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Symposia

S01 Soil Organic Matter

S01.A.KL
Stabilization of organic matter in top- and subsoils:
Mechanisms and Mysteries

B. Marschner;
Ruhr-University Bochum, Bochum, Germany.

In the past 10 years, the understanding for the mechanisms
underlying the stabilization of soil organic matter has deepened
considerably. Three basic mechanisms have been identified,
namely recalcitrance, interactions with minerals and occlusion
within aggregates. For a long time, the selective preservation of
recalcitrant organic compounds and the formation of recalcitrant
humic substances, has been regarded as the most important
mechanism for soil organic matter (SOM) stabilization.
Methodologically, recalcitrance is difficult to assess, since the
persistence of certain SOM fractions or specific compounds may
also be caused by the other stabilization mechanisms. If only
free particulate SOM (fPOM) is considered, it rarely reaches
ages exceeding 50 years. Older fPOM particles have often been
identified as charred plant residues or as fossil carbon. From this
and other evidence, it is concluded that the selective
preservation of recalcitrant primary biogenic compounds is not a
major SOM stabilization mechanism. The oldest and therefore
most stable SOM fractions are generally found in subsoils and
are closely associated with minerals with part of this fraction
being resistant to strong oxidative reagents. In topsoils,
occlusion within micro-aggregates effectively protects SOM from
microbial degradation for several decades, while SOM in larger
aggregates has similar turnover times as bulk SOM.

Despite this progress in knowledge, several unresolved
questions regarding SOM stabilization mechanisms remain:

1. SOM consists of substructures or fragments that have
been clearly identified as carbohydrates, peptides and low
molecular organic acids that should be easily degradable.
Are they all associated with minerals, or can they also be
protected within SOM "supramolecules"?

2. Why is the oldest SOM generally found in subsoils? Is it
because there are more unoccupied mineral surfaces? Or
is the low SOM content leading to spatial isolation from the
sparse microbial population?

3.  SOM in- and outputs in topsoils can be quantified, modeled
and attributed to mechanisms rather well. For subsoils,
where up to 70% of total SOM is stored, far less data is
available and understanding of processes or mechanisms
is lost in obscurity.

S01.A.01

Decomposition of Norway spruce needles and fine
roots - how much is mineralized and how much is
leached as DOC?

D. Berggren Kleja, K. Hansson, T. Persson;
Swedish University of Agricultural Sciences, Uppsala, Sweden.

Changes in climate or forest management practices leading to
increased litter production will most likely result in increased
leaching rates of dissolved organic carbon (DOC) from the O

horizon. The rhizosphere is often assumed to have a large
carbon flux associated with root turnover and exudation.
However, little has been done to quantify the amount of DOC
originating from root litter.

We study decomposition of root and needle litter of Norwegian
spruce (Picea abies) through laboratory incubation of five
different substrates: fresh needle litter, aged needles from the
litter layer, fresh and dead roots from mineral soil samples and
seven-year-old dead roots from litter bag studies, all substrates
collected from the same site in the south of Sweden. After
respiration measurement, the substrates are percolated with
artificial throughfall water. DOC and UV absorbance are
measured in the percolated water. We also study sorption of
DOC to ferrihydrite, as a measure of DOC’s ability to be
stabilised by iron (hydr)oxide surfaces. As expected, DOC
production initially was highest for fresh roots and fresh needle
litter. A month later, all root treatments produced less DOC than
both needle treatments, but the quality of DOC (specific UV
absorbance) seemed to be similar for all substrates. The
adsorption test showed that, for most substrates, DOC adsorbed
strongly to the ferrihydrite. The experiment is on-going (February
2008) and more results will be presented at the conference.

