains containing similar
morphology. When the relationships between soil type and strains were examined, no correlation
was found. This might be because most of N2-fixing cyanobacteria persisting in soil were freeliving. Anabaena and Nocstoc were the dominant genera in soils collected from all three areas of
Thailand. It was also found that there was high diversity within each genera of N2-fixing
cyanobacteria.
Keywords: cyanobacteria, diversity, ecosystems, nitrogen fixing
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Changes in rhizosphere microbial diversity during the 1st and
2nd generation of the Chinese fir plantation
JIAO Ruzhen and YANG Chengdong
The Research Institute of Forestry, CAF, Beijing 100091, P.R. China
This research concerns the numbers and species of rhizosphere and non-rhizosphere
microorganisms in plantations containing Is' and 2nl1 generation Chinese fir in Shanxia and
Shangcun Farms of Sub-tropical Forestry Center, CAF in Fenyi Country, Jiangxi Province in May
1996. It was found that the numbers and species of actinomycetes in soil of 2 generation Chinese
fir plantation are significantly lower than those in the Is' generation. The percentage of Bacillus and
Cellulomonas in bacteria decreased by 42.3%, 58.7% respectively in the 2nd than that in the Is'
generation rhizosphere on average. In contrast, in 2nd generation plantations, the numbers of fungi
increased by 212.5%; the percentage of Agrobacterium in bacteria and Penicillium in fungi
increased by 156.0%, 67.0% respectively; Micrococcus and Chromobacterium were only found in
the 2nd generation. In the Is' and 2nd generation the numbers of rhizosphere actinomycetes
decreased by 3.93xl04 g', 3.87x104 g"1 respectively than those in the non-rhizosphere soil;
however the numbers of rhizosphere bacteria increased by 0.67x106 g'1, 7.03x106 g'1 respectively
than those in the non-rhizosphere soil.
Keywords: Chinese Fir plantation, rhizosphere soil, bacteria, fungi, actinomycetes
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Application of cation-permeable membranes for
detecting ammonia-oxidising bacteria in soil
KUROLA Jukka (1). WITTMANN Christoph (2), AARNIO Tuula (3), TSITKO Irina (4),
SALKINOJA-SALONEN Mirja (4) and ROMANTSCHUK Martin (1,5)
(1) Division of General Microbiology, University of Helsinki, P.O. Box 56, 00014 Helsinki,
Finland
(2) Institute of Biochemical Engineering, University of the Saarland, P.O. Box 151150, 66041
Saarbruecken, Germany
(3) Finnish Forest Research Institute, P.O. Box 18, 01300 Vantaa, Finland
(4) Department of Applied Chemistry and Microbiology, University of Helsinki, P.O. Box 56,
00014 Helsinki, Finland
(5) Department of Ecological and Environmental Sciences, University of Helsinki, Niemenkatu 73,
15140 Lahti, Finland
Nitrification, the oxidation of ammonia to nitrate via nitrite, in soil is primarily carried out by
autotrophic ammonia-oxidizing bacteria (AOB). Therefore, AOB have a crucial role in nitrogen
cycle in soil environments. Recently, an increasing number of studies on terrestrial AOB using new
molecular techniques have been reported. We describe a method to assess AOB by trapping them
from soil to soil-inserted cation-permeable membranes. This was achieved by stimulating in situ
colonization of AOB to the membranes with surplus of ammonia. The results showed that both
number (Most Probable Number, MPN) and potential ammonia-oxidation activity of the AOB
grown on the membranes were elevated. This in turn helped us to visualize the membraneassociated AOB successfully by fluorescence in situ hybridization (FISH). Further, 16S rDNA and
amoA gene sequence analysis of PCR-products recovered from membrane populations and from
soil indicated that the AOB communities were comparable between the membranes and the adjacent
native soil. We conclude that the membrane assay combined with FISH may be used as a
convenient tool for studying the ecology of AOB in soil.
Keywords: ammonia-oxidizing bacteria, membrane-traps, molecular biological techniques
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Diversity and activity of soil microbial communities in
grasslands experiencing different grazing/mowing regimes
PATRA Ashok Kumar (1), LE ROUX Xavier (1), ABBADIE Luc (3), BARDY Maeva (1),
DEGRANGE Valerie (1), LOISEAU Pierre (2), LOUAULT Frédérique (2), NAZARETH
Sylvie (1), POLY Frank (1) and RICHAUME Agnès (1)
(1) U.M.R. 5557 Ecologie Microbienne (CNRS-Université Lyon I ; Unite soutenue par 1'INRA),
bat. 741, 43 boulevard du 11 novembre 1918, 69622 Villeurbanne, France
(2) Unite d'Agronomie (INRA), Equipe FGEP,site de Crouel, 234 avenue du Brezet, 63039
Clermont Ferrand, France
(3) Laboratoire d'Ecologie (CNRS-Université Paris 6-E.N.S.), 45 rue d'Ulm, 75005 Paris, France
The diversity and activity of soil microbial communities in mountain grassland sites
experiencing different grazing/mowing regimes. These grazing and mowing regimes have been
established for 13 years on several fenced plots. Sheeps were allowed to graze at one (least
intensive grazing LG) up to four (high intensive grazing IG) times per year. The vegetation cover
was mown once during the summer every year on the IG treatment. The changes in the vegetation
cover have been surveyed during the whole study period. Here, we compared the activity and the
genetic structure of the total and some functional soil communities under LG and IG regimes at two
locations (upslope and downslope). Carbon and nitrogen mineralization rates, and potential rates of
nitrification, denitrification and free N fixation were measured in the laboratory. The genetic
structure of the total soil community was quantified by the AR1SA technique. The genetic structures
of the nitrifying, denitrifying, and N-fixing communities were studied by PCR-RFLP targeting ad
hoc genes.
IG sites exhibited higher mineralization, N-fixation and denitrification rates, and much higher
nitrification rates than extensively grazed sites. Grazing effect was still observed when comparing
the results obtained in the rhizosphere of a given plant species experiencing different grazing
regimes. To a lesser extent, an effect of plant species on nitrification and denitrification rates was
also observed. The analysis of changes in microbial densities and genetic structure observed
concurrently to changes in the activities of the corresponding communities will allow us (1) to
develop a comprehensive understanding of changes in soil microbial communities in response to the
disturbance regime, (2) to discuss the importance of functional redundancy in the context of the
functioning of soil microbial communities, and (3) to propose biological indicators (i.e. based on
total versus functional communities) of the impact of land management on soil.
Keywords: biodiversity, denitrification, nitrification, nitrogen cycle, nitrogen fixation
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Polygenetic diversity of rhizobial strains isolated
from diversed ecosystems in Thailand
MATPATTAWEE Donva (1), TEAUMROONG Neung (1), KOTEPONG Somsak (2),
NUNTAGIJ Achara (2), CHOONLUCHANON Somporn (3), SIRIPIN Settha (4) and
BOONKERD Nantakorn (1)
(1) School of Biotechnology, Suranaree University of Technology, Nakhon Ratchasima, Thailand
(2) Soil Microbiology Research Group, Division of Soil Science, Department of Agriculture,
Bangkok, Thailand
(3) Department of Soil Science, Faculty of Agriculture, Chiang Mai University, Chiang Mai,
Thailand
(4) Department of Crop Science, Faculty of Agriculture, Mae-Jo University, Chiang Mai, Thailand
The biodiversity of rhizobial isolates in Thailand were analysed by different means. To
investigate the genetic diversity of rhizobia isolated from various ecosystems in Thailand, soil
samples were taken from Central, North and North Eastern part of Thailand. The soil samples in
each part were collected from 11 different types of ecosystems to investigate the native population
of rhizobia. Enumeration of rhizobial population was conducted using the MPN plant infection
method and the host index plant Siratro. Four isolates from each type of ecosystem were randomly
selected for studying the following 1) population number of rhizobia 2) morphology and
physiological aspects 3) nodule formation and N2-fixing ability with host index plant 4) antibiotic
resistance profiles 5) host-dependent cross-inoculation group and 6) DNA amplification by using
primer such as RAPD. The results obtained indicated that a high number and diversity of rhizobia
were present in the rainy season, especially at the foot hills of mountains and in areas where rice
was in rotation with other crops. However, most of rhizobia belonged to the slow-growing group
and 37% of the total isolates produced indole acetic acid (1AA). All of the rhizobial isolates could
nodulate the index plant and showed a broad range of N2-fixing efficiency (0.01-258.68 |imol
CH4/g/nod/h.). The antibiotic resistant profiles, using eight kinds of antibiotic, could differentiate
the isolates into 123 groups. By using host dependent cross-inoculation group with three plants it
was found that rhizobial isolates could nodulate with cowpea more than other plants. DNA
characterization using PCR-RAPD products showed that there were close relationships between
rhizobial isolates. The results indicated that the majority of rhizobial populations in Thai soil
belonged to the genus Bradyrhizobium rather than other genera in Family Rhizobiaceae.
Keywords: indeginous, rhizobium, diversity, ecosystem
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Effects of bismuth pollution from lead-free electronics wastes
on soil microbial ecosystems
MURATA Tomovoshi
Water & Soil Environment Division, National Institute for Environmental Studies, Onogawa 16-2,
Tsukuba, Ibaraki 305-8506, Japan
Because of concerns about the toxicity of lead to living things, materials once made of lead are
now increasingly made of lead-free materials such as bismuth (Bi). The purpose of the present
study was to assess the influence of bismuth contamination on soil microbial ecosystems. On both
the R2A and 1/10 TSB mediums, the addition of 50 mg kg"' bismuth (R2A-Bi 50 mg kg"1 and 1/10
TSB-Bi 50 mg kg"' mediums) affected the bacterial colony forming units (CFUs). CFUs on R2Aand 1/10 TSB-Bi 50 mg kg"1 mediums (5.1*105 - 1.7* 107) were smaller than those on the R2A- and
1/10 TSB-Bi 0 mg kg'1 mediums, with at least 101 CFUs difference, except for CFUs in the Ya soil
on the R2A medium. From this result, it was found that the addition of bismuth at 50 mg kg"1 on the
mediums had a toxic effect on the bacterial population. The addition of bismuth (5, 10, 25, 50 mg
kg"1) had no effect on soil dehydrogenase activities for the Ya and Ha soils. Most of the bismuth
added to soil is probably adsorbed and inactive to soil microbes. Zero to 200 mg kg"' of bismuth
added to soils also had no effect on soil dehydrogenase activity and soil microbial biomass N
contents after forty days incubation. In conclusion, this study has demonstrated that bismuth on
mediums affects on soil bacterial CFUs, but its critical concentration in soil was not clarified.
Keywords: bismuth-contamination, lead-free, bismuth tolerant bacteria, the number of bacterial
CFU, dehydrogenase, soil microbial biomass N
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Molecular analysis of the nitrate-reducing community
structure from bulk and maize planted soil
PHILIPPOT Laurent. PIUTTI Séverine, MARTIN-LAURENT Fabrice, HALLET Stephanie
and GERMON Jean Claude
Institut National de la Recherche Agronomique, UMR 111 Géosols, Microbiologie des Sols, 17, rue
Sully, B.V. 86510 21065 Dijon Cedex, France
Microorganisms that use nitrate as an alternative terminal electron acceptor play an important
role in the global nitrogen cycle. By modifying nitrate concentration, reducing the oxygen partial
pressure and providing carbon substrate via the exsudation, the roots are an important microbiota
for these microorganisms able to dissimilate nitrate. The aim of this study was to analyze the
diversity of the nitrate reducing community in soil and to determine the influence of the rhizosphere
of maize on the structure of this community. The narG gene encoding the membrane bound nitrate
reductase wa§' selected as a functional marker for the dissimilatory nitrate reducing community and
a primer set was designed after comparative sequence analysis. The use of narG is of special
interest because the phylogeny of the narG gene closely reflects the 16S rRNA phylogeny.
Therefore targeting the narG gene provides for the first time a unique insight into the taxonomie
composition of the nitrate reducing community in planted and bulk soil. The PCR-amplified
fragments of narG recovered by amplification of DNA extracted from triplicate samples of maizeplanted- and bulk soils were cloned. One hundred clones from each of the six libraries were
analysed by restriction fragment length polymorphism to assess the underlying narG diversity. In
all, 62 RFLP types represented by two or more clones were identified in addition to the
approximately 60 RFLP types represented by only one clone. At least one clone belonging to each
RFLP type was then sequenced. Rarefaction curves and diversity indexes indicated that diversity
was high. Presence of the plant resulted in a significant increase of clones clustering with the
Streptomyces narG group. Analysis of the nitrate reducing community demonstrated a shift in the
community structure between bulk and planted soil.
Keywords: denitrification, DNRA, nitrate reductase, narG, denitrifiers, soil, maize, RISA

Symposium no. 09

Paper no. 1452

Presentation: poster

18S rDNA restriction patterns of spores with
two morphotypes of Scutellospora sp. no. 13 AM fungus
PITAKPANTHAM R. (1), LEYVAL C. (2), SUWANAR1T A. (1), NOPAMORNBODI O. (3)
and SAROBOL E. (4)
(1) Department of Soil Science, Faculty of Agriculture, Kasetsart University, Bangkok 10900,
Thailand
(2) Centre de Pedologie Biologique, C.N.R.S., Nancy, F-54501, France
(3) Department of Agriculture, Bangkok, 10900 Thailand
(4) Department of Agronomy, Faculty of Agriculture, Kasetsart University, Bangkok 10900,
Thailand
Spores of Scutellospora sp. no. 13 with two morphotypes, i.e. those with and those without
bulbous suspensor cells, were examined using PCR-RFLP. The MH2 and MH4 primers were used
to amplify 18S rDNA derived from single and multispores crushing and amplification of inserted
DNA after cloning was performed to increase the brightness of the banding pattern. The two types
of spores showed the same 18S rDNA restriction patterns after digestion with Hintt, Ban\ and Taql
restriction enzymes. Though the 18S rDNA-RFLP patterns in Gigasporaceae gave low variation, a
unique Ban] restriction pattern and spore wall characteristic separated Scutellospora sp. no. 13 from
the other members. The results confirmed that spores of the two morphotypes were of the same
species.
Keywords: arbuscular mycorrhiza, PCR, RFLP, ribosomal DNA, restriction pattern, Scutellospora

283

Symposium no. 09

Paper no. 1563

Presentation: poster

Polygenetic diversity of free-living nitrogen fixing bacteria
isolated from diversed ecosystem of Thailand
PIYABOON Orawan (1), TEALMROONG Neung (1), KOTEPONG Somsak (2), NUNTAGIJ
Achara (2), CHOONLUCHANON Somporn (3), SIRIPIN Settha (4) and BOONKERD
Nantakorn (1)
(1) School of Biotechnology, Suranaree University of Technology, Nakhon Ratchasima, Thailand
(2) Soil Microbiology Research Group, Division of Soil Science, Department of Agriculture,
Bangkok, Thailand
(3) Department of Soil Science, Faculty of Agriculture, Chiang Mai University, Chiang Mai,
Thailand
(4) Department of Crop Science, Faculty of Agriculture, Mae-Jo University, Chiang Mai, Thailand
The polygenetic diversity of free-living nitrogen fixing bacteria, isolated from various
ecosystems in from North, Central and North Eastern Thailand, was investigated. The soil samples
in each of the three areas were collected from 11 different types of ecosystems. The bacteria were
cultured on N-free media. Free-living nitrogen fixing bacteria were randomly selected for studying
the following: 1) morphology and physiology; 2) effectiveness of N2-fixation; 3) biochemical
properties; and 4) DNA amplification by using primers such as nifD and ERIC. The majority of
strains were Gram-negative rods (63.51%) and Gram-negative short-rods (31.98%). The bacterial
isolates showed a wide range in N2-fixing efficiency: one isolate 9,001-9,500 nmol CiWtlmg
protein/day, two isolates 4,001-4,500 nmol C2H4/mg protein/day, two isolates 3,001-3,500 nmol
C2rVmg protein/day, one isolate 2,001-2,500 nmol CjHVmg protein/day, seven isolates 1,0011,500 nmol C2lVmg protein/day, 15 isolates 501-1,000 nmol C2H4/mg protein/day and 194 isolates
1-500 nmol C2H4/mg protein/day. The results of the biochemical assay was used to identify 56
isolates: Beijerinkia spp. 16 isolates, Klebsiella spp. four isolates, Azotobacler spp. one isolate,
Azomonas spp. 18 isolates and Azospirillum spp. 17 isolates. DNA characterization using nifDPCR separated the isolates into 48 different groups and ERIC-PCR demonstrated that free-living
nitrogen fixing bacteria were highly related in terms of nif gene conservation and were high diverse
but not specific to any each ecosystems.
Keywords: free-living, bacteria, nitrogen-fixing, ecosystem

284

Symposium no. 09

Paper no. 1640

Presentation: poster

Dynamics of soil microbial biomass as influenced by intensive,
long term fertilisation
PONNUSWAMY Santhv. DURAISAMY Selvi, MAIKANDADEVAN Dhakshinamoorthy and
VELAYUTHAM Murugappan
Department of Soil Science and Agricultural Chemistry, Tamil Nadu Agricultural University,
Coimbatore 641 003, India
Soil microbial biomass constitutes a transformation matrix for organic matter in soil and acts as
an active reservoir for plant available nutrients. Microbial biomass responds much more rapidly
than does total organic matter to any change in ecosystem conditions and thus its measurement is a
valuable tool for understanding and predicting the longterm effect of changes.
A long term fertiliser experiment is progressing in Tamil Nadu Agricultural University,
Coimbatore since 1972, with Finger millet - Maize - Cowpea ( fodder ) cropping system in a Vertic
Ustropcpt. A study was carried out to assess the microbial population in the soil due to various
treatmental inputs viz., 50%, 100%, 150% NPK, 100% NPK + HW, 100% NPK + ZnS04, 100%
NP, 100% N, 100% NPK + FYM, 100% NPK(-S), and an absolute control.
The study revealed that the bacterial population was considerably higher whereas fungi and
actinomycetes population were lower. Application of 100% NPK along with 10 t of FYM ha ' and
100% NPK+ZnS04 recorded the highest bacterial as well as fungal count followed by 150% NPK
application. The actinomycetes population did not vary significantly due to treatments.
The enzyme phosphatase activity was assessed and the maximum activity was recorded for the
combined application of 100% NPK+FYM treatment. The correlation studies revealed a significant
positive relationship between phosphatase activity and crop yield. The higher activity of enzyme
phosphatase in the organics and inorganics treatment might have reflected a higher biological
activity which led to improved growth and yield of crops. When the soil biomss C and N were
estimated it was found that there was a gradual increase in the biomass C and N content in the soil
for the graded levels of NPK. The application of 100% NPK + FYM recorded significantly the
highest biomass C and N after all crops in the system. The biomass C/N ratio was wider in
unmanured control than 100% NPK. There was an declining trend for biomass P with higher doses
of NPK application from 50 to 150% NPK. The highest mean biomass P was recorded by 100%
NPK + FYM (17.2 (ig g') whereas control and 100% N alone treatments recorded on par values of
8.2 to 8.3 (Xg g"1 of soil respectively. The relatioship between inorganic P and biomass P were found
to be significant and positive in all the three crops.
Keywords: microbial biomass, phosphatase activity, biomass C/N ratio, farm yard manure,
microbial population
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Biodiversity among indigenous R. leguminosarum bv. trifolii
revealed by genorypic and phenotypic methods
JOSIC Dragana (1), POPOVIC Vaso (1), MLADENOVIC-DRINIC Snezana (2) and
KONSTANTINOV Kosana (2)
(1) Institute of Soil Science, Teodora Drajzera 7, Belgrade, Yugoslavia
(2) Maize Research Institute "Zemun Polje" Zemun, Yugoslavia
Rhizobium is a genus of soil bacteria which specifically nodulate legume roots forming a
nitrogen-fixing root nodule symbiosis. The development of this symbiosis has a major importance
to agriculture in nitrogen-deficient environments.
The diversity of indigenous Rhizobium leguminosarum bv. trifolii was assessed using different
characterization techniques, such as nitrogen fixation efficiency, heavy metal tolerance, intrinsic
antibiotic resistance patterns (IAR) and plasmid profiles. In this study we also included DNA
fingerprinting using primer-based techniques as an additional approach to estimating the their
diversity. DNA primers corresponding to repetitive extragenic palindromic-polymerase chain
reaction (rep-PCR) (i) and primers of arbitrary varying length nucleotide sequences for random
amplified polymorphic DNA (RAPD) (ii) was used to detect polymorphism among forty-two
indigenous Rhizobium leguminosarum bv. trifolii from different locations.
We compared conventional techniques with the PCR data. Wide diversity among indigenous
strain of Rhizobium leguminosarum bv. trifolii in relation to their IAR profiles, plasmid contents,
heavy metal tolerance and PCR fingerprint was found. Estimation of nitrogen fixation efficiency
showed that some of them can be used as inoculant strains for sustainable agriculture.
Keywords: biodiversity, Rhizobium leguminosarum bv. trifolii, rep-PCR, RAPD, IAR, plasmid
profiles
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Soil bacteria in peat ecosystem of Central Kalimantan,
Indonesia: isolation, characterization,
and responses to elevated pH
PURWANlNGSIHS.d), ARTININGSIH T. (1), HASHIDOKO Y. (2) and OSAKI M. (2)
(1) R&D Center in Biology, Indonesian Institute of Sciences (LIPI), Juanda 18, Bogor 16122,
Indonesia
(2) Graduate School of Agriculture, Hokkaido University, Sapporo 060-8589, Japan
Tropical peats are receiving more attention because of its importance ecosystem as carbon
storage. A study has been carried out to isolate phosphate-solubilizing bacteria and Azotobacter
from rhizosphere soil in peat ecosystem. The soil samples were taken from five sites and different
host plants. Pycosukaya and Azotobacter media were used for standard isolation of phosphatesolubilizing bacteria and Azotobacter respectively. The population of phosphate-solubilizing
bacteria was found in the range of 1.9 x 105 - 64 x 105 CFU g"1 soil. Meanwhile, population of
Azotobacter bacteria was found in the range of 0.46 x 105 - 12 x 105 CFU g"1 soil. Isolated bacteria
were also examined for a positive response to increase pH. Biochemical characterization was done
only for selected isolates by using rapid test kit.
Keywords: bacteria, isolation, peat
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Beauveria bassiana and B. brongniartii as
a fungal biocontrol agents in soil environment
RA I Vandana and SINGH Dileep K.
Department of Zoology, University of Delhi, Delhi-7, India
Excessive usage of chemical pesticides may affect soil fertility by influencing the
physicochemical and biological properties of soils. Studies are being undertaken to determine
alternatives to the chemical pesticides such as biopesticides. The impact of Beauveria bassiana and
B. brongniartii was examined as fungal biopesticides @ 5 x 1012 spores ha"1, on soil fertility in a
groundnut field to estimate the effect on the microorganisms, their activities and on soil chemistry.
The studies included impact on soil chemistry, microbial population (bacteria, Actinomycetes sp.,
Azotobacter sp. and fungi) and soil enzymes (dehydrogenase, arginine deaminase, and
Phosphomonoesterase). These investigations in actual field conditions and in presence of crop will
provide the base line data for the use of biopesticides in future and their use in ecofriendly pest
control strategies. Organic matter was studied by the Walkey-Black method. Cation exchange
capacity (CEC) and exchangeable potassium and sodium were studied using a flame photometer
after extracting with ammonium acetate. Effects on microbial population were studied by a soil
dilution plate count technique by preparing Thornton's, Jensen's, Ken Knight's and StreptomycinRose-Bengal medium for bacteria, Azotobacter sp., Actinomycetes sp. and fungi respectively. Iron
reduction capacity was studied by incubating samples with substrate under anaerobic conditions for
5 days and extracted ferrous was quantified colorimetrically. Dehydrogenase activity was estimated
by measuring the released formazan after incubating (24 h, 37°C). Arginine deaminase activity was
estimated by incubating (3 h, 37°C) with arginine solution and produced ammonium was extracted
and determined colorimetrically. Phosphomonoesterase activity was studied by incubating (1 h,
37°C) after buffering with p-nitrophenyl phosphate and measuring released p-nitrophenol
photometrically. Soil of the groundnut field was silt loam with neutral pH. No significant variations
except for a slight significant increase on 90lh day were observed in organic matter content. Iron
reduction capacity, CEC and exchangeable sodium showed no significant change after treatment. A
significant increase in the exchangeable potassium was observed which recovered at the end of crop
season. A remarkable reduction was observed in the bacterial and Azotobacter sp. count on the 60'
day, which remained low till the 90'h day but finally recovered in the case of bacteria. Whereas in
the case of Azotobacter sp. it remained significantly low till harvesting. The fungal population was
exceptionally high on zero day, was sharply reduced by the 30lh day and again increased after the
60'h day. Actinomycetes sp. was not much affected by the treatment. Significant reduction was
observed in dehydrogenase activity on the 60th day, which finally recovered. No change was
observed in case of arginine deaminase activity. Phosphomonoesterase activity in the treated field
showed statistically significant decrease throughout the experiment.
Keywords: Beauveria bassiana, B. brongniartii, biopesticides
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Microbiology and biochemistry in no-tillage soils of Argentina
MONTERO Eabio A. and SAGARDOY Marcelo A.
Dpto. Agronomia, Universidad Nacional del Sur, 8000-Bahia Bianca, Argentina
The implementation of conservation practices like no-tillage (NT) may lead to significant
changes in soil microbiological and biochemical properties. NT practice influences on microbial
populations and activities as well as enzyme activities. In Argentina, there is not enough
information on the short-term and medium-term changes in the microbiology and biochemistry of
soils under NT. The aim of this research was to study microbiological and enzyme levels and
tendencies, in association with the time under NT practice and also mineral fertilization and abiotic
properties in soil under the NT system. The study was made in four different fields located in
Buenos Aires, Entre Rios, Cordoba and Santa Fe. In each field the surface profiles (0-10 cm) with
between one to nine years under NT were studied. In some plots the effect of regular mineral
fertilization was also studied. In each soil a split plot design was used. During two years,
heterotrophic, oligotrophic, ureolytic bacteria and filamentous fungi numbers, CO2 production,
microbial biomass C levels, dehydrogenase, catalase, phosphotriesterase and urease enzyme
activities, water content, temperature, pH and NO3-N were seasonally estimated four times a year
(autumn, winter, spring and summer). The crops included wheat, soybean, corn and sunflower.
The results showed significant fluctuations in all the biological parameters studied during the
research period. After two years, the microbial numbers decreased by up to 60% in some cases and
increased up to 400% in others: changes were often significantly associated with the soil water
content. In all the soils the abundance order of the studied microorganisms was: oligotrophic
bacteria > heterotrophic bacteria > ureolytic bacteria >filamentousfungi. Generally, the microbial
biomass C contents were stable, or increased up to 219%. The CO2 production and enzyme
activities usually increased, and levels up to 599% greater than the zero time were observed at the
end of the study. The increases up to 67% in organic matter contents of soils under NT promoted a
favourable environment for microorganisms, and therefore, the production of their enzymes. Taking
into account all soils, 71-78% of the variations in filamentous fungi, microbial biomass C, and
catalase and urease activities could be accounted for by soil organic matter content. Some others
abiotic factors such as pH, temperature, NO3-N, clay and sand contents, and field capacity also
influenced the biological variables. CO2 production, microbial biomass C content, and catalase
activity were generally the indicators which differentiated environments influenced by mineral
fertilizer treatments and number of years under NT. Frecuently, a field management associated with
a great number of years under NT, in average, kept or increased significantly up to 99% of the
variable levels which were studied. As the enzyme activities were considered as microbial activity
indicators, a high level of enzyme activity reflected a high activity of soil microflora. The urease
and catalase activities could be important in defining the quality of the soils because they were
demonstrated sensitivily to the changes that take place in NT systems.
Keywords: enzymes, bacteria, biomass, no-tillage, soil
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Change of physical properties of soils by invertebrate activity
SAMEDOV P.A.
Institute Soil Science and Agrochemistry, Baku, Azerbaijan
Formations and the development of various types soils of the world is connected to
evolutionary unity of abiotical and biotical factors.
Invertebrate animals change physical, chemical, biochemical and mineralogical properties of
soils. Experiments have established that rainy heart's and vudlanc influence on the mineral part of
meadow-serozem of soils. They promoted reduction of crystal lattice energy from 4132 ccal
100 g~' to 3988-3848 ccal - 3840 ccal 100 g'1 of soil, proving their participation in formation of
secondary minerals with smaller crystal lattice energy.
Tests of various types of soil have established that invertebrate processing affects specific
parameters of heat of wetting, specific surface and hydrofiltion. The heat of wetting (Q) of initial
samples grew from meadow-serozem 2.23 cal g , is grey - brown 4.57 cal g"1; meadow-wood 4.70
cal g ; meadow-wood brown 7.42 cal g"1 soils, to mountain-wood brown 7.53 cal g"1 and merged
cernozem 10.46 cal g" .
In coprolitical rainy hearts chosen from these soils the heat of wetting has considerably
increased accordingly from 3.5-14.40 up to 16.36-18.02 cal g'. Woodlanc has little influence on
meadow-serozem soils and the heat of wetting was equal to only 2.26-2.69 cal g'.
The specific surface (S m2 g') is on important characteristic allowing to estimate various
properties and dispertion of a soils condition. In soil samples changed hearts and it is especial them
coprolbtical essentially grows from 7.21-136 m2 g"1 up to 232-324 m2 g'.
There similar increase in hydrofiltion (A, %) soil tests from 2.50-5.08 up to 6.84-9.31 %. The
researches have shown that rainy hearts are considerably active in humid and damp landscapes,
woolland has appeared most effective for arid ecological conditions.
Keywords: heat of wetting, specific surface, hydrofiltion, energy of a crystal lattice, rainy hearts,
woodland
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Fungal pathogens in soils under wheat in conditions of
irrigated agriculture in Uzbekistan
KHAKIMOVA Nigora, SATTAROVA Rano K. and MANNANOV Rustam N.
Department of Phytopathology and Plant Physiology, Tashkent State Agrarian University, Tashkent
700140, Uzbekistan
Investigation of wheat fields in Tashkent region of Uzbekistan had revealed that wheat root
rots occur in all places. Mycological analysis of herbal material obtained from fields was performed
on the following scheme: 1) microscopy of infected tissues to determine the presence of the
pathogen, 11) damping camera, 111) isolation of the pathogen and placing in collection.
Mycological analysis of herbal samples has revealed 17 species of micromycetes from genera Alternaria. Aspergillus, Mucor, Penicillium, Cladosporium, Verticillium, Helmintosporium,
Fusarium, Rhizoctonia.
Preliminary investigation has shown the possibility of increasing infection on irrigated wheat
fields by the fungal phytopathogens, which are not characteristic for the hot climate conditions of
Uzbekistan.
Keywords: fungal phytopathogens, micromycetes, wheat
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Role of bio-phos in enhancing bioavailability of
soil phosphorus
SULTAN Tariq and KHALIL Samina
National Agricultural Research Centre, Islamabad, Pakistan
Phosphate solubilizing microorganisms (PSM) were isolated from calcareous soils of Pakistan.
Pikovskaya's media (1948) containing tricalcium phosphate as the only phosphorus source was
inoculated with selected PSM isolates in conical flasks. There were 5 replications of each isolate
and one uninoculated control. Flasks were placed in a shaking water bath at 27°C for three weeks;
solution cultures were retrieved every week and analyzed for change in pH and available
phosphorus. PSM showed the ability to lower the pH from 6 in control to as low as 3.2 with B4 and
B8 inoculation in one week. Similarly available phosphorus in solution was increased from 5.8 mg
kg"1 in control to 21.25 and 20.25 mg kg"1 with B3 and B8 respectively. A green house study was
also conducted to evaluate PSM efficiency to solubilize rock phosphate in soils. Soil was sieved;
UV irradiated for 48 hours and mixed with rock phosphate @ 200 mg kg"1. 500-g soil was
transferred to each pot. Wheat variety, Punjab 88 was sown in each pot. Pots were inoculated with
PSM isolates and uninoculated control was maintained. There were five replicates of each
treatment. Soil was analyzed for pH, available P, shoot weight, and root weight. Shoot weight was
significantly improved with PSM B3 and B8 inoculation. Plant root weight was also higher in all
PSM treatments than control. P concentration in plant tissue was significantly higher in PSM
treatments; percent increase over control ranged from 58-179. Total P per plant increased from 5.5
mg kg"1 in control to 11.42, 15.37, 9.23 and 8.72 mg kg'1 with PSM inoculation. Soil available P
was increased significantly in all PSM treatments; especially with Bl inoculation P increased from
80 mg kg"1 in control to as high as 287 mg kg'. PSM inoculation showed no significant effect on
soil pH.
Keywords: phosphorus solubilizing microorganisms (PSM) bacteria, fungi, rock phosphate
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Some physiological and molecular biology aspects of
high effiency ^-fixation rhizobial strains in forage legume
TEAMTISONG Kamonluck (1), TEAUMROONG Neung (1), KOTEPONGE Somsak (2),
NUNTAKIJ Achara (2), WADISIRISUK Preecha (2) and BOONKERD Nantakorn (1)
(1) School of Biotechnology, Suranaree University of Technology, Nakhon Ratchasima, Thailand
(2) Soil Microbiology Research Group, Division of Soil Science, Department of Agriculture,
Thailand
Rhizobia were isolated from four tropical forage legumes; Desmanthus virgatus, Stylosanthes
hamata, Chamaecrista rotundifolia (Wynn cassia) and Centrosema pubescens. The twelve high
efficiency N2-fixation rhizobial strains were obtained from the Department of Agriculture,
Bangkok. Characterization of these strains were conducted along with their physiological
properties, such as acid-base production, 1AA production, intrinsic antibiotic resistance profiles and
substrate utilization patterns (19 substrates; APIZYM-test). Genetic relatedness was also
determined using nif and nod probes for Southern blot hybridization analyses, and RAPD, REPPCR for distinguishing between the strains. In addition, nifli and nodA PCR-RFLP and 16S rDNA
sequences were used to investigate the phylogenic relationships. Characterizatio: It was found that
most of the effective D. virgatus rhizobia belonged to fast-growing group. By using antibiotic
resistance it was clearly shown that all of the isolates were susceptible to erythromycin. Moreover,
among these strains none of them produced oc-monosidase and ot-fucosidase. In the case of D.
vergatus rhizobia, one of them seemed to be Rhizobium tropici and the rest were closely related at
the intraspecies level. This was confirmed by doing cross noüulation tests between rhizobial strains
and host plants, including Phaseolus vulgaris, prior to detecting directly from bacteroid in nodule
by nifii, nodA PCR-RFLP and 16S rDNA sequences. However, when compared with the other
host plant rhizobia isolated from C. pubescens, S. hamata and Ch. rutundifolia, using random
primers and RFLP of nod-PCR products, the result suggested that there were considerable
divergence in each plant host. For C. pubescens rhizobia, DASA24008 and DASA24015
sequences were aligned with the B. japonicum 83% identities and 100% identities, respectively but
DASA24016 were aligned with Rhizobium spp. 16S rRNA gene. In the case of S. hamata rhizobia,
both DASA25005 and 25015 were aligned with B. japonicum, 94% identities, WHILST
DASA25005 was aligned with R. etli, 98%. The Ch. rotundifolia rhizobial strain DASA29007 was
aligned with B. japonicum, 96% identities, whereas another strain DASA29015 was aligned with
Pseudmonas reactans, 98% identities.
Keywords: forage legumes, rhizobium
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Phylogenetic classification and activities of cellulolytic
soil bacteria isolated from long-term field experiments
WIRTH Stephan and ULRICH Andreas
Centre for Agricultural Landscape and Land Use Research (ZALF), Department of Primary
Production and Microbial Ecology, Eberswalder Str. 85, D-15374 Muncheberg, Germany
In order to study interrelationships between phylogenetic diversity and functional capability of
microbial communities involved in soil organic matter decomposition, cellulolytic soil bacteria
were isolated from two long-term experimental field sites under crop rotation (Berlin-Dahlem and
Bad Lauchstädt, Germany). Treatments with and without farm-yard manure application (30
dt ha ' a') were studied, situated on a nutrient-poor Orthic Luvisol and a typical Chernozem,
respectively. Thus, a broad range of different soil ecological situations is present as characterised by
soil organic matter contents, as well as by microbial biomass contents and basal CO2 respiration
activities.
Cellulolytic bacteria were isolated via a soil dilution agar plate method based on colloidal
cellulose as the main carbon source. The 300 isolates obtained from both sites and treatments were
subsequently differentiated phenotypically by the capability to degrade soluble, colloidal or
crystalline cellulose derivatives. Furthermore, cellulase activity of isolates was assayed
colourimetrically. Concerning actual soil biochemical processes, cellulose decomposition kinetics
of soil samples were studied via infra-red gas analysis of CO2 respiration under laboratory
conditions after additions of soluble and insoluble cellulose derivatives. Moreover, cellulose
degradation was measured in situ using a mini-container system.
Phylogenetic diversity of isolates was examined by both restriction analysis of PCR-amplified
16S rDNA and sequencing of representative strains with a special focus on interrelationships of
functional capabilities and predominance of distinct bacterial groups.
Our over-all objective is to combine molecular, enzymological and soil ecological approaches
to increase insight into the molecular ecology and activities of cellulolytic soil bacteria. First results
and conclusions will be presented, based on data from spring and autumn 2001 soil sampling
campaigns.
Keywords:
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Important limiting factors for nodulation of
alfalfa roots in Isfahan Province
YAHYAABADl Moitaba (1), KHAVAZ1 kazem (2) and REZAEI Moslehedin (1)
(1) Soil and Water Division, Isfahan Agricultural Research Center P.O. box 81785-199,
Amirhamzeh, Isfahan, Iran
(2) Dept. of Biology, Soil and Water Research Institute, Tehran, Iran
Success or failure in legume establishment is dependent on chemical, physical and biotic
influences and also field management. The objectives of this investigation were to evaluate the
indigenous population and nodulation of Rhizobium meliloti and important limiting factors for
nodulation of alfalfa roots in Isfahan, central Iran.
Soil samples were taken from different fields of alfalfa in order to determine soil physicochemical properties and numbers of R. meliloti. The size of these populations depends on both
environmental and soil factors and generally ranges from 3xl02 to 2x10 cells of R. meliloti g'soil.
A significantly higher numbers of R. meliloti was present in Dahak, district of shahreza. The results
also showed a significantly effect of soil total nitrogen and soil organic matter at p£0.01 and soil
electrical conductivity at p<0.05 on the degree of alfalfa nodulation.
Keywords: rhizobium, nodulation, alfalfa, soil, management
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Acidotolerant actinomycetes in various types of soils
ZAKALYUKINA Yulia
Moscow State University, Department of the Biology of Soils, Soil Science Faculty, MSU,
Vorobjevy Gory, 119899, Moscow, Russia
A lot of Russian soils are naturally or antropogenically acid. It was noticed that microbial
community of these soils characterizes the acid resistance. Earlier, actinomycetes were regarded as
neutrophils and their number decreased with lower pH. But new data have appeared in recent
decades about the occurrence of acidophilic actinomycetes. So the study of acidophilic and
acidotolerant actinomycetes in acid soils becomes more feasible.
For actinomycetes isolation from the soils, solid nutritional media adjusted to pH 5.3 was used,
and also for control, neutral agar was used.
The objects of this work included the samples of brown forest acid raw-humus, peaty-podzolic
profile-gleyed soils, a gray forest soil, a low-moor bog soil, an ordinary chernozem and alluvial
meadow soil.
An increase in the number of actinomycetes grown in media with pH 5.3 in comparison with
the number of mycelial prokaryotic organisms isolated in the media with neutral pH was observed.
This trend was manifested better in acid soils (low-moor bog soil, peaty-podzolic, brown forest, and
gray forest soils), and, to a smaller extent, in the Chernozem. The group of acidophilic forms is
apparently present in the actinomycetic complex of acid soils, and acidified media are optimal for
their development.
Taxonomical changes of actinomycetic complex are described by biodiversity Shannon's
index. In acid soils, for example low-moor bog soil, for streptomycetes this value decreased in
acidified agar, but also we noticed an increase in the share of micromonospores, which predominate
in low-moor bog soil.
An actinomycetic complex of ordinary chernozem is characterized by a higher stability in
comparison with actinomycetic complexes of the other soils.
Hence, acidophilic actinomycetes are an integral part of actinomycetic complexes in all studied
soils, which is confirmed by the increase in the number of actinomycetes isolated in acidified
media, compared with the number of mycelial prokaryotic organisms isolated in neutral media.
Micromonospores predominate among acidotolerant actinomycetes in the low-moor bog soil.
Streptomycetes predominate among neutrophils and acidotolerant actinomycetes in peaty-podzolic
profile-gleyed soil.
The majority of isolates (70%) belonged to Streptomyces genera, so the response of these
strains to medium pH were examined on radial growth rate in the solid agar. For strains isolated in
adjusted media the optimum growth pH was about 5.0 and they were able to survive in neutral
condition. Hence, this suggests these isolates were acidotolerant organisms. Similarly, the optimum
growth pH of neutrophilic actinomycetes was observed to be about 7.
So we suggest that the optimum growth pH of the isolates is correlated with agar medium
acidity.
Keywords: acidotolerant actinomycetes, acid soils, adjusted media, optimum growth pH
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Composition of soil bacterial communities:
new insight from old and new technologies
ZVYAG1NTSEV Dmitri C DOBROVOLSKAYA Tatiana G. and LYSAK Ludmila V.
Department of Soil Science Moscow State University, Moscow 119899, Russia
Some investigators proposed, that molecular genetic methods, assimilated by soil
microbiology, represent a panaceae for all difficults in soil microbial community analysis. But the
data on the bacterial diversity of soils obtained by molecular genetic methods are much more
ambiguous than those obtained by the culture technique. It is possible to detect in soils only large
bacterial taxa, such as gram-positive bacteria with low or high G+C contents of DNA,
proteobacteria class, planctomycetes and so on; but these groups present in nearly all types of soils
and data on their occurrence in particular soils are of little interest. The majority of soil clones have
a low degree of homology with the nucleotide sequences of the known bacterial taxa available in
data-bases and are recognized as new phylogenetic groups. However, common soil inhabitans often
cannot be detected; furthermore, one cannot obtain information on physiological peculiarities and
ecological functions of soil bacteria.
We want to show new potentiality of the old culture technique. We developed theoretical
fundamentals to the ecological assessment of soil microbial diversity. This is a system approach
based on the conception of hierarchi of microbial habitats from microlocuses in the soil to the
ecosystem as a whole. It is necessary to analize microbial communities in all layers of the vertical
structure of biogeocenose. With this approach one should take into account that soil microbial
complexes undergo both seasonal variations and successional changes. A combination of
microlocal, vertical and successional approaches allowed to establish the main regularities of the
spatial and temporal structure of soil microbial communities. We proposed also conventional
synecological indices of diversity that characterize the hierarchic and syntypological structure of
microbial communities.
It should be noted that like all other methods, the method of analysis of bacterial communities
by sample inoculation on specific nutrient media with subsequent differential count of grown
colonies and identification of dominant bacteria to the level of groups or genera has some
shortcomings and limitations. First, bacterial diversity of soil is characterized within the limits of
aerobic and facultatively anaerobic heterotrophic bacteria belonging to 50-60 genera. Second, to be
able to identify colonies to the generic level, researches must be very experienced and skilled in the
field of bacterial systematics.
The necessity of collaboration of soil microbiologists and molecular biologists in intergrating
different research methods for a proper assessment of soil microbial diversity is discussed. The
paramount importance of soil as the source and reserve of biodiversity on the Earth is emphasized.
Keywords: bacterial diversity, bacterial communities, soil, molecular genetic methods, culture
techniques, systemic approach