S01.B.01
Wintertime C-fluxes in a forest soil of the Swiss Jura:
Clues from a 13C labeled litter addition

A. Kammer, F. Hagedorn, D. Malsam;
WSL, Birmensdorf, Switzerland.

Recent studies in high-latitudes suggest that biological activity
during winter can contribute considerably to annual soil carbon
fluxes. Although the ongoing global warming is most distinctive
in the wintertime, very little is know on the importance and the
sources of soil's CO; effluxes in the temperate zone over winter.
A small increase in winter temperature may alter soil organic
carbon balance significantly, since temperature sensitivity is
known to be high at temperature close to 0°C and soil moisture
is rarely a limiting factor in the cold season.

To gain more insight into the components of CO, effluxes from
soils during wintertime, we are performing a labeled litter
experiment in a montane mixed forest in the Swiss Jura (680m
a.s.l). B¥ the end of November 2007 we have replaced native
litter by 3C labeled beech leaves and twigs. Due to the more
negative "*C of our litter (-40.7%) vs. native mineral soil (-27%o)
we can identify the origin of respired CO, - mineral soil organic C
or fresh litter.

Considerable CO,-fluxes occurred during winter (> 0.6 ymol CO,
m? s™), even when the soil was frozen down to 10cm. 3% of
liter C was lost by DOC leaching during the first two months.
The contribution of litter C to total soil respiration varied with time
from 0 to 60%. While CO,-release from mineral soil was highly
correlated with soil temperature (10cm), litter decomposition
responded much faster to variation in air temperature. Moreover,
drying-up of the litter layer seems to constraint CO,-release from
litter. Our results show that (1) considerable amounts of SOC
are lost in the cold season, (2) the sources of respired CO, vary
strongly with time, and (3) that the litter-derived CO, effluxes are
driven by air temperatures during daytime and the frequency of
rainfalls.

S01.B.02
Effects of plant litter input on lignin degradation in
forest soils

T. Klotzbiicher', G. Guggenberger’, K. Kaiser, R. D. Bowden®,
K. Lajtha®, K. Kalbitz';

"Department of Soil Ecology, University of Bayreuth, Germany,
2Institute of Agricultural and Nutritional Sciences, MLU Halle,
Germany, 3Department of Environmental Science, Allegheny
College Meadville, PA, United States, *Department of Botany



and Plant Pathology, Oregon State University, Corvallis, OR,
United States.

The input of plant litter largely governs carbon dynamics in soils.
Microbial degradation of lignin is assumed to control C
mineralization and the production of dissolved organic matter
(DOM) during later stages of litter decomposition. Global climate
change will affect the quantities of plant litter input into forest
soils. Therefore, it is necessary to understand how changes in
litter input rates influence lignin degradation and related soil
processes. Our objective was to study how experimentally
doubled annual aboveground litter input and exclusion of fresh
litter affect lignin degradation and its transfer into aqueous
phase. We analysed soil samples (forest floor, 0-5 cm, 5-10 cm)
from 3 long-term experimental sites, located in the mixed beech-
oak forest “Steigerwald” (Bavaria, Germany), the douglas fir
forest “H.J. Andrews” (Oregon, USA) and the sugar maple forest
“Bousson” (Pennsylvania, USA), using the CuO method. The
litter input was manipulated over a period of 8, 10 and 16 years,
respectively. Additionally, lignin-derived compounds were
analysed in DOM samples from one of these sites.

Initial results showed that doubling the annual litter input caused
enhanced lignin degradation, possibly as a result of co-metabolic
lignin degradation upon the availability of fresh and easily
degradable organic matter. Lignin-derived compounds in DOM
samples increased upon the litter addition. We assume that
accelerated lignin degradation is responsible for the increased
production of DOM in the forest floor which is commonly
observed with increased litter inputs.

S01.B.03

Decomposition and microbial colonisation of litter
affected by the depth of incubation in a column
experiment

N. Rottmann’, R. Joergensen’, J. Dyckmans?, J. Raupp®;
"Department of Soil Biology and Plant Nutrition, University of
Kassel, Witzenhausen, Germany, Centre for Stable Isotope
Research & Analysis, University of Géttingen, Géttingen,
Germany, ®Institute for biodynamic Research, Darmstadit,
Germany.

An incubation experiment was carried out with maize (Zea mays
L.) litter to analyze the decomposition and microbial colonization
effected by the depth of litter incubation. Therefore 20 cm high
columns were filled by two types of disturbed and sifted (2mm)
soils. The soils used were a sand from the experimental site of
the IBDF in Darmstadt and a loam from the experimental site
“Hohes Feld” in Angerstein near Géttingen. Litter of maize was
incubated at depths of 0-5 cm and 15-20 cm. The experiment
was carried out in PVC columns on sand-bed for 57 days at
19°C and 40% water holding capacity with the following 6
treatments: (1) sand control, (2) loam control, (3) sand with litter
at 0-5 cm, (4) sand with litter at 15-20 cm, (5) loam with litter at
0-5 cm, (6) loam with litter at depth of 15-20 cm. After the
incubation time of 57 days, the columns were destructively
sampled and microbial biomass C, biomass N, ergosterol and
the loss of litter were measured. With the analysis of the 5"°C in
litter, soil, microbial biomass and carbon dioxide, the
translocation of decomposed carbon was monitored. First results
showed no impact of the incubation depth on microbial biomass
in the loam, whereas a significant influence (a=0.05) was
detected in the sand. There, the ergosterol content was
significantly higher at 0-5 cm (1.5 pg g'1) than at 15-20 cm (4.0
Mg g‘1). Furthermore, the ergosterol content of loam showed no
significant differences at 0-5 cm (3.6 pg g'1) and at 15-20 cm
(3.9 ug g”). The microbial biomass C contents did not differ at
any depth in the sand (0-5 cm; 280 ug-C g'1;15-20 cm; 340 ug-C
g’l) and in the loam (0-5 cm; 410 ug-C g'; 15-20 cm; 330 ug-C
g)

S01.B.04

Soil biodegradation of maize roots: relative
importance of chemical characteristics and
endogenous microflora

G. Machinet, |. Bertrand, B. Chabbert, S. Recous;
INRA, Reims, France.

Roots remaining after crop harvests constitute one of the main
sources of carbon entering the soil and contribute to build up the
soil organic matter pool. Unlike for plant above-ground parts, few
studies relate in details the processes driving soil decomposition
of roots. The chemical quality of crop residues is a well-known
factor that influences their decomposition in soil and associated
carbon and nitrogen fluxes. For instance, the proportion of the
cell wall fraction and its composition are known to have a strong
impact on crop residues decomposition. Roots are characterized
by a high content in cell walls when compared to above-ground
parts and most of these are strongly lignified.

To assess the precise role of the chemical quality of cell wall
components on the kinetics of carbon mineralization, roots of
different maize genotypes including “brown-midrib” mutants and
normal maize were used. These lines were shown to have
similar soluble and cell wall contents while they differ
significantly in the cell wall composition despite root anatomy
and tissue distribution did not vary. Carbon mineralization
kinetics of maize roots differed markedly between the genotypes
confirming the importance of specific cell walls properties on
carbon mineralization. However, scanning electron microscopy
investigations revealed contrasted microbial colonization on root
samples before soil decomposition. We hypothesize that these
endogenous microorganisms may partly be responsible of the
initial variations of the cell walls quality observed between
genotypes. A study was thus performed to evaluate the impact
of the endogenous microorganisms on root chemical
characteristics and on the kinetics of carbon and nitrogen
mineralization.

S01.B.05
Effect of litter quality on organic matter composition
of earthworm casts

R. H. Ellerbrock’, S. Schrader’, H. H. Gerke', M. Leue';
"Leibniz-Centre for Agricultural Landscape Research (ZALF),
Miincheberg, Germany, *Johann Heinrich von Thiinen-Institut
(vTl), Braunschweig, Germany.