Keywords: bacterial diversity, bacterial communities, soil, molecular genetic methods, culture
techniques, systemic approach
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Speculations on soil carbon sequestration:
adding straw or charcoal or just nursing present soils?
ANDREN Olof and KÄTTERER Thomas
Department of Soil Sciences, SLU. PO Box 7014, SE-750 07 Uppsala, Sweden
There are several ways to increase the soil carbon pools for a longer or shorter period of time,
and for sequestration of atmospheric CO2 the minimum period would be counted in decades.
Although it would be possible to increase soil carbon pools by high and repeated inputs of easily
decomposable substrate (sugars and perhaps most fresh plant material), this is hardly feasible, since
most of the substrate's carbon would be rapidly returned to the atmosphere and the whole operation
would be wasteful. Burning the substrate in a furnace would in this case enable us to use its stored
energy and save fossil fuels - a better COrreducing strategy.
If on the other hand the substrate decomposes more slowly (char, charcoal, lignin),
sequestering in soils may be a good option - the same carbon input as a refractory or a labile
substrate will give very different steady-state soil carbon pools. Also, it is possible to imagine a
mixed strategy: one could treat, for example, fresh plant material to extract combustible gases
(biogas generation, pyrolysis) for fossil fuel replacement and the remaining solids would be fairly
refractory (biogas rests) or even very refractory (charcoal/char from pyrolysis). These could be
added to soil for a high and long-term sequestering effect per kg carbon added. From, for example,
a mineral nitrogen viewpoint the remaining solids would be very different - one rich in mineral
nitrogen and with a high potential for long-term N mineralisation and the other containing virtually
no nitrogen.
In any situation, a reduction of the decomposition rates of organic matter already present in the
soil will be beneficial for carbon sequestration. Measures such as reduced tillage are well known,
but in most climates also fertiliser addition, leading to drier soil conditions through increased leaf
area and thus transpiration will reduce decomposition rates.
Dynamic soil carbon balances can only be calculated by including initial pools, inputs and
outputs (annual or daily). We use the ICBM soil carbon balance model programmed in Excel to
investigate the long-term effects of the above-mentioned different strategies by changing just a few
of the total five parameters used in this model and letting it project steady-state carbon pools as well
as 30-year dynamics. ICBM/N is an extended model, which we use to also keep track of soil
nitrogen pools, based on carbon pools and C/N ratios of the fluxes.
Keywords: soil carbon, model, sequestration, charcoal, greenhouse effect
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Estimation of carbon storage of the soils in
Campo de Cartagena (SE Spain) using GIS technology
ARN ALDOS Raouel (H. FAZ Angel (1), MARIN Pura (2), VICENTE Mariano (3),
MERMUT Ahmet. R. (4) and ARENSE Mario (1)
(1) Departamento de Producción Agraria, Universidad Politécnica de Cartagena, Paseo Alfonso
XIII, 52. 30203 Cartagena, Murcia, Espana
(2) Departamento de Quimica Agricola, Geologia y Edafologia, Universidad de Murcia, Campus
de Espinardo, 30100 Murcia, Espafla
(3) Dirección General del Medio Natural, Consejeria de Agricultura, Agua y Medio Ambiente,
Comunidad Autónoma de la Region de Murcia, Plaza de San Agustin, 5, 30005 Murcia, Espafia
(4) Department of Soil Science, University of Saskatchewan, Saskatoon S7N 5A8, Saskatchewan,
Canada
This paper presents maps generated using Geographic Information System for both organic and
inorganic carbon. The area studied, Campo de Cartagena in Murcia province, located in the SE of
Spain, forms a plain with very smooth topography, gently sloping down towards the Mediterranean
sea, and is fully surrounded by mountains. The area is one of the most arid part of Spain, with an
average annual temperature of 17.5 °C, 300 mm precipitation, and potential evapotranspiration of
about 900 mm. It is one of the most important agricultural areas of Murcia. The economic pressure
experienced by the farmers in recent years, meant drastic changees in cultivation techniques, one
from dryland agriculture to another with irrigation by the "Trasvase" canal connecting the rivers
Tajo and Segura to the area. Soils in this zone have an ochric epipedon and a calcic and / or
petrocalcic horizon in the subsurface that qualify them to be classified as Calcisols. Along the sea
shore, soils have salic horizons and are classified as Solonchaks. Recent works show that 40% of
soil are used for horticultural crops, 10% to extensive vegetables, 9% to dry-trees, 7% to citrus,
17% are being prepared for agriculture and another 17% are not cultivated.
A very detailed sampling scheme was used to cover every square kilometre area. A total of 206
soil samples were collected from depths between 0-30 and 30-60 cm. The analyses performed
include: organic and inorganic carbon and bulk density. Data obtained were plugged into "Arc/Info
7.2", "Arc/View GIS 3.2" and "Erdas Imagine 8.4", running on an IBM IntelliStation workstation.
As the soils studied are low in organic matter and nutrient contents, understanding of soil
organic matter balance will have considerable impact to improve soil management technologies for
sustainable crop production, including the development of improved agricultural cultivations,
carbon sequestration, and protecting wetlands. The information detailed on these maps make it
possible to achieve developing local policies about the use and management of soils developing
sustainable technologies to sequester carbon.
Keywords: organic matter, carbon sequestration, Spanish soils, Mediterranean soils, Aridisols,
GIS
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Impacts of integrated management of crop residues, green
manure and fertilizer N on productivity, C sequestration,
denitrification and N 2 0 emissions in rice-wheat system
All LAKH Milkha S. (1) and DORAN John W. (2)
(1) Department of Soils, Punjab Agricultural University, Ludhiana 141004, Punjab, India
(2) USDA-ARS, East Campus, University of Nebraska, Lincoln, NE 68583, USA
Annual rice-wheat double-crop system accounts for nearly one-fourth of the foodgrain
production in South Asia and China. Lately, the productivity of rice and wheat has been declining
due to inadequate/imbalanced nutrient management and decreasing soil organic matter. Most
fanners burn crop residues to facilitate quick seedbed preparation and to avoid reductions in crop
yields, which results in loss of organic matter and nutrients and causes atmospheric pollution. We
addressed these problems by integrating the incorporation of wide C:N ratio wheat (WR) and rice
residues (RR) with urea fertilizer N (FN) and green manure (GM) in rice - wheat system. Sesbania
(Sesbania aculeata L.) was grown as GM-crop for 60 d during pre-rice fallow period and 20 or 40
Mg fresh biomass GM ha"1 were incorporated into the soil just before transplanting rice. Rice and
wheat residues (6 Mg ha'1) did not depress grain yields of wheat and rice, respectively in the
presence of 120 kg FN ha"1. Rice production was higher in the presence of WR when the prescribed
120 kg N ha"1 dose was applied as GM-N and the balance as FN compared to 120 kg FN ha"1 alone.
Recovery and agronomic efficiencies of GM-N were higher than FN in rice. Green manuring prior
to rice had a residual benefit to wheat grain yields and N uptake. At the end of the 4-year study, soil
bulk density was significantly reduced with the application of WR, RR and GM. Denitrification
losses during the pre-rice period and the rice crop were 23 to 33% of applied N. N?0 emissions
ranged between 15 to 60, 15 to 450, 20 to 43 and 5 to 33g N ha"' d"1 during the pre-rice, rice crop,
post-rice fallow and wheat period, respectively. Results of this study reveal that (i) the wide C:N
ratio rice and wheat residues can be incorporated shortly after crop harvest without affecting yields
of the following crop, and 120 kg urea-N ha"1 to each crop of rice and wheat appeared to be
sufficient to avoid adverse effects of crop residues; (ii) significant amounts of residue C could be
sequestered in soil; (iii) denitrification is a major N loss process under wetland rice but integrated
management of WR, GM and FN significantly reduces gaseous N losses as compared with FN
alone; (iv) the gaseous N losses under wheat are only 0.6 to 2% of applied N suggesting that
nitrification-denitrification are not important mechanisms for gaseous N losses in wheat; (v) an
interplay between the availability of NO3" and organic C controlled denitrification and N2O flux
during summer-grown flooded rice whereas temperature and soil aeration status were the primary
regulators of nitrification-denitrification processes during winter-grown upland wheat; and (vi)
irrigated rice-wheat system is a significant source of NiO as it emits - 15 kg NiO-N ha"' year'.
These results illustrate that FN, GM and crop residues management strategy could result in an
environmentally sound sustainable crop production system by enhancing soil fertility and C
sequestration, and reducing denitrification losses and emission of greenhouse gases.
Keywords: soil biochemical/microbial processes, submerged soils, carbon sequestration,
greenhouse gases, global climate change
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Integrating woody biomass crops and row crops
in rotation. II: effects on soils
DEVINE Warren (1), MULLEN Michael (1), TYLER Donald (2), HOUSTON Allan (3),
JOSLIN Dev (4), HODGES Donald (5), TOLBERT Virginia (6) and WALSH, Marie (6)
(1) Department of Biosystems Engineering and Environmental Science, The University of
Tennessee, P.O. Box 1071 Knoxville, TN 37901-1071, USA
(2) West Tennessee Experiment Station, 605 Airways Boulevard, Jackson, TN 38301, USA
(3) Ames Plantation, P.O. Box 389, Grand Junction, TN 38039, USA
(4) Belowground Forest Research, 112 Newcrest Lane., Oak Ridge, TN 37830, USA
(5) Department of Forestry, Wildlife & Fisheries, The University of Tennessee, P.O. Box 1071
Knoxville, TN 37901-1071,USA
(6) Bioenergy Feedstock Development Program, Oak Ridge National Laboratory, P.O. Box 2008
Oak Ridge, TN 37831, USA
The United States Department of Energy has supported research on biomass energy including
short-rotation woody crops (SRWC) for over 20 years. The amount of land required to produce
biomass crops for a developed bioenergy industry would be substantial, and agricultural land would
serve as an important part of this land base. In this study, a SRWC was integrated with an annual
row crop system in a row crop-SRWC-row crop rotation. The objective was to document the effect
of the woody crop on soil total C and N, mineral N, and aggregate stability after the site was
converted back to a row crop. The study was located on a loess soil in southwestern Tennessee,
U.S.A. American sycamore (Platanus occidentalis L.) was planted on a 1.5 x 3.0 m grid on a
former soybean [Glycine max (L.) Merr.] field in February, 1995. Sections of the sycamore
plantation were harvested after four and five years, and no-tillage corn (Zea mays L.) was planted
among the stumps 26 weeks after each sycamore harvest. As a control, corn also was planted on a
section of the field that had remained in soybean during the sycamore rotation. All row crops were
under no-tillage systems. Four rates of broadcast ammonium nitrate (0, 73, 146, and 219 kg N ha')
were applied to corn in May. In April, June, and December of 1999, soil samples to a depth of 30
cm were collected at locations near sycamore stumps as well as between corn rows on the
continuously row-cropped control plots. Samples were analyzed for total C and N, NO3", NH4+, and
aggregate stability. During the first year of corn, soil total C concentration to a depth of 30 cm was
significantly higher near tree stumps than on control plots. Total soil N concentration on control
plots was higher than on sycamore plots in April, but in December, sycamore plots had a higher
total soil N concentration. Soil mineral N concentrations after fertilization were similar near tree
stumps and on control plots. Forty weeks after sycamore harvest, mean weight diameter of waterstable soil aggregates at depths from 2.5 to 15 cm was significantly greater on plots where sycamore
had grown than on control plots. A woody crop rotation of only four years significantly affected
chemical and physical properties of an agricultural soil.
Keywords: biomass, sycamore, decomposition, carbon, nitrogen, aggregation
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Humic substances from Sapric Histosols
DON Axel. CROSS Patrick and HAYES Michael H.B.
Chemical and Environmental Sciences, University of Limerick, Ireland
During the past decade there have been significant advances made in studies of the
compositions and aspects of the structures of humic substances (HS). Ten years ago it was
considered that HS are polydisperse polyelectrolytes with molecular weight (MW) values ranging
form perhaps <103 to >106. It is still recognised that HS are polyelectrolytes but that the MW
values are more likely to be of the order of <l-3 xlO3. It is becoming clear also that the major
contributors to the genesis of HS are likely to be the more intractable components of plants,
especially the lignins. Suberins, long chain fatty acids, and hydrocarbons (which have not
undergone chemical or biological transformations) are invariably associated with HS but these are
not classed as humic components. Such materials can, however, be intimately associated with the
humic molecules and can provide protection for these against microbial attack. We are involved in
studies of the compositions and of aspects of the structures of HS from soils and from waters,. In
the present study we describe procedures used for the isolation and fractionation of humic materials
in a Sapric Histosol and we outline the procedures used in studies of structures.
A Sapric Histosol from the Methwold Fen, Norfolk, England, and the well humified Basin Peat
from a Raised Bog in Co. Kerry, Ireland were used in the present study. The Norfolk soil had been
in long term cultivation, and the Kerry sample was buried under fibric peat layers.
The Norfolk soil was H+-exchanged, using IM HCl, then washed with water until CI" free. The
washings were collected. The H+-exchanged Norfolk soil and the Kerry basin peat were then
extracted in a 0.1 M NaOH solution, adjusted to pH 12. The pH of the basic extract was adjusted to
1 using 6M HCl. The humic acid (HA) precipitates were recovered by centrifugation, and the
supernatant fulvic acid (FA) fraction in the case of the Norfolk sample was added to the acidic
washings. The FA fractions contain co-extracted polar substances, such as polysaccharides and
peptides. To separate the more hydrophobic humic fractions from the polar non-humic components
the FA fraction was passed through XAD-8 [(poly)methylmethacrylate] and XAD-4
(styrenedivinylbenzene) resins packed in 0.0IM HCl and in tandem. The FA materials were
retained on the XAD-8 and the XAD-4 acids on the XAD-4. Distilled water was passed through the
resins until the conductivity was <100 mS cm"1 and then the components were back eluted at pH
5.5, 7, 9-10 and 12, and H+-ion exchanged by passing through IR-120 cation exchange resin, and
then freeze dried.
The HA fraction was dissolved in base, diluted to <50 mg kg', then adjusted to pH 2 and
passed on to XAD-8. During desalting, some colloidal material which was not in true solution was
eluted from the column. This was dissolved in base, diluted as before, and re-introduced to the
column at pH 2.5. Some material was eluted again during desalting, and this was treated as above
and reapplied to the column. This process was continued at pH 3, and 3.5. Materials retained on
the column after desalting were eluted in base, passed through IR-120, and freeze dried. The humic
fractions were subjected to elemental, amino acid, neutral sugar, Potentiometrie titration, CPMAS
13
C and 2-D Correlation Spectroscopy analyses. The results which we are obtaining clearly show
that the fractionation procedures used provide more homogeneous samples than have been
previously obtained. Details will be given of compositional and structural characteristics.
Keywords: humic substances, Histosols, peat
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Bioavailability of soluble organic matter in agricultural soils
GREGORICH E.G. (1), BEARE M.H. (2), ST-GEORGES P.(l) and STOKLAS U.F. (1)
(1) Agriculture and Agri-Food Canada, Ottawa, Ontario, K.1 A 0C6, Canada
(2) Crop and Food Research, Christchurch, New Zealand
The biological nature of soluble organic matter has important implications for soil quality,
carbon sequestration, and water quality. The objective of this study was to evaluate the
bioavailability of soluble organic matter in corn-cropped soil under different management: either
under monoculture corn or corn-soybean rotation, and differing in the type of fertility management,
namely manure, fertilizer, or no amendment. We characterized the C and N in cold- and hot(80°C) water extracts by using a bioassay. The bioassay procedure involved sterile filtration of the
extracts, reinoculation with original microflora, and incubation at 35°C for 42 days with monitoring
of soluble organic C and N, ammonium and nitrate. The bioassay was used on the whole soil (0-15
cm depth) and on three water-stable aggregate size classes (i.e., >1000 urn, 1000-250 urn, 250-50
(im) to evaluate the physical protection of the soluble organic matter. The bioavailable carbon in
cold water extracts of the whole soil was 52-61% of the total soluble carbon; in the hot water
extracts it was 64-78% of the total. The bioavailable organic nitrogen in cold water extracts of the
whole soil was 70% of the total organic nitrogen; in the hot water extracts it was 67-83% of the
total. The results, kinetic analyses and the quantities of bioavailable soluble organic matter in
different aggregate size classes will be discussed.
Keywords: organic matter, soluble organic carbon and nitrogen, bioavailability, water stable
aggregates
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Effects of water-soluble organic substances on
the stabilization and mineralisation of lignin and peat
HAMER Ute and MARSCHNER Bernd
Geographical Institute, Ruhr-University Bochum, D-44780 Bochum, Germany
The '4C-labeled substrates glucose, fructose, alanine, glycine, oxalic acid, acetic acid and
catechol were incubated at 20°C in a model system that consisted of sand mixed with lignin or peat
(3% Corg). Each substrate was added at either 80 or 400 ug C g"1 sand. During 26 days of incubation
with an inoculum extracted from forest soil, the amount of CO: evolved was measured hourly. The
amount of 14C02 was determined after 4, 6, 12, 19 and 26 days. After 26 days of incubation, most
substrates stimulated the degradation of the model substances (positive priming effects). Negative
priming effects only were found in the lignin system with oxalic acid and catechol addition at both
concentrations. The strongest positive priming occurred in the peat system with the oxalic acid
addition of 80 ug C g~' where 1.9% of the peat were mineralised after 26 days, compared to 0.7% in
the control. During the incubation the extent of priming changed with time. Most substrates caused
the strongest effects during the first 4 to 10 days of incubation. The extent of priming depended on
substrate type, substrate concentration, and organic model substance. Some results indicate that this
might be due to the activation of different microorganisms.
Keywords: priming effect, carbon turnover, l4C, dissolved organic carbon, lignin, peat
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Mineralization of carbon and nitrogen during incubation of
organic residues selected from tropical cover cropping systems
1BEWIRO Basil (1). ONUH Martin (2), SANGINGA Nteranya (3), VANLAUWE Bernard. (3)
and MERCKX Roel (4)
(1)
(2)
(3)
(4)

CDFA, PO Box 11239 Costa Mesa, CA 92627, USA
College of Agriculture, Imo State University Owerri, Nigeria
International Institute of Tropical Agriculture, P.M.B, 5320, Ibadan, Nigeria
Katholieke Universiteit Leuven, Kardinaal Mercierlaan 92, 3001 Heverlee, Belgium

In the derived savanna zone of West Africa, organic residues from cover crops are expected to
supply significant amounts of nitrogen to the soil and build-up the soil organic matter content. We
conducted aerobic incubation experiments with residues of four plant species associated with cover
cropping in the region to determine C and N mineralization; and their relationships with chemical
composition of the residues. The residues were grouped into three distinct classes, based on their
chemical characteristics. The shoot of mucuna (Mucuna pruriens (L.) DC. var. uti/is (Wright)
Brück) and lablab (Lablab purpureus (L.) Sweet) with such characteristics as > 3% N contents and
C-to-N ratios < than 12 were high quality. Residues of medium quality include the roots of mucuna
and lablab; mixtures of mucuna or lablab with imperata (lmperata cylindrica (L.) Raueschel) or
maize (Zea mays L.) shoots with characteristics like 1.5 to 2.5% N contents and C-to-N ratios of 17
to 22. The residues of imperata and maize with N contents < 1% and C-to-N ratios > 30 were
classified as low quality. The proportion of residue-C mineralized after 42 d ranged from 15% in
imperata leaf to 35% in the mixture of mucuna or lablab with maize shoots. Three patterns of N
mineralization were observed, each closely related to the residue classes distinguished. Carbon
mineralization from the residues was significantly (p < 0.05) correlated with the C-to-N ratio,
(lignin + polyphenol)-to-N ratio, polyphenol-to-N ratio and lignin content. Labile C correlated with
(lignin + polyphenol)-to-N ratio, C-to-N ratio, lignin-to-N ratio and polyphenol-to-N ratio.
However, no measured quality parameters correlated with the decomposition rate constants of either
the labile or resistant C fractions. The ratio of (lignin + polyphenol)-to-N, N content and C-to-N
ratio appeared to be good predictors of the proportion of residue-N mineralized. Nitrogen
mineralization rate constant was significantly (p < 0.05) correlated with the (lignin + polyphenol)to-N ratio, N content, C-to-N ratio and lignin-to-N ratio.
Keywords: herbaceous legumes, N dynamics, SOM, rate constants, residue quality, roots
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Carbon sequestration and dynamics in boreal forest
and arable soils
KÓLL1 Raimo
Estonian Agricultural University, 64 Kieutzwaldi, 51014 Tartu, Estonia
For the quantitative evaluation of the significant role of the soil organic carbon (SOC) in the
functioning of soil cover as well as in stabilizing the environmental status related to a certain
bioclimatic region, research must encompass all main soil taxonomie groups of the region. In the
present work some features of SOC cycling in pedoclimatic conditions of Estonian forest and arable
soils are treated. Quantitatively the SOC cycling is characterised by humus cover (HC) thickness
(cm), SOC content (g kg') and SOC pools (Mg ha"1) in both - the HC and the soil cover. For the
pedoecological analysis the soil matrix tables of Estonian postlithogenic, synlithogenic and organic
soils are used, where the percentage of different forest and arable soils is also given. The
complexity of SOC cycling peculiarities is reflected in the type of the HC of forest and arable soils.
In the figures the quantities and regularities of HC SOC pools dissemination for forest and arable
soils are presented. This data demonstrates a great difference in SOC cycling not only in connection
with soil management but also with the soil type. By means of matrix tables it is possible to
demonstrate and compare the multitude of HC and soil cover quantitative characteristics (for
example SOC g kg"1, SOC pools in HC and soil cover, SOC relations with nitrogen etc.). At the end
of the work some suggestions for environmentally sound land use and for the prevention of soil
degradation are provided. The highest annual SOC cycling intensity is characteristic for neutral
mild and eluvic moder humus of arable and to fresh&moist moder&mull of forest HC types. Soils
with a high carbon cycling intensity form approximately 53% of Estonian arable and 18% of forest
soils.
Keywords: soil organic carbon, carbon sequestration, carbon retaining capacity, soil humus status,
humus cover type, soil matrix tables
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Characterizing dynamics of soil organic matter content
with eigenvalue and eigenvector
LIN Chenfang. SHILE Huei W., CHANG Chia M. and TSENG Kuo-Jin
Department of Soil and Environmental Sciences, National Chung Hsing University, Taichung
40227, Taiwan
The variation of soil organic matter content is one of the important indicators in evaluation of
soil properties and carbon sequestration. The decomposition processes and mechanisms of soil
organic matters have been one of the main areas of research for soil scientists. This study showed
how under rice and corn rotation, long-term application of organic materials with different
decomposition rate changed the content of organic matter in soil ecosystem. First, we analyzed the
characteristics of data matrix from field experiments of seven treatments of organic matter
amendment, and then applied the eigenvalue and the eigenvector to explore the changes of soil
organic matter with time. Secondly, we applied a linear model to analyze the transformation of soil
organic matter. The results showed that in spite of differences in land use, the soil in the same area
shared a corporate transformation ratio, also known as the dominant eigenvalue, which was derived
from the matrix constructed by the measured data of organic matter content. The weighting value
of eigenvector of the dominant eigenvalue can refer to the simple ratio of the averaged soil organic
matter content. The analysis of the transformation of soil organic matter found that the results of
dynamic simulation were consistent with the measured data. After the parameters were identified,
the eventual tendencies of soil organic matter content could be calculated by using the equilibrium
model. At equilibrium, the content of soil organic matter follows the order of treatments amended
with peat, compost, green manure and chemical fertilizers respectively. Green manure could only
raise carbon content for the crop in the growth period, but helped less with the accumulation of soil
organic matter. Overall, the treatment amended with peat or compost resulted in the greatest
accumulation of soil organic matter and the eigenvector proved it.
Keywords: carbon dynamics, carbon sequestration, eigenvalue, eigenvector
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Impacts of cereal frequency in a silage corn-cereals rotation,
and organic amendments applications
on organic matter turnover
ADRIEN N'Dayegamiye (1) and MARC. R. Laverdière (2)
(1) Research and Development Institute for the Agri-Environment (RD1A), 2700 Einstein Street,
Ste Foy, Quebec, G1P 3W8, Canada
(2) Laval University, Ste Foy, Quebec, G1K 7P4, Canada
Crops with low organic residues can decrease soil organic matter contents. The effects of silage
corn and cereals frequency in a three-year rotation, combined or not with organic amendment
applications, were evaluated on organic matter turnover in an 11 year study (1986-1997). In the
experiment carried on a Le Bras silty loam (Humic Gleysol), the main factor was the crop rotation:
silage corn-cereal-cereal (Rl) and silage corn-silage corn-cereal (R2), with straw being left on the
soil. The secondary treatment consisted of organic amendment addition: straw, bark and dairy
manure applied at a rate of 20 t ha"1 on a humid weight basis in 1986, 1989, 1992 and 1995.
A fertilized control without organic amendment addition was also included. Mineral fertilizers were
applied in all treatments based on soil analyses and crop requirements. Rl rotation combined with
organic amendments significantly increased soil organic matter content (SOM), compared to R2
rotation. Organic amendment applications induced significant increases of SOM as well as its C and
N concentrations in the labile fraction, but did not affect the heavy nor the humic fractions.
However, a significant interaction between rotation and organic amendments was observed on soil
humic substance contents. Organic amendments generally increased total SOM and labile fractions
of OM in the following order: fertilized control < straw < bark < dairy manure. The results of this
study did not indicate a reduction in SOM after 11 years in both rotations, probably due to straw left
on the ground but also to high clay content which protected SOM from rapid mineralization. This
study also showed that SOM increases were depended on initial SOM levels.
Keywords: rotations, organic amendments, organic matter, OM fractions, humic substances, silage
corn, barley
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Carbon sequestration in maize field with cow dung application
and no-tillage cultivation in Northeast Thailand
MATSl)MOTONaruo(l), PAISANCHAROEN Kobkiet (2) and HAKAMATA Tomoyuki (3)
(1) Japan International Research Center for Agricultural Sciences, 1-1 Ohwashi, Tsukuba
305-8686,Japan
(2) Soil Science Division, Department of Agriculture, Ministry of Agriculture and Corporatives,
Phahoyothin Rd., Chatuchak, Bangkok 10900, Thailand
(3) National Institute for Rural Engineering, 2-1-6 Kannondai, Tsukuba 305-8609, Japan
One of strategies to reduce concentration of CO2, one of greenhouse gases, in the atmosphere is
to store carbon in soil. Within the Kyoto Protocol, for accurate calculation of the emissions and
removals, quantitative data of change of carbon stock and carbon balance in agricultural soil are
needed. This study aimed to determine the amount of carbon sequestration in soil of an upland field
under cow dung application and no-tillage cultivation, and to clarify paths of carbon storage in soil
based on analysis of carbon balance in the field.
An experiment was carried out on maize field with conventional cultivation (conventional),
cow dung application (cow dung), and no-tillage cultivation (no-tillage) in Khon Kaen, Thailand.
Soil type was Satuk series; loamy-sand, Oxic Ultisols. The weeds in the conventional plot and the
cow dung plot were incorporated, and dead weed killed by herbicide in the no-tillage plot was left
on soil surface. Maize was sown at August 1999, and was harvested at November 1999. Cow dung
was applied 1 kg DM m"2 at July 1999. Soil of 0-50 cm depth was sampled in July 1999 and June
2000. CO2 emission from soil surface was measured using alkaline absorption method every 1-3
weeks.
Maize biomass of the conventional plot, the cow dung plot and the no-tillage plot was 8.4, 9.3
and 5.8 t ha"1, respectively. Amount of carbon in soil at 0-50 cm depth was 19.1, 14.8 and 16.7
t ha"1 in July 1999, and 17.5, 20.5 and 21.3 t ha"1 in June 2000, respectively. Hence, soil carbon
accumulation from July 1999 to June 2000 was -1.6, +5.7 and +4.6 t ha', respectively. The amount
of carbon in leaves and stems of maize that were left in the field after ear harvest was 2.8, 2.8 and
2.1 t ha'1, respectively. The amount of carbon in weeds that were incorporated or left in the field
was 2.6 t ha" . The amount of carbon in cow dung was 2.4 t ha'. The CO2 emission from soil
surface during August 1999 to June 2000 was 11.9, 10.5 and 9.4 t ha', respectively. By the
calculation of carbon balance, 4.9, 8.3 and 9.2 t ha"' of carbon should be supplied to soil,
respectively. It was expected that cow dung application and no-tillage cultivation might increase
carbon supply through root respiration, dead root, root exudates and so on.
Keywords: carbon sequestration, cow dung application, no-tillage cultivation, maize field,
Northeast Thailand
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Analytical pyrolysis for characterizing lignin content
of soils under different land use
MCCARTY Gregory and REEVES HI James B.
EQL, ANRI, BARC West, Beltsville, MD 20705 and AMBL, ANRI, BARC East, Beltsville, MD
20705, USA
Lignin is an important precursor for stabilized soil organic C. Terrestrial ecosystems that
produce large amounts of lignin are thought to have high potential for sequestering carbon which
can decrease global warming by reducing atmospheric COj. Some important soil carbon process
models include plant residue lignin as a significant parameter in predicting carbon sequestration in
soil. Assessments of variations in the production and fate of lignin in terrestrial ecosystems provide
valuable information in assessing differences in the ability of ecosystems to sequester and store
carbon in soil. We studied the ability of pyrolysis/gas chromatography/mass spectroscopy (Py-GCMS) to detect the well characterized signature products from lignin pyrolysis. Analyses were
performed on an equivalent C basis to provide direct assessment of the compositional differences in
soil organic matter independent of differences in total carbon content. We found that pyrograms of
soil from certain ecosystems contain highly reproducible "fingerprints" for lignin that are amenable
for quantifying content. Agricultural soils under no-tillage management contained strong signatures
for lignin which were absence in those under plow-tillage. Likewise, soils under long-term grass
vegetation contained the strong lignin signals absent paired sites under tillage. The literature
provides general conclusions that soil under grass vegetation and no-tillage management have
strong capacity to sequester C and that lignin is an important precursor for stabilized soil carbon.
Our work indicates that soil lignin analysis is directly relevant to the capacity of ecosystems to
sequester carbon. Analytical pyrolysis is also well suited for plant residue analysis and can provide
important insight into the processes involved in humification and fate of lignin in agricultural and
natural ecosystems.
Keywords: pyrolysis-GC/MS, soil lignin, soil tillage
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Terrestrial carbon sequestration potential
METTING F. Blaine (1), JACOBS Gary K. (2), AMTHOR Jeffrey S. (2) and DAHLMAN
Roger (3)
(1) Pacific Northwest National Laboratory, Richland, WA 99352, USA
(2) Oak Ridge National Laboratory, P.O. Box 2008, Oak Ridge, TN 37849, USA
(3) U.S. Department of Energy, Washington, D.C, USA
Fossil fuel use and land use change that began over 200 years ago are driving the rapid increase
in atmospheric content of CO2 and other greenhouse gases that may be impacting on climatic
change. Enhanced terrestrial uptake of CO2 over the next 50 to 100 years has been suggested as a
way to reclaim the 150 or more Pg carbon (C) lost to the atmosphere from vegetation and soil since
1850 as a consequence of land use change thus effectively "buying time" for the development and
implementation of new longer term technical solutions, such as C-free fuels. The ultimate potential
for terrestrial C sequestration is not known, however, because we lack adequate understanding of
(1) the biogeochemical mechanisms responsible for C fluxes and storage potential on the molecular,
landscape, regional, and global scales, and (2) the complex genetic and physiological processes
controlling key biological and ecological phenomena. Specifically, the structure and dynamics of
the belowground soil component of terrestrial carbon pools, which accounts for two-thirds of global
terrestrial organic C stocks, is poorly understood. This presentation will review current best
estimates of global soil carbon sequestration potential at the ecosystem level. In descending order,
the relative potential for C gain in native ecosystems in the next few decades is probably greatest in
tropical savannah, followed by tropical forests, wetlands, and unmanaged temperate grasslands and
forests (approximately equivalent). With hypothesized global warming and associated accelerated
soil organic matter (SOM) decomposition, the potential for significant loss of soil C is thought to be
greatest in high latitudes, including peat lands and arctic and boreal tundra and taiga.
Keywords: terrestrial carbon pools, global carbon sequestration potential
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Carbon sequestration in agroforestry systems
NAIR P.K. Ramachandran (1) and NAIR Vimala D. (2)
(1) School of Forest Resources and Conservation, University of Florida, Gainesville, FL 32611,
USA
(2) Soil and Water Science Department, University of Florida, Gainesville, FL 32611, USA
Carbon sequestration potential is one of the promising but little-studied characteristics of
agroforestry systems. By deliberately integrating trees with crop- and animal-production systems,
agroforestry systems offer a promising avenue for C storage and greenhouse gas (GHG) emissions
in several of the managed terrestrial ecosystems around the world. Exploitation of mechanisms
such as nutrient cycling, nitrogen fixation by tree legumes, and deep-capture of nutrients by deeprooted tree components offers a distinct possibility for reducing agrochemical inputs to these
systems, yet maintaining the system productivity at reasonable levels on a sustained basis.
Furthermore, with the emphasis on fruit trees and other multipurpose trees that provide multiple
products and services, the proportion of total photosynthates that is removed from the system is
minimized, thereby facilitating storage of more C in the system than in conventional, clear-cut
silvicultural systems. Examples of management opportunities in agroforestry for better C
sequestration include adoption of "green" technologies such as return of biomass and plant residues
to fields, providing vegetative barriers and canopy cover on soil surface to reduce soil erosion, and
reclaiming degraded lands such as salt-affected and eroded soils through tree planting.
The extent of and possibility for agroforestry vary in different parts of the world. Alley
cropping and improved fallow systems are good examples of intensive biomass-management
systems in the tropics, whereas shaded perennial and silvopastoral systems represent situations with
permanent tree cover. The five recognized agroforestry systems in the temperate region - alley
cropping, forest farming, riparian buffer, silvopasture, and windbreaks - vary greatly in their C
storage potential.
Although trees are good C sinks, the relationship between tree planting and C sequestration is
not a simple one. Estimates of C sequestration from terrestrial ecosystems are based on models
extrapolated from experimental data, monitoring of changes in atmospheric CO2, and remote
sensing using satellite imagery to detect changes in land-use practices. Each of these methods has
drawbacks. The situation is more complex in the case of agroforestry systems, on which neither
reliable statistics on the extent of area, nor rigorous C sequestration data under filed conditions
exist. Furthermore, while theoretical or experimental data are useful for predicting effects of
agroforestry in C sequestration, economic realities are a major factor in determining actual as
opposed to potential amounts stored. Thus, although agroforestry systems seem to have high
potential for C sequestration, considerable effort is needed in realistically assessing the magnitude
of this potential as well as realizing it.
Keywords: alley cropping, biomass, improved fallow, silvopasture, temperate zone, tropics
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Kinetics of organic inputs in soil carbon models
PANSU Marc. THURIES Laurent, LARR- LARROUY M. Christine and FELLER Christian
IRD (Institut de Recherche pour le Developpement), BP 5045, 34032 Montpellier cedex, France
The decomposition of plant debris or added organic materials (AOM) in soil have been studied
a lot; these represent the input component of soil organic matter (SOM) models. The aim of the
experiment was: (i) to compare different kinetic models, (ii) to relate the decomposition parameters
of AOM with their biochemical contents.
The carbon mineralization kinetics of 17 organic materials of varying composition (from plant
and animal origins) were studied in a sandy soil low in organic matter. AOM were incubated with
the soil under aerobic conditions at 28°C during six months. Respired-C02 was measured in
triplicates on 17 sampling occasions. AOM were analyzed for carbon, nitrogen, ashes, and
fractionated by sequential analyses of fibers into soluble-, hemicellulose-, cellulose-, and lignin-like
fractions characterized for their mass, carbon and nitrogen contents.
The mineralized AOM fraction (MAOMF) varied according to the AOM origin: from 12-33%
of added C for composts, to 65-90% for those of animal-origin AOM, with many intermediate
patterns for those of plant-origin.
Seven decomposition models from the literature were fitted to actual MAOMF. Additionally, a
simplified version of a parallel three-compartment model (m6) was proposed. A compromise
between the precision of the predictions and the simplicity of the formulae allowed the
recommendation of m6 defined by: (i) very labile L', resistant R' and stable S compartments with
fixed kinetic constants, (ii) two parameters PL' and /^(proportions of L' and S, P'R=l-PL'-Ps).
We tested for the best prediction of the above parameters with direct or combined (e.g.
lignin/nitrogen) analytical data. For the whole AOM set, the resulting equations explained 96.3,
and 96.0% of ZY and Ps, respectively. These predictions were significant, but to a lesser degree for
C02-mineralization of AOM with contrasting characteristics. A principal component analysis was
used to classify AOM according to their biochemical contents into two groups: (+) ligneous ones
with relatively high carbon and low nitrogen contents (mostly plant-origin AOM), and (-) more
nitrogenous ones, poorer in organic carbon and ligno-cellulosic fibers (mostly animal-origin or
compost AOM). The classification improved the predictions. The new equations utilized one to
three biochemical variables in agreement with the conceptual definition of the parameters. From
m6 equations, the conceptual compartments L', R' and S corresponded to (i) parts of soluble,
nitrogenous and hemicellulosic compounds, (ii) cellulose and the remaining fraction of
hemicelluloses, (iii) the ligneous fraction, respectively.
Keywords: modelling, organic fertilizers, composts, biochemical analysis, added organic matter,
organic carbon
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Effects on alleviation of nitrate leaching by activated carbon
treated with ferric chloride in soils
PARK Ki-Do, KONDO Motohiko, PARK Chang-Young, KANG Ui-Gum, SUNG Ho-Ha and
LEE Dong-Chang
National Yeongnam Agricultural Experiment Station, RDA, 1085, Naei-Dong Milyang 627-803,
Korea
This study was conducted to develop a new adsorbent for alleviation of nitrate leaching in soils.
Adsorbents having effective nitrate adsorption efficiency (NAE) were selected from activated
carbon, charcoal, vermiculite, zeolite, celite, compost, pumice and red yellow soil by batch reactor.
Experiments to improve NAE of the adsorbents were carried out to determine optimum parameters
such as particle size of adsorbents, sources and concentrations of cation as an additive to adsorbent.
To prove efficiency of alleviation of nitrate leaching and use efficiency by activated carbon treated
with ferric chloride (ACFC), tests of rice cultivation was carried out in silty clay loam soil.
NAE investigation of tested adsorbents in a batch reactor demonstrated that activated carbon
and charcoal showed the best results. The NAE of activated carbon and charcoal was 10.3% and
4.5%, respectively. On the other hand, the NAE of other adsorbents tested was less than 2%. NAE
of activated carbon and charcoal increased as the particle size decreased. The NAE of powder type
of activated carbon and charcoal with particle size of 0.25 mm was the most effective among tested
variants. NAEs of adsorbents were decreased by coexistence anions such as PO43" and SO42".
Activated carbon and charcoal treated with KCl, CaCli and MgCb had no effect on NAE,
while NAE treated with FeCb increased upto 26.2% and 9.4%, respectively. Treatment with FeCh
was also increased adsorption efficiency of phosphates and sulfates as well. Study of the effect of
various concentrations of FeCU on NAE of activated carbon and charcoal showed that IM
concentration was most adequate for NAE of both adsorbents.
The NAE of silty clay loam (SiCL) soil with high pH and low clay amount was originally
lower than that of clay soil with low pH and high clay amount. It was revealed that NAE of SiCL
soil treated with 2 t ha"1 of ACFC was similar to that of clay soil. The NAE of SiCL soil with ACFC
was clearly increased in proportion to nitrate concentrations from 0 to 4 mM, but further
concentration of nitrate decreased with an increasing trend of NAE. Furthermore, NAE of soil
showed an opposite result to the value of soil pH.
The accumulated amount of nitrate leached up to five weeks in SiCL soil with ACFC was 41.1
mg kg'1 compared with 36.2 mg kg"1 in only SiCL soil. Thus, nitrate leaching in SiCL soil was
decreased upto 12% by ACFC treatment. In addition, the growth status of rice was improved in
terms of root growth and shoot mass in SiCL soil with ACFC.
The nitrogen use efficiency of rice plant, as measured by l5N isotope has been increased by
25.7% in the only SiCL soil to 28.0% in the SiCL soil with ACFC.
Keywords: nitrate, leaching, adsorption, activated carbon
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The soil ecosystem and its interaction with C fluxes
on the Isle of Pianosa
D'ACQUI Luigi P. (1), DODERO Alessandro (1), SANTI Carolina A. (1), PEZZAROSSA
Beatrice (2), PINI Roberto (2), PETACCO Francesco (2), SCATENA Manuele (2), RISALITI
Rosalba (3) and MAZZONCINI Marco (3)
(1) Istituto per la Genesi e 1'Ecologia del Suolo, Piazzale delle Cascine 28, 50144 Firenze, Italy
(2) Istituto per la Chimica del Terreno, Area di Ricerca CNR, via Moruzzi 1, 56124 Pisa, Italy
(3) Centre Interdipartimentale di Ricerche Agroambientali Enrico Avanzi, Pisa, Italy
The atmospheric CO2 concentration can be considered as an instigator of climate changes, and
at the same time the natural rates of C fluxes are strongly influenced by climatic conditions. The
evaluation of the C balance is an important stage in the study of ecosystem vulnerability. The Isle of
Pianosa, in the Tuscan Archipelago National Park (Italy), is especially suited to this kind of
investigation, because of its particular flat topography and the absence of anthropic activity and C
emissions (it was once a prison settlement and was abandoned four years ago). These conditions
allow the evaluation of total gas exchanges of the whole island's ecosystem, which consists of a
complex mosaic of natural Mediterranean scrub and previously managed areas. An integrated study
by several Italian research groups is in progress to assess: i) the C stored in soil, litter and
vegetation, ii) how the soil ecosystem constituents affect storage and fluxes of C, and iii) the
biospheric-atmospheric CO2 fluxes, in order to determine the C balance of the island. These
measurements will then be used to validate models that simulate environmental and climatic effects
on biospheric gas exchange processes. The work of our research team is concentrated on the study
of the Pianosa soil ecosystem by assessing the chemical, physical and biochemical properties of the
soil. Soils of Pianosa, which are substantially homogeneous with regard to the parent material and
to their pedological evolution, have a different agronomic history and the effects of agricultural
activities on the soil and vegetation are still easily recognisable. Preliminary physical and chemical
results showed evidence of the impact of human activity on soil fertility. Modifications in soil
structure were observed and a considerable reduction in soil C and N amounts was recorded both in
the previously ex-cultivated areas and in the previously pastured land. Nevertheless, biochemical
results showed a good biochemical recovery of the soil previously subjected to agriculture. This
demonstrates the good resilience of the Pianosa soil ecosystem, with the relative implications on C
storage and fluxes.
Keywords: soil organic matter, carbon fluxes, climate changes, carbon sequestration,
soil structure, soil porosity
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Spectroscopic calibrations for the determination of
carbon in soils
REEVES III J.B. (1), MCCARTY G.W. (2), MIMMO T.V. (3), REEVES V.B. (4), FOLLET
R.F. (5), KIMBLE J.M. (6) and GALLETTI G.C. (7)
(1)
(2)
(3)
(4)
(5)
(6)
(7)

AMBL, BARC E., Beltsville, MD 20705, USA
EQL, BARC W., Beltsville, MD, USA
Department of Agric, U. of Bologna, Bologna, Italy
CVM, FDA, Rockville, MD 20855, USA
USDA/ARS, SPNRU, Fort Collins, CO, USA
NSSL, NRCS, Lincoln, NE, USA
Dep. of Chem., U of Bologna, Italy

The objective was to evaluate the ability of spectroscopy to quantify soil organic- and
inorganic-C. Four sample sets (> 1300 soils) have been examined using near- (NIR) and midinfrared (mid-lR) spectroscopy. Samples were scanned in the NIR from 1100 to 2498 nm on a
NIRSystems 6500 scanning monochromator, and in the mid-lR from 2500 to 25,000 nm using a
DigiLab FTS-60 FTIR. All samples were scanned using diffuse reflectance with non-KBr diluted
samples. In the NIR, various samples were scanned using a variety of sample devices including: a
rotating sample cup, large sample transport device (in polyethylene bags), and fiber optic probe. In
addition, samples were also scanned "as is" (natural field moisture content), dried but not ground,
and dried and ground. In the mid-IR, dried, ground samples were scanned using a custom made
sample transport device designed to increase the sample area scanned. All data were analyzed
using partial least squares regression with spectra pre-treated using a variety of treatments (1 st and
2nd derivatives, mean centering, variance scaling, and multiplicative scatter correction). Four basic
samples sets and several combined set were examined: 1) 180 samples taken from five depths in
small fields under plow-till and no-till practice. 2) 544 samples taken at two depths from a 20
hectare field consisting of a topo-sequence within a small watershed. 3) 273 soils taken from a
wide area of the western US and their acidified counterparts used to determine the inorganic-C
content by acidification (inorganic = total - organic). 4) A subset of the set of 544 which were
scanned "as is", dried, and dried and ground. 5) Several sets made by combining samples from sets
1, 2, and 3. Total-C was determined on all samples by combustion, and for all but the western soils
was equivalent to organic-C (acid soils). Results demonstrated that: 1) Both inorganic- and
organic-C can be accurately determined using either spectral range, but mid-IR calibrations are
almost always the more accurate. 2) Mid-IR calibrations are generally more robust (less affected by
sample diversity) than are NIR calibrations. 3) While accurate NIR calibrations can be developed
using fiber optic probes, there is a decrease in calibration accuracy due to signal attenuation in the
1800 to 2500 nm region, and perhaps also to the optical alignment which may result in less sample
being scanned. 4) Use of polyethylene bags as sample holders appears to degrade NIR calibrations
for dried, but not moist, soils. Finally, preliminary results indicate that accurate mid-IR calibrations
covering a wide range of soil types are feasible. In conclusion, mid-IR and NIR spectroscopy offer
the possibility of rapid, inexpensive, and accurate methods for the determination of soil carbon.
Keywords: mid-infrared, near-infrared, spectroscopy, carbon, soils
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Changes in soil organic carbon and nitrogen
as affected by manure and tillage
RICE Charles W.(l), MIKHA Maysson (1) and ESPINOZA Yusmary (2)
(1) Department of Agronomy, Kansas State University, Manhattan, KS 66506-5501, USA
(2) CI 1, Union EDIF. Antano Union, # 111 El Limon, Maravay-Aragua, Venezuela
Tillage and nutrient management is an important management tool for crop production and C
sequestration. Soil organic C is primarily derived from plant inputs. Once plant C enters the soil,
the C is stabilized physically and chemically as a result of microbial activity. Controls on these
mechanisms provide an understanding how soils, management, and climate impact on stabilization
of soil C. A continuous maize study initiated in 1990 included tillage (no-tillage (NT) and chiseldisk (CT)) and N sources (none, bovine manure, and NH4NO3). No-till increased soil C by 32%
with manure and 9% with fertilizer when compared with CT. Soil organic C increased by an
average of 0.24 Mg C ha'1 y'. Soil organic C and N were fractionated biologically and physically.
Biological fractionation was based on determination of microbial, mineralizable (380 d
incubations), and resistant fractions. No-tillage increased the microbial C and N fractions in the
surface 5-cm of the soil. The size of mineralizable fractions of C and N were significantly
increased with manure but the rate constants were not altered. Manure significantly increased the
proportion of the total organic C and N in the mineralizable fraction. Mineralizable C represented
41% and 35% of the total organic C for manure and fertilizer, respectively. Physical fractionation
was based on wet sieving techniques to separate the soil into four aggregate size fractions,
macroaggregates (>2000 and 250-2000 |im) and microaggregates (53-250 and 20-53 |im). Waterstable aggregate mass was significantly greater (p < 0.05) in NT compared with CT especially at >
2000 u.m size fraction. Tillage and aggregate size (p<0.05) significantly affected aggregateassociated C and N. Labile C and N were significantly greater in macroaggregates compared with
microaggregates. Recent C incorporated into the mineralizable fraction was associated with soil
aggregates > 250 um. The C associated with aggregates < 53 um was biochemically and
chemically stabilized: however the nature of these organic C compounds was not completely
defined. No-tillage and manure improve soil aggregation, whole soil C and N, and aggregateassociated C and N compared with CT and F.
Keywords: no-tillage, manure, soil carbon and nitrogen
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Carbon sequestration in soils of a beech chronosequence
SCHÖNING Ingo and KÖGEL-KNABNER Ingrid
Lehrstuhl für Bodenkunde, Department für Ökologie, Wissenschaftszentrum Weihenstephan für
Ernährung, Landnutzung und Umwelt, Technische Universität München, D-85350 FreisingWeihenstephan, Germany
Managed forests cover more than 20% of the Western European landscape. The objective of
this project is to quantify C-pools in mineral soils under beech forest of different age to obtain a
better understanding of carbon turnover and sequestration processes. The samples originate from a
beech chronosequence close to Leinefelde/Germany with beech stands 40-, 70-, 120- and 150+15
years old. Bulk samples as well as specific particle-size separates (sand, silt, clay) are investigated.
The lignin content of the soil samples is characterized by the sum of phenolic CuO-oxidation
products (VSC). The degree of lignin alteration is described by the acid/aldehyde ratios of the
vanillyl and the syringyl units of the CuO oxidation products.
The analysis of bulk samples showed
I. that the carbon stocks of the mineral soils increase from the 70-year-old stand (5.93 kg OC
m"2) to the 120-year-old stand (6.26 kg OC m"2) to the 150+15-year-old stand (7.55 kg OC m"2).
An exeption to this trend is the 40-year-old stand, where the carbon stock of the mineral soil is
higher (9.01 kg OC m"~) than in all the other soils.
II. that in contrast to the carbon stocks the lignin stocks of soils decreased with increasing stand
age (74.2 g VSC m'2 in the 40-year-old stand, 54.3 g VSC m"2 in the 70-year-old stand, 51.7 g VSC
m"2 in the 120-year-old stand and 31.1 g VSC m'2 at the 150-year-old stand). At the same time the
degree of lignin alteration increased slightly with increasing stand age (indicated by an increasing
acid/aldehyde ratio of the vanillyl and syringyl units).
The analysis of bulk samples shows a relation between stand age and size of carbon stocks as
well as lignin stocks and degree of lignin alteration. Results confirm the thesis that increasing age
of forest ecosystems enhances the carbon sequestration. The high carbon stock of the soil unter the
40-year-old stand is most probably due to a difference in parent material. A more detailed
understanding of carbon sequestration processes will be obtained from analysis of C and lignin
pools in particle size separates. The overall organic composition of the bulk soils as well as the
particle-size separates will be investigated with CPMAS C NMR spectroscopy.
Keywords: beech chronosequence, C storage, lignin, NMR, SOM
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Carbon storage in Australian Vertisols
KNOWLES Thomas and SINGH Balwant
Department of Agricultural Chemistry and Soil Science, The University of Sydney, Sydney, NSW
2006, Australia
Soil carbon is an important component of the global carbon cycle with an estimated pool of soil
organic carbon of about 1500 Gt. There are few estimates of the pool of inorganic carbon but it is
thought to be approximately 50% of the organic carbon pool. There is no detailed study in the
estimation of the soil carbon pool for Australian soils.
In order to quantify the carbon pools and to determine the extent of variability in the organic
and inorganic carbon pools, 120 soil cores were taken down to a depth of 90 cm from a typical
cotton field of 128 ha. The soil of the field consisted of red and grey coloured Vertisols and an
intergrade. Three control samples were also taken from nearby virgin bushland. Each soil core was
separated into four samples, i.e. 0-15 cm, 15-30 cm, 30-60 cm and 60-90 cm. Organic and inorganic
carbon in soil samples were determined using wet oxidation and acid dissolution methods,
respectively. Total carbon was measured using a LECO CHN analyser.
The total carbon pool of the field for each depth was 15.7 t ha"' (0-15 cm), 16.0 t ha"' (15-30
cm), 13.2 t ha"' (30-60 cm), and 10.3 t ha"' (60-90 cm). The proportion of total carbon as organic
carbon for the various depths was determined to be 62% (0-15 cm), 58% (15-30 cm), 60% (30-60
cm) and 67% (60-90 cm). There is a higher concentration of inorganic carbon in this soil compared
to the global average of 32%. The carbon content varied across the field, however, there was a low
correlation between the soil types (grey, red or intergrade colour) and carbon content. The total soil
carbon pool of Field 42 was estimated to be 55 t ha"' for 0-90 cm layer, which was only half as
much soil carbon as that in the soil under nearby remnant bushland (1001 ha"').
The total pool of carbon in the Vertisols of Australia is estimated to be 8 Gt C, where organic
carbon and inorganic carbon constitute 5.4 Gt C and 2.6 Gt C, respectively. Based on these results it
was estimated that about 790 million t C has been lost from Vertisols under cropping in Australia.
With more sustainable management practices such as conservation tillage and green manuring,
some of the lost carbon can be resequestered, which will increase crop yield and help to mitigate the
greenhouse effect.
Keywords: carbon sequestration, organic carbon, inorganic carbon, Vertisols
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Can organic fertilisers enhance carbon sequestration in soils?
SLATTERY W.J. (1) and SURAPANENI A. (2)
(1) Rutherglen Research Institute, Rutherglen, Victoria 3685, Australia
(2) Institute for Sustainable Irrigated Agriculture, Tatura, Victoria 3616, Australia
The addition of carbon to soil in the form of composted organic matter in the field, e.g. an
organic fertiliser, was shown to add carbon to the humus pool, but is likely to result in significant
losses via carbon dioxide respiration. In this study, 68% of the applied carbon as stabilised
composted bovine manure was lost from the soil, presumably as carbon dioxide. However, soil
carbon increased by 1% in the surface 10 cm soil layer in an acid soil after a single addition of 109
t ha"' of dried stabilised composted bovine manure. This increase was sustained for a period of six
years and represents an accumulation of stabilised soil carbon. This suggests that a fertiliser product
that is largely humic acid in its structural form will, once stabilised within the soil matrix, continue
to contribute to the long-term accumulation and stabilisation of soil carbon and will become a sink
for newly-degraded organic matter.
The addition of other organic amendments to the same soil in a pot experiment including humic
acid, fulvic acid, lime and brown coal did not produce the same results and resulted in plant root
growth suppression in the case of humic acid. This indicated that a detailed understanding of the
structural nature of the carbon source is essential in determining its potential as both a source of
nutrients for plant growth and as a sink for soil carbon sequestration.
Keywords: soil carbon, sequestration, humic acid, fulvic acid, aluminium, composted manure,
brown coal
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Development of rhizobial inoculant production and
formulation: carbon utilization by rhizobia
TITTABUTR Panlada. PAYAKAPONG Waraporn, TEAUMROONG Neung and
BOONKERD Nantakorn
School of Biotechnology, Institute of Agricultural Technology Suranaree University of Technology,
Nakhon Ratchasima 30000, Thailand
Since the carbon source is the main component of rhizobial media, it has a major impact on the
cost of production. In this research, 22 carbon sources were used to investigate their utilisation by 5
genera of rhizobia (Rhizobium 6; Sinorhizobium 4; Mesorhizobium 4; Azorhizobium 9 and
Bradyrhizobium 54 strains). Rhizobia was washed twice in 0.9% KCl, and 5 (il deposited on basal
medium agar plate containing 1% (w/v) of each carbon source and 0.00125% (w/v) of Bromthymol
blue, which used (an indicator for determine pH changes in the medium). Comparing and scored
the growth level of rhizobia by determination from colony developing and any change in the colour
of medium, recorded and compared with a control (no carbon source). It was found that rhizobia
grew poorly on control plates, in contrast to dense growth on the carbon amended plates. Different
carbon source gave different results with regard to acid and alkali production. Rhizobium and
Sinorhizobium used many kinds of carbon source, but Mesorhizobium, Azorhizobium and especially
Bradyrhizobium were fastidious. Mannitol was used by every genus of rhizobia. Glycerol was
used by all genera except in some strtains. Sucrose and glucose are low cost sugars, and Rhizobium
and Sinorhizobium (but not other three genera) grew rapidly on media containing these as carbon
sources. Each species of rhizobia had different ability to utilized carbon sources, even within the
same genus. However, glycerol was the alternative carbon source for all genera of rhizobia.
Interestingly, glucose can be produced from the hydrolysis of starch, and glycerol is produced by
some microorganisms. To decrease the cost of rhizobial inoculant production, the suitable of low
cost starch will be investigated for producing glucose as a carbon source. In addition, using a
biotechnological process to produce glycerol from microorganisms such as yeast will be further
studied for bradyrhizobial inoculant production.
Keywords: carbon source utilization, rhizobial liquid inoculant
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Integrating woody biomass crops and row crops in rotation:
I. management implications
DEVINE Warren (1), TYLER Donald (2), MULLEN Michael (1), HOUSTON Allan (3),
JOSLIN Dev (4), HODGES Donald (5), TOLBERT Virginia (6) and WALSH, Marie (6)
(1) Department of Biosystems Engineering and Environmental Science, The University of
Tennessee, P.O. Box 1071 Knoxville, TN 37901-1071, USA
(2) West Tennessee Experiment Station, 605 Airways Boulevard, Jackson, TN 38301, USA
(3) Ames Plantation, P.O. Box 389, Grand Junction, TN 38039, USA
(4) Belowground Forest Research, 112 Newcrest Ln., Oak Ridge, TN 37830, USA
(5) Department of Forestry, Wildlife & Fisheries, The University of Tennessee, P.O. Box 1071
Knoxville, TN 37901-1071,USA
(6) Biofuels Feedstock Development Program, Oak Ridge National Laboratory, P.O. Box 2008
Oak Ridge, TN 37831, USA
If demand for woody biomass in the U.S.A. increases, some marginally profitable agricultural
lands will likely be converted to short-rotation woody crops (SRWC). The effect of a SRWC on
site productivity, should the site later be converted back to an annual row crop, is not known. In
this study, a SRWC was integrated with an annual row crop system in a rotation of soybean
[Glycine max (L.) Merr.] to American sycamore (Platanus occidentalis L.) to no-tillage corn (Zea
mays L.). The objectives were to determine the mechanical feasibility of such a rotation and to
document the impact of the SRWC on subsequent corn yields and N fertilizer efficacy. The study
was located on a loess soil in southwestern Tennessee, USA. One-year-old sycamore seedlings
were planted on a 1.5 x 3.0 m grid on part of a former soybean field in February, 1995. Sections of
this sycamore plantation were harvested after four and five years, and no-tillage corn was planted
among the tree stumps 26 weeks after each harvest. As a control, corn also was planted on a section
of the field that had remained in soybean during the sycamore rotation. All row crop systems were
no-tillage. Four rates of broadcast ammonium nitrate (0, 73, 146, and 219 kg N ha" ) were applied
to the corn. No mechanical limitations were encountered while implementing the row crop-SRWCrow crop rotation. Dry biomass yields of four- and five-year sycamore rotations were 19.9 and 26.9
Mg ha"1, respectively.
Fifty-two weeks after tree harvest, stumps showed little physical
decomposition, but stump total N concentration increased from 2.2 g kg"1 to 8.5 g kg"1 in the first
104 weeks. This was likely due to increased microbial colonization and N immobilization. Corn
grown after soybean reached maximum yield at the site's recommended N fertilization rate (146 kg
N ha"1); there was no yield increase when N was applied at 219 kg ha" . First- and second-year corn
grown after sycamore had a linear yield response function to N rate, with grain yield maximized at
219 kg N ha"1. Corn ear leaf N concentrations were significantly lower for corn after sycamore than
for corn after soybean. These results indicated that the N fertilizer requirement for the first two
years of corn after sycamore was increased by the SRWC.
Keywords: biomass, sycamore, nitrogen, decomposition, immobilization
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Dynamics of 13C and 15N cycling in a pasture soil
under prolonged elevated atmospheric C0 2
VAN KESSEL Chris (1). VAN GROENIGEN Kees-Jan (1), HARRIS David (2), HORWATH
William R. (3) and HARTWIG Ueli A. (4)
(1) Department of Agronomy and Range Science, University of California-Davis, Davis, CA
95616, USA
(2) Stable Isotope Facility, University of California-Davis, Davis, CA 95616, USA
(3) Land, Air and Water Resources, University of California-Davis, Davis, CA 95616, USA
(4) Institute of Plant Science, Swiss Federal Institute of Technology (ETH), CH-8092 Zürich,
Switzerland
The influence of N availability on C sequestration under prolonged elevated CO2 in terrestrial
ecosystems remains unclear. We studied the relationships between C and N dynamics in a pasture
seeded to Lolium perenne after 8 years of elevated atmospheric CO2 concentration (FACE)
conditions. Fertilizer-1 N was applied at a rate of 140 and 560 kg N ha"1 y'1 and depleted n C - C 0 2
was used to increase the CO2 concentration to 60 Pa pCO:. The ' 3 C- I5 N dual isotopic tracer enabled
us to study the dynamics of newly sequestered C and N in the soil by aggregate size and particulate
organic matter (POM), made up by intra aggregate POM (iPOM) and free light fraction (LF). Eight
years of elevated C 0 2 did not increase total C content in any of the aggregate classes or POM
fractions at either rate of N application. The fraction of new C in the total soil C pool and in the
POM fractions also remained largely unaffected by N fertilization. Changes in the fractions of new
C and new N (fertilizer-N) under elevated CO2 were more pronounced between POM classes than
between aggregate size classes. Hence, changes in the dynamics of soil C and N cycling are easier
to detect in the POM fractions than in the whole aggregates. Within N treatments, fractions of new
C and N in POM classes were highly correlated with more new C and N in large POM fractions and
less in the smaller POM fractions. Isotopic data show that the micro-aggregates were derived from
the macro-aggregates and that the C and N associated with the micro-aggregates turned over more
slowly than the C and N associated with the macro-aggregates. There was also isotopic evidence
that N immobilized by soil microorganisms was an important source of N in the iPOM fractions.
Under low N availability, 3.04 units of new C per unit of fertilizer N were sequestered in the POM
fractions. Under high N availability, a unit of new C sequestered per unit of fertilizer N was reduced
to 1.47. A sharp decrease in the ratio of f-C: f-N in the POM and mSOM fractions under high
levels of added N indicates that the potential of sequestering additional C in grassland soil remained
low. Elevated and ambient CO2 concentrations lead to similar 15N enrichments in the iPOM
fractions under both low and high N additions, clearly showing that the SOM-N dynamics were
unaffected by prolonged elevated CO2 concentrations.
Keywords: elevated CO2, soil organic matter dynamics, N-15, C-13, aggregates
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Effect of different factors on urea hydrolysis
in some soils of semi- arid regions of India
WALl Pardeep (1,2), KUMAR Vinod (1) and SINGH J.P. (1)
(1) Department of Soil Science, CCS, Haryana Aaagricultural University, Hisar-125004, India
(2) Division of Soil Science and Agricultural Chemistry, S. K.. University of Agricultural Sciences
and Technology, R.S. Pura, Jammu-181 102, India
Urea has emerged as one of the most extensively used sources of fertilizer nitrogen in recent
years because of its low cost per unit of nitrogen. Urea hydrolysis in soils is an enzymatic
decomposition process by the enzyme, urease. The effect of soil type, moisture regime,
exchangeable sodium percentage (ESP), organic manures and their levels on kinetics of urea
hydrolysis were studied in a series of laboratory incubation experiments at 25.1°C. Urea
transformation followed first order kinetics and the rate constant for soils varied from 0.0321 to
0.1182 h"1 with t"2 values ranging from 21.7 to 5.8 h. The rate of urea hydrolysis in different soils
decreased with their decreasing clay content. Increasing the exchangeable sodium percentage in
soils decreased the rate of urea hydrolysis both at field capacity (FC) and flooded conditions (2 cm
standing water). Application of vermicompost, sheep manure, poultry manure, pig manure and
urban waste at 1 percent level increased the rate of hydrolysis over no manure (Control) treatment.
Keywords: urea hydrolysis, kinetics, ESP, water content, organic manures
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Nitrous oxide emissions from upland soil in Thailand
WONGWIWATCHAI Chairoi (1), CHAIROJ Prapai (2), WATANABE Takeshi (3) and
MATSUMOTO Naruo (3)
(1) Khon Kaen Field Crops Research Center, DOA, MOAC, Thailand
(2) Soil Science Division, DOA, MOAC, Thailand
(3) Japan International Research Center for Agricultural Sciences, MAFF, Japan
Nitrous oxide (N2O) is one of the greenhouse gases which contributes to global warming.
Many reports of the emission of N2O were mainly derived from natural and cultivated soils.
However, most of the NjO emission measurements were made in the temperate zones. Therefore,
an experiment using the closed chamber method was conducted during the rainy season (1999) at
Khon Kaen, Northeast Thailand to determine the effect of nitrogen fertilizer and organic materials
on NiO emission. The experimental design was RCB with three replicates and four treatments: 75
kg N ha"1 (N$, 75 kg N ha'1 in combination with rice straw 12.5 t DM ha"1 (N+R), bagasse 12.5
t DM ha"1 (N+B) and cowpea sown as green manures 4.6 t DM ha"1 (N+C). Each treatment
received basal application of 37.5-75-37.5 N-P2O5-K2O kg ha"', another 37.5 kg N ha"' was top
dressed 25 days after sowing. Maize (Zea Mays L.) was sown as test crop on upland soil, Yasothon
(Oxic Paleustults, fine loamy, siliceous).
Results showed that the average of N 2 0 fluxes during the crop season were 21.1, 24.4, 58.9 and
33.9 ug N 2 0 m"2 h"1 from N, N+C, N+R and N+B plot, respectively. The increases of N2O
emission due to the effect of organic materials were 116% (N+C), 161% (N+B) and 279% (N+R)
over N fertilizer (N) alone. However, for the whole season of maize crop, N fertilizer had the
lowest N2O emission of 48.1 mg N2O m* whereas rice straw had the highest of 134.3 mg N2O m"2.
From the study, soil moisture content and time of N application affected the release of N2O from
soil. Also, N losses from fertilizer used were found to be 0.64%, 0.74%, 1.79% and 1.03% under
the treatments of N, N+C, N+R and N+B, respectively.
Keywords: nitrous oxide, organic material, nitrogen fertilizer, global warming, tropical zones
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Emission of CH4 and ('() 2 from tropical peatland
and factors affecting them
ABDUL HADI (1,2). INUBUSHI Kazuyuki (1), PURNOMO Erry (2), FURUKAWA Yuchiiro
(1) and TSURUTA Haruo (3)
(1) Faculty of Horticulture, Chiba University, Matsudo, Chiba 271 -8510, Japan
(2) Faculty of Agriculture, Lambung Mangkurat University, Banjarbaru 70714, Indonesia
(3) National Institute of Agro-Environmental Sciences, Kan-nondai, Tsukuba 305-8604, Japan
Since peat soil constitutes a large reservoir of organic carbon, it is thought to be substantial
sources of methane (CH4) and carbon dioxide (CO2) emissions to the atmosphere. However, the
quantitative data about the emission of these gases from tropical peat soils is very limited.
Therefore, field studies were carried out using tropical peat soil from South Kalimantan (Indonesia)
during 1998-2002 to quantify the CH4 and CO2 emissions and the factors affecting them.
The results showed that the emission rate of CH4 varied and ranged from -0.1 to 8.0 mg C m'2
h , indicating that tropical peat soil can be either source or sink of CH4 emission to the atmosphere.
Meanwhile, the CO2 emission ranged from 67 to 804 mg C m"2 h', indicating that tropical peat soil
is a net source of CO2. The emissions of CH4 and CO2 exhibited seasonal changes.
Hydrological zone and land use management could characterize soil variables and the
emissions of greenhouse gases. The hydrological zones significantly affected CH4 emission, but
had no impact on the emission of C02. Paddy fields emitted more CH4 compared to other landuses, regardless the hydrological zones. Upland crop fields could uptake CH4 at a rate of 0.1 mg C
m"2 h"1 which was much higher than that in temperate peatlands. The CH4 emission was best
estimated by NO3' concentrations (r=0.736). Significant positive correlation existed between CO2
emission and three soil variables; NH4, NO3" and soluble carbon (SOC) contents with coefficients
0.634, 0.773 and 0.664, respectively.
Keywords: methane (CH4), carbon dioxide (CO2), tropical peatland, land-use management
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Effects of C0 2 enrichment on microbial biomass
in the floodwater and surface soil layer of paddy fields
ACOUAYES. (1). INUBUSH1 K. (2), KOBAYASHI K. (3), KIM H.Y. (3) and OKADA M. (4)
(1)
(2)
(3)
(4)