Earthworms contribute to decomposition and stabilization of
organic matter (OM) in soil. The digestion during intestinal
passage inside worms may lead to a change in the composition
of OM. The Fourier Transform infrared spectroscopy (FTIR) can
be used to characterize the OM composition in form of
hydrophobic (A) and hydrophilic (B) functional groups (i.e., A/B-
ratio). It is largely unknown whether the type of litter the
earthworm is feeding affects the OM composition in casts. The
objective was to compare the composition of OM within casts of
the primary decomposer [lumbricus terrestris with that of
corresponding litter samples. Litter from 10 different plant
species including leaves of birch, beech, oak, spruce, pear,
mustard and wheat straw (3 replicates) was offered separately to
L. terrestris in microcosms containing a Luvisol soil. The OM
composition of casts, collected from the soil surface after 4-
weeks, and of litter was analyzed with FTIR (DRIFT technique).
The A/B ratio of casts was generally increased as compared to
that of the soil. For most litter types, the A/B ratio of cast was
relatively similar except for casts from birch (Betula pendula) and
pear (Pyrus communis) where the hydrophobic group contents
strongly increased (i.e., 3-times higher A/B ratio as compared to
wheat (Triticum aestivum) or beech (Fagus sylvatica) casts. The
higher A/B ratios seem to be related to the relative higher C/N
ratios in the casts from Betula pendula and Pyrus communis
feeding experiments. The assumption that worm casts may
enrich hydrophobic OM components could be verified only
partly. The results indicate that digestion of litter by the worm



may change OM composition. However particulate and soluble
OM fractions in the earthworm casts could have contributed to
such differentiation.

S01.B.06

Implications of rising atmospheric CO2 concentration
for plant biomass and soil organic matter changes on
a molecular level

G. L. B. Wiesenberg', M. DorodnikoV', Y. KuzyakoV', A.
Fangme/erz

Department of Agroecosystem Research, Bayreuth, Germany,
2Institute for Landscape and Plant Ecology, Stuttgart-
Hohenheim, Germany.

Lipids are main components of plant materials and soil organic
matter (SOM). Parts of lipids were thought to be part of the
stable fraction of SOM. In addition to C3-/C4-crop change
experiments, free air CO2 enrichment (FACE) experiments yield
potential to determine turnover rates without changing the
quantity and quality of the biomass, which commonly occurs
during C3-/C4-crop change experiments. However, plant lipid
composition was found to be modified in FACE experiments, but
modifications were not uniform for several plants. Temporal
trends of lipid modifications of plants and their implications for
lipid incorporation and turnover in soil have been determined
scarcely. Previous studies observed a different protection of
organic carbon in soil physical fractions. However, the
distribution and turnover of lipidic compounds within and thus the
meaning of soil physical fractions for turnover calculations on a
molecular level has not been determined.

Here, we describe the influence of elevated atmospheric CO2
concentration on lipid composition in plants and soil. With time
the lipid composition of individual plants varied slightly due to
changing growth conditions. At the same time wheat and
associated herbs revealed different changes on a molecular
level under FACE and thus a different sensitivity against
environmental changes expected during the next decades.
These facts imply a different development of the biomass quality
under FACE conditions and have an influence on turnover of
lipids in bulk arable soils and soil physical fractions. As
expected, occluded particulate organic matter (oPOM) yields
larger amounts of degraded plant debris and lipidic compounds
in comparison to free particulate matter. The protection of
altered lipids in oPOM against further degradation results in a
significantly slower turnover when compared to lipids present in
fresh biomass. Future soil quality changes can be expected due
to biomass changes under elevated CO2 - even on a molecular
level.

S01.C.01

The increase in dissolved organic matter
concentration in leachates from undisturbed soil
cores after stop-flow mainly originates from decaying
biomass

I. De Troyer, J. Mertens, E. Smolders, R. Merckx;
Division Soil and Water Management, Heverlee, Belgium.

Dissolved Organic Matter (DOM) plays an important role in soil
genesis and in transport of soil pollutants with affinity for organic
matter. It follows that understanding of DOM-facilitated transport
of solutes and of organic matter dynamics in mineral soils
requires information about the dynamics of DOM. In a
preliminary experiment 12 undisturbed soil columns (10 cm high,
6 cm diameter) were leached with a CaCl, 10" M solution at a
rate of 16 mm/day. Leaching the columns decreased DOC
concentration in the effluents from 244 + 6.1 mg C/ to a
constant base level of 7.8 + 3.8 mg C/l after 2 pore volumes. The
Specific UV Absorbance (SUVA) of DOC in the leachates was
296 * 4.8 l/g.cm) and did not change significantly during
leaching. A stop-flow increased DOC concentration by, on

average, 6 mg C/ suggesting that a fraction of DOC is slowly
released in soil. The SUVA decreased by 14 I/(g.cm) after stop-
flow, suggesting that the increase of DOC was unrelated to
humic substances but to decaying biomass.

To further test the hypothesis that stop-flow DOC mainly
originates from biomass, a new column experiment was set-up.
A pulse of "*C labeled DOC solution was applied to undisturbed,
leached soil columns at two flow rates: 4 and 16 mm/day.
Leachate volumes, DO™C concentrations and SUVA of the
column effluents were monitored regularly Preliminary results
show unretarded breakthrough of the °C pulse but considerable
degradatlon suggesting that part of the microbial blomass will
turn °C labeled. After breakthrough of the DO'™C pulse,
irrigation was stopped for 11 days and columns dried out
Currently, the columns are being leached agaln with a CaCl, 10°

M solution. In addition to the monitoring of DO'C concentrations
and SUVA, the effluents are being fractionated (DAX-8-resin) to
assess the hydrofobicity of the DOC.

S$01.C.02

Influence of dissolved organic matter movement on
the net balance of carbon and nitrogen in pasture
soils

A Ghani', M. Dodd’, K. Miiller', A. Mackay2 M. Dexter';
AgResearch Ruakura Research Centre, Hamilton, New
Zealand, AgResearch Grasslands, Palmerston North, New
Zealand.

There are increasing concerns that pastoral soils in temperate
regions are losing soil carbon (C) and nitrogen (N). The aim of
this study was to quantify the influence of some of the factors
that may be contributing to these losses in soils. We examined
the effects of movement of dissolved organic carbon (DOC) and
dissolved organic nitrogen (DON) beyond the rooting depths that
may have had on the net balance of C and N in pasture soils.
Lysimeters (230 mm diameter x 250 mm depth) were collected
from six dairy pastures (four from allophanic and two from gley
soils) and placed into a growth chamber at 20°C with 16 hrs
daylight. These lysimeters were periodically leached for six
months. The leachates were analysed for DOC, DON, NO; and
NH,.

Based on the concentrations of DOC and DON measured in the
leachates and multiplying these concentrations with the site
specific annual rainfall factors, amounts of C and N that could
potentially moved beyond the rooting depths on annual basis
were estimated. We estimated leaching Iosses of DOC and DON
from soils to be between 330-1830 kg C ha™' yr' and between
40-127 kg N ha yr as DON. These leaching losses of DOC
and DON could account between 13-65% loss of total C and 17-
30% loss of total N in these soils which was estimated by
Schipper et al. (2007). The gley (poor draining) soils lost
significantly greater amounts of DOC and DON than the free
draining allophanic soils. Our results demonstrate a need to take
into account movement of DOM when calculating net C and N
balance in soils.

S01.C.03

Rapid vertical changes of soil organic matter
composition under juvenile Beech trees - a lysimeter
study

C. W. Mueller', G. Stoelken®, S. Gayler’, K. Pritsch®, J. Winkler’,
I Koegel-Knabner';

'Lehrstuhl fuer Bodenkunde, TU Muenchen, Freising, Germany,
2Chair of Tree Physiology, Albert-Ludwigs-Universitaet, Freiburg,
Germany, 3Institute of Soil Ecology, Helmholtz-Zentrum
Muenchen, Muenchen-Neuherberg, Germany.