Graduate School of Science and Technology, Chiba Univ., Japan
Faculty of Horticulture, Chiba Univ. Matsudo 271-8510, Japan
Nat. Inst. Agro.-Environ. Sciences, Tsukuba 305-8604, Japan
Tohoku Nat. Agric. Res. Stn., Morioka 020-0198, Japan

The atmospheric CO2 concentration is on a gradual increase and this is expected to have a
significant impact on the floodwater and surface soil layer of paddy fields since these are sites of
microbial CCh-fixation and harbors a wide variety of organisms. Rising CO2 concentration may
have an effect on the community structure of micro-biota in these sites. As part of a free CO2
enrichment (FACE) experiment conducted in a paddy soil at Shizukuishi, Iwate Prefecture. Japan,
studies were conducted to examine the effects of elevated CO2 on the community structure of
micro-biota in the soil-floodwater ecosystem during the crop cycle.
Rice plants were grown under ambient (Acca) or elevated (ambient + 200 ppmv) CO2 (Ec-02)
throughout the growing season with the CO2 being released into the rice canopy in the FACE plot
through an octagonal-plastic CO2 emitting tubes. Standard field cultural practices were carried out.
Floodwater (5L) was sampled on Jun 30, Jul 30 and Aug 20 and analyzed for total C (CT) and N
(NT). The dry weight, CT and NT of adherent mass on a PVC plastic plate, placed in the floodwater
for 2 weeks was also determined. Surface-layer soil (0-1 cm depth) was sampled on Jun 30, Jul 30,
Aug 20 and Sept 20 and analysed for biomass C (Be) and N (BN). The microbial community
structure in the soil, based on the fatty acid methyl esters (FAMEs) content was determined. The
amount of chlorophyll-type compounds (Chls) in the water, adherent mass and soil was also
measured in addition.
The CT and N T of the water and adherent mass on PVC substratum were significantly higher for
Eco2 at all sampling periods. The dry weights of adherent mass, though higher for Eco2 was not
significantly different for both CO2 treatments. The amounts of Chls were significantly higher for
the Eco2 treatment in the floodwater on July 30 and Aug 20, for adherent mass and for the soil at
Sep 20. Elevated C 0 2 promoted significantly higher amounts of B c and BN during the second half
of the cropping season.
The dominant FAMEs in the soil were 14:0, 16:0, 16:lu>7c, 16:lw7t, 18:lw9c, il5:0, ail5:0,
i 16:0 and i 17:0. The total amounts (ng g'1 soil) of FAMEs under individual groups and for a
treatment increased to their maximum at Sept 20 and ranged from 134.6 to 284.9 for SATFA, from
211.5 to 480.5 for MUFA, from 11.1 to 83.9 for PUFA and Branched accounted for 122.7 to 240.8.
The (rans /cis ratio of 16:lw7, potential indicators of environmental stress, was 0.123 and 0.156 for
E(o2 and A t 0 2 plots, respectively at day 0 but increased to 0.234 and 0.248, respectively, however
no significant differences were observed in the trans /cis ratio during the experimental period. The
principal component analysis and cluster analysis grouped the fatty acid profiles in the soil into two
groups based on the two CO2 treatments and indicated the presence of different microbiota in the
soils under the different CO2 treatments.
Keywords: FACE (Free Air CO2 Enrichment), microbial community, floodwater, surface layer
soil, paddy fields
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Carbon isotopic fractionation during methanogenesis
by methanogenic archaea isolated from paddy field soil
ASAKAWA Susumu (1) and NISHIDA Mizuhiko (2)
(1) Nagoya University, Chikusa, Nagoya 464-8601, Japan
(2) National Agricultural Research Center for Tohoku Region, Omagari, Akita 014-0102, Japan
The paddy field is an important source of atmospheric methane. Biogenic methane is produced
by methanogenic archaea, and fractionation of carbon isotopes occurs during methanogenesis. The
magnitude of fractionation was measured for pure cultures of some methanogenic strains and was
reported to be variable depending on substrate, species, growth temperature, etc. However, the
isotopic fractionation by pure cultures of methanogenic archaea isolated from paddy field soil has
not yet been evaluated though carbon isotopic composition of methane, CO2 and acetate was
investigated in detail in soil incubation experiment (Sugimoto and Wada, 1993). To provide basic
data on the composition and fractionation of carbon isotopes of methane in the methanogenic
process in paddy fields, we grew three strains of methanogenic archaea isolated from paddy field
soil on various substrates in closed systems and estimated the isotopic fractionation during
methanogenesis.
Methanobrevibacter arboriphilus SA (= JCM 9315, DSM 7056), Methanosar-cina mazeii
TMA (= JCM 9314, DSM 9195) and Methanoculleus chikugoensis MG62 (= JCM 10825, DSM
13459), which were isolated from a paddy field soil at the Kyushu National Agricultural
Experiment Station, Chikugo, Japan, were grown at 30°C statically in closed vials. The growth
substrates were as follows: H2-CO2 and formate for M. arboriphilus SA; methanol,
monomethylamine, H2-CO2 and acetate for M. mazeii TMA; H2-CO2 for M. chikugoensis MG62.
Headspace gas was periodically collected and the carbon isotopic composition in CH4 and CO2 was
measured. Carbon isotopic composition of gas samples and substrates was determined with an
ANCA system (PDZ). Results were reported in the 8-notation in per mil (%o) relative to the PDB
standard and the magnitude of isotopic fractionation was expressed as A (8 C value of substrate - 8
l3
C value of CR,).
The carbon isotopic fractionation was calculated from the data in the early growing phase up to
one tenth of maximum growth in order to minimize the "closed system" effect. The magnitude of
fractionation (A) during methanogenesis on H2-CO2 by M. arboriphilus SA, M. mazeii TMA and M
chikugoensis MG62 was 25 to 40 %o, 32 to 43 %o and 39 to 50 %o, respectively, which revealed
appreciable difference between the species. M. mazeii TMA depleted l3 C in CH4 when growing on
acetate with the A value of 11 to 18 %o, which was 1/2 to 1/3 of the values from C0 2 . These results
were in accordance with the estimates with air-dried soil by Sugimoto and Wada (1993). The A
values during methanogenesis from formate (M arboriphilus SA), methanol and monomethylamine
(M. mazeii TMA) were 19 to 41 %o, 69 to 88 %o and 49 to 55 %o, respectively, which indicated that
the 8 I3 C value of CH 4 would be relatively lower when produced from these substrates.
Keywords: carbon isotopic fractionation, methane, paddy field soil, methanogenic archaea, pure
culture, substrate
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Gross N mineralization, immobilization and nitrification rates
as a function of microbial activity
BENGTSSON Göran, BENGTSON Per and MÄNSSON Katarina F.
Department of Ecology, Lund University, Sölvegatan 37, SE-223 63 Lund, Sweden
A laboratory experiment was designed to challenge the idea of using the C/N ratio of forest
soils to predict gross N immobilization, mineralization, and nitrification rates. Soils were collected
from three deciduous forests sites varying in C/N ratio between 15 and 27. They were air-dried and
rewetted to induce a burst of microbial activity. The N transformation rates were calculated from an
isotope dilution and enrichment procedure, in which 15NH4C1 or Na15NOj was repeatedly added to
the soils during seven days of incubation. The experiments suggested that differences in gross
nitrogen immobilization and mineralization rates between the soils were more related to the
respiration rate and ATP content than to the C/N ratio. Peaks of respiration and ATP content were
followed by high rates of mineralization and immobilization, with one to two days of delay. The
gross immobilization of NH/ was dependent on the gross mineralization and one to two orders of
magnitude larger than the gross NO3" immobilization. The gross nitrification rates were negatively
related to the ATP content and the C/N ratio and greatly exceeding the net nitrification rates. Taken
together, the observations suggest that leaching of nitrate from forest soils may be largely
dependent on the density and activity of the microbial community.
Keywords: N immobilization, N mineralization, nitrification, microbial biomass, '5N pool dilution
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Nitrogen balances and biological N fixation
in submerged rice soils
LADHA Jagdish Kumar (1) and BLRESH Roland (2)
(1) International Rice Research Institute, DAPO Box 777, Metro Manila, Philippines
(2) Agronomy, Plant Physiology, Agroecology, Soil and Water Sceinces Div., International Rice
Research Institute, PO Box 3127, 1271 Makati City, Philippines
The subsistence agriculture of the pre-chemical era efficiently sustained the N status of soils by
maintaining a balance between N loss and N gain from BNF. This was possible with less intensive
cropping, adoption of crop rotations and intercropping schemes, and the use of legumes as green
manure. The agriculture of the modern chemical era concentrates on maximum output but
overlooks input efficiency; it has not been sustainable. Intensive monocropping with no or
inadequate crop rotations or green manuring and excessive use of chemical N fertilizers results in
an imbalance in N gains and N losses. The losses are often larger than the gains, and soil N status
goes to a lower level. Agricultural systems, however, differ in levels of N sustainability. An
irrigated double rice cropping system, for example, can be sustained at a higher level than can a
rain-fed single rice cropping system. The challenge is to sustain soil N fertility in cropping systems
operating at high productivity levels. This paper will discuss the role of BNF in replenishing soil N
pool and judicious integration of BNF in maintaining a good balance between N losses and gains in
different rice-based cropping systems.
Keywords: biological N2 fixation, N balance, rice, soil fertility, sustainability
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Microbial biodiversity and processes in submerged soils
CONRAD Ralf
Max-Planck-Institut für terrestrische Mikrobiologie, 35043 Marburg, Germany
The microbiology of submerged and vegetated soils is characterized by a large functional
diversity which is seen in numerous microbial phenotypes that occur in this ecosystem. Four major
microbial habitats can be distinguished, i.e. anoxic bulk soil, oxic surface soil, partially oxic
rhizosphere, and decomposing plant debris. The functional diversity of the microflora is mainly
due to the many different ecological niches created by gradients between oxic/anoxic and substraterich/substrate-poor zones in the soil. These gradients are created by the limitation of the O2
transport from the atmosphere into the soil due to slow diffusion and microbial respiration, and by
the deposition of organic matter into the soil by root exudation and decay of straw and other plant
debris. This situation results in element cycling between oxidized and reduced states within the
ecosystem occurring in the soil on a microscale and involving both anaerobic and aerobic
microorganisms. Because of limitation of O2 and other oxidants such as nitrate, Mn(IV), Fe(III) and
sulfate, part of the organic matter is degraded by disproportionation to CO2 plus CH4, the emission
of the latter being of great significance for the atmospheric budget of CH4, a powerful greenhouse
gas. The relative ratio of CH4/CO2 that is ultimately produced from organic matter degradation is
the result of the complex microbiology of flooded soils. Methane production is an anaerobic process
and takes place in the bulk soil, on decomposing plant debris and in the rhizosphere. It involves
hydrolysis of complex organic matter, fermentation, acetogenic, syntrophic and methanogenic
reactions, catalyzed by a diverse bacterial and archaeal community. Part of the produced CH4 is
oxidized with O2 in the surface soil and the rhizosphere by aerobic methanotrophic bacteria.
Similarly, nitrate, Mn(lV), Fe(lll) and sulfate are regenerated in these zones by different microbial
guilds. Submerged soils are a good model system to study relationships between function and
taxonomie composition of the various microbial guilds and to address general ecological
hypotheses and theories on the role of biodiversity for the functioning of soil biota. The functional
diversity of the CH4-producing community and the role of the diversity within the methanogenic
guild are discussed.
Keywords: rice field, soil organic matter, straw, rizosphere, fermentation, methanogenesis
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Influence of biogeochemical mechanisms
on soil alkalinity in flooded alkaline soil
D1CKO Mohamed (1), MARLET Serge (2), VALLES Vincent (3), NDIAYE Mamadou
Kabirou (1), CHEVASSUS-ROSSET Claire and CONDOM Nicolas (2)
(1) IER, PSI, BP258, Bamako, Mali
(2) CIRAD-AM1S, programme Agronomie, TA40/01, 34398 Montpellier cedex 5, France
(3) Université de Provence, Laboratoire Chimie et Environnement, Case 29, 3 Place Victor Hugo,
13331 Marseille Cedex 3, France
Flooding induces significant chemical changes in soil due to the weakness of gas transfer
between soil and atmosphere. Thus, pCÜ2 increases in solution while pOi and redox potential
decrease. In an alkaline soil, this can lead to great variations of alkalinity. Increase in pCOi leads to
a decrease in pH, a dissolution of alkaline minerals, like calcite, and an increase in alkalinity.
Decrease in potential redox is related to reduction of Fe(HI) that produce alkalinity in soil solution.
This reduction of Fe is supposed to take place both : in the structure of ferriferous clay minerals that
induces an increase in the Cationic Exchange Capacity ; and in a crystalline structure, natural
Fe(II)-Fe(UI) green rusts that induces a decrease in Anionic Exchange Capacity. The influence of
these processes has been evaluated through laboratory and field experiments under flooded rice
cropping system in the Office du Niger perimeters in Mali. The results allow to model the alkalinity
balance in such alkaline soils : alkalinity is produced in soil solution, diffuses to the flood water and
finally is flushed toward the drainage system. These mechanisms are able to ensure the
sustainability of irrigated schemes faced with alkalinisation hazard.
Keywords: flooded soils, biogeochemistry, alkalinity, oxydoreduction
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Use of "healthy seedlings" to overcome soil borne pathogen
and nematode stresses in flooded rice
BANU S.P. (1), SHAHEED A. (2), SIDDIQUE M.A. (2), DUXBURY J.M. (3), LAUREN J.G.
(3), MEISNER CA. (4) and ABAWI G. (5)
(1) Wheat Research Program, Bangladesh Agricultural Research Institute, Joydebpur, Gazipur,
Bangladesh
(2) Wheat Research Center, Bangladesh Agricultural Research Institute, Nashipur, Dinajpur,
Bangladesh
(3) Department of Crop and Soil Sciences, Bradfield Hall, Cornell University, Ithaca, New York
14853, USA
(4) CIMMYT Bangladesh, House 18, Road 4, Sector 4, Uttara, Dhaka, Bangladesh
(5) Department of Plant Pathology, Cornell University, Ithaca, New York 14853, USA
Rice seedlings are often old (> 30 days), nutritionally stressed, and have root systems showing
galling by Meloidogyne graminicola and symptoms of pathogen damage when they are
transplanted. Conventional wisdom is that yields are unaffected by use of seedlings that can be
considered "unhealthy". This study evaluated the effects of producing "healthy seedlings" on rice
yields. Combinations of soil solarization of rice nurseries and seed treatment with the biocide
vitavax were used to generate "healthy seedlings", which were subsequently transplanted into nontreated main fields.
Farmer participatory trials were carried out in two districts of Bangladesh in the spring (aus)
and monsoon (aman) rice seasons. In general, soil solarization and vitavax seed treatment increased
seedling emergence, plant height, and root length, and decreased symptoms of nematode and
pathogen damage on roots of 30-day old seedlings compared to control seedlings. Yield responses
to the various treatments varied with location. At a site in Gazipur district, effects of solarization
and vitavax seed treatment were additive. Yields were increased by 15, 17 and 31% using seedlings
from solarized soils, seed treatment with vitavax and the combination of the two treatments,
respectively in 2000. Yields were increased by an average of 15% in 2001 by the combination of
soil solarization and seed treatment. At a second site, involving 25 farms in Dinajpur district, soil
solarization increased rice yields by an average of 29%. Yield increases between 30-42% were
achieved on 16 of the 25 farms.
Keywords: healthy seedlings, rice
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Site and depth related diversity of methanogen Archaea
in Finnish oligotrophic fen
GALAND Pierre E.(l). SAARNIO Sanna (2), FRITZE Hannu (3) and YRJÄLÄ Kim (1)
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Finland
Methane is one of the two main greenhouse gases responsible for global warming. Although
methane concentration in the atmosphere is low compared to that of carbon dioxide (1.75 parts per
million versus 386 parts per million), the ability of methane to absorb and radiate energy back to
Earth makes it 21 times more efficient than CO2 as a greenhouse gas. Since wetlands (swamps,
bogs, fens, etc) are the main source of natural methane emission, possible changes in CH4
production in those habitats will have a clear impact on global climate. The annual rate of CH4
release and potential CH4 production has recently been studied in the Salmisuo mire complex
(62°47'N, 30°56'E) in eastern Finland but the microbiota responsible for CKL» production has not
been examined. In this study, the functional diversity of the methane producing Archaea were
analysed at different depths and microsites of the Salmisuo mire. Different microsites are
representing the heterogenity of the nutritional statuses and water tables of the mire complex.
Methanogen populations from four different microsites (hummock, Eriophorum lawn, flark and
Carex lawn) were studied using both functional and 16S rDNA primers. DGGE was used to assess
the dynamics of the diversity of Archaea genes. PCR products were cloned and RFLP was used to
group the received sequences. Dominant 16S rDNA and functional methyl-coenzyme M reductase
gene bands in DGGE were cut out and sequenced together with cloned PCR products from various
depths and microsites.
Keywords: Archaea, methane, PCR-DGGE, wetland, microsites
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The fate of fertilizer N in microbial biomass and
soil organic fractions in California rice
HORWATH William R. (1), BIRD J.A. (1) and VAN KESSEL C. (2)
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Management of crop residues can affect crop yield through changes in processes affecting plant
and microbial N utilization and soil organic matter dynamics. A recent transition in rice cropping
system management from burning straw residue to soil incorporation combined with winter-fallow
flooding has lead to uncertainty in evaluating long-term N fertility. A long-term, in situ, ' 5 Nlabeling study was conducted to examine the impacts of winter flooding and residue incorporation
versus burning on fertilizer N immobilization, crop availability and stability of specific active and
protected SOM C and N pools critical in sustaining N fertility in rice (Oryza sativa L.). After six
seasons of residue incorporation and winter flooding, no effect on total soil C or N was observed.
After four seasons, microbial biomass C and N were significantly greater for residue incorporation
than for residue burning. Both residue incorporation and winter flooding increased inorganic N. The
microbial biomass contained a sizable portion of fertilizer N after the first (23%) and second crop
(10%) season, resulting in half-lives for l5N in the microbial biomass ranging from 0.55-0.87 y.
Greater recovery of l5 N in the soil when residue was incorporated versus burned (22.2 versus
18.7%) resulted in a slight increase in residual fertilizer N recovery in the crop prior to the second
growing season.
The stability of the added fertilizer N was examined in five separate SOM fractions over years
4 to 6 of a 15N field trial and include: light fraction (LF), mobile humic acid (MHA), mobile fulvic
acid (MFA), metal-associated humic acid (MAHA), and alkali-insoluble humics (HUM). After 4 y
of straw management treatments, soil incorporation of straw increased MHA and LF C and N
compared with burned straw. Immobilization of N fertilizer peaked in all SOM fractions after one
growing season (120 d) and was greatest in the MHA fraction over the 2-y N study. Nitrogen
fertilizer sequestration in MHA and LF was greater with straw incorporation compared with burned.
Six seasons of winter-fallow flooding did not affect the rates of C, N, or N-fertilizer sequestration
or its turnover rate in either straw burned or incorporated treatments. Turnover of immobilized ' Nfertilizer in the stable organic components was fastest in the MHA and MFA fractions (7-9 y half
life) compared with the half-lives of the moderately resistant MAHA fraction (53 y) and most stable
HUM fraction (153 y). While the MAHA and HUM fractions played a significant role in N
fertilizer immobilization and turnover, the MHA and LF fractions represented the primary active
sink and source of sequestered N affecting both short and long-term soil fertility. Despite similar
' 5 N losses, the cumulative effects of residue incorporation led to greater net N mineralization, an
increase in microbial biomass N and greater recovery of l5 N in soil after the first growing season.
Clearly, an active, labile N pool was formed when residues were incorporated that led to an increase
in inorganic N and ultimately to a reduction in the dependency of fertilizer N as a source of N for
rice.
Keywords: fertilizer nitrogen, microbial biomass, rice residue, soil organic matter,
humic substances, 15N
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Elevated carbon dioxide effects on microbial processes
in submerged soil
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The atmospheric CO2 concentration is increasing gradually and this will induce significant
impacts on ecosystems, their components and interactions. In paddy fields, there are active sites of
microbial processes related to N2-fixation, methane and nitrous oxide gas formation and/or
oxidation such as flooded water, oxidized or reduced soil layers and rhizosphere. Rising CO2
concentration may have direct and indirect effects on these microbial processes in submerged paddy
soils. A Rice FACE (Free -Air CO2 Enrichment) experiment was conducted in paddy fields in
Iwate Prefecture, Japan to study the effects of elevated CO2 on various processes in the paddy soilfloodwater ecosystem. Effects of elevated C 0 2 on soil microbial biomass, methane and nitrous
oxide formation/oxidation and N2-fixation activity were investigated in FACE field as well as
chamber experiment. In FACE experiment, rice plants were grown under ambient or elevated
(ambient + 200 ppmv) CO2 throughout the growing season for three years. The pure CO2 was
released into the rice canopy in the FACE plot through octagonal-plastic CO2 emitting tubes.
Surface and subsurface layer soils (0-1 and 1-10 cm depth, respectively) were sampled periodically,
then microbial biomass C, N and N2-fixation activity in both soil samples were quantified by
chloroform-fumigation extraction method and acetylene reduction method, respectively. Methane
and nitrous oxide (N2O) gas emissions through rice plant were measured by cylindrical chamber.
Growth chambers with ambient or elevated CO2 concentration were also used for N2-fixation
activity of both surface and subsurface soil samples.
During the first growing season, FACE did not cause any significant difference in microbial
biomass C and N, compared to those in ambient CO2 treatment. However in the second season,
FACE caused a significant increase in biomass N in the upper soil layer at harvest, compared to
those of ambient CO2. Furthermore, FACE significantly increased the biomass C in both soil
layers, from mid plant growth until harvest. Compared to the ambient CO2 treatment, the FACE
treatment significantly increased the N2-fixation activity in both the upper and lower soil layers at
harvest. In chamber experiment uunder elevated atmospheric CO2 concentration, N2-fixation
activity also significantly increased in the surface soil layer during the early cultivation stages and
in the sub-surface soil layer during the latter part of cultivation. Methane emission was slightly
suppressed by elevated CO2 in the first season, but enhanced significantly in the second and third
seasons, and so did as N2O, indicating positive feedback of global warming. From these results,
elevated CO2 concentration influenced these microbial processes significantly in submerged soil.
Keywords: ambient CO2, CH4, microbial biomass, FACE, N2-fixation, paddy soil
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Effects of soil temperature and N content on
peat organic components
KARSISTO Mariut (1), HARTMAN Markus (1), POTILA Hannamaria (2) and SARJALA
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The presence and quality of organic matter is one of the key factors influencing microbial
population and the release of nutrients. In this experiment the relationship between total N in peat,
temperature sum and peat organic components have been studied in controlled conditions. This
study is a part of a project where the nutrition of Scots pine on drained peatlands will be
investigated on sites in different parts of Finland under different temperature sums and along
natural peat nitrogen gradients.
Peat samples (0-10 cm) for the experiment were collected in square Perspex containers from
drained mire in western Finland. The containers were placed in growth chambers that were
programmed to run different temperature sums in peat (> 0°C) (749 d.d., 924 d.d., 1085 d.d. and
1309 d.d. at the end of the experiment) over 17 weeks. The amount of N in different peat samples
were: 35 g m'2, 139 g m'2 and 147 g m'2. Mass spectrometry and liquid chromatography were used
for identification and quantification of organic components.
Peat organic components identified were a) free amino acids: aspartic acid, asparagine,
glutamic acid, glutamine, glysine, alanine, leucine, phenylalanine, serine, threonine, lysine,
methionine, gaba, proline and tyrosine, b) phenolic acids: vanillic, ferulic, 4-hydroxybenzoic,
cinnamic, 2,5-dihydroxybenzoic, 3,4-dihydroxybenzoic, gallic, and p-coumaric acids, c) fatty acids:
palmitoleic, oleic, tetradecanoic, hexadacanoic, 9,12-octadecanoic, octadecanoic, eicosanoic,
decosanoic, tetracosanoic acids, d) resin acids: pimaric, abietic and dehydroabietic acids, e) sterols:
stigmasterol, campesterol, betasitosterol, and stigmastanol. At the end of experiment, data were
analysed by PCA analysis. The data revealed that concentrations of the resin acids were affected
more by the temperature sum than by the peat. Both the temperature sum and the peat affected
significantly the phenolic acids and sterols, whereas the amino acids were affected only by the peat.
Significant differences in fatty acids were found both between the peats and the temperature sums.
Keywords: amino acids, fatty acids, peat, phenolic acids, resin acids, sterols
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Community structures of fauna and microbiota
in paddy field ecosystems
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464-8601,Japan
Paddy field ecosystem consists of three subsystmes, e.g. floodwater (FW), plow layer (PL), and
subsoil layer (SL), and PL and SL are connected with the percolating water (PW) that is derived
from FW. Each subsystem is unique for the microbial community and different from each other.
FW is an aerobic, aqueous layer in which phyto- and zoo-plankton communities proliferate. PL is
an anaerobic layer preparing various habitats such as rice roots, rice straw and stubble for the
microbial community.
The planktonic community in FW was investigated by collecting aquatic organisms (size:
30 |im - 2 cm) periodically all the year round. The number of varieties (at the order level) was from
33 to 38 in the period of rice cultivation, and Lemanaceae, Pharyngophorida and Turbellaria were
important members in the seasonal variation after midseason drainage. Thirty six varieties of
aquatic organisms were found during the off-crop season under drained conditions. Different kinds
of aquatic organisms survived at different habitats (soil among rice stubble, rice straws, and soil
beneath rice stubble), but in general the soil beneath rice stubble was the main site for survival of
aquatic organisms in the paddy field.
The bacterial communities in FW, PL, and PW were compared for the phospholipid fatty acid
(PLFA) profile. Straight, mono-unsaturated PLFAs (biomarker of Gram-negative bacteria)
accounted for a large proportion in FW and PW, while branched-chain PLFAs (biomarker of Grampositive bacteria) took a large proportion in PL. In addition, the effects of fertilization and growth
stage of rice plant were observed in FW by PCR-RFLP (restriction fragment length polymorphism)
pattern analysis.
The bacterial community of rice roots was studied for the PCR-RFLP pattern after separating
roots according to the nodal number. Cluster analysis showed that the difference in the community
structure of respective nodal roots was more significant among the growth stage than among nodal
roots with different nodal number. Microbial succession also seemed to occur as the respective
nodal roots aged.
Rice straw (RS) was an important habitat for microorganisms, and branched-chain PLFAs
accounted for a large proportion in RS in submerged decomposition irrespective of nitrogen status.
PCR-RFLP pattern analysis indicated that the bacterial succession occurred in RS as RS
decomposed and in plant residue (size more than 0.5 mm) as the size of plant residue became finer.
Different succession of bacteria was also observed in RS when it was decomposed during the offcrop season (winter season) under drained conditions.
Keywords: aquatic organism, bacterial community, paddy field, PLFA, RFLP, rice straw
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Microscopic fungi isolated under anaerobic conditions from
soils and their activity of nitrous oxide production
KURAKOV Alexander V., ZVYGINTSEV Dmitri G., LAVRENTEV Roman B. and
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The study of composition of microscopic fungi isolated under anaerobic conditions from
soddy-podzilic, soddy-meadow, bog, soddy-gley, chernozemic soils and assessment of their nitrous
oxide release activity in nutrient media and soils were done. The Hungate technique with some
modifications for isolation of fungi, gas chromatography with electron capture and thermal
conductivity detectors for measurement of nitrous oxide production by fungi and luminescent
microscopy with calcofluor white staining for length mycelia estimation in soils were used.
Microscopic fungi under anaerobic conditions of isolation were detected in all investigated
soils. They include representatives of Zygomycetes - Mucor (M. hiemalis, M. racemosus), Absidia
sp., Rhysopus oryzae, Zygorrhynchus moelleri and anamorphes of Ascomycetes - Fusarium solani,
F. oxysporum, Gliocladium penicilloides, Trichoderma (T. aureoviride. T. hamalum, T. harzianum),
Humkola sp. The diversity of fungi isolated at the microaerobic conditions (0.2% O2) from soils
was much higher and included also species of genera PeniciUium, Aspergillus, Acremonium,
Paecylomyces and others.
F. oxysporum, F. solani released nitrous oxide (N2O) under inoculation of their mycelia in
sterile soddy-podzolic soil and incubation in anaerobic conditions (total water capacity of soil with
and without replacing of on argon in flasks). The slight increase of length of F. oxysporum
mycelium was observed during second week of incubation. The activity of nitrous oxide production
increased several times under supplement of soil by glucose, nitrate or nitrite. The activity of
nitrous oxide production by F. oxysporum reached 025+0.1 nmol N2O h" g"1 soil or 038+0.15
nmol N2O h"1 mg" mycelium (dry weight). It was close to activity of nitrous oxide formation by the
fungus in nitrate-containing nutrient medium with nitrate and more than two orders lower compared
with its activity (77 nmol N2O h ' mg"1 mycelium) on nitrite-containing medium. The nitrous oxide
release by the fusarii was established also from leached chernozem and bog soil and by other fungi Trichoderma longibrachiatum, Chaelomium globosum, but their activity was significantly lower.
Fungi of classes Zygomycetes did not produce nitrous oxide. The inhibitory approach with
antibiotics and the comparison of nitrous oxide emission by fungi with potential denitrifying
activity of non-sterile soils has shown that fungal input in gaseous nitrogen losses much lower than
bacterial and was composed from portions to several percents (0.3-8%).
Keywords: fungi, anaerobiosis, soil, nitrous oxide
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Occurrence and enumeration of predator bacteria,
Bdellovibrio, and their prey in plant rhizosphere and soil
MARKELOVA Natalva Y„ KERZHENTSEV Anatoliy S. and HORNE James E.
Institute of Basic Biological Problems, RAS, Pushchino, Moscow region 142290, Russia
In recent years considerable attention has been given to the functional activity of microbial
populations in soil. Bacterial disease of plants is a problem of economic importance in agriculture.
The wide use of chemicals against undesirable bacteria in agricultural practices has some
drawbacks. Some uses of chemicals, like pesticides, are ecologically dangerous. Others, like
antibiotics, may cause the selection of resistant forms with potential for adverse health effects.
Therefore, alternative methods of plant protection are required. From this point of view the
predator bacteria, Bdellovibrio, which are widely spread in various aquatic and soil ecosystems, are
of great interest. The Bdellovibrios are predatory bacteria that prey upon other gram-negative
bacteria and play a main role into controlling bacterial balance in the nature. Contact between a
plant pathogens and host plant often start bacterial disease. Since contact takes place in the
rhizosphere if predators are rhizosphere inhabitants, they might play a role in the control of
pathogen densities and in protecting the plant against disease.
The objective of this study was to enumerate, isolate and estimate of prey ranges of
Bdellovibrio from soil and rhizosphere different plants in garden, hothouse and forest. Enumeration
of prey was accomplished by plating, enumeration and isolation of Bdellovibrio was estimated
according to the double-layer plague-forming technique. The prey range spectra was estimated by
plague-forming technique, in liquid culture and in biofilm. In this study, Bdellovibrio was found in
all rhizosphere samples (Froseria, Fabu, Licopersicon), ranging in number from 10 to 10 cells per
gram of sample. Bdellovibrio as well as gram-negative prey bacteria are more abundant in the
rhizosphere than in soil. Densities of Bdellovibrio in the rhizosphere were 1-2 logs higher than in
soil. Their prey spectra included plant pathogens. It was demonstrated that Bdellovibrio multiply
in biofilm and using Bdellovibrio for protecting plants from disease may be considered. The results
obtained indicate the significance of these findings for a better understanding of the role of bacterial
predators in soil and might be beneficial for discussing the possibility of using Bdellovibrio in
protecting plants from microbial pathogens.
Keywords: predator-prey interaction, microbial contamination
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Biocatalytic functions in soil nutrient supply
of degraded rice soils
MEEPETCHS.d). KONBOON Y. (1), REICHARDT W. (2), ANGELES O. (2)
andCHAIWATP.(l)
(1) Ubon Rice Research Center (URRC), P.O. Box 65, Ubon Ratchathani 34000, Thailand
(2) International Rice Research Institute (IRRI), Los Banos, Philippines
Rainfed lowland rice farming in Northeast Thailand faces the challenge of sustaining and
increasing yields on drought-prone, sandy soils with extremely low cation exchange capacity and
soil organic matter content. Steady decline in soil fertility and soil organic matter due to continued
chemical degradation and acidification on this soil is accelerated by losses to the organic matter
pool.
Soil organic matter is considered a key factor in maintaining soil quality and it is crucial in
determining long-term soil fertility. There is a great deal of evidence that the decline in crop yield
with continued production in many areas is correlated with declines in organic matter levels.
Therefore, the maintenance of soil organic matter must be considered as one of the goals of
sustainable land management systems.
On-station field experiments with rice mono-cropping was conducted in acid sandy soil in
Ubon Ratchathani province, Northeast Thailand to optimize grain yield by improving the soil
organic matter. Treatments included no-fertilizer control treatment in comparison with the addition
of 1) chemical fertilizer, 2) rice straw compost, 3) chicken manure, 4) ashes and 5) liming. Of the
soil biochemical parameters considered, respiratory electron transport system (ETS) activity and
BIOLOG-based enzymatic diversity of soil microbial functions (C source utilization) were found to
provide clues to soil nutrient cycling and supply. In terms of diversity of soil microbial functions (as
% richness) and respiratory remineralization capacity (as ETS activity), soil enzymatic determinants
of nutrient remineralization were closely correlated with organic parameters such as above ground
biomass, tiller density, panicle density, grain yield, and grain N uptake. Apparently, these
parameters reflected considerable differences in soil fertility in the rather unfavorable rainfed
lowland rice cropping systems of Northeast Thailand. This suggested that nutrient supply from
organic pools in rice soils can become a key determinant in soil fertility management and in the
search for potential yardsticks for rice soil fertility improvement, functional diversity of
mineralizing enzymes proves a promising target.
Keywords: degraded rice soils, soil microbial functions, sustainability, soil enzymes
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Composition and function of microbial assemblages along
nutrient gradients in the Everglades, USA
OGRAM A.V.. CASTRO H.F., CHAUHAN A. and REDDY K.R.
Soil and Water Science Dept., University of Florida, USA
Nutrient inputs from agricultural and urban runoff has resulted in significant changes in the
composition and activity of assemblages of bacteria controlling biogeochemical cycles in many
freshwater wetlands in Florida. Carbon cycling in these anaerobic soils relies on several different
trophic levels of microorganisms that are sensitive to changes in their environment. Different
trophic levels in carbon cycling include primary and secondary fermenters (e.g. syntrophs), and
terminal carbon mineralizers such as methanogens and sulfate reducing bacteria. We are currently
using a combination of culture- and non-culture-based approaches to investigate effects of
eutrophication on the composition and functioning of anaerobic microbial assemblages involved in
carbon cycling in the northern Everglades, a very large fresh water marsh in South Florida.
Significant differences were found in the composition of assemblages of syntrophic, methanogenic,
and sulfate reducing bacteria along nutrient gradients in this marsh. Differences in composition of
syntrophic syntrophic assemblages and their methanogenic partners were observed as a function of
nutrient status, and more syntrophy was driven by metabolism of butyrate than by propionate in
eutrophic relative to pristine regions. Much of the difference with regard to sulfate reducing
bacteria was related to acetate metabolism; sulfate reducing bacteria capable of complete oxidation
of acetate dominate in eutrophic regions of the marsh, whereas incomplete oxidizers dominate in
oligotrophic regions. The composition and activities of different trophic levels of microorganisms
depend on the nutrient status, their environment in the Everglades, and these differences are
reflected in the mechanisms and rates by which carbon is cycled in this marsh.
Keywords: wetland ecology, molecular ecology, anaerobic carbon cycle, syntrophs, methanogens,
sulfate reducing bacteria
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Wetness conditions and redoximorphic features
in a Vertisol microtoposequence
OWENS PJL (1), WILDING L.P. (1) and MILLER W.L. (2)
(1) Texas A&M University, Soil and Crop Sciences Dept. 543 Heep Building, College Station,
Texas 77843-2474, USA
(2) Natural Resources Conservation Service, 312 South Main St., Room 310, Victoria, Texas
77901, USA
The hydrology of soils is important for both pedologic and edaphologic reasons. The hydrology
and biogeochemistry is difficult to interpret in Vertisols due to the dynamic pore size distribution
related to the moisture content and the high surface area of dominantly smectitic clays. The
objective of this research was to quantify and characterize the reduction-oxidation processes in a
Vertisol microtoposequence. Three sites were monitored in a Vertisol on the Texas Coast Prairie
USA, which represented an upland, transition and a depressional landscape position. The sites were
instrumented with piezometers, tensiometers, platinum Eh electrodes, and soil water/air collection
chambers. The piezometer data on the Vertisol microtoposequence indicated episaturated conditions
with continuous water ponding up to three months in the depressional site. There were limited
visible macroscopic redoximorphic indicators in the depressional soil. Most commonly in the
depression, there were a few (2%) 0.5-2.0 mm iron concentrations. The Eh declined to around -100
mV during the ponded periods. The oxygen concentration was measured for one wet season. The
oxygen concentration rapidly declined after ponding to around 0.1%. This depressional and
transitional soil had episaturated conditions and in many cases during the ponded period, there was
no free water in the 50 cm piezometers; however, the oxygen concentration would remain around
0.1% as depth increased with or without free-water present. In the transitional area, the water
ponded continuously for up to two months, yet yielded no macroscopically visible redoximorphic
features. The Eh declined to around -100 mV and the oxygen declined more rapidly than Eh to
around 0.1% during the ponded periods. The upland site had no continuous ponding and no
redoximorphic features. The lowest recorded oxygen concentration was 6.2% and the lowest Eh
was around +300 mV.
Keywords: hydromorphic soils, Vertisols, reduced soils, redoximorphic features
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Microbial processes regulating carbon cycling
in subtropical wetlands
REDDY K. Ramesh. WRIGHT Alan, OGRAM Andy, DEBUSK William F. and NEWMAN
Susan
Wetland Biogeochemistry Laboratory, Soil and Water Science Department, Institute of Food and
Agricultural Sciences, University of Florida, Gainesville, Florida, USA
South Florida Water Management District, West Palm Beach, Florida, USA
Wetlands host complex microbial communities including bacteria, fungi, protozoa and viruses.
The size and diversity of microbial communities are related directly to the quality and quantity of
the resources (i.e., nutrients, energy sources) available in the system. Microbial biomass and
activity is highest in habitats where these resources are concentrated, including periphyton mats,
plant detritus, and surface soils. Microbial processes regulate major nutrient cycles in wetlands and,
therefore play an important role in determining water quality and ecosystem productivity. Many
freshwater wetlands are open systems receiving inputs of carbon (C) and nutrients from adjacent
agricultural watersheds and urban areas. Prolonged nutrient (such as N and P) loading to wetlands
can result in distinct gradients in floodwater and soil. The degree of nutrient enrichment depends
on mass loading and hydraulic retention time. This enrichment effect can be seen in many
sub-tropical freshwater wetlands, most notably in the Everglades. The Florida Everglades wetlands
are historically low-nutrient systems, but are currently impacted by nutrient loading from the
adjacent Everglades Agricultural Area (EAA). Microbial communities respond to this enrichment
with increased biomass and community and accelerated rates of various processes regulated by
microbes. Because of the short life cycles of microbes, they respond rapidly to any changes in
nutrient or energy source status of wetlands and, thus, provide an early warning signal of
eutrophication. In oligotrophic wetlands, nutrients are the primary factor affecting the microbial
communities and the processes that control decomposition and nutrient cycling rates. Compared
with reference areas of the marsh, nutrient-enriched areas are characterized by the rapid turnover of
organic matter, and by open elemental cycling, where nutrient inputs often exceed demand for
primary and secondary production. These changes have important environmental and ecological
consequences including: (1) a conversion from a P-limited to an N-limited system because of high P
availability and increased biological demand for N, and (2) an accumulation of low N:P ratio
detritus and accelerated rates of decomposition and nutrient cycling. Many biogeochemical
processes that affect plant productivity and water chemistry are accelerated by P enrichment,
resulting in the release of other plant nutrients such as N. The accumulation of P and other nutrients
in the soils and biota coupled with accelerated cycling rates may maintain eutrophic conditions in
already enriched areas for some time following load reductions.
Keywords: carbon cycle, nitrogen cycle, phosphorus cycle, submerged soils, biogeochemistry
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Microbial biomass dynamics and N availability in
organic matter amended lowland paddy soil of Bangladesh
HOWLADER Md. Ataur Rahman, SOLAIMAN A.R.M., SIRAJUL KARIM A.J.M. and
AZMAL A.K.M.
Department of Soil Science, Bangabandhu Shiekh Mujibur Rahman Agricultural University,
Gazipur, Bangladesh
An incubation experiment was carried out in the laboratory at 30°C for 56 days to investigate
the mineralization pattern and changes in microbial biomass in lowland paddy soil amended with
four organic materials (OM). The organic materials were rice straw (Oryza saliva), dhaincha
(Sesbania rostrata), water hyacinth (Eichhornia crassipes) and cowdung.
Inorganic N (NH4+ + NO3") released from the OM amended soils gradually increased and
reached the maximum during 42 to 56 days of incubation. N-mineralization was negatively
correlated with C:N ratios of the added OM. The critical C:N ratio value for N-mineralization and
immobilization was observed in water hyacinth (C:N=20:1) where mineralization induced after
immobilization commenced for a certain period.
Microbial biomass formation gradually increased up to 28 to 42 days of incubation and
decreased thereafter. Biomass C formation ranged from 154.73-216.49 mg kg"1 in OM amended soil
and 95.05-126.7 mg kg'1 in control soil, whereas biomass N formation accounted for 30.21- 42.82
mg kg"' soil in OM amended soil and 19.68- 25.0 mg kg"1 in control soil.
No clear relationship was observed between biomass C and N formation and C:N ratios of
added OM. However, OM with high C:N ratios like rice straw showed higher contribution to
biomass C and N formation than organic materials with lower C:N ratios. Above results suggest
that OM having higher C:N ratios would be better for the improvement of microbial biomass level
as well as soil fertility under tropical conditions.
Keywords: microbial biomass, carbon, nitrogen, organic matter, paddy soil
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Rice, wheat and mungbean yields in response to N levels
and management under a bed planting system
TALUKDER A.S.M.H.M. (1), SUFIAN M.A. (1), MEISNER C.A. (2), DUXBURY J.M. (3),
LAUREN J.G. (3) and HOSSAIN A.B.S. (1)
(1) Wheat Research Centre, Bangladesh Agriculture Research Institute, Dinajpur, Bangladesh
(2) CIMMYT, P.O. Box 6057, Gulshan Dhaka-1212, Bangladesh
(3) 917 Brad field Hall, Cornell University Ithaca, NY 14853, USA
The combined effects of tillage methods, nitrogen management and levels on wheat yield
(Triticum aestivum L.) as a winter crop on a raised bed followed by summer mungbean (Vigna
mungo L. Wilczek) and transplanted monsoon (t.aman) rice (Oryza saliva L.) have shown to
increase productivity in the developed world but have not been studied in Bangladesh. A study was
conducted at the Wheat Research Centre experimental field in Dinajpur, Bangladesh, to compare
the effects of tillage options, nitrogen levels and management strategies on wheat, mungbean and taman. Two tillage systems were tested: manually prepared, permanent bed (PB) and conventionally
tilled on the flat (CTF). Two nitrogen management practices were used: broadcast, (BC) and
furrow placement (FP) except with mungbean. Three N levels (50, 100 and 150% N ha"' of
recommended) were also used for all crops. Heavy rainfall during the anthesis period of rice and
harvesting of mungbean negatively affected yields. Both wheat and rice responded to N fertilizer at
rates up to 150% N ha"1 of recommended but exhibited no response in mungbean. The application
of 100% N ha"1 of recommended (40 kg N ha'1) under PB condition produced the highest grain
yield (1,248 kg ha"1) in mungbean. The combination of PB and FP at 150% N ha"' of recommended
(105 in rice and 150 kg N ha"1 in wheat) produced the superior rice and wheat grain yields (5.10 and
4.98 t ha', respectively). In wheat, the maximum N uptake by the grain and total N uptake by the
plant was recorded in PB where the highest dose of N applied. For both rice and mungbean, the
highest agronomic efficiency (Ea) and partial factor productivity (Pfp) were recorded in PB. Using
a permanent bed tillage system, combined with retaining all crop residues into the soil as stubble,
had the maximum N use efficiency and thus, shows potential to increasing rice, wheat and
mungbean yields.
Keywords: rice, wheat, mungbean, bed planting, nitrogen levels, management
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Contrasting microbial populations and genes in flooded and
non-flooded habitats
TIEDJE James M.
Center for Microbial Ecology, Michigan State University, East Lansing, USA
Oxygen content and moisture content are the two environmental conditions that most strongly
affect soil microbial community composition and structure. Most flooded soils and sediments,
including paddy soil, are anoxic and hence the absence of oxygen is the first determinant of the
paddy soil microbial community. We have used molecular methods, especially 16S rRNA and
functional gene primers to examine and contrast community structure in several saturated and
unsaturated environments. We have learned that in low carbon environments, the community
structure often reflects a pattern typical of competition as the main determinant of structure, while
in high carbon environments and in unsaturated surface soils, there is little or no dominance of any
population. The latter suggests that competition is not the major force shaping structure under these
conditions. Denitrification, a process that occurs mostly if not totally in soils under anoxic
conditions, is a good molecular marker to explore diversity, spatial patterns, and activity under
shifting aeration, carbon and nitrate conditions. Conserved primers have now been identified for all
four enzymes in the denitrification pathway, i.e. narG, narH, nirS, nirK, norB and nosZ. Results
from these primers have shown that the diversity of these genes are very high, especially in
saturated soils and sediments, that the gene sequences in nature are different from those in culture,
and that there are spatial patterns with depth and distance. We have found the nirS genes (coding
for a heme nitrite reductase) to be diverse in a wetland soil, and absent in an upland soil, but nirK
genes (copper nitrite reductase) to be present in both habitats. Soils are known to vary in their
kinetic and oxygen sensitivity properties which must reflect differences in the underlying
populations and/or functional genes. Eventually it may be possible to some extent to link functional
properties to gene sequence, and hence to have indicators of function. Methodology is also
beginning to emerge to allow determination of which functional genes are expressed under
particular environmental conditions, further helping understand which sequences are more likely
produce the enzymes that are responsible for the function.
Keywords: soil microbial community structure, denitrification, nitrite reductase, molecular
ecology, soil DNA
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Methane and nitrous oxide emissions from
rice paddy fields
TSURUTA Haruo
National Institute for Agro-Environmental Sciences, Tsukuba, Ibaraki, 305-8604, Japan
Recent field studies in rice paddy fields in Japan and China have shown that N2O is emitted to
the atmosphere not only after the application of nitrogen fertilisers under flooded conditions but
also in a period from the final drainage to submergence in the following rice-growing season
through nitrification or denitrification. Those results clearly indicate that CH4 and N2O emissions in
rice paddy fields are in a trade-off relationship. In some cases, the emission rate of N2O equivalent
to CO: emission was higher than that of CH4, by using global warming potential (CC^CKt^O =
1:21:310). A long-term field study in Okayama, Japan, showed that no-tilled direct seeding
cultivation (N-TD) could reduce CH4 emission for several years after the start of N-TD, compared
with tilled transplanting cultivation (TT), while N2O was emitted from N-TD more than from TT.
Two field experiments which were conduced in different years and sites in China showed that the
annual N2O emission in double-rice cropping fields was much higher in the plot where Chinese
milk vetch was planted in winter than in the plot with dry fallow in winter, while the CH4 emission
rate was much lower in the Chinese milk vetch plot in the rice-growing season. From these results
strongly indicate that possible techniques to reduce N2O and CH4 emissions simultaneously from
rice fields should be developed, investigating nitrogen and carbon cycles in rice paddy fields and
measuring the flux of trace gases, not only in rice growing season but through a year. The
introduction of methodology of life cycle inventory to agro-ecosystems indicates that the annual
emission was highest in CH4 among three greenhouse gases in rice paddy fields, and the total
emission rate was much lower in rice paddy fields than in upland fields.
Keywords: rice paddy fields, methane, nitrous oxide, trade-off relationship, nitrification,
denitrification, global warming potential
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Cellulase diversity in Thai paddy soils
WATCHARAMUL Supawin (1,2) and O'DONNELL Anthony G. (1)
(1) Department of Agricultural and Environmental Science, University of Newcastle upon Tyne,
King George VI Building, Newcastle upon Tyne NE1 7RU, UK
(2) Department of General Science, Faculty of Science, Chulalongkorn University, Phyathai Road,
Patumwan, Bangkok 10330, Thailand
The plant cell wall (PCW) is a complex macromolecule comprising crystalline cellulose
imbedded in matrix polysaccharides such as pectins, xylans and mannans. In view of the complex
nature of the substrate, PCW-degrading microorganisms synthesise a vast array of different
glycoside hydrolases and esterases, which act synergistically to elicit complete saccharification of
this recalcitrant macromolecule. Typically, PCW-degrading bacteria and fungi express endo-acting
mannanases, cellulases (endoglucanases and cellobiohydrolases), xylanases, polygalacturonic acid
hydrolases (and lyases) rhamnogalacturan hydrolases (and lyases) and an array of biocatalysts that
remove the side chains from decorated hemicellulases and pectins. In addition, PCW degrading
microorganisms express numerous iso-forms of all the major endo-acting and certain key side-chain
cleaving enzyme species. These iso-enzymes are not derivatives of a specific protein but are
encoded by extensive multigene families. This paper will report on the diversity of these cellulases
in Thai rice-field soils as determined using environmental cloning techniques in which community
DNA extracted directly from a range of Thai soils has been amplified using PCR primers designed
to target family 45 cellulases. Following construction of a clone library in pCR-TOPO, the clones
were screened using a combination of denaturing gradient gel electrophoresis (DGGE) and
restriction digest analysis to identify unique clones. Unique clones were sequenced and analysed
phylogenetically. These sequences have been used to design nucleic acid probes and these have
been used in combination with phospholipid fatty acid analysis (PLFA), BIOLOG and microbial
biomass analysis to monitor changes in the size, activity and diversity of microbial communities
during the decomposition of rice straw.
These studies are providing new insights into the microbiology of decomposition in tropical
soils and provide exciting new opportunities for the biotechnological exploitation of cellulases in
pulp and paper processing operations in Thailand.
Keywords: cellulase, PLFA, microbial diversity, environmental cloning, biotechnology
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Effect of inoculation with Rhizobia and nitrogen fertilization
on growth, N: fixation and nutrients uptake by Leucaena trees
SOLTAN S.A. (1), EL-GHANDOUR I.A. (2) and ABDEL-AZ1Z H.A. (2)
(1) Soil Sei. Dept., Fac. Agric. Moshotor, Zagazig Univ., Banha Branch, Egypt
(2) Soil And Water Dept., Nuclear Research Center, Atomic Energy Authority, 13759 Abu-Zabal,
Egypt
Nitrogen fixing trees (NFTs) could be considered as an alternative source of nitrogen. So, using
lysimeters, response of Leucaena trees grown on a sandy soil to rhizobial inoculation and N
fertilization was assessed. Lyzemeters of 250 kg capacity were packed with sandy soil where each
lysimeter recevied 200 kg soil. Single supper phosphate and potassium sulphate were added at rate
of 150 and 50 kg fed"1, respectively. A basis of micronutrients was also applied. Three levels of N
(0, 15, 30 mg kg"1 soil) were applied in two forms, [(NH4)2S04 and NH4NO3].
The obtained results can be summarized as follows:
• Nitrogen fertilizers at rates of 15 and 30 kg N fed"1, combined with Rhizobium increased dry
matter yield 78 and 75% in leaves and 57 and 63% in branches, respectively compared with the
control (uninoculated and unfertilized treatments).
• Inoculation in presence or absence of N application increased the dry matter yield of leaves
by about 66% compared to uninoculated treatment.
• Application of N as NH4NO3 or (NH4)2S04 increased N, P and K uptake by leaves and
branches of these trees.
• The amounts of N2-fixed in leaves significantly increased by 1.16, 4.28 and 3.42
g lysimeter"' and in branches of Leucaena by 1.05, 2.61 and 2.38 g lysimeter compared to
uninoculated treatments when fertilized with l5NH4N03 at rates of 0, 15 and 30 kg N fed',
respectively.
• Inoculation treatment alone significantly increased P uptake in Leucaena leaves and
branches. This increase in P uptake was more obvious when N fertilizers were added at increasing
rates.
• Nitrogen fertilization with inoculation sharply increased micronutrients uptake by Leucaena
trees.
• We can conclude that inoculation of Leucaena trees with Rhizobium plus low dose of
chemical N source enhanced N, P and K uptake by plant and increased N2- fixation.
Keywords: nitrogen fixing trees (NTFs), Rhizobia, N2 fixation, Leucaena trees, nutrient uptake
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Role of arbuscular mycorrhizal symbionts in the alleviation of
toxicity in soil contaminated with potentially toxic elements
ABDUL RAH1M Khairuddin Bin (1) and PETER J. Harris (2)
(1) Malaysian Institute for Nuclear Technology Research (MINT), Bangi, 43000 Kajang,
Malaysia
(2) The University of Reading, Soil Science Department, P.O. Box 233, Whiteknights, Reading,
RG6 6DW, UK
The effect of arbuscular mycorrhizal fungi (AMF) in the amelioration of toxicity from arsenic
and other potentially toxic elements (PTE) in Plantago lanceolata and Agrostis capillaris, plant
species normally found at abandoned mines, was studied in pots in the greenhouse. Several AMF
genotypes isolated from the abandoned arsenic and copper mine of the Devon Great Consols,
England, were cultured on P. lanceolata as trap plant for the production of AMF inocula in TerraGreen sterilised using y-irradiation at 10 kGy. Soil samples containing high concentrations of
arsenic and PTEs induding copper, iron and zinc from the mine site was y-irradiated to eliminate
indigenous AMF, and placed in pots. Seedlings of P. lanceolata and A. capillaris were transferred
into the pots and inoculated or not inoculated with the AMF pure cultures. It was shown that
mycorrhizal P. lanceolata accumulated higher concentrations of As in the shoots than the nonmycorrhizal plant, while myconthizal A. capillaris mainly concentrate As in the roots.
Bioavailability of As in the test plants was found to be moderated by soil pH, soil organic matter
(SOM) content and concentration of phosphorus and iron. Variation in the uptake of arsenic and
other PTEs were observed in the different AMF symbionts, reflecting their tolerance to the
contaminants in the environment.
Keywords: arbuscular mycorrhiza, amelioration, soil, contamination, toxic
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Effect of organophosphate pesticides on microarthropods
in groundnut {Arachis hypogaea L.) agroecosystem
AGARWAL Meenu and SINGH Dileep K.
University of Delhi, Delhi-110007, India
Soil is a dynamic system consisting of a variety of microflora and microfauna. Among soil
biota micro-arthropods constitute a major group of organisms which are important in maintaining
soil fertility, either directly or indirectly, by degrading organic matter and releasing plant nutrients.
Most of the microarthropods, viz. Acarina, Collembola and Coleoptera, are saprophytes and
predators in soil. They are responsible for the flow of energy and nutrients through soil after
grazing on microflora, debris, organic matter and pesticides, resulting in an increase in microbial
biomass in the soil. Insecticide treatment may adversely affect these organisms and their activities
and in turn the soil health. If any change in soil microarthropod population occurs it may influence
the soil fertility. Acarina and Collembola account for 95% of the total soil microarthropods and are
important for soil health. In the present investigation, the effect of pesticide applications on
Collembola and Acarina were studied.Quinalphos and chlorpyriphos are widely used in the
management of white grub Holotrichia consanguinea, a major pest of groundnut crop. Insecticides
were used as seed treatment and soil treatment (standing crop treatment). Soil biodiversity
experiments were conducted on experimental plots on the University of Delhi campus and
agricultural fields at Agricultural Research Station, Durgapura, Jaipur, India. Soils of both Delhi
and Jaipur were sandy loams having a pH 7.9 ± 0.09 and 7.21 + 0.02, respectively. The groundnut
crop variety MA-10 was sown. The pesticides used were the organophosphates, Quinalphos 25%
EC and Chlorpyrifos 20% EC, at recommended dosage. The samples were processed in Tullgren
Funnel apparatus for the extraction of microarthropods. The collected arthropods were examined
under zoom binocular, sorted into different groups, counted and preserved in 70% alcohol. It was
observed that in quinalphos and chlorpyriphos treated (standing crop treatment) plots in Delhi the
population of Acarina declined by 86% on 0 day of pesticide treatment, whereas the population of
Collembola increased by 2406 fold on 120' day as compared to the control. Studies were also
undertaken to observe the populations of Coleoptera, Hymenoptera and Diptera in the soil. It was
found that their population declined in both the insecticide treated plots (standing crop treatment)
upto 85% in comparison to control on 30th day of the treatment. In the agricultural field at Jaipur,
the population of these microarthropods (standing crop treatment) declined up to 85% as compared
to control 60 days after quinalphos and chlorpyriphos treatments. It was also observed that at
recommended dosage rates the effects of insecticide application on Collembola and Acarina was
temporary and they recovered after a day or a week. Other microarthropods also followed the same
pattern.
Keywords: insecticide, quinalphos, chlorpyriphos, Collembola, Acarina, microarthropods
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Effect of humus and farmyard manure on ryegrass growth
and biochemical properties of the used soil
ALDA L„ ALVEAR M., GEBAUER F. and BORIE F.
Universidad de La Frontera, PO Box 54-D. Temuco, Chile
Manure which is completely ripe is stable, has very good physical properties and is probably
the most valuable kind of organic matter than can be added to soil, especially in gardening and
intensive horticulture. Similar or greater value may be afforded by humus obtained from cattle
dung transformation by earthworm activity.
The objective of the work was to evaluate the effect of two organic manures, humus and bovine
cattle dung, on biannual ryegrass growth and soil biochemical properties as well as on weed
appearance. With this purpose, increasing amounts both of humus and dung (0-60%) were added to
soil in randomized blocks of 3 m wide x 4 m long with four replications. Phytomass was assessed
by means of four cuts, biomass C and N, some enzymatic activities and weed presence were also
measured.
The results showed that during ryegrass growth, weed incidence was greater in the soil which
was treated with dung that with humus. This was due mainly dicotyledonous angiosperms (broad
leaf weeds) and increased with increasing dung addition. Germination was greatest in soil at 30%
dung and at 40% humus, repectively. Dry matter from humus plots was higher than with dung in
the first cuts indicating that initial nutrient delivery was faster from humus than from dung.
However, there was no significative difference at the end of the fourth cut and the highest yield was
obtained with 50% humus and 60% dung, respectively. The economical yield was obtained with
10% humus. As far as chemical parameters are concerned, there was a pH increase with both
treatments and as the concentration increased. Available P was increased 12.6 times with humus
and 4.7 times with dung; organic matter, although it increased with the rise of dung dose, was not
significantly different in the two treatments. Microbial biomass, expressed either as C or N
biomass, increased when doses were raised, doubling in dung compared with humus. Finally,
increased humus enhanced enzymatic activities by 13% (phosphatase), 679% (urease) and 25%
(beta-glucosidase). The increase was higher with a maximun of 50% dung, being 16%
(phosphatase), 914% (urease) and 131% (beta-glucosidase). In conclusion, both physical
manipulation and the delivery of P as nutrient were better with humus than dung.
Keywords: Andisol, humus, farmyard manure, ryegrass
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Symbiotical characteristics of indigenous
Sinorhizobium meliloti strains from some Iranian soils and
their variations in the different levels of salinity
ALIKHANI H.A. and SALEH-RASTIN N.
Soil Science Department, Agricultural Collage, Tehran University, Tehran, Iran
This investigation was carried out in Hamedan, Zanjan, Tehran, Semnan and Isfahan provinces
with field studies on plant, the amount of N-fertilizer used, the grade of root-nodulation that was
seen with soil and root-system sampling.
Determination of different strains' effectiveness was done in the greenhouse with the use of
inoculated seeds which were planted in pots with sterilized sands. In comparison with three levels
of N-fertilizer the strains of Sinorhizobium meliloti abilities for N;-fixation were grouped as: highly
effective, and partially effective.
For determining 5. meliloti strains tolerance to salinity we used Y M A medium with different
percentages of NaCI (0, 0.64, 1.28, 1.92 and 2.56). They were respectively classified as: completely
tolerant, tolerant, partially sensitive and sensitive to salinity.
Among existing strains, five were chosen based on the degree of effectiveness (very effective
and effective strain) and the degree of salt-tolerance (completely tolerant strains to sensitive ones)
and their Ni-fixation effectiveness and tested in a pot experiment with Kordan soil series of the
Karaj area that was treated synthetically with different amounts of NaCI.
This experiment was carried out in a completely randomized block design with two factors:
1) bacteria (five strains of S. meliloti) 2) salinity (EC=0, 4, 8, 10, 12 dSm') in the greenhouse for
120 days. The result of this investigation shows that:
First: there is a significant difference among the strains regarding the tested characteristics
Second: there is a great variety in tolerance of different strains of 5. meliloti to salinity, that is,
from completely tolerant up to sensitive.
Third: in saline conditions inoculations of alfalfa with completely salt-tolerant strains of
S. meliloti has caused more effective symbiosis and an increase in yield.
Keywords: salt stress, Sinorhizobium meliloti
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Nitrogen fixing bacteria and phosphate-solubilizing microbes
isolated from the rice rhizosphere
ANAS Iswandi
Laboratory of Soil Biology, Faculty of Agriculture, Bogor Agricultural University (IPB) Campus
1PB Darmaga Jl. Meranti 16680, Indonesia
Nitrogen fixing bacteria and phosphate-solubilizing soil microbes were isolated from 34 rice
rhizospheres and 29 soils from a swampy area of Central Kalimatan, Indonesia. These microbes
were isolated using selective media: nitrogen free for Azotobacter, nitrogen free bromthymol blue
for Azospirillum and Pikovskaya medium for phosphate solubilizing microbes.
Seventy-two isolates of Azotobacter, 51 isolates of Azospirillum, 82 isolates of phosphatesolubilizing bacteria and 10 isolates of phosphate-solubilizing fungi were isolated. Based on the
acethylene reduction assay, 14 of the Azotobacter and 5 of the Azospirillum isolates showed a high
(i.e. 19.0 nmol C2H4 h"1 mL"1) ability to fix atmospheric nitrogen. Fifty-seven isolates of bacteria
and 10 isolates of fungi showed a high ability (up to 31.7 mg kg"1 P) to solubilize insoluble
phosphates in the form of AHPO4) and Fe(P04). Inoculation of these isolates significantly increased
the growth of rice under greenhouse conditions. Root inoculation with Azospirillum-X (04/TNM)
and combinations of Azotobacter-2 (07.1/TNH/II) and the phosphate solubilizing fungus
(22.1/TNH/l) significantly increased the dry weight of the upper parts of the rice plant by 18% and
24% over the control, respectively.
Keywords: nitrogen fixing bacteria, Azotobacter, Azospirillum, phosphate solubilizing microbes,
rice
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Soil fungal communities and enzymes activities
in different peat ecosystems
ARTININGSIH Tvpuk (1), HASHIDOKO Y. (2) and OSAKI M. (2)
(1) R&D Center in Biology, Indonesian Institute of Sciences (LIP1), Juanda 18 - Bogor 16122,
Indonesia
(2) Graduate School of Agriculture, Hokkaido University, Sapporo 060-8589, Japan
The species composition of soil fungal communities was assessed over different peat
ecosystems in Central Kalimantan, Indonesia and related to their enzyme activities. Results indicate
that this ecosystem provides a habitat for diverse comminities of soil fungi. A total of 103 species
were recorded, of which 42 were found to be specific to peat ecosystem with phenol oxidase. The
enzyme activity of these communities was found to differ markedly between plots and soil depths,
with only 21 species showing acid phosphatase activity. Several species were also recorded to give
a positive response to incerasing alkalinity. These results suggest that indicators of soil fungal
diversity based on different habitat assessments could be developed for incorporation into peat
management plans.
Keywords: biodiversity, peat, phenol oxidase, acid phosphatase, soil fungi
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"Hot spots" of enzyme activities in a tropical sandy soil
under different land uses
BADIANE NDOUR Yacine (1,2) and CHOTTE Jean-Luc (1)
(1) Laboratoire de Bio-Pedologie, Centre IRD BP 1386 Dakar, Senegal
(2) Institut des Sciences de PEnvironnement, Universite, Cheikh Anta Diop, BP 5005 Dakar,
Senegal
The soil represents for the microorganisms a complex and heterogeneous medium. They
distribute within different niches according to the chemical and physical environment and in
relation to theirs needs. Biological and biochemical functions of soil depended on community
structure associated with each of these habitats. Several models to describe the spatial distribution
of soil microorganisms have already been proposed., as has the impact of the location of these
microorganisms on their activities and abundance. Moreover, microscale approaches have provided
relevant information about the diversity and complexity of microbial communities inhabiting the
soil. Those sections of these habitats in which most of the microorganisms and or the global
microbial activities are concentrated referred to as "Hot spots".
The aim of this study was to evaluate the effect of different management practices (fallow
versus continuous cropping systems) on the location of soil enzyme activities within different
microbial habitats in a sandy tropical soil (Senegal, West Africa).
The soil was sampled from a field site located 250 km south of Dakar, Senegal (13.45'N,
15.40'W). The climate is dry tropical and rainfall is confined to the period from July to October.
The soil was described as sandy, ferruginous Oxisol). Three plots were selected: a 21-year-old
natural fallow, a 4-year-old plantation of Andropogon gayanuis, and a 4-year-old plantation of
Acacia holocericea fallow. Soils were sampled from the 0-10 cm layer using a metal box to avoid
any disturbance of soil structure. Four replicates were taken from each plot. The soils were
incubated for a week and then fractionated by a gentle physical procedure after being submersed
(w/v = 250 g / 1000 mL) in distilled water for 24 h at 4°C to prevent any microbial proliferation.
This procedure allowed the particle size fractions > 2000 um, 50-2000 um, 2-50 um and 0-2 Jim to
be collected. Total organic carbon and nitrogen (by wet combustion), ß-glucosidase and acidic
phosphatase were determined on each fraction. Analysis of variance was carried out on enzyme
activities to test the differences between plantation and fallow.
The results compare the weight distribution of the particle size fractions isolated from each
plot, indicating the impact of land use management on soil aggregation. The enzyme activities
within the different microbial habitats in relation to soil organic matter content is presented. The
importance of land use management on the functioning of soils at a microscale level is discussed.
Keywords: tropical sandy soil, West Africa, land uses, microbial habitats, enzymes
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Comparative effects applications of a composted material
and inorganic fertilizers on the soil
BELYAEVA Oksana and BIRUKOVA Olga
Rostov State University, 105, B Sadovaya St, Rostov-on-Don, 344006, Russia
Throughout the world, concern has been raised regarding a decline in soil quality and soil
fertility under continuous arable agriculture. In particular, the loss of soil organic matter and the
attendant decline in soil microbial activity is of concern because of consequent declines in nutrientsupplying power and soil physical and chemical properties. The aim of this study was to compare
the effects of a newly developed organic manure "Super Compost" (SC) with that of inorganic
fertilizers on soil microbial activity. The SC had an organic C, N, P205 and K20 content of 19.7,
0.6, 2.1 and 2.7%, respectively. It was applied at three rates (0.5, 1 and 2 Mg ha"1) to a calcareous
Chernozem (pH 7.8) in a field experiment in which barley was the test crop. The other plots
received N, P and K from inorganic fertilizer sources at the same rates as were applied by the SC.
The study soil had a humus content of 3.9%, a CaCCb content of 1.44% and a clay content of
61.3%. Exchangeable Ca, Mg and Na were 230, 100 and 1 mmol c kg', respectively. At the end of
the first and second years the organic C, soil respiration and urease, invertase, phosphatase and
catalase activities were measured.
Soil organic matter content declined during the course of the experiment under all treatments.
That is, the rate of microbial decomposition of organic matter exceeded that of humus formation.
Soil microbial activity, as estimated by respiration rate and enzyme activity, was greater in the
second than first year and this will have contributed to the accelerated decomposition rate. The
activity of the enzyme invertase (involved in microbial hydrolysis of sucrose to glucose and
fructose) was very high in the soil (e.g., 50-56 mg product g" soil h') reflecting the high microbial
activity and rapid rate of organic matter decomposition.
The rate of decline in soil organic matter content was, however, much less pronounced where
SC was applied. Indeed, increasing application rates of SC caused a progressive relative increase in
soil organic matter content compared with control although there were no significant differences
between the 1 and 2 Mg ha" rates. For example, after the second year, the relative percentage
increases in soil organic matter content amounted to 6.3, 11.3 and 14.1% for the 0.5, 1 and 2 Mg ha"
1
rates respectively. Organic matter content was unaffected by applications of inorganic fertilizer
materials. Respiration rate and the activity of various enzymes assayed were also increased by
applications of SC but not by inorganic fertilizers.
It was concluded that SC shows promise as a prospective new fertilizer material. In addition to
supplying nutrients, its application at a rate of 1 Mg ha"' can cause a substantial increase in soil
organic matter content and soil microbial activity.
Keywords: biological activity, humus
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Effect of combining sulfur with Thiobacillus inoculants on the
uptake of Fe and Zn by corn
BESHARATI H. (1) and SALEH-RASTIN N. (2)
(1) Candidate Tarbiat Modaress University, Faculty of Agriculture, North Kargar AVE., Tehran,
Iran
(2) Faculty of Agriculture, Tehran University, Tehran, Iran
The oxidation of sulfur in soils through biological activities causes acid production. The
activity of sulfur oxidizing Thiobacilli is very limited in calcareous and alkaline soils. We studied
the effective application of native isolates of Thiobacillus spp. as inoculants on increasing the sulfur
oxidation and Feand Zn uptake by corn in Iranian calcareous soils. Greenhouse studies were
performed based on Completely Randomized Design (CRD) in factorial experiment with 24
treatments in four replication.
The treatments used were two levels of sulfur (SO: without sulfur and SI: 0.5 percent sulfur),
three levels of phosphorus (P0: without phosphorus PI: 0.16 percent appatite and P2: 20 mg kg"1
phosphorus as triplesuperphosphate), three types of inoculum (Tl: obligate autotrophic Thiobacilli,
T2: facultative autotrophic Thiobacilli and T3:T1+T2) and control. The soil pH was 7.8 and
available Fe and Zn was 1.86 and 0.55 mg kg " respectively, which were less than critical level for
corn. The experiment was carried out by using 3.5 kg of sandy loam soil in each pot. Single Cross
301 variety of corn seeds were sown in treated soils and pots were irrigated with deionized water
during the 70 day growing period; then, plants were cut and dried out.
Dry matters of roots and shoots and uptake of Fe and Zn by plants were measured. Results
were analyzed with a MSTATC program. The results indicated that S application together with
Thiobacillus inoculation increased Fe uptaked by corn 137.2 percent in comparison with the control
whereas the sulfur increased it 36.5 percent. The highest Fe uptake was obtained when sulfur and
obligate autotrophic Thiobacillus were applied. Corn yield had the highest correlation with Fe
uptake (R2=0.94 ). Also corn in comparing sulfur application decreased 56.8 percent Zn uptake by
with the control, and sulfur plus Thiobacillus inoculant.
Keywords: sulfur, Thiobacillus, inoculant, corn, zinc, iron
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Influence of nitrogen forms on wheat mineral acquisition
and mycorrhizal propagules released
BOR1E F. (1), CORNEJO P. (1), RUBIO R. (1), CASTILLO C. (1) and BAREA J.M. (2)
(1) Universidad de La Frontera- P.O. Box 54-D. Temuco, Chile
(2) Estación Experimental del Zaidin, C.S.I.C, Granada, Espana
Acidic soils, mainly Ultisols and Andisols, are common in Southern Chile, where they cover
more than 5 millions ha with some cereal-legume rotations as the main cropping system. The low
P-availability together with the high Al activity of these soils have prompted some studies which
have demonstrated that the mycorrhizal symbiosis plays a crucial role on P cycling. However,
when the cereal is sown in the rotation, N fertilizer must to be applied. N application is known to
affect soil pH, depending on form of application (N-NO3" or N-NH4), and these pH changes
modify AM formation and activity. Therefore, we expected to find positive interactive effects
between AM developments and the form of N fertilizer that would influence the availabity of plant
nutrients and also the release of AM propagules for the succeeding crop in the rotation.
The objective of this work was to study (i) certain root-soil interface activities, and (ii),
mineral acquisition and AM propagules left in the soil at harvest of wheat plants. An acidic
Andisol, fertilized with N-nitrate plus N-ammonia at different ratios, was used.
Two wheat cultivars (cv. Otto and Metrenco) were sown in 1 L pots containing an Andisol
(pHmo 5.4, NaHC03 -extractable P 4.0 Hg g"', SOM 18%; total P 2540 |ig g"1, Org. P 1480 ug g"1,
CEC 11.3 cmol,+) kg"1, Al sat. 0.61%) fertilized at the equivalent rate of 87 kg P ha"1 and 200 kg N
ha"1 at five N-NO3"1- N-NH4+ ratios (1- 0.75 - 0.50 - 0.25 - 0). Two- thirds of the plants were
harvested at milky stage of development (22 weeks after sowing) and at maturity (29 weeks).
Shoots and roots were dried, weighed and analyzed for P, Ca, Mg, K, Zn, Cu, Mn and Al and AM
root colonization. Soil pH, Olsen-P, acid phosphatase activity (P-ase) , mycorrhizal spore number
and total and active fungal mycelium were determined. In the remaining pots, root AM
colonization, spore numbers and fungal mycelia were also quantified three months after last
harvesting.
Results showed no significant differences in plant growth at different treatments in both
cultivars at maturity but increases of soil pH (5.5->-5.7), Olsen-P (6.6->8.3), spore numbers (2082->
4550), total (11.6"*-12.3) and active (5.02-+6.34) mycorrhizal mycelium were observed with
Metrenco cultivar at three months after harvesting when using 100% N-NO3" in comparison with
100% N-NH4+. No significant differences in K, Ca, Mg and Zn shoot acquisition were observed at
whichever applied N ratio. However, Mn and Al uptake decreased at the highest N- NO3" ratio in
by 25 and 43%, respectively. These results suggest the preferential use of N-NO3" rate over N-NH/
as N-fertilizer when high AM propagules are expected to colonize the succeeding crop in a rotation
system and confirm its beneficial effect in decreasing Al and Mn levels.
Keywords: wheat, mycorrhizal propagules, fungal mycelia, nitrogen forms
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Monitoring the impact of acetochlor on microbial activity
and numbers in the surface and subsurface of a sand soil
WILSON Bryan and BURNS Richard G.
Research School of Biosciences, University of Kent, Canterbury, Kent CT2 7NJ, UK
In a laboratory experiment, the surface (0-30 cm) and subsurface (390-420 cm) of a sand soil
were treated with different doses of the herbicide acetochlor (2-chloro-[2'-methyl-6-ethyl-iVethoxymethyl]-acetanilide). Acetochlor was added to surface soils at 1 x and 10 x field application
rates (1.57 and 15.7 ug g"' d wt soil); the subsurface soils were treated at 0.25 x and 2.5 x field
application rates (0.39 and 3.9 u,g g" d wt soil). The disappearance of acetochlor was monitored by
HPLC-DAD analysis. After 67 d, 76% and 19% of applied acetochlor had disappeared in the 1 x
and 10 x surface soil applications, respectively. In the subsurface soils, a 13% reduction was
recorded in the 2.5 x application. Impacts of acetochlor on soil microorganisms and microbial
processes and their subsequent recovery were assessed by measuring changes in bacterial numbers
(using conventional plate counts) and total microbial activity (fluorescein diacetate hydrolysis), and
by using molecular techniques to analyse extracted DNA and RNA. In surface and subsurface soils,
significantly higher microbial numbers and rates of activity were recorded at all applications (in
comparison with untreated soils). An immediate increase in FDA hydrolysis was seen in all soils
following acetochlor addition, with the activity reaching a maximum (e.g. 15.2 [x 0.25] and 26.2 [x
2.5] (ig fluorescein g"1 d wt soil 24 h"1 in the subsurface soil) between days 1 and 7. Recovery of the
soils (defined as the process at which values for untreated and treated soils are the same) varied
according to whether bacterial numbers or FDA hydrolyses were measured. Bacterial numbers were
similar to the control after 15 d (surface) and 27 d (subsurface) whilst elevated levels of FDA
hydrolysis only began to decline after 51 d. The appearance of acetochlor metabolites (e.g.
acetochlor-ethanesulphonic and acetochlor-oxanilic acid) is being investigated to determine the
relationship between acetochlor degradation and changes in microbial processes. Other
measurements included the analysis of extracted soil DNA and RNA to assess changes in
population structure and functional activity, respectively. DNA was amplified by PCR using
primers specific for a-, ß-, y-proteobacteria and population dynamics monitored using singlestrand-conformation-polymorphism analysis. Changes in the expression of glutathione-^-transferase
(an enzyme implicated in acetochlor transformation) were investigated by RT-PCR of extracted
RNA. These data will be presented.
Keywords: sub-soil, herbicide, bacterial numbers, FDA, DNA
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Effects of earthworms on Zn fractionation in soils
CHENG Jiemind) and WONG Ming H. (2)
(1) College of Resources and Environmental Science, Nanjing Agricultural University, Nanjing
210009, P.R. China
(2) Institute for Natural Resources and Environmental Management, Department of Biology,
Hong Kong Baptist University, Kowloon Tong, Hong Kong, P.R. China
Laboratory incubation experiments were conducted to examine the effect of earthworm
(Pheretima sp.) activity on soil pH, zinc (Zn) fractionation and nitrogen (N) mineralization in three
soils. No Zn uptake by earthworms was observed. Zinc addition decreased pH of red soil (Soil 1)
and hydragric paddy soil (Soil 3) by 0.5 and 0.2 unit respectively, but had no effect on alluvial soil
(Soil 2). The effect of Zn on soil pH was possibly due to a specific adsorption mechanism between
Zn and oxides. Earthworm activity significantly decreased the pH of red soil, a key factor affecting
Zn solubility, but not of the other two soils. Earthworm activity significantly increased DTPA-Zn
(DTPA-extractable) and OxFe-Zn (NH2OH-HCl-extractable) in red soil, but had little effect on
other fractions. In alluvial soil, earthworm activity significantly increased OxFe-Zn but decreased
organic-Zn (organic-associated Zn). In hydragric paddy soil, earthworm activity significantly
increased MgCb-Zn (MgCl2-extractable) and organic-Zn. The level of CaCb-extractable Zn in all
three soils was not affected by earthworm activity. Nitrogen mineralized resulted from earthworm
activity was equivalent to 110, 120 and 30 kg N ha"1 in Soils 1, 2 and 3, respectively. Zinc added at
the rate less than 400 mg Zn kg"1 did not seem to affect the activity of N-mineralizing
microorganisms. The present results indicated the possibility of increasing metal bioavailability of
relatively lower level metal-contaminated soils, with a higher organic mater content, by earthworm
inoculation.
Keywords: earthworm, pH changes, zinc fractionation, nitrogen mineralization, China
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The use of 18S ribosomal DNA to assess the diversity
of nematodes in European grasslands
WAITE LS. (1), COLVAN S.R. (1), O'DONNELL A.G. (1), EKSCHMITT K. (2), BAKONYI
G. (3), BONGERS M. (4), BONGERS T. (4), BOSTROM S. (5), DOGAN H. (2), HARRISON
A. (1), KILLIMANIS A. (6), NAGY P. (3), SOHLENIUS B. (5), STAMOU G.P. (6), DA VIES
J.T. (1) and WOLTERS V. (2)
(1) Department of Agriculture and Environmental Science, University of Newcastle,
Newcastle Upon Tyne, UK
(2) Justus Liebig University of Zoology, Stephanstrassee 24, D-35390 Giessen, Germany
(3) Godollo University of Agricultural Sciences, Department of Zoology and Ecology, H-2103
Godollo, Pater K. u. 1., Hungary
(4) Wageningen Agricultural University, Laboratory of Nematology, Post Box 8123, NL-6700
ES Wageningen, The Netherlands
(5) Swedish Museum of Natural History, Department of Invertebrate Zoology, Box 50007, S
104 05 Stockholm, Sweden
(6) Aristotle University of Thessaloniki, School of Biology, Department of Ecology, UPB 119,
GR-54006 Thessaloniki, Greece
Molecular ecological techniques have been widely used to study bacteria in soil and to
determine diversity in natural environments. The study of other soil organisms, such as nematodes,
has proved more difficult by these techniques. This paper reports on the studies of nematode
communities in European grassland soils by the exploitation of conserved regions in the 18S rDNA.
Using 'specific' 18S rDNA ohgonuleotide primers, nematode specific sequences were amplified
from total community DNA in soil. These amplicons were subsequently used to study ecological
diversity. A clone library was constructed and screened using restriction fragment length
polymorphism (RFLP). Novel clones were sequenced and analysed phylogenetically. Amplicons
were also used for denaturing gradient gel electrophoresis (DGGE). Bands from DGGE were
excised, sequenced and analysed phylogenetically. Although the lack of available sequence data for
nematodes made the design of specific primers difficult, the results show that molecular techniques
can be used to analyse the genetic diversity of nematodes in soil.
Keywords: soil, nematode, rDNA, cloning, DGGE
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Earthworm density and diversity reflect soil nutrient balance
under four different vegetation types
PAPA B. and AYANLAJA S.A.
Ogun State University, PMB 2002, Ago-Iwoye, Nigeria
In this study, earthworm population and density were related, using multiple stepwise
regression analysis to soil moisture content, temperature, K:P as well as C:N ratios, micronutrients
and various nutrient ratios in the nascent litter of four different vegetation types under humid forest
conditions in Nigeria. Six different earthworm species were found under glyricidia, three under
mulberry, while only two each were found under Bahama and Cocoa. The most widespread
earthworm was Hyperdrodilus africanus. Both the number and biomass of earthworm were so
highly correlated with the combination of K:P and C:N ratios as to indicate that nutrient balance in
the soils could be predicted by earthworm population.
Keywords: C:N, K:P ratios, earthworm population
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The survival strategy of the soil microbial biomass:
the key to its manipulation
DE NOB1LI Maria (1). CONTIN Marco (1), MONDINI Claudio (2) and BROOKES Phil (3)
(1) University of Udine, Udine, Italy
(2) Instituto Sperimentale per la Nutizione delle Piante Goriza, Italy
(3) Rothamsted Experimental Station, Harpenden, Herts, UK
The vital role of the soil micro-organisms (collectively the soil microbial biomass) in
mineralizing all the plant and animal residues that enter soil, and thus in the recycling of the major
plant nutrients, is widely recognised. However, little is known of the physiological adaptations of
this relatively huge population (often more than 101 ha" living tissue in UK arable soils and several
times larger than this in grassland) to equip it for survival in soil. Here we suggest that a better
understanding of these survival strategies may help us to begin to manipulate this vital soil
population
Existing in a substrate-poor environment for much of the time, the microbial biomass exhibits
features such as a slow metabolic rate and long turnover typical of a resting, or dormant population.
Yet, paradoxically, it has an adenosine 5'-triphosphate (ATP) concentration and adenylate energy
charge (AEC) typical of micro-organisms undergoing exponential growth in vitro. We believe that
these features are evolutionary adaptations to permit microbial survival in the relatively
unfavourable soil environment.
The small nutritional value of the large, but mainly unavailable, soil organic matter pool is
from time to time augmented by pulses of nutrients from plant and animal residues. Under these
conditions, a survival strategy based upon maintenance of a relatively active, or 'alert' metabolic
state, despite the expenditure of scant energy reserves, may have better survival value, in
evolutionary terms, than one based upon resting cells or spores. However, there must be some
stimulus to cause the microbial biomass to switch from an 'alert' to a fully metabolically active
state. We added relatively tiny amounts (i.e. ig quantities) of 'trigger molecules' extracted from
rhizosphere soil or fresh roots and also trace quantities of glucose, vitamins and amino-acids, either
alone or with an added substrate (pure cellulose), to different soils. We found that these trace
amounts of 'trigger molecules' invariably produced a greater respiratory response, (i.e. more C0 2
evolved), from the biomass than was contained as C in the 'trigger molecules' themselves.
We suggest that small traces of 'trigger molecules', reaching the biomass in the soil solution,
activate the microbial biomass to a high state of energetic arousal in anticipation of a more
significant 'food event'. This explains the paradox of a dormant or resting soil microbial biomass
maintaining a large ATP concentration and high AEC even when fresh substrate does not appear for
weeks or even months.
This phenomenon may have implications for the successful introduction of selected or
genetically-modified micro-organisms to soil and in manipulating the biomass to better degrade
recalcitrant soil pollutants. This is discussed.
Keywords: microbial biomass, microbial survival, trigger molecules
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Influence of fungal inoculant type and water potential
on degradation of pesticides
FRAGOEIRO Silvia and MAGAN Naresh
Applied Mycology Group, IBST, Cranfield University, Silsoe, Bedford MK.45 4DT, UK 4DT, UK
Polystictus versicolor, Trametes versicolor, Pleurotus ostreatus and P. chrysospohum were
screened at two water potentials (-0.7 MPa and -2.8 MPa) for the ability to tolerate and degrade
simazine alone and as part of a mixture a mixture of simazine, dieldrin. All four species showed the
ability to grow, at both water potentials. Temporal studies using HPLC quantification demonstrated
that P. ostreatus and T. versicolor could degrade up to 75% of the simazine over 21 day incubation
period at 15°C and -0.7 MPa and -2.8 MPa water potential respectively. The impact of
environmental factors on potential for bioremediation needs to be considered when developing
inoculants for xenobiotic compounds in soil matrices.
Keywords: bioremediation, pesticides, fungi, soil
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Chickpea biofertilization: nitrogen fixation
as affected by phosphate resources using 15N technique
GALAL Yehia C M . and SOLIMAN Soliman M.
Atomic Energy Authority, Nuclear Research Center, Soil and Water Research Department, AbouZaabl 13759, Egypt
A pot experiment was conducted for tracing the effect of phosphorus types that were applied at
different rates on the release of nitrogen from fertilizer and BNF. Chickpea (Cicer arietinum cv.
Cicer 36-ICARDA) was inoculated with peat-based inocula of Phosphorin, mycorrhizae (AM) and
mixture. Three types of P fertilizer, i.e. superphosphate, rock Pi (Safaga) and rock P2 (Abou-Tartor)
were applied at rate of 25 and 50 mg P kg" soil in the presence or absence of inocula. Labelled
ammonium sulfate with 15N 10% atom excess was applied at rate of 15 and 30 mg kg"' soil for
chickpea and barley (Reference crop), respectively. The plants were harvested 60 days after
planting, dried and shoot dry weight was recorded then prepared for analysis. N and P contents
were determined by standard analytical methods. 15N/ 4N ratio was determined by emission
spectrometry model-NOI 6 PC and N2-fixed was estimated using A-value concept. The obtained
data were subjected to statistical analysis. Addition of phosphorus fertilizers, especially at the high
rates, positively affected the growth and dry weight as compared to the unfertilized control.
Significant variations were noticed between the three P sources at low rate of addition (25 mg P kg"1
soil). Infections with AM mixed with phosphorin under low level of rock P Abou-Tartor gave the
best results of dry weight, N and P uptake when compared with other P sources and control.
Biological N2-fixed was higher in dual inoculation (Phosphorin+AM) than the individuals. The
percentages of N2-fixed were ranged from 14 to 31 according to inoculation treatments and P
sources and levels. Nitrogen losses were decreased by inoculation. The higher reduction in N losses
was recorded with AM+Phosphorin inocula indicating the enhancement of N uptake from
fertilizers. This is a good point for saving environment from pollution.
Keywords: A-value, biofertilizers, BNF, chickpea,
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Bioremediation of rice grown acid soils through
acid tolerant cyanobacteria
GOPALASWAMY Ganesan and KANNAIYAN Sadasivam
Algal Biotechnology Laboratory, Tamil Nadu Agricultural University. Coimbatore - 641 003,
Tamil Nadu, India
Cyanobacterial cultures were isolated from rice grown acid soils of Tamil Nadu having a low
pH of 4.9 - 6.2. Based on the growth and performance, 5 cultures viz., Anabaena - AT-TGK-A1,
Nostoc - AT-TGK-Nl, Oscillatoria - AT-TGK-Ol, Wesliellopsis - AT-TGK-Wl and Wesliellopsis
- AT-TGK-W2 were selected and designated as acid tolerant. The effect of low pH viz., 4,5 and 6
on these acid tolerant cyanobacterial cultures were evaluated for growth, biomass production and
biochemical constituents in comparison to a normal non-acid soil cyanobacterium Anabaena - NSTGK-A 1 in vitro condition. All acid tolerant cultures performed better at pH 4, than Anabaena NS-TGK-A 1. Maximum acid tolerance was seen at pH 5. Among the cyanobacterial cultures.
Wesliellopsis - AT-TGK-Wl showed maximum tolerance to acidity upto pH 4 followed by
Wesliellopsis - AT-TGK - W2 and Anabaena - AT-TGK- A l . The acid tolerant cultures were mass
multiplied and the effect of individual and composite inoculation was studied on ASD 20 rice
seedlings. Inoculation of individual (or) composite culture to rice seedlings significantly increased
the seedlings growth, chlorophyll content, flood water ammonia than the non acid soil culture
Anabaena - NS-TGK-A 1. Algalization of rice crop with composite culture of acid tolerant cultures
could increase the yield of ASD 20 rice by 43 percent over the uninoculated control in acidic
condition. Observation on pH shift between inoculated and uninoculated treatments revealed a shift
in pH to near neutral in inoculated condition only.
Keywords: acid tolerant, bioremediation, cyanobacteria, composite inoculum, nitrogenase, pH,
polysaccharide
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Effects of soil tillage methods on corn yield and weed density
HATAMl Sepideh and MAHMOUDI Asghar
Agricultural Research Center, Dept. of Pest and Disease Study, West Azarbaijan, P.O. Box 365,
Iran
The species composition and density of weed seed in the soil vary greatly and they are closely
linked to the cropping history of the land. Altering tillage practices change weed seed depth in the
soil, which plays a role in weed species shifts and affects efficacy of control practices. In this order,
the effect of tillage method, using chisel and Mould board plow in 25 cm depth, on weed density in
a corn farm of single grass 704 was investigated for 3 years from 1378-1380. This experiment that
was a part of a main experiment basid on random block designs and was carried out in Miandoab
agriculture research station. Main weeds of experimental farm were: Field bindweed Convolvulus
arvensis) - Red root pigweed (Amaranthus retrofle.xus) - Lambsquarters (Chenopodiuni album) common purslane (Portulaca oleraceae ) - Barnyard grass (Echinochloa crus-galli). Analysis of
variance results indicated that the effect of tillage methods on density of common purslane and
barnyard grass was significant at 1% level but on the other weeds, tillage method did not show any
effect on their density. Average of density of barnyard grass during 3 years with mould board plow
and chisel were 43/083 and 12, respectively and average of density of common purslane with mould
board plow and chisel were 6/917 and 14/5, respectively and they were placed in separated group
by using of Duncan's multiple range test.
Keywords: corn, tillage, weed
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Influence of vesicular arbascular mycorrhizal fungi and
phosphate solubilizing bacteria on Nursery establishment
and growth of tea seeding in Assam
HAZARIKAD.K.. TALUKDAR N.C., PHOOKAN A.K., SAIKIA U.N., DAS B.C. and
DEKA P.C.
Assam Agricultural University, Jorhat - 785013 Assam, India
Tea (Camellia sinensis (L.) O.Kuntze) being the most important beverage of the world,
occupies a unique place among the plantation crops. It contributes significantly towards India's
economy, averaging 1500 crores annually, which is approximately 6 per cent of the total earning.
In tea plantations, agrochemicals are extensively used for managing insect pests, diseases and
weeds. Substantial gain in leaf harvest and reduction in manpower utilization has made the
chemicals in tea industry so popular that all the tea estates of Assam adopt only chemical inputs for
production of tea. These agrochemicals can be toxic to the non-target organisms and they may
damage the functioning the systems where they are used. Moreover, these chemicals are capable of
withstanding the vigrous process of tea manufacturing to end up in the consumer's cup of tea. This
is thus certainly a health hazards needing attention from the agriculturist and environmentalist.
Under the above circumstances, searching for alternate methods of tea husbandry maintaining
sustainability of soil becomes imperative. Exploitation of soil micro-organisms viz., vesicular
arbascular mycorrhizal (VAM) fungi and phosphate solubilizing bacteria (PSB) offers an attractive
alternative to the use of chemicals. Tea plants require high input and are well adopted to acidic
soils of Assam. Although aluminum toxicity and phosphorous deficiency are common phenomena
in acid soils, mycorrhizal tea plants help in uptake and utilization of phosphorus even in the
presence of aluminum. Keeping this in view an investigation was conducted to study the effect of
VAM fungi and phosphobacteria on cutting establishment in nursery and growth of tea seedlings.
Mycorrhization of tea cuttings with different species of VAM fungi isolated from different tea
rhizospheres of Assam significantly improved the cutting survivality over uninoculated controls.
Among them. Glomus fasciculatum isolated from tea estate of Tocklai Tea Experimental Research
Station was found to the most efficient and registered the highest per cent survivability of tea
cuttings with highest shoot length, root length, dry weight and nutrient (N, P) uptake of tea
seedlings.
Similarly, inoculation of tea seedlings with G. fasciculatum individually or in combination with
phosphobacteria Bacillus polymyxa significantly increased shoot length, root length, dry weight,
nutrient uptake and mycorrhizal status of tea seedlings over uninoculated controls. The effect was
more prominent in the presence of rock phosphate (poorly soluble) than single super phosphate
(readily soluble). These results suggest that VAM fungi and phosphobacteria can be used as
substitute of phosphatic fertilizer for raising tea nursery which not only save quantity of phosphatic
fertilizer but also reduces the costs of the production of tea.
Keywords: VAM fungi, phosphate solubilizing bacteria, tea. Glomus fasciculatum. Bacillus
polymyxa, phosphorus

379

Symposium no. 12

Paper no. 269

Presentation: oral

Microbial biomass and its turnover: a potential diagnosing
tool for soil fertility quality?
HE Z.L. (1,2), CHEN G. (1), YAO H. (1), CALVERT D.V. (2), LUO Y. (3) and
HUANG C.Y.(l)
(1) Department of Resource Science, Zhejiang University, Huajiachi, Hangzhou, P.R. China
(2) University of Florida, Indian River Research and Education Center, Fort Pierce, FL 34945,
USA
(3) Nanjing Soil Science Research Institute, Sciences of Chinese Academy, Nanjing, P.R. China
Laboratory analyses, greenhouse experiments, and field trials were conducted to investigate the
possibility of using total microbial biomass-carbon, -nitrogen and -phosphorus, and their turnover
rates as indicators of nutrient availability, soil fertility and sustainability in eight red soils (plinthite
Aquults) with increasing fertility levels and changing land use. Comparisons were made with soil
testing indexes obtained by chemical methods. Microbial biomass-C (Cmjc), -N (Nmjc), and -P (Pm,c)
in the soils ranged from 20.2 to 425.8 mg C kg', 4.0 to 52.6 mg N kg"1, and 2.1 to 43 mg P kg"1
respectively. The turnover rates of Cmic, NmiC, and PmK. were 80-170d, 63 to 250d, and 68-115d.
respectively in three red soils with contrasting texture and microbial biomass. The C,„lc Nmic, and
Pmic were highly interrelated and significantly correlated with soil fertility indexes such as organic
matter (Corg), total and available N (NT, NA-mineralizable N) and P (PT, PA-Brayl-P). Both dry
matter yield of ryegrass (DMY) and N uptake of the plants were highly correlated with Cmjt
(r=0.94* and 0.94*, respectively) and Nmil (r=0.92* and 0.92*, respectively). The correlation
between ryegrass DMY and Cmjg was better than that between the DMY and Cmi,, and the
correlation between N uptake and N,rac was better than that between N uptake and NT. There were
close relationships between ryegrass dry matter yield, plant P uptake or tissue P concentration and
Pmic in the red soils. The corresponding correlation coefficients were 0.79*. 0.89* and 0.91*.
respectively. Field trials demonstrated that rice grain yield was more closely correlated with C im
(l- 0.88*) or Nmic, (r=0.89*) than Cor6 (r=0.75) or NA (r=0.74). The turnover of microbial biomass
generated annual fluxes of 140 to 270 kg N and 18-24 kg P per hectare for the three tested soils,
which accounted for 80% to 200% of N or P removal by harvested crops. The turnover rates of Cmit
NmjC, and PmiC were generally higher in soils with lower Cmic Nmic, and Plmc values and lighter
texture. These results indicate that microbial biomass is an important pool of available N and P in
red soils and their turnover serves as dynamic sources of these nutrients. Soil microbial biomass and
their turnover rates have a great potential as a diagnosing tool for sustainable agriculture.
Keywords: diagnosing tool, fertility indexes, field trial, microbial biomass-C, -N, -P, red soils,
turnover rates
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Bioremediation of nitrate contaminated groundwater using
denitrifier immobilized onto synthetic carrier
KANCHANATAWEE Sunthorn (1) and MATSUMURA Masatoshi (2)
(1) School of Biotechnology, Suranaree University of Technology, Nakhon Ratchasima, Thailand
(2) Institute of Applied Biochemistry, University of Tsukuba, Tsukuba, Ibaraki 305-8572, Japan
Potential starch degrading denitrifying bacteria were isolated from lake sediments. This
bacterial isolate was confirmed to denitrify soluble starch as the sole carbon source by reduction of
nitrate in the medium at 10°C, 15°C and 30°C batch incubation. The denitrification activities were
very much better at 15°C. Groundwater samples from site (Hokota town, Japan) had been analysed
for nitrate and some other minerals. The concentration of nitrate was found to be higher than 10
mg L . Repeated batch experiment with the isolate immobilized on a synthetic (nonbiodegradable) carrier had been carried out using soluble starch and groundwater. The isolate can
denitrify nitrate in groundwater to none after 4 days of each batche, and the system can be operated
continuously for over 11 batches or about 2 months provided minimal carbon source to support
growth of the isolate.
Keywords: bioremediation, nitrate contaminated groundwater, soluble starch, repeated batch
system
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Soil microhabitats: a new dimension of
microbial diversity and activity
KANDELERE.(l), WERMBTER N. (1), TSCHERKO D. (1), STEMMER M. (2),
KIRCHMANN H. (3), GERZABEK M.H. (4), SESSITSCH A. (4)
(1) Insitute of Soil Science, University of Hohenheim, D-70599 Stuttgart, Germany
(2) Institute of Soil Science, University of Agriculture, Gregor-Mendel-Straße 33, A-l 180 Vienna,
Austria
(3) Department of Soil Science, Swedish University of Agricultural Sciences, S-75007 Uppsala,
Sweden
(4) Division of Life Sciences, Austrian Research Centers, A-2444 Seibersdorf, Austria
Particle-size fractionation has been widely applied to distinguish pools of different soil organic
matter quality and turnover time; however, no information is yet available on the soil microbial
community structure of particle-size fractions. Therefore, physical fractionation of soils according
to particle size, combined with chemical and different microbiological methods, has advanced our
understanding of the distribution of soil microorganisms in their micro-environment, as well as their
response to soil management and pollution. The measurement of different soil enzyme activities in
particle-size fractions was used to clarify whether single enzymes are mainly associated with the
clay fraction that provides a huge surface area available for interaction with microorganisms, or
with larger plant debris not associated with mineral fractions. Furthermore, phospholipid fatty acid
pattern analysis (PLFA) gave information on the contribution of bacterial and fungal populations
within the soil microbial community. A molecular approach based on 16S rRNA gene was applied
to analyse bacterial diversities in various soil fractions and to identify individual members of
microbial communities.
Soil bacteria were found to be mainly associated with silt and clay fractions, whereas fungi and
their exoenzymes, involved in the decay of complex organic compounds, were found to be mainly
associated with the particulate organic matter in the coarse sand fraction. The higher biomass found in
silt and clay fractions could be attributed to a higher diversity rather than to better colonization of
particular species. Protozoan grazing may have been responsible for the lower diversity found in the
sand fraction. Alternatively, higher nutrient availability in smaller-sized particles may have caused
higher bacterial diversities. A high abundance and diversity of yet uncharacterized bacteria
belonging to the divisions Holophaga/Acidobactehum and Verrucomicrobiales were detected in
smaller-sized fractions. Although very contrasting organic amendments (green manure, animal
manure, sewage sludge and peat), tillage treatments (minimum, reduced and conventional) or heavy
metal pollution were applied, bacterial community structures were affected to a greater extent by
the particle size fraction than by soil management or pollution. These investigations demonstrated
that specific microbe-particle associations are affected only to a small extent by external factors.
Keywords: biodiversity, soil enzymes, biogeochemical cycle, microorganisms, phospholipidfatty
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Effect of tillage and manure application on soil microbial
biomass and respiration and on enzyme activities
KHEYROD1N H. and ANTOUN H.
Department of Soil Science and Agri-Food Engineering Laval University, Quebec, Canada, G1K
7P4
The objective of this study was to determine the influence of both tillage and liquid manure
application on soil microbial biomass, enzyme activities and microbial respiration in a meadow soil.
The results obtained did not show any significant effect of tillage and manure on the microbial
biomass C and N nor on soil acid phosphatase activity. However, these treatments significantly
increased microbial biomass P, urease, alkaline phosphatase and ammonification rates. The
maximum microbial activity was observed in surface soil layer both under conventional tillage and
zero-tillage. In fact, microbial respirations (CO2) of bacteria and actinomycetes were higher in the
surface soil and increased with the level of manure. Tillage and manure application had no
significant effect on fungal respiration but interaction between tillage and manure application
significantly influenced soil urease and ammonification rates. We suggested that soil microbial
biomass and enzyme activities were closely correlated to the N mineralization potential, N and C
mineralization rates, total amounts of C or N, soil pH, ammonification rates and soil structural
stability.
Keywords: liquid manure, tillage, microbial biomass, enzyme activities
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Effect of chitinase produced from Paneibacillus illinoisensis on
egg hatching of root-knot nematode, Meloidogyne spp.
KIM Tae Hwan (1), JUNG Woo Jin (1), JUNG Sun Ju (2), PARK Ro Dong (3), SEONG Ki
Young (2) and KIM Kil Yong (3)
(1) Department of Animal Science, College of Agriculture, Chonnam National University,
Kwangju 500-757, Korea
(2) Division of Applied Plant Science, Chonnam National University, Kwangju 500-757, Korea
(3) Department of Agricultural Chemistry, Institute of Biotechnology, College of Agriculture,
Chonnam National University, Kwangju 500-757, Korea
A bacterium having strong chitinolytic activity on agar medium supplemented with 0.2%
colloidal chitin was isolated from a garden soil containing crab shells on the west coast of Korea.
The bacterium is gram positive, and grows well at 30 °C and pH 7. On the basis of the nucleotide
sequence of a conserved segment of a 16S rRNA gene, the bacterium was identified as
Paneibacillus illinoisensis.
The chitinase activity significantly increased in culture medium to the maximum activity of 3.4
U mL" for the first 2 days, and then markedly reduced after 3 days' incubation. The population of
P. illinoisensis also remarkably increased for the first 2 days, and then maintained a constant level.
On a modified SDS-PAGE analysis with 0.01% glycol chitin, five protein bands with chitinase
activity were detected and two bands (64 and 39 kD) showed strong enzyme activities.
To explain the effect of P. illinoisensis on the deformation of root-knot nematode Meloidogyne
spp., 100 ! o f f . illinoisensis culture having 1.6 x 107 CFU ml"1 were added to 10 ml tube
containing about 80 eggs of Meloidogyne spp. and mixed well. The tubes were incubated at 24°C
for 7 days and were shaken by hand on alternate days to ensure aeration. Eggs incubated in distilled
water were used as a control. Deformation or hatching of eggs was observed under inverted
microscope at 0, 1,2 and 7 days.
The hatching of eggs was not found in P. illinoisensis culture throughout the incubation period,
while control showed about 5% hatching at day 2, and continuously increasing rate to 45% hatching
at day 7. Observation under inverted and scanning electron microscope demonstrated that P.
illinoisensis attaching to the eggs of Meloidogyne spp destroyed its shell wall.
In conclusion, P. illinoisensis could be an alternative to chemical pesticides to control plant
root-knot nematode.
Keywords: chitinolytic activity, Paneibacillus illinoisensis, Meloidogyne, egg
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Plant parasitic nematodes associated with common bean
(Phaseolus vulgaris L.) and integrated management
approaches
KARANJA Nancy K., K1MENJU John W„ MACHARIA Isaac and MUIRU David M.
University of Nairobi, P.O. Box 30197, Nairobi, Kenya
A field study to determine the distribution and population densities of plant parasitic nematodes
associated with beans was undertaken in Kakamega, Kiambu, Machakos and Siaya districts of
Kenya. Meloidogyne spp. and Pratylenchus spp. were the most predominant endoparasites,
occurring in 86 and 61 % of the root samples, respectively. Ectoparasitic nematodes in the genera
Scutellonema and Helicotylenchus were recovered in 86 and 59% of the soil samples, respectively.
Field experiments were conducted to determine the efficacy of organic amendments (chicken
manure, compost, neem leaves, baobab remains and farm yard manure) in the control of root-knot
nematodes. The amendments showed varying levels of nematode suppression with chicken manure
being rated as the most effective with galling index of 2.4 while sisal wastes were least effective
with galling index of 5.1. Another study was undertaken to determine the reaction of 35 bean
genotypes to Meloidogyne incognita. Ten genotypes were rated as susceptible while 3 and 22
genotypes were rated as resistant or moderately resistant, respectively. The potential of different
Bacillus isolates to suppress galling by root knot nematodes in beans was investigated using sterile
sand in Leonard jars under greenhouse conditions. The isolates had varying effect with the majority
(93%) of the isolates causing a reduction in root galling when compared to the control (water).
Twelve percent of the isolates were more effective than carbofuran (nematicide). In another
greenhouse experiment investigating the interaction between Bacillus spp. and Rhizobium strains
inoculations using N-free sterile sand, 4 out of the 20 Bacillus isolates significantly promoted
nodulation in bean plants.
Keywords: bacillus, rhizobium, organic amendments, diversity, nodulation, integrated control
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Some microbiological characteristics and enzymatic activities
in soils polluted with heavy metals
MIKANOVA Olga, KU BAT Jaromir and NOVAKOVA Jitka
Research Institute of Crop Production, Drnovska 507, 161 06 Praha 6, Ruzyne, Czech Republic
Pollution of soils is among the most important ecological problems in the present time.
Ecological consequences of this are numerous: disturbances in soil functionality, effect on the
incidence of soil micro-organisms, composition of the microbial population in soil and activities of
micro-organisms and enzymes. On the other hand, soil micro-organisms and their activities may be
sensitive indicators of soil pollution due to their ubiquity, large surface, direct contact with soil
particles and relatively short generation time. According to the large scale monitoring of the risk
elements in soils in the Czech Republic pursued since 1990, alluvial soils and sediments around the
rivers are the most polluted ones. One of them is Litavka river basin. The main source of the soil
contamination are probably the wastes from a nearby smelter.
Six sites were selected according to results of analyses of soil samples collected in 1993 (Boru
vka, 1997). The site on transect 20, above the source of contamination not far from the tributaries,
can be considered as a background area. The site on transects 16 represents the highest pollution by
metals because it is directly below the main source of contamination. The site on transects 8 and 12
show medium pollution, site on transect 4 is slightly polluted and the site on transect 1 represents
the lowest pollution downstream the river. The following soil characteristics were determined: total
content of Cd, Pb, Zn and As in soil (after aqua regia digestion) determined by means of ICP
spectrometer, enzyme activities - activity of dehydrogenases, invertase, amylase, phosphatase and
arylsulphatase activity, incidence of soil microorganisms (total number, spore-forming bacteria,
micromycetes and oligotrophic bacteria), potential respiration and ratio Cbiomass • Clotai.
Heavy metal contents in soil decreased downstream along the river with the distance from the
source. The contents of heavy metals were in most cases much higher than the limits allowed by the
Czech standards. The total number of bacteria (Thornton agar) was the highest at the least polluted
sites, 1 and 20. Their number decreased with the increasing concentrations of heavy metals.
Numbers of spore-forming bacteria and oligotrophic bacteria showed the same tendency. Activity
of dehydrogenases supposed to be mainly intracellular enzymes and representing the energy
transfer in the respiratory chain was the lowest below the source of contamination on site 16, 12 and
8 where the concentration of pollutants was the highest. Arylsulphatases showed the same tendency.
Other enzymes, invertase, amylase and phosphatase were also determined in this study. Significant
inhibition of amylase activity was observed only under the highest soil contamination level by
heavy metals. There was no correlation between phosphatase activity and the degree of soil
pollution. Phosphatase activity seems to increase with the degree of the pollution; however, the
highest activity was found at background. The most sensitive indicator of the soil pollution was
invertase activity according to our results. The highest activity was found on trasect 20 and 1 that
represent relatively clean areas. It is supposed that heavy metals inhibit enzymatic reactions by
forming complexes with substrate, blocking reactive functional groups of enzymes or reacting with
the enzyme-substrate complexes. Potential respiration reflects soil contamination quite well. Its
values were high on unpolluted sites 1 and 20 and dropped in more contaminated sites. Ratio
Cbioma5S:CIOiai was shown to be the most sensitive characteristic of the soil pollution. Its value was the
highest in the soil sample from the background area. The lowest data was measured on transect 16
(the highest pollution).
Keywords: heavy metals, pollution of soils, soil microorganisms, enzyme activity, respiration
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Mass production of carrier based polyurethane foam (PUF)
immobilized cyanobacterial Inoculum for rice
KUMAR Krishnamurthv and KANNAIYAN Sadasivam
Azolla Laboratory, Tamil Nadu Agricultural University, Coimbatore - 641 003, Tamil Nadu, India
Cyanobacteria are photosynthetic N2 fixing biological system widely used as biofertilizer for
wetland rice crop. For many years, only the soil based cyanobacterial inoculant has been applied to
the rice crop. The use of soil-based cyanobacteria poses many problems including purity of the
cultures, presence of contaminants such as green algae, poor survival, low establishment in the
field, lower nitrogen fixation ammonia production, difficulties in maintaining viability during
storage etc. Though soil-based inoculants are currently used in India, an upgraded method of carrier
based polyurethane foam (PUF) immobilized cyanobacteria is an urgent requirement. In the past 20
years, the use of immobilized enzymes, cell components or whole cells for the production of a
variety of valuable metabolites has been a rapidly growing area of importance. The biotechnology
of cell immobilization could be use for exploiting the biosynthetic potential of the photosynthetic
cells. We believe that immobilized cyanobacteria could be exploited in rice production to generate
high levels of N: fixation and ammonia production on a continuous basis.
The symbiotic nitrogen fixing cyanobacterium viz., Anabaena azolIae-AS-DS and the freeliving nitrogen fixing cyanobacterium viz., Anabaena variabilis-SAo were immobilized within solid
matrices including polyurethane foam (PUF) and polyvinyl foam (PVF). As a result, ammonia
excretion was stimulated as compared to free non-immobilization cells. The effect of inoculation of
immobilized cyanobacterial inoculum in the transplanted rice was quite significant (P<0.05).
Similarly inoculation of sugarcane waste immobilized strains of A. azolIae-AS-DS and A.
variabilis-SAo significantly increased the flood water ammonia content (1685 and 1540 n moles ml'
' respectively on 16'h day after inoculation as compared to 595 n moles ml"1 in the treatment 60 kg
N ha"1 alone) and also increased the grain and straw yield of rice. Among the different treatments,
the inoculation of sugarcane waste immobilized A. azollae + fertilizer N application at 60 kg ha"1
recorded maximum grain and straw yield of rice crop. (Var. ADT 36) Hence, a carrier based
immobilized cyanobacterial inoculant was developed to maintain better quality wiih improved shelf
life and survival of the inoculant. The polyurethane foam, sugarcane waste and paper waste
immobilized cyanobacteria were the components of the carrier based immobilize I t oculant. Rice
husk and sterilized soil were used in equal proportion as a carrier material tot preparing this
inoculant. The carrier based immobilized cyanobacterial inoculum may be applied to rice crop at 2
kg ha"' one week after transplanting.
Keywords: ammonia excretion, carrier based inoculum, cyanobacteria, field performance,
immobilization
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Nitrogen transformations by fungi and bacteria in
soddy-podzolic soils under cultivation and climax forest
KURAKOV Alexander V.
Moscow Lomonosov State University, International Biotechnology Centre and Soil Biology
Department, Moscow, 119899, Russia
The quantitative roles of fungi and bacteria in nitrogen transformation were determined in a
series of studies for soddy-podzolic soils collected from undisturbed spruce forest and from an
arable plot receiving N fertilisers. Microbial biomass and activity were assessed using substrate
induced respiration (SIR) and antibiotics to selectively inhibit bacterial and fungal processes.
Counts of bacterial cells and fungal mycelium and spores were made using fluorescent microscopy.
It was calculated that the forest fungal biomass attained 4-13% of total soil N and 90% of microbial
N. In contrast, fungal biomass in the arable soil immobilised 1-2% of total soil N represents 55-75%
of the N immobilised by micro-organisms. Fungi were responsible for most of ammonification of
peptone added to the forest soil. In the arable soil fungi and bacteria had an equal contribution to the
mineralization of peptone to NH4+. Heterotrophic nitrification (mainly fungal) was 88-94% in the
forest soil. In the arable soil 87-97% of nitrate production was by autotrophic bacteria.
Measurements of the denitrification potential of the soils showed that fungi contributed less than
8% of N20 production.
Relatively few fungal species are able to reduce N03" and N02" to N 2 0 in the soils effectively
compared to a high diversity of denitrifying bacteria. Conversely nitrification is carried out by a
low diversity of autotrophic bacteria but many species of fungi that can underpin this process in
undisturbed soils. The relative contribution of fungi and bacteria in ammonification and N
immobilisation are affected by soil conditions associated with different ecosystems and their
management.
When forest systems, in which fungal N transformations predominate, are converted to arable
land there is a shift to bacterial dominance of these soil processes. Because bacteria have higher
metabolic activity and capacity for oxidation/reduction of N, this change in microbial community
composition may result in less effective N conservation and consequently N losses from the system.
However data are presented which suggest that this could be compensated in some cases by fungal
facilitation of nitrogen fixation by free-living bacteria through extracellular enzymes enhancing
carbon and energy mobilisation from plant polysaccharides.
Keywords: fungi, bacteria, nitrogen, forest, field soil
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Mycorrhizal associations as indicators of forest quality after
land use practices
KUYPER Thomas W. (1) and ONGUENE Neree Awana (2)
(1) Subdepartment of Soil Quality, Wageningen University, P.O. Box 8005, 6700 EC, Wageningen,
The Netherlands
(2) Department of Soil, Water and Atmosphere, Institute of Agricultural Research for Development,
P.O. Box 2123, Yaounde, Cameroon
Counting mycorrhizal infective propagules (spores, fruitbodies, colonised roots) in forest soils
was used to assess impacts of shifting cultivation and selective logging on habitat partitioning and
abundance of mycorrhizal inoculum of arbuscular mycorrhizal and ectomycorrhizal fungi in south
Cameroon. Intact soil cores, disturbed soil samples and fruitbodies were collected from late
successional forest stands inside and outside the crown projection of ectomycorrhizal clumps, early
forest stands, fallows of Chromolaena with and without Gnetum lianas, fields of food crops,
forestry practices including skid trails, bare soil landings and landings recolonized by the early
pioneer tree Musanga cecropioides. Percent root colonisation was assessed by the gridline intersect
method. Spores of AM fungi were extracted by the wet-sieving and decanting method followed by
sucrose centrifugation, and counted under microscope. Fruitbodies of ectomycorrhizal fungi were
collected during wet periods, described in fresh state, and dried exsiccates were identified. Due to
creation of skid trails, landings and forest roads, selective logging has a very large negative impact
on both ectomycorrhizas and arbuscular mycorrhizas, whereas shifting cultivation, under the
present population pressure (10 inhabitants per km), has only a slight positive effect on arbuscular
mycorrhizas and a negative effect on ectomycorrhizas.
Both types of mycorrhizal inocula are differently partitioned: AM inoculum is continuous
throughout the landscape while EM inoculum is patchy, suggesting the need for different
management approaches for both AM and EM forest patches. EM clumps indicate least disturbed
forest stands conversely to AM forests. Thus, inoculum density of the latter forests can be boosted
through AM inoculum addition while EM forest stands, which depends on intact ectomycorrhizal
mycelium need special conservation attention.
Keywords: mycorrhizal fungi, forest soil, shifting cultivation
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Biomass and production of algae of the steppe and
forreststeppe sonal soils
KUZYAKHMETOV G.G.
Bashkirian State University, Frunze str, 32, Ufa, Russia
Zonal soils reveal more than 800 species of algae, the most prevalent being cyanoprocariotes
and green algae. Biomass and production of algae depend on a type of soil and from frame of
phytocenosises. From north on the south - from grey forest soils of forest-steppe to chestnut soils of
dry steppes - biomass of algae is increased at 8-10 of time. In soils of steppe zone are observed seen
growths of algae. In Bashkortostan their maximums are received in Chernozem soils under low
grasss by assemblages with by a covering up to 40%, the biomass reached up to 100-160 g m"2. A
basis of growths compound cyanobacteria: Nostoc commune Vouch., Scytontma oceUatum Lyng.
The biomass green, yellow-green and diatomeen algae does not exceed usually 1 g m"2.
The minimal parameters of a biomass were received for soils under woods (up to 0.05-0.11
g m"2), basic mass is formed green and yellow-green algaen by soil. The low values of a biomass
(0.24-1.45 g m"2) were received for phytocenosises with by a covering 90-100%.
In plough soils of steppe zone the primary development Chlorophyla. Xanthophyta and
Bacillariophyta is observed. Cyanoprocariophyta
occupy the subordinated position. In
Bashkortostan in leached chernozem under Secale cereale the maximal values of a biomass have
made 8-10.5 g m'2. It mainly unicellular green and »ejiT03ejTeHbie algae - ubicwiste. In processed
grey forest soils of forest-steppe having more congenial hydrothermal mode, are generated typical
for agroecosistem of moderate breadthes algaecoenoses. On these soils the seen growths of algae
are frequent. The growths consist from nitrogerfixing cyanobacterias - representatives of genus
Cylindrospermum, Nostoc, Anabaena. At structure of such growths constantly are present
Chlorococcales and Bacillariophyta. The biomass thus can reach 97.3 T/M2.
In steppe and forest-steppe zones production of algae was investigated in conditions of
Bashkortostan and North Kazakhstan. By high productivity the algal complexes austral Chernozem
within Festuca-Stipa coenoses differ: for a growing season the algae has saved from 5.5 up to 105.5
g m" . In forest-steppe in leached Chernozem (the deserted fields) production is much lower - 10.926.7 g m" . Production of algae in plough soils compounds 5.2-16.1 g m"2 for a growing season.
Production Nostoc commune in steppe and forest-steppes was approximately equal and reached 2.421.4 g m 2 .
Keywords: soil algae, biomass, production, steppe, forreststeppe
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Effects of fertilization management on soil enzyme activities
related to the C, N, P and S cycles in soils
LAI CM., LIU K.L., JENG G.L. and HELEN W.
Department of Agricultural Chemistry, National Taiwan University, 1, Sec. 4, Roosevelt Rd.,
Taipei, 106 R.O.C., Taiwan
An experimental field in Taiwan Agricultural Research Institute was selected to study the
effects of fertilization management on soil enzyme activities in soils under a rice-maize rotational
cropping system and the relationship between enzyme activities and other soil properties. The
experimental field was designed as Random Complete Block Design with four replications and
seven fertilization managements, including: (1) CK (control), (2) Chem-N (chemical N, urea or
ammonium sulfate), (3) Comp (hog manure compost), (4) Comp+l/3N (Comp + 1/3 Chem-N), (5)
Comp+2/3N (Comp + 2/3 Chem-N), (6) GM+1/3N (green manure + 1/3 Chem-N), and (7)
Peat+1/3N (peat + 1/3 Chem-N). Soils were sampled from each plot and the activities of eight
important C, N, P, and S cycle soil enzymes (/3-glucosidase, L-asparaginase, urease, amidase, acid
phosphatase, phosphodiesterase, arylsulfatase, and dehydrogenase) measured. Other soil properties,
including ammonium-N, nitrate-N, total inorganic-N, total-N, organic-C, inorganic-P, available-P,
and pH were measured during the maize and rice crop growing seasons of 1998-2001. The results
showed that the eight soil enzyme activities in fertilization managements Comp+l/3N and
Comp+2/3N were generally 18-6,900% and 7-4,900% higher than those receiving other fertilizer
treatments and the controls, respectively. The results also showed that there were significant
positive correlations among the eight soil enzyme activities (PO.01). /J-Glucosidase, Lasparaginase, urease, amidase, acid phosphatase, phosphodiesterase, arylsulfatase, and
dehydrogenase activities were also significantly correlated with organic-C (P<0.05), total-N
(P<0.001), total-N (P<0.001), total-N (P<0.05), available-P (P<0.001), total-N (P<0.001), availableP (P<0.001) and organic-C (P<0.001), respectively.
Keywords: soil enzyme activities, fertilization management, C cycle, N cycle, P cycle, S cycle
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Dynamic of organisms and activity of enzymes
in agricultural soils of Korea
LEE S.B.. NA Y.E., KOH M.H., KWON S.I., SEONG K.S. and EOM K.C.
National Institute of Agricultural Science and Technology, Environment and Ecology Research
Divison, 249 Seodun-dong, 441-707 Suweon, Rep. Korea
This study examined the dynamics of soil organism and the activities of enzyme in agricultural
arable soils of four Provinces, and the effect of sewage sludge application on biological properties
of sandy loamy soil.
In the first experiment, the major animals (amounts of total) in agricultural soils were
springtails, mites, nematodes, earthworm and other microarthropods. Abundance of soil organisms
and enzyme activities were very different in the eighty-four investigated agricultural soils. They are
significantly correlated with agricultural land use and soil management practices.
In the second experiment, abundance of soil organisms and activity of CM-cellulase,
dehydrogenase, urease and alkaline Phosphomonoesterase in soil were significantly different
according to the applied amount (12.5, 25, 50 t ha"1 y ) and types of sewage sludge. The activities
of CM-cellulase, dehydrogenase and urease in soils from plots in sewage sludge treatments were
lower than those from plot in the controls. However, the sewage sludge treatments did not inhibited
soil colonization by fungi in the tested soils, whereas long-term sludge application had a negative
impact on the abundance of soil animals.
In conclusion, our results showed that land management practices and sewage sludge type had
a significant influence on the soil biological characteristics.
Keywords: soil animal, microorganism, enzyme activity
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Diversity and distribution of soil microfungi from different
habitats of surface soil in Thailand
MANOCH Leka. JAROENTHAI K., BUSARAKAM K., JEAMJITT O., DETHOUP T. and
KOKAEW J.
Mycology Laboratory, Department of Plant Pathology, Faculty of Agriculture, Kasetsart University,
Bangkok 10900, Thailand
Soil fungi play an important role in degradation of organic debris. In addition, some fungi can
produce novel bioactive compounds very useful in phamaceutical, agriculture and industry, whereas
other fungi can cause diseases of human animal and plant. This study aimed to investigate species
diversity and distribution of soil microfungi from various habitats of surface soil, i.e Ap and Al
horizons. Soil samples were collected from different locations in Thailand. Various isolation
methods such as the soil plate, dilution plate, alcohol and heat treatments were employed to isolate
soil fungi.
Soil fungi isolated from Amphur Bamnetnarong, Chaiyapoom Province using dilution plate
method were Acremonium, Aspergillus, Fusarium calmorum, F. equiseli, F. oxysporum, F. solani,
F. solani, and
Myrothecium, Stachybotrys, whereas Aspergillus terreus, F. semitectum,
Trichoderma spp. were isolated from sugarcane plantation in Chaiyapoom Province. Soil fungi
from pineapple plantation, Chonburi province were Absidia, Acremonium,
Aspergillus,
Chaetomium,
Colletotrichum,
Cunninghamella,
Eupenicillium,
Eurotium,
Fusarium,
Gelasinospora, Gilmaniella, Hamigera, Humicola, Lasiodiplodia, Microascus, Neosartorya,
Neurospora, Penicillium, Trichoderma, and Talaromyces.
Soil fungi from Amphur Dan-Khun-Tod, Nakhonratchasima Province were Alternaria,
Aspergillus, Cladosporium, Colletotrichum, Myrothecium, Penicillium, Pestalotiopsis, Phoma,
Phomopsis, Trichoderma and Sesquicillium, whilst soil fungi from Doi Inthanon, Chiangmai
Province included Aspergillus fumigatus, Curvularia, Neosartorya fumigata, Rhizoctonia, and
Talaromyces bacillisporum.
Fungi from Khao Kor, Petchabun Province were Aspergillus candidus, A. flavipes, A.
ochraceus, A. niger, A. terreus, Papulaspora, Scopulariopsis brevicaulis and Stachybotrys. Soil
fungi from Pu-Kra-Deung, Loei Province were Acremonium, Aspergillus, Chaetomium, Curvularia
eragrostidis, Eupenicillium, Mucorales, Rhizoctonia, Penicillium, Pestalotiopsis, Pithomyces
maydicus, Talaromyces, Thermomyces, Trichoderma, and Zygorhynchus
Species diversity and distribution at different soil texture, pH, vegetation and elevation were
discussed. Pure culture of all fungal species is being maintained in the Culture Collection at
Kasetsart University for enzyme analysis and biological control.
Key words: soil fungi, diversity, ecology, soil pH, soil texture, vegetation
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Soil biotic potential in the Eastern Carpathians Mts.
MARYSKEVYCH Oksana and SHPAKIVSKA Iryna
Institute of Ecology of the Carpathians National Academy of Science of Ukraine, 4, Kozelnytska
St., 79026 Lviv, Ukraine
The concept of soil biotic potential, methodology and methods of definition and estimation of
levels of its implementation in ecosystems of the present biogeocoenotic cover are proposed. Soil
biotic potential is viewed as soil capacity for supporting ecosystem structural and functional
organization. Parameters of soil biotic potential are determined: a reserve of the Corg. in soil profile
(g C/M2), reserve of the catalytic proteins in soil profile (unit of activity/M2), reserve of the CmjC in
soil profile (g C/M ). The values of the soils biotic potential for soils of 16 primary and secondary
ecosystems alpic (Lithosols), subalpic (Dystric Cambisols), spruce (Dystric Cambisols), beech
(Eutric Cambisols) and oak (Glossisols) high-altitude belts north-eastern macroslope of the Eastern
Carpathians (altitudes from 250 up to 1800 m a.s.1.) are determined.
It was established that the reserve of Corg in soils of primary ecosystems made 6893-17886
g/m*. The increase of reserves of C„rg by 1.1-1.2 times was noted in soils of secondary grass and
scrub ecosystems of subalpic belt in comparison with primary communities. The opposite tendency
was traced in secondary communities of the spruce forests belt. The largest reserve of Corg was
found in soils under coniferous ecosystems, the smallest, under oak forests.
The reserve of catalytic proteins was maximal in soils of primary ecosystems of a subalpic belt
-17742 units of activity/m2 and -dropped to 3586 units of activity/m2 in soils under oak forests.
The tendency to ascending reserves of catalytic proteins in soil profile was revealed for secondary
grass and scrub ecosystems of subalpic and spruce forest belt. At the same time a considerable
decrease of reserves of soil enzymes was noted for forest secondary ecosystems of beech and oak
belts.
Reserve of Cmjc and the reserve of Corg, were the highest in soils of coniferous ecosystems (620715 g C/m*) and were 6-7 times less in oak forests soils. The reserve Cmic in secondary grass
communities of subalpic, spruce and beech belts was 1.2-1.8 times less than in primary
communities. No general regularity of changes of reserves Cmic was revealed for soils of secondary
forest ecosystems.
With the purpose of spatial estimation of soil biotic potential of the present biogeocoenotic
cover in comparison with primary cover, energy potential value of organic matter of the soil of
100 ha sample site was calculated. It has been established that energy potential value of soil organic
matter makes 98.8 109 kcal, whereas it made 107.7 109 kcal for the primary cover. Therefore, for
over 100 vears of economic use the energy potential of soil organic matter of this site has decreased
by 7.9 10'kcal or by 7.3%.
Keywords: soil biotic potential, primary and secondary ecosystems, Eastern Carpathians
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Advantages in Azospirillum Application
MIKHAILOUSKAYA Natalia
Research Institute for Soil Science and Agro chemistry, Kazinets, 62, Minsk, Belarus
Introduction of plant growth promoting rhizobacteria introduction provides more effective use
of plants bacteria and soils potential reserves for plant productivity enhancment and minimization
of agrochemical load on soils'. Local isolate Azospirillum brasilense 4485 was used for barley and
wheat inoculation in pot and field experiments on different texture sod-podzolic soils. Several
inoculation field trials were carried out on sod podzolic loamy sand soil contaminated with Cs-137
(185 kBq m"2) and Sr-90 (12 kBq m'2) radionuclides as a result of the Chernobyl accident. Bromus,
Festuca, Dactylis, Phleum were grown.
The purposes of investigation were: - to determine efficiency of barley and wheat inoculation
depending on soil texture, fertility, N nutrition level; - to estimate A. brasilense influence on
radionuclide accumulation in perennial grasses.
More evident effects of Azospirillum inoculation were found to be plant growth promotion and
mineral nutrition improvement. A. brasilense effect was shown in promotion of the root
development. The root mass of inoculated plants was 1.5-2.0 times more. Due to bacterization the
increase of spike density (7-21%) and spike mass were observed. Positive diazotrophs' influence on
plant development resulted in crop productivity increase. More effective was barley bacterization.
Barley grain responses achieved 0.46-1.1 t ha"1 on sod-podzolic sandy loam soil and 0.28-0.49 t ha"'
on loamy sand soil. A. brasilense inoculation of wheat was less effective and grain responses were
0.2-0.4 t ha'. For the achievement of maximal bacteria efficiency on sod-podzolic loamy sand soil,
characterized by lower fertility level, it is sufficient to apply 30-45 kg N ha"1. Maximal inoculation
efficiency on highly fertile sandy loam soil was observed under 60 kg N ha'.
There was a beneficial bacteria influence on perennial grass yields. Dry mass responses to
inoculation varied from 0.9 to 1.4 t ha'. A. brasilense apply provided the decrease of Cs-137
specific activity of all grasses kinds. The rate of pollution decrease correlated with the inoculation
responses. Probably, "effect of dilution" took place. Cs-137 uptake was found to depend on time of
experiment. The differences between Cs-137 content 5 years after accident and 10 years after were
established. Due to inoculation Cs-137 accumulation in grasses was reduced 1.5-3.3 times recently
after the accident, but 15-30% in the last years. This was connected with the change of Cs-137
availability. At present more than 80% of Cs-137 is in the fixed forms inaccessible to plants. As a
result of inoculation Sr-90 content in grasses was approximately twice lower, and there was no
dependence on time. About 90% of the total Sr-90 content is in exchange forms now with a trend to
increase. Radionuclide content in inoculated plants was usually lower as compared with
noninoculated ones. As for Cs-137, the most evident cause is beneficial influence on grass yield
resulted in effect of dilution. As for Sr-90, there was no reliable correlation between yield response
to inoculation and Sr-90 content rate reduction in plants. The most probable effect is biosorption.
Data accumulated indicate that A. brasilense can be used for minimization of radionuclide uptake
by grasses, especially on the light texture soils contaminated by Sr-90.
Keywords: Azospirillum brasilense, barley, wheat, grasses, radionuclides

395

Symposium no. 12

Paper no. 784

Presentation: oral

Substrate induced respiration in soils
using 14C-labeIled substrate
MORRIS D.R. (1) and SNYDER G.H. (2)
(1) USDA, ARS, HCR Box 8, Canal Point, FL 33438, USA
(2) Univ. Florida EREC, 3200 East Palm Beach Rd. Belle Glade, FL 33430, USA
The measurement of substrate induced respiration in soils using a recalcitrant 14C-labelled
substrate has been used to provide estimates of soil organic matter oxidation potential. Traditional
enzyme assays involve substrate-saturating conditions. Two laboratory experiments were conducted
to determine how substrate-saturating conditions correspond to non-saturating conditions. The
soil/substrate was mixed and incubated for 2 h, while a stream of air was passed over the mixture
into an alkaline trap. After incubation, the alkaline trap was analyzed for 4CC"2 evolved to
determine oxidation potential. In the first experiment, two Florida, USA Everglade soils (a Histosol
and a sandy soil) were sampled, and l4C-labelled carboxy benzoate was applied to the soils at
concentrations ranging from 32 to 4,000 uM. For the second experiment about one month later,
four Everglade soils (two Histosols and two sandy soils) were sampled. Labelled benzoate was
applied to the soils at concentrations ranging from 250 to 8,000 uM. Soil enzyme/substrate
responses followed Michaelis-MentEn equations. In the first experiment, the Kmof the Histosol was
significantly different from the sandy soil indicating a different microbial population. For the
second experiment, the two Histosols had similar Km values as did the two sandy soils, which
indicates similar enzymes within the two soil types. In addition the Km of the sandy soils were
similar to the sandy soil in the first experiment. Vmax was different for each soil due to different
quantities of enzyme present. Also, in both experiments, one of the sandy soils had activity that
declined when Vmax was reached, which indicates that for some soils, applying substrate at
substrate-saturating conditions and comparing microbial activities, could lead to erroneous results.
A correlation of enzyme activities was performed on the samples in the second experiment. There
was a significant correlation coefficient (r=0.81*) between the activity at the lowest substrate
concentration and the highest substrate concentration. Using less than enzyme-saturated conditions
should be adequate for estimating soil organic matter oxidation potential.
Keywords: l4C isotope, benzoate, enzyme, everglade soil, Histosols
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Potential self-cleaning ability of soils located along
oil pipelines
NADJAFOVA S.I.
Institute of Microbiology AS of Azerbaijan, Baku, Azerbaijan
Speed of decomposition, feature of migration and the distributions of petroleum in soils
together with the natural chemical system from soil's properties, influence pollution. So, in spite of
the fact that the territory of Azerbaijan is a zone of intensive biochemical circulation of organic
substances (factor of speed of decomposition 0, 3-1, 5), the intensity of decomposition of
petroleum hydrocarbons in various bioclimatic zones along the length of the NREP will vary
greatly merely by virtue of differences in of hydrothermal parameters.
In soils of heavy mechanical structure besides the real threat of superfluous accumulation of
crude petroleum as a result of the high sorbition ability of the soil's, in conditions of crossed relief,
there is a danger of pollution by local reservoirs. The crude petroleum can be accumulated and long
to be kept in these conditions on sedimention barriers. On the other hand, the areas combined by
sandy files (of Caspian coast and coastal areas of the northern part of NREP) and soils of light
mechanical structure, having low absortion ability and high water penetration, are less subject to
pollution by crude petroleum than loam of a difference soil's and breeds. However, because of this,
on sandy soils the danger of pollution of soil waters by mobile components of crude petroleum is
increased.
In the area studied, the soils with the lowest capacity of absorption are is grey - brown of soils;
those with high capacity of absorption are characterized as chestnut soils. In this connection, due to
their properties it is possible to consider chestnut soils as natural sorbents, on which the components
of crude petroleum can be fixed, especially asphalt-resinous ones.
Alongside with it, the important factor negatively influencing humus formation and on self
cleaning of soils from hydrocarbon is soil salt.
The oil, transproted through NREP, is characterized by the fact that it does not contain sulfur
(less than 0,1 mol, %) or paraffins; its density does not exceed 845 cg/m3, and its viscosity is 17,07
fiï, and this testifies to its significant contents of light fractions. It does crude petroleum,
ïaöaêa^èaaaióp through NREP to some extent rather compatible with by environments inhabited
along a route in case of insignificant about volume floods.
Keywords: NREP, pollution, accumulation, capacity
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pH optima for enzyme activities in different soils
VEPSÄLÄINEN M. and NIEM1 R.lvl.
Finnish Environment Institute, P.O. Box 140, FIN-00251 Helsinki, Finland
The pH dependence of twelve different enzyme activities were measured in three forest and
two agricultural soil and in one activated sludge sample. The modified universal buffer at pH 4.0,
4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5 and 8.0 was used. Soil samples and activated sludge were diluted into
these buffers and enzyme activities measured after 3 h incubation at 30 °C using ZymProfiler™. For
alanine and leucine aminopeptidases and esterase the pH optima were usually 7.5 or higher. Soil
dependent variation in pH optima were observed for lipase but lower values than pH 6 were less
favourable. For Phosphomonoesterase (PME) the optimum was at 4.5 to 5.0 in forest soil, at 6.5 in
agricultural soil and at 8.0 in activated sludge. Highest phosphodiesterase (PDE) activities were
measured at pH 4.5 to 5.5 with the exception of activated sludge, which yielded maximal activity at
pH 7.5, and forest soil affected by alkaline chalk powder emissions, which did not show clear pH
optimum. Arylsulphatase, chitinase, a-D-glucosidase, ß-D-glucosidase, cellulase and ß-xylosidase
had optima between pH 4.0 and 5.5 in all soil samples but in activated sludge highest activities were
recorded for arylsulphatase, cellulase and for a-D-glucosidase at higher pH values. Enzyme
activities were also measured in 0.5 M acetate buffer at pH 5.5. This buffer yielded the highest
activities in all soil samples for arylsulphatase and PDE and in forest soil samples also for PME.
Differences between samples and impacts of soil pH on mineralisation and consequences for
enzyme activity measurements are discussed.
Keywords: enzyme activity, soil, pH
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Effect of ectomycorrhizal fungi communities to growth
of fast growing and fruit trees
NOPAMORNBODI Omsubd). SATJAPONSE Sirivipa (1) and CHAROENSOOK Sompetch
(2)
(1) Senior Expert Office, Department of Agriculture, Bangkok, Thailand
(2) Soil Microbiology Research Group, Division of Soil Science, Department of Agriculture,
Thailand
The distribution of ectomycorrhizal fungi was investigated and the fruiting bodies were
collected and identified. Thirty-six strains were isolated and cultured in PDA and MMN media.
After multiplying the amount of fungus in the spawn using sorghum seeds as the substrate, the
inoculum was tested for their ectomycorrhiza form in the root of six fast growing tree varieties and
six varieties of fruit tree. The result showed that the selected ectomycorrhizal formed
ectomycorrhizal characteristics in the fast growing tree root and also increased the growth of these
trees. In the fruit trees, no evidence of ectomycorrhiza characteristics was found in the root but
fruiting bodies of inoculated fungi were found above the soil near the root and the inoculated fungi
were found above the soil near the root and the inoculated tree grew better than the control.
Keywords: ectomycorrhiza, fast growing tree, fruit tree, diversity
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Effects of integrated nutrient management on
soil enzyme activities in hybrid rice
SUBRAMANIAN Kumar Senthil, PALLI Chandrasekhar Rao and AKAM Sreenivasa Raju
Department of Soil Science & Agricultural Chemistry, College of Agriculture, ANGRAU,
Rajendranagar, Hyderabad-500 030 (AP), India
A field experiment was conducted during the post-rainy season on an Alfisol (a red sandy
loam) in order to study the effect of an integrated nutrient management system in hybrid rice and to
monitor the changes in soil urease and dehydrogenase activities at different stages of crop growth.
Two fertilizer schedules were followed : (i) 120 kg N + 60 kg P 2 0 5 + 30 kg K 2 0 ha"1 (the local
recommended rate; and (ii) 180 kg N + 105 kg P2O5 + 210 kg K 2 0 ha"' , a rate based on a three
year study conducted under Potash and Phosphate Institute of Canada (PPIC India Programme).
The treatments consisted of 100 per cent recommended dose of fertilizer in (RDFN) applied using
(i) inorganic fertilizer, (ii) organic manure (either FYM or poultry manure) in combination with
inorganic fertilizer in a 1 : 1 ratio in (iii) organic manure alone. Unfertilizer controls were also
included in the study. In all there were 11 treatments laid out in a Random Block Design with 3
replicates of each treatment. The influence of organic manure and fertilizers on soil urease and
dehydrogenase activities was analysed in triplicate at different stages of crop growth : initial (0
DAT), 50% flowering stage (50 DAT) and at harvest (110 DAT).
The data indicates significant differences between crop stages, treatments and their interactions.
Both the soil enzyme activities increased with increase in the age of the crop and exhibited
maximum activity at flowering. There was a 200 per cent increase in the activity urease and a 300
per cent increase in the activity of dehydrogenase at flowering stage. Activities gradually decreased
to original level at harvest stage. The enzyme activities were highest in the treatments receiving
100% RDFN supplied by FYM.
Local recommended dosage produced significantly lower enzyme activity in comparison with
PPIC's recommendation, while the lowest activities were recorded in the unfertilized controls.
Submergence of soil sets in motion a series of physical, chemical and microbiological changes,
thereby bringing about de novo enzyme synthesis. Further more, the addition of organic residues to
rice soils could serve as a carbon and energy source for proliferating microorganisms resulting in
changes in soil enzyme activity. At the flowering stage, in the treatment receiving 100 per cent
RDFN through FYM, there was a two fold increase in the activity of urease and three fold increase
in the activity of dehydrogenase. These increases were similar to those in soils receiving RDFN
through both the organic and inorganic sources. The increased urease activity with the FYM and
Poultry manure may ascribed to the fact that the organic compounds undergo fermentation
producing end products such as acetate, lactate and ethanol which act as rich source of energy for
proliferating micro organisms, which, in turn, release enzymes of extra cellular origin. The increase
in dehydrogenase activity could be attributed to an increase in the population of anaerobic micro
organisms in submerged soils. The shift from aerobic to anaerobic microorganisms on flooding was
found to cause an increase in dehydrogenase activity.
Keywords: soil urease, dehydrogenase, submerged soils, FYM, rice, integrated nutrient
management
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Soil dehydrogenases, nitrate reductases and
phosphomonoesteraes activities in insecticide treated
groundnut {Arachis hypogaea L.) field
PANDEY Sushma and SINGH Dileep K.
Department of Zoology, University of Delhi, Delhi-7, India
Heavy use of pesticides in agriculture is responsible for the problem of pesticide resistance in
pests, pollution of ecosystems, toxic impact on non-target organisms and deterioration of soil
health. Soil enzymes have an essential role in integrating the effects of climate, cultivation, soil
amendments, and edaphic properties; therefore they may be considered as an indicator of soil
fertility. The dehydrogenases activity in the soil may be used as a measurement of overall
microbial activity. Phosphomonoesterase catalyse the hydrolysis of organic phosphomonoester to
organic phosphorus, which could be utilised by plants as a nutrient. Nitrate reductase is a key
enzyme involved in nitrate reductase assimilation in crops. To investigate the effect of chlorpyrifos
and quinalfos, on soil enzymes i.e., dehydrogenase, arginine deaminase and alkaline
Phosphomonoesterase, experiments were conducted for two consecutive years with two modes of
application, i.e., seed treatment and standing crop treatment. Experiments were carried out in the
groundnut fields at Agricultural Research Station, Durgapura, Jaipur, India. Dehydrogenase activity
in the soil was estimated by measuring the TPF released after 24 hours of incubation at 37°C. The
alkaline Phosphomonoesterase activity was determined by estimating p-nitrophenol released with
substrate p-nitophenyl spectrophotometrically at 400 nm. Nitrate reductase activity was estimated
by measuring nitrite released by extraction with potassium chloride solution, at 520 nm.
Dehydrogenases activity was reduced by 63.62% within 24 hours of chlorpyrifos seed treatment in
1997. In standing crop treatment, a significant decrease of 47.46% in dehydrogenase activity was
observed within 24 hours of application in 1997, which further reduced by 71.66% on the 45' day,
the recovery was slow. Similar trends were observed in 1998. The decreased activity of
dehydrogenases during the initial periods of seed and standing crop treatments with chlorpyrifos
and quinalphos indicates the low microbial activities during that period. This decrease could be due
to the presence of the respective insecticides in the fields. Phosphomonoesterase activity was
initially inhibited by 26.37% after chlorpyrifos seed treatment but recovered within a month. In
quinalphos standing crop treatment, activity was inhibited to a significant level ranging from
24.84% to 43.08% in both the years. The inhibition recovered by the 30lh day during both the
years. The inhibition in the Phosphomonoesterase activity could be due to the toxic effects of
chlorpyrifos and quinalphos during the initial days of application which was neutralized after the
concentration of these insecticides lowered in the soil. Nitrate reductase activity was significantly
suppressed by 89.96% after chlorpyrifos seed treatment and 77.37% after quinalphos seed
treatment, on the zero day of pesticide application. An increase was observed for 99.71% and
132.03-150.39%, after 60 days of chlorpyrifos and quinalphos application respectively. The overall
effect of the insecticides was inhibition of enzyme activities under study, but the inhibition was
short-lived.
Keywords: chlorpyrifos, qunalphos, dehydrogenases, Phosphomonoesterase, nitrate reductase
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Soybean root nodule preservation for typing by FA technique
and evaluation of competitive ability of Bradyrhizobium strains
PAYAKAPONG Waraporn. TITTABUTR Panlada, TEAUMROONG Neung and
BOONKERD Nantakorn
School of Biotechnology, Institute of Agricultural Technology, Suranaree University of
Technology, Nakhon Ratchasima 30000, Thailand
Antisera of THA7, SEMIA5019 were produced and conjugated with FITC for determining the
quality of nodule preservation by FA technique. Preserved conditions were fresh nodule, frozen
nodule, air-dried nodule and oven dried nodule. The techniques used were both direct and indirect
assay. The result revealed that preserved conditions were not significantly different and both direct
FA and indirect FA techniques were comparable.
To evaluate the competitive ability of Bradyrhizobium strains, oven dried nodule were used to
determine nodule occupancy. Inter-strain competitive trial, ioxa-Bradyrhizohium strains, THA5,
THA6, USDA94, SEMIA5019 were selected to mix with each other for inoculation to soybean-seed
germination. To determine nodule occupancy, nodules were harvested and test by fluorescent
antibody technique. Results showed the different in competitive ability to nodulate soybean roots by
among Bradyrhizobium strains. It was found that THA6 strain occupied almost of the nodules when
it was co-inoculated with THA5, USDA94 and SEMIA5019. Similarity, when SEMIA5019 was coinoculated with THA5 and USDA94, most of nodules were occupied by SEMIA5019. The
comparison based on 1:1 ratio revealed that THA6 had the highest in competitiveness, followed by
SEMIA5019 and THA5. USDA94 corrosive-causing strains were defective in competition.
Keywords: nodule preservation, competitive, Bradyrhizobium
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Study on soil microbial biodiversity in rhizophere of
vetiver grass in degradating soil
PIRIYAPRIN Siangjeaw, SLNANTHAPONGSUK Vanlada, LIMTONG Pitayakon,
LEAUNGVUTVIROJ Chaveevan and PASDA Nuanchun
Soil and Water Conservation Division, Land Development Department, Chatuchak, Bangkok
10900, Thailand
Experiment were carried out at Kao-Changum Royal Project, Rachaburi Province,
Nakhomayok Province and Kalasin Province where the ecotypes of vetiver grass were grown in
Tha Yang, Ongkharak and Roi-Et saline variant series respectively. Areas not planted to vetiver
grass were compared to areas on which vetiver grass had been grown for one year. The results
indicated significant increase in soil fertility which included soil microbial activities and change in
chemical and physical properties in 0-30 and 30-60 cm of soil depth. The dense root systems of the
suitable vetiver ecotypes Phrarachatan, Sri Lanka, Surat Thani and Songkhla3 in Tha Yang series
produced some organic substances to stimulate non-symbiotic nitrogen fixing bacteria in
rhizocpheres, which increased from 1.00 and 1.06 to 3.16-4.17 and 2.81-4.59 log no g"1 of soil.
Phosphate solubilizing microorganisms also increased from 1.04 and 1.47 to 2.17-3.84 and 3.003.63 log no g"1 of soil, and phosphatase activity in soil increased from 10.75 and 11.75 to 17.7920.58 and 18.16-21.40 milli unit g'1 of soil. Nevertheless chlamydospore number of endomycorrhizal fungi were increased from 1.1 and 4 to 5-11 and 18-39 spore 100g"1 soil and the dense
arbuscule also appeared inside the fibrous root cells of vetiver which absorb and accumulate of
plant nutrients, especially phosphorus indicated from 2.07 and 2.39 to 4.29-5.02 and 3.18-6.11 mg
kg . Furthermore decomposed leaves residue and dead cells of vetiver fibrous root on soil organic
matter content from 0.58 and 0.42 to 1.01-1.03 and 0.92-0.93% In Ongkharak seriesgrowth of six
vetiver ecotypes: Phrarachathan, Surat Thani, South India, Sri Lanka, Ratchaburi and Fiji decreased
quantitive iron from 91 and 107 to 56-75 and 70-89 mg kg"1 and including reduced aluminum from
1.317 and 1.346 to 1.184-1.221 and 1.235-1.292 cmol kg"' soil.
Keywords: microbial biodiversity vetiver grass, rhizophere degradating soil
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Potential for non-symbiotic N2-fixation in different
agroecological zones of Southern Australia
GUPTA V.V.S.R. (1), ROPER M.M. (2) and ROGET D.K. (1)
(1) CSIRO Land and Water, Private Bag No. 2, Glen Osmond, South Australia 5064, Australia
(2) CSIRO Plant Industry, Private Bag No. 5, Wembley, Western Australia 6913, Australia
Nitrogen fixation by symbiotic and non-symbiotic bacteria can be significant sources of
nitrogen in cropping systems. However, contributions from non-symbiotic nitrogen fixation
(NSNF) are dependent on available carbon in the soil and environmental conditions (soil moisture
and temperature). In Australia, measurements of NSNF have been made in the field by quantifying
nitrogenase activity. These studies have included determinations of the moisture and temperature
requirements for NSNF and for crop residue decomposition that supplies carbon to NSNF bacteria.
Other studies have determined the N input by NSNF using N budget calculations. In order to obtain
estimates of NSNF across the cropping zones in Australia, the information on available carbon
levels and environmental conditions were obtained from individual studies or Australian Bureau of
Statistics (ABS) to estimate the amounts of NSNF. Rainfall and temperature data from the
Australian Bureau of Meteorology and estimates of crop residue and grain production from the
ABS has provided information about environmental and carbon resources across the cropping
zones. Using the ArcviewGIS-spatial analyst (v3.1), maps of Australia showing estimates of NSNF
in different cropping zones as determined by rainfall and temperature or carbon availability have
been generated. Results show that in Western Australia (represented by Wongan Hills) and South
Australia (represented by Avon), where summers are dry, estimates of NSNF are generally low
(10-15 kg ha"' from January-June) due to limitations of soil moisture. In NSW, particularly in the
north where summer rainfall patterns develop, the combination of warm moist conditions produced
higher estimates of NSNF (32-38 kg ha"1 from January-June). However, this led to the depletion in
this region of carbon supplies, which became the limiting factor in autumn (March-June). The
information about potential supplies of N from NSNF across the cropping zones will be useful for
researchers to select the most potentially responsive areas for NSNF studies and for agronomists
and extension officers to help explain changes in N status within paddocks and specific farming
systems and to aid in targeting N fertilizer requirements, in particular in low-input farming systems.
Keywords: non-symbiotic N2-fixation, nitrogenase activity, GIS, rhizosphere, crop residues
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Influence of diazotrophicus Azospirillum on growth,
flower yield and N-uptake of chrysanthemum
GADAGI Ravi (1), CHAUHAN Mukesh (2) and SATongmin(l)
(1) Department of Agricultural Chemistry, Chungbuk National University, Cheongju, Chungbuk,
Korea
(2) Department of plant physiology. College of Horticulture, Arabhavi University of Agricultural
science, Dhaward
A field study was conducted to ascertain the effect of Azospirillum OAD-2 (isolated from
Gaillardia pulchella) with different nitrogen fertilizer levels viz, 0, 50, 75 and 100 percent
recommended dose of nitrogen (RDN) on growth, nitrogen uptake and flower yield of
Chrysanthemum morifolium. The results reveled that Azospirillum sp. inoculation significantly
increased the plant growth, flower yield and nutrient uptake of chrysanthemum when compared to
uninoculated control plants. Application of nitrogen in addition to inoculation with Azospirillum
further enhanced the plant growth yield parameters and nutrient uptake significantly. The plants
receiving 100 percent RDN and Azospirillum inoculation significantly produced the maximum
flower yield (35.25 t h'1) biomass yield (7.26 g plant"1 at maximum flowering stage) and nitrogen
uptake (71.23 kg ha'1), when compared to all the other treatments. However, least flower (23.12
t ha"1) and biomass (3.33 g plant"1 at maximum flowering stage) yields and nitrogen uptake (42.33
kg ha'1) were observed in uninoculated and unfertilized control plants. Inoculation of Azospirillum
in combination with application of 75 percent RDN showed (34.26 t ha"1) statistically the same
flower yield as that of 100 percent RDN (35.25 t ha"1) indicating the possibility of reducing input
cost on N-fertilizers. Significant increase in available nitrogen content of soil was also noticed due
to inoculation of Azospirillum at all growth stages of plant growth. The population of Azospirillum
significantly enhanced in all the inoculated rhizospheres, when compared to uninoculated control
rhizospheres, The maximum population of Azospirillum was harbored in the 100 percent RDN and
Azospirillum treated plant (58.5xl03), which was significantly more then all other treated
rhizosphere. Based on the present study it can be concluded that inoculation of Azospirillum to
chrysanthemum substitutes for 25 percent of nitrogen application to soil and reduces the input cost
and sustains the soil fertility in the soil.
Keywords: Azospirillum, biofertilizer, N-uptake, chrysanthemum and nitrogen-fixation

405

Symposium no. 12

Paper no. 1002

Presentation: poster

Evaluation of some carriers for Thiobacilli inoculants used
along with sulfur to increase uptake of some nutrients
by corn and improve its performance
BESHARATY Hossein, KHAVAZY Kazem and SALEH-RASTIN Nahid
Soil Microbiology Department, Soil and Water Research Institute, Ministry of Agriculture, North
Kargar AVE., Tehran, P.O. Box 14155-6185, Iran
Sodic, saline alkali or calcareous soils have developed in many of the arid or semiarid
cultivated areas such as in Iran. The crops grown on such lands suffer from the deficiency of
nutrients like phosphorous, iron, zinc etc. because of high soil pH and high contents of calcium.
Application of sulfur along with Thiobacilli bacteria to such soils by researchers have resulted in
improved crop yields indicating that the chemolithotrophic nature of the organisms will cause
greater solubility of the plant nutrients at lower soil pH levels brought about by biological sulfur
oxidation. However, two main obstacles have discouraged the use of Thiobacilli; the first is the
fact that growing of the organisms in liquid media will become limited by the resulting acid
conditions, and the secondly is that the application of a liquid inoculant on an extensive basis, as
would become necessary, is not economical. Here, we have tested some easily available
inexpensive ingredients for the production of the inoculants. Five different carriers were made from
variable combinations of several materials that proved capable of sustaining the Thiobacilli. The
artificially grown Thiobacilli were added to the carriers at the rate of 108 cells g"1 and incubated at
28 C for a week , then stored in the laboratory for eleven months. Colony counts were made at
weekly intervals in these five products, for the whole eleven months of the storage period. One of
the carriers capable of maintaining an active population of 2x10 cells g"1 was selected as the best
carrier. This inoculant was applied along with elemental sulfur to improve corn's uptake of some
essential nutrients and it's yield. A completely randomized block factorial design was used to test
two levels of phosphorous (0 and 250 kg ha"1 as triple superphosphate), five levels of sulfur ( 0,
200, 400, 600 and 1000 kg ha' 1 ), and four levels of inoculant (inoculant to sulfur ratios of 0, 0.01,
0.02 and 0.04) with four replications per treatment.Therefore, a single cross 704 variety of corn was
planted at the rate of five seeds per pot containing 3.5 kg soil the seedlings were thinned to three
plants per pot after a week. The soil moisture was kept at 80% of F.C. for the 70 day duration of
the plant growth. The plant yield on a dry weight basis and the plant phosphorous, iron and zinc
contents were measured after harvest and the statistical analyses were done using MSTATC
software. There was no significant difference between the results due to sulfur application or
inoculant application alone while the effect of their combined use on nutrient uptake by corn was
significant at I % level. Even though there was a significant difference between the control and the
inoculated treatments, there was no statistical difference between the different levels of inoculant
applications. The greatest yield increases were obtained from sulfur at 1000 kg ha"1, from inoculant
at the 0.01 ratio, being 2.61 and 0.4% increase respectively, compared with the control. However a
combination of these two variables at the given levels resulted in 10.79% yield increase.
Keywords: Thiobacilli, sulfur, corn

406

Symposium no. 12

Paper no. 591

Presentation: poster

Laccase-mediated transformation of phenolic mixtures
SANNINO Filomena and GIANFREDA Liliana
Dipartimento di Scienze Chimico-Agrarie, University di Napoli "Federico 11", Via Universitä 100,
80055, Portici (Napoli), Italy
Several types of industrial wastewater contain phenols. Many of these compounds and their
derivatives are extremely harmful because they are highly toxic towards living organisms and
represent a serious environmental problem.
Conventional methods of remediation of phenol-polluted waters (e.g. solvent extraction,
chemical oxidation, adsorption on activated supports, etc.) have some disadvantages due to high
cost, time-consuming procedures and formation of toxic residues. Conversely, the use of oxidative
catalysts, either enzymatic (laccase, peroxidase, tyrosinase) or inorganic (Mn and Fe oxides), is a
promising alternative technology.
The aim of this work has been to evaluate the capability of a laccase to effectively remediate
phenol-polluted waters, under laboratory conditions. A simple model system, consisting in an
aqueous mixture of four phenols (catechol, methylcatechol, tyrosol, and hydroxytyrosol) has been
used. This combination simulates a typical wastewater derived from an olive oil factory. In
Mediterranean countries, large quantities of wastewater with a high content of phenolic substances
a characteristic by-product of the olive-oil industry.
Experiments have been carried out using laccase and mixtures of two, three or four of the cited
phenols. Phenol transformation, together with the nature and properties of the products, have been
determined. As determined by HPLC-MS, IR and NMR analyses, soluble and insoluble polymeric
products formed with different composition, polarity and molecular mass. For example, in binary
mixtures, an enhancing synergic effect on the removal of either hydroxytyrosol or tyrosol was
observed. By contrast, inhibition by methylcatechol on catechol- and activation by catechol on
methylcatechol-transformation were detected.
In order to evaluate the economic effectiveness of such a catalytic process, the residual activity
of the enzyme after its initial catalytic action on the substrates has been measured. Depending on
the nature of phenol and/or phenol mixture used, lower or higher values of residual laccase activity
after phenol transformation were measured.
The extent of phenol transformation as well as the nature and physico-chemical properties of
products depended on : a) the type of phenol used as substrate; b) the combination and final
concentration of phenols in the mixture; and c) the time of incubation.
Keywords: laccase, phenolic pollutants, wastewater treatments
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Application of bio-functional substances produced by
Enterobacter intermedium to agricultural use
PARK Keun Hyung (1), KIM Kil Yong (2) and SEONG Ki Youn2 (3)
(1) Department of Food Technology, Institute of Biotechnology, Chonnam National University,
Kwangju 500-757, Korea
(2) Department of Agricultural Chemistry, Institute of Biotechnology, Chonnam National
University, Kwangju 500-757, Korea
(3) Division of Applied Plant Science, Institute of Biotechnology, Chonnam National University,
Kwangju 500-757, Korea
A plant growth promoting bacterium, strain 60-2G, isolated from the rhizosphere of grasses
was identified as Enterobacter intermedium according to the results of fatty acid profile, the
Biolog™ system and 16S rDNA sequence. The strain 60-2G has several biological functions
including phosphate solubilization, antifungal activity and weed growth inhibition. The phosphatesolubilizing activity was related to the organic acids produced by the strain 60-2G. This trait was
determined by PCR amplification of DNA, using primers from pqq genes, which are involved in
glucose oxidation to produce gluconic acid. The sequenced PCR product of PQQ has 84%
homology to Rahnella aquatilis and Krebsiella pneumoneae.
The strain, 60-2G, has strong antifungal activity against several plant pathogenic fungi.
Through chromatographic purification procedures, MS and NMR analysis, an antifungal substance
was identified as 3-methylthiopropanoic acid (3MTPA). More than 50% of the growth of Fusarium
oxysporum was inhibited at the concentration of 50 ng of 3-MTPA on plate disc assay.
In addition to the antifungal activity, 3MTPA also inhibited the growth of common weeds such
as Echinochloa crus-galli L. Digitaria adscendens, Amaranthus retroflexus and Panicum
dichotomiflorum. Root and shoot development of these weeds was severely stunned when the
3MTPA was applied to water agar after germination of the seeds. The inoculated strain 60-2G
enhanced the growth of tomato plants when the soil was mixed with hydroxyapatite. These results
indicate that the strain 60-2G is a promising candidate both as a biological control agent of fungal
diseases and as a plant growth promoting agent. However, further field studies are needed before
the value of this strain for agricultural use can be assessed.
Keywords: 3-methylthiopropanoic acid (3MTPA), Enterobacter intermedium, antifungal,
alleopathy, P-solubilization
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Soil microbes and soil enzymes as an indicator of soil fertility
in groundnut (Arachis hypogaea L.) field
SINGH Dileep K.
Department of Zoology, University of Delhi, Delhi-110007, India
Ground nut is an important oil seed crop of India and occupies a prominent position both in
regard to area and production in the world. The major constraint in production is insect pests viz.,
white grub, Holotrichia consanguinea Blanch. To control this insect pest, seed and soil treatment
with daizinon, lindane and imidachloprid, etc., are recommended.
Experiments were conducted at Agricultural Research Station, Durgapura, Jaipur, India, from
1994 to 1999 in a groundnut field to observe the effect of insecticide usage on plant available
nutrients, soil microbes and soil enzyme activities. The soil is silt loam, pH 7.8, water holding
capacity is 22.23 ± 0. 78%, and organic matter ranged from 0.63 ± 0.04% to 0.69% to 0.02%. No
significant effect of insecticides were observed on pH, water holding capacity and organic matter of
soil.
It was observed that imidachloprid had no effect on plant available phosphorus. However,
diazinon and lindane had stimulatory effect on it. During harvesting time available phosphorus was
higher for all experimental years. It was also observed that daizinon had stimulatory effect on
available nitrogen.
Soil enzymes are often considered as an index of soil fertility. A decrease in dehydrogenases
activity was observed in diazinon treated field. However, lindane and imidachloprid had no effect
on it. The effects were temporary and it recovered within a week or month. Daizinon had
stimulatory effect on Phosphomonoesterase activity. Initially, lindane had some inhibitory effects
on it, but it recovered by the time of harvesting. Diazinon had a stimulatory effect on nitrate
reductase activity and Lindane had no effect. Imidachloprid and daizinon had inhibitory effects on
arginine deaminase activities. It recovered after some time. Lindane had an adverse effects on
arginine deaminase activity. It also recovered at the time of harvesting. It is well observed that
insecticides have inhibitory or stimulatory effects on soil enzyme activity.
Bacteria are important for degradation of organic matter and release of the plant available
nutrients. Daizinon, lindane and imidachloprid had temporary inhibitory effect on bacteria
population, which recovered within a week or month. Lindane had toxic effect on the Azotobacler
population. The population decreased significantly for the whole crop period. This indicates that
lindane is toxic to nitrogen fixing bacteria. Actinomycetes, increased initially in all insecticide
treatments and thereafter a decrease was observed. In imidachloprid treatment, no significant
decrease, and in a diazinon treated field a significant increase in population was observed. In
daizinon treated field a significant increase in fungi population was observed. Similarly,
Imidachloprid had stimulatory effect on fungi population. Insecticide residues were about 8 to 10
ng/g d. wt. soil, in almost all the year in the beginning of experiments.
The prolong adverse insecticide effects on soil microbes, microbial metabolism, soil enzymes
and plant available nutrients may adversely affect the growth, fruiting and consequently the
productivity of the crop.
Keywords: soil microbes, soil enzymes, soil fertility, plant available nutrients, pesticides
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Effect of different timing of AMF inoculation on plant growth
and flower quality of chrysanthemum
SOHN Bo kyoon (1), KIM Kil Yong (2), JUNG Soon Ju (3) and KIM Tae Hwan (4)
(1) Department of Agricultural Chemistry, Sunchon National University, Sunchon 540-742, Korea
(2) Department of Agricultural Chemistry, Chonnam National University, Kwangju 500-757,
Korea
(3) Division of Applied Plant Science, Chonnam National University, Kwangju 500-757, Korea
(4) Department of Animal Science, Chonnam National University, Kwangju 500-757, Korea
Plant growth and flower quality of an ornamental plant [Chrysanthemum inorifolium
(RAMAT)] in response to the different timing of arbscular mycorrhizal fungi (AMF) inoculation
were examined. To evaluate the effects of AMF inoculation timing on growth of cuttings, AMF
was directly inoculated to cuttings (AMFD), or inoculated at the transplanting stage (AMFA).
Control plants did not receive AMF inoculation (CON).
A significant difference in plant growth was observed following AMF treatment when
compared to non-AMF treatment at transplanting stage. Rooting rate in AMF treatment was 99%
whereas it was 76% in the absence of mycorrhizal inoculation. The colonization rate was 3.9% in
AMF treatment, while it was 0.0% in non-AMF treatment. Top root length and number of lateral
roots in AMF treatment were 2x greater than those of non-AMF treatment. Inoculation of AMF
significantly increased the height, and fresh and dry weight of both shoots and roots at the
transplanting stage.
At 7 weeks after transplanting, chrysanthemum plants in AMFD and AMFA treatments had
46% and 34% colonization rate, respectively. Low colonization rate (6%) was observed in CON,
possibly due to contamination. Growth response of chrysanthemum to different timing of AMF
inoculation was measured at 8 weeks after transplanting. Plant height, leaf area, root length, and
fresh and dry weight of shoots, stems and roots in AMF inoculation treatments (AMFD and AMFA)
were significantly higher than control plants. The greatest increase in plant growth was observed in
AMFD treatment. AMF inoculation significantly shortened flowering time compared to nonAMF plants. Chrysanthemum in IMFD, AMFA and CON treatments flowered at 98, 104 and 112
days after transplanting, respectively. Fresh weight, width and height of flowers in AMFD and
AMFA treatments were generally higher than those of CON flowers. However, a significant
increase in fresh weight, width and height of flowers was found in AMFD treatment. A significant
increase of macronutrient uptake in leaf was observed at AMFD treatment. On the other hand,
micronutrient uptake highly increased in AMFD and AMFA compared to CON where Mn uptake in
AMFD and AMFA was more than double that in CON. In roots, macro- and micro-nutrient uptake
was generally higher in AMFD.
Keywords: chrysanthemum, arbscular mycorrhizal fungi, colonization
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Biodegradation of monocrotophos by soil bacteria
P. aeruginosa and C. michiganense sub sp. insidiosum
SUBHAS and SINGH Dileep K.
Department of Zoology, University of Delhi, Delhi -110 007, India
Monocrotophos (dimethyl (E)-l-methyl-2-(methylcarbamoyl) vinyl phosphate, MCP), a foliar
applied Organophosphorus pesticide active against wide range of insects and mites and has a
contact, systemic and residual action and is commonly used to control the cotton pests.
Internationally, 90% of MCP consumption is being contributed by India (43%), South America
(26%), China (15%) and Southeast Asia (9%). This pesticide has been regarded as an acute
hazardous insecticide. WHO has classified MCP to be WHO lb, highly hazardous and has been
responsible for deaths resulting from accidental or intentional exposure. EPA has declared this
insecticide to be in class I toxicity - highly toxic. EU has classified MCP dangerous for the
environment. In US, before its withdrawal, MCP was a Restricted Use Pesticide (RUP). Bacteria
were isolated from the soil from the cotton belt of Ludhiana District of Punjab with repeated
pesticides applications. These isolated bacteria were tested for their ability to degrade the MCP in
the shake culture. Furthermore, two of the isolates namely SBL F10B and SBL 11 were identified
by Microcheck Inc., USA to be Pseudomonas aeruginisa F 10B and Clavibacler michigenense
subsp. insidiosum SBL 11. Biodegradation of MCP was checked in basal medium supplemented
with MCP as a sole phosphorus source. The MCP was extracted using ethyl acetate and HPLC and
TLC studies were performed to check the biodegradation as well as the metabolites formed. All the
isolated bacteria could utilize MCP when supplemented with MCP as a sole source of phosphorus.
None of the isolates could utilize MCP as a sole source of carbon. Two of the microbial isolates, P.
aeruginosa SBL F 10B and C. michiganense subsp. insidiosum SBL 11 could utilize the MCP as a
sole source of phosphorus and growth was comparable to that on basal medium having other
inorganic phosphorus sources. The optimal concentration of MCP as a sole phosphorus source
required for the normal growth for both the strains was 500 mg kg"1. MCP was the preferred
phosphorus source compared to K.H2PO4 but was less preferred as compared to K2HPO4 in the
phosphorus preference study. These two strains were able to degrade technical grade (purity less
than 75%) MCP upto 98.9% and 85.88% respectively during 24 h and the pure MCP (purity more
than 99.9%) upto 78% and 82% in the shake culture respectively during 48 h at 37°C. In the
substrate preference study, both the strains could utilize all the six substrates where Tris-pNitrophenol Phosphate proved to be the best substrate followed by Paraoxon. It depicts the broad
spectrum of the substrates, which can be degraded by the said enzyme. The enzyme responsible for
the breakdown of MCP was phosphotriesterase, which was observed to be localized on the
membrane-bound fraction of the disrupted cells. In the plasmid curing study of Pseudomonas
aeruginosa SBL Fl0B, the plasmid was cured on 5' day of UV exposition with great loss of
phosphotriesterase activity indicating the opd gene responsible for the production of
phosphotriesterase was located on the plasmid.
Keywords: monocrotophos, biodegradation, P. aeruginosa, C. michiganense insidiosum
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Utilization of chlorpyrifos by Aspergillus niger and
A. flavus as carbon and phosphorus source
SWATI and SINGH Diieep K.
University of Delhi, Delhi-110007, India
Chlorpyrifos (O.O-diethyl O- 3,5,6-trichloro-2-pyridyl phosphorothioate) is an important
organophosphorus insecticide. It is used extensively to control range and forage insect pests as well
as soil dwelling grubs, rootworms and subterranean termites. Fungi are important decomposers of
pesticides in soil. Fungi can be isolated and used efficiently in degrading chlorpyrifos. Fungi can be
isolated and used efficiently in degrading chlorpyrifos. Most fungal reactions occur extracellularly
and there is a potential for pesticide mineralization. In this study, we have observed that soilborne
fungi play an important role in the biodegradation of chlorpyrifos. Fungal strains were isolated from
the soil of Groundnut fields of Agriculture Research Station (Durgapura) Jaipur, Rajasthan (India)
where Dursban is applied @ 4 L ha"1. Jaipur soil is silt loam (sand 29.2 + 1.38%, silt 59.65 ±
2.47%, clay 7.13 ± 0.58%). pH of the soil was found to be 7.21 ± 0.02 which is slightly alkaline.
Organic matter content of the soil was estimated by Walkey and Black's method and was found to
be 0.63 + 0.04%. Chlorpyrifos degrading fungi were selectively enriched at pH 5.5 using modified
Streptomycin-Rose Bengal medium and at pH 7.2 using modified basal medium where carbon and
phosphorus sources were deleted and instead 200 mg kg"1 chlorpyrifos was supplemented. Growth
studies of both the strains were performed in original and modified medium by dry weight method.
A. flavus grew perfectly on broth containing glucose as the main carbon source at pH 5.5. The
growth of the fungus was in accordance to the sigmoid pattern as in the case of most
microorganisms. Similar observations were made for A. niger also. Aspergillus flavus preferred
acidic growth conditions and grew to its best at pH 5.5. To test the pH shift in growing fungus,
Bromothiomol blue replaced Rose Bengal. Growing fungus changed the colour of the medium from
pale yellow to blue, showing pH shift from 5.5 to 8.0. When A. flavus was provided with 200
mg kg"1 chlorpyrifos, it utilized about 96.5% of chlorpyrifos as a carbon and phosphorus source
within 24 hrs. of inoculation. However, 3,5,6-trichloro-2-pyridinol buildup also started occurring
which was nearly 30.4% of its total concentration within 24 h. The growth pattern of A. flavus when
provided with chlorpyrifos as a substrate, appeared to be biphasic. A. niger utilized 52.2% of total
chlorpyrifos, thereby reducing its concentration to 95.6 mg kg'1 within 24 hrs. of inoculation. When
100 mg kg"' dose of TCP was provided in the liquid medium inoculated by A. flavus and A. niger
respectively, no growth was observed within 168 hrs. of inoculation. High concentration of TCP is
lethal for microorganisms and its bactericidal action has been studied by many workers.
Chlorpyrifos is highly susceptible to photodegradation and chlorpyrifos concentration was reduced
to 87.8%. After seven days of solar exposure, the final concentration of chlorpyrifos left was 30
mgkg'.
Keywords: Aspergillus, fungi, chlorpyrifos, biodegradation, photodegradation
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Dynamics of soil nematofauna in relation to soil microflora
after enrichment of a tropical soil
VILLENAVE C. (1), EKSCHMITT K. (2) and BONGERS T. (3)
(1) Laboratoire de Bio-Pédologie, IRD, BP 1386, Dakar, Senegal
(2) Department of Animal Ecology, Justus Liebig University, Heinrich-Buff-Ring 26-32 (IFZ), D35392 Giessen, Germany
(3) Laboratory of Nematology, Wageningen University, Pb 8123 NL6700-ES Wageningen, The
Netherlands
In low-input tropical agrosystems, decomposition of soil organic matter and liberation of
nutrients is highly dependent on the activity of the soil organisms. The aim of this experiment was
to identify relations between the soil microbiological status and the nematofauna in a poor tropical
soil and to assess the repercussions of these organisms on the nitrogen flux. The carrying capacity
of the soil for microflora and nematofauna was modified in six treatments: (i) control - no manure:
MO; (ii) low dose of manure (xl): Ml; (iii) high dose of manure (x4): M2. (iv) initial fungicide
application and low manure dose: M1F+; (v) initial bactericide application and low manure dose:
MIB+ ; and (vi) rhizospherie activity linked to millet presence and low manure dose : M1P+. The
experiment was conducted in microcosms under greenhouse conditions. The development of the
nematofauna, the microflora, and mineral nitrogen in the soil was followed during 4 months with
analysis every 15 days.
Microbial biomass (+45%) and, in particular, fungal biomass (>+200%), increased significantly
with the dose of manure. The abundance of the nematodes of the main trophic groups was
significantly different between treatments. For example, the abundance of fungivorous nematodes
increased by >50% with manure. The bactericide application also induced an 230% increase in the
fungivorous nematodes. The omnivorous nematodes reached high density (224 lOOg'DM soil)
with the high dose of manure; while the abundance of plant parasitic nematodes increased only in
presence of millet (+275%). Canonical analysis of the nematode coloniser-persister feeding leagues,
combined with soil microbial and mineral nitrogen parameters, showed that the opportunistic
bacteriophageous nematodes (coloniser-persister 1) were closely related to soil mineral-N content,
whereas the bacteriophageous nematodes (cp2 , cp3 and cp4) were decreasingly correlated with
mineral-N. Fungivorous nematodes (cp2 and cp4) were associated with microbial biomass and more
specifically with ergosterol content of the soil. However, soil mineral-N content was correlated with
the total density of nematodes but not with specific nematode trophic groups, or nematodes
coloniser-persister leagues. Nematode effects on nitrogen flux were partly based on stimulation of
microbial growth and activity linked to predation, but even more so on direct excretion of mineral
nitrogen.
Keywords: nematofauna, trophic groups, microbial biomass, enrichment by manuring, mineral-N
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Heavy metal contamination and impacts on microorganisms
in the vicinal soils of a local Zn smelter in Hezhang County,
Guizhou Province, P.R. China
YANG YuanGen, ZHANG Guo Ping, WU Pan and LIU Congqiang
Institute of Geochemistry, Chinese Academy of Sciences, Ouiyang City, Guizhou Province, P.R.
China
Hezhang County is located in the west of Guizhou province, Southwestern China, rich in Pb,
Zn and coal mineral resources. Zn dominated in Pb, Zn ores, so indigenous Zn smelters were well
developed which can be originated 300 years ago. There were more than 1000 smelters spots before
2000 sprayed along a small town named Magu in Hezhang County, most local people engaged in
this industry, made great economic benefits from this and also this kind of activities stimulated the
development of relative industries such as coal mining, restaurant, and transportation which was
great helpful to the swell of local economy ,and had once been the local pillar industry.
Usually local people mixed the Pb, Zn ores with small amounts of coal in a special ceramic
crucible called Bullet Head which named after its shape, and the mixture was baked at high
temperature for several hours, the smelter was poured down to a mold then the Zn brick was ready.
Gradually, large scale smelting caused a serious of environmental problems. Mine waste
dumped as hills spread everywhere, especially along the river side, heavy and strong smokes
covered all the spots which released unbearable irritating smells. There once a legend can illustrate
the splendid smelters when all the smelting spots were working, the observation satellite transferred
the photos as being thought there occurred large area forest fires.
Large coverage of forest and crops also disappeared only in ten years in the vicinity of Zn
smelters, soil and ground water were polluted inevitably, river water quality was lowered to grade
with the accumulation of heavy metals.
The above damage was followed by the occupational diseases such as cancer and silicosis
caused by lead poisoning, as investigated in 1994, a heavy crowd of local people was suffered from
grade 1 to 3 level lead poisoning.
Compared with human health, zinc smelters did damage environment more directly. For
improving this situation, the government ordered the local people to stop, remove or reform the
smelters, a series steps were adopted for the recovery of ecological environment, but as estimated
by the environment protection department, the total reclamation costs will be up to 700 million
Chinese RMB Yuan which is far more than the whole town tax revenue of 50 million RMI3 Yuan.
The challenge is obvious to face this crucial environment problem, before steps were taken, it is
necessary to investigate the accumulation of pollutants, their chemical forms and impacts on
microecological system then to discover the gateway of pollutant influencing ecological system,
offer enough information for the policy making institutions, so our research was concentrated on
accumulation of heavy metals and their impairment clue.
Keywords: indigenous method for Zn smelting, heavy metal, soil microorganisms, DNA, PCR.
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The populations of rare actinomycetes in soils
ZENOVA C M . , LIHACHEVA A.A. and ZAKALLKINA J.V.
Faculty of Soil Science, Department of Soil Biology, Moscow Lomonosov State University,
Moscow. 119X99, Russia
Structural organization of actinomycetes communities in main kinds of terrestrial ecosystems was
established. It was shown that the principal habitats of mycelial prokaryotcs are forest litter and the
uppermost soil horizont in forest biomes and the whole solium in steppe and desert ecosystems. The
structure of complexes of soil actinomycetes is specific to each biogeocenosis. The forest
biogeocenosis is characterized by presence of one dominant genus Streptomyces. The representatives
of some genera of actinomycetes (Streptoverticillium, Micromonospora) are found out in a litter in
much greater quantity (on the order), than in a soil. The low pH values of forest podzolic soils
promote development of representatives of the genus Streptosporangium which are attracted to acid
conditions of an environment. The specific feature of microbial communities of peat soils is
estimated mainly by riches of micrimonosporous actinomycetes, which numbers in all seasons, as a
rule, on 1-2 order exceeds a numbers of streptomycetes, while in the majority of zone types of soils
the micromonospores, as well as representatives of others rare genera of actinomycetes. are
significantly less numerous. The maximum quantity of actinomycetes in chernozems and chestnut
soils is attached for a soil layer, and, except of the representatives of the genus Streptomyces, also
representatives of the genera Micromonospora, Actinomadura, Nocardia (in a chernozem) are
dominants, the representatives of the genera Saccharomonospora,
Saccharopolyspora.
Streptosporangium average a smaller share. The continuous presence of representatives of the
genera Streptomyces, Streptoverticillium, Nocardia, a high share of micromonospore actinomycetes
were received in grey brown and sandy desert soils.
Ecological status of soil rare actinomycetes Micromonospora,
Streptosporangium.
Saccharopolyspora, Saccharomonospora, Actinomadura, Microhispora. Microletraspora and
Thermomonospora were placed. The distribution and concentration of these genes actinomycetes in
terrestrial ecosystems are determined. Maximum density of populations rare actinomycetes were
revealed on different stages of microbial succession induced by moisture of soil. For example
maximum populational density for Micromonospora are marked off in intermediate stages of
succession, for Saccharopolyspora and Microhispora - in early and late stages succession, for
Actinomadura and Saccharomonospora - in early and intermediate stages of succession. Level of
moisture soil corresponding field capacity is favourable for isolation Saccharomonospora,
Actinomadura and Thermomonospora. The highest density of populations Microhispora and
Microletraspora ate defined by wilting point and maximal hygroscopic moisture content. Changes
of taxonomical composition soil actinomycete complex in time in natural environment were
observed by successional analysis. Ecological nishes of rare actinomycetes in soil are not separated
completely and partial overlaped, that indicative of possible competitive relations between them.
Taxonomie distant actinomycetes have near ecological positions and near populations can essential
different in ecologocal relation.
Keywords: actinomycetes complexes, rare actinomycetes, terrestrial ecosystem
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