In our study we tried to relate SOM turnover and composition
with different litter input qualities and depth. For our study eight
lysimeters at the Helmholtz-Zentrum Muenchen were used with
a surface area of 1 m2 and 2 m depth, filled with soil (Dystric



Cambisol) from a forested site in southern Germany. On every
lysimeter four juvenile Beech trees (Fagus sylvatica L.) were
grown. In April 2006, after removal of the old litter layer, four
lysimeters received 15N-labelled Beech litter and the other four
lysimeters received the same amount of unlabelled Beech litter.
In September 2006 all lysimeters were sampled and the upper
soil layers (0-2 cm, 2-5 cm and 5-10 cm) were subjected to a
physical SOM fractionation. Composition of litter samples and
SOM fractions were studied by stable isotope techniques and
13C-CPMAS NMR spectroscopy.

We found higher contents of particulate OM (POM) fractions for
the soils with 15N-labelled litter input. In all lysimeters
remarkable high losses in O/N-alkyl C were detected with
ongoing decomposition from free to inner aggregate POM
fractions, leading to over 50% alkyl C for the occluded
POM<20um. Furthermore, we found clear increases of alkyl C /
O/N-alkyl C ratios within the first 10 cm of soil depth, which
implies large vertical SOM heterogeneities on a horizon scale.
Sampling on field scales on a horizon basis can therefore be
biased by these found heterogeneities. Additional we could track
vertical changes in SOM related to root exudates due to the
13C-labelling via gassing of the young Beech trees.

S01.C.04

Does water stress affect composition and
stabilization of SON? - A 15N labelling phytotron
experiment

P. S. Naumann, H. Knicker, |. Kégel-Knabner;
Lehrstuhl fiir Bodenkunde, Freising, Germany.

Nitrogen availability and partitioning in the soil are central factors
for growth and development of forest ecosystems, but the
knowledge about the proceeding mechanisms for the
sequestration of N into the SOM is still deficient.

The prognosticated climate change with higher temperatures
and longer drought periods will affect growth and development of
beech forests in central Europe and thus will affect quality and
quantity of the SON.

We conducted a 15N labelling phytotron experiment under
controlled conditions to study distribution and stabilisation of ON
within different soil fractions and to elucidate to what extent
water stress affects SON partitioning.

For the experiment, 16 containers, filled with homogenized
surface- and subsoil of a Leptic Phaeozem were planted with 2
yrs-old-beech trees (8 x 8 and 8 x 15 beech) and placed in 4
phytotrons for four month. For half the containers, water supply
was reduced to simulate water stress. 15N labelling was
conducted through application of a fertilizer solution (15NH4,
15NO3) and soil samples were taken directly following
application and after 4, 7, 13 and 24 days. Soil samples were
physically fractionated and were analysed for hydrolyzable N,
15N content and chemical composition of ON by 15N NMR
spectroscopy.

Within 24 days of incubation, we could already observe a
decrease of 15N in all containers. 15N-contents in the control
containers were generally lower than those in water stress
treated containers, maybe due to higher microbial activity and
plant growth caused by a better water availability. Chemical
degradation studies are expected to give more information about
chemical and microbial stability of SON sequestered in the
different physical fractions. NMR spectroscopic pre-experiments
showed no differences in the quality of immobilized ON,
indicating that with respect to alteration of the N-fraction by
water stress quantitative factors dominate over qualitative
structural changes of the SON.

S01.D.01
Decomposition and stabilisation of soluble
vs.structural C fractions from plant residues in soils

C. Girardin', D. Rasse? C. Chenu’;
'INRA, Thiverval Grignon, France, “Bioforsk, As, Norway,
3Agroparistech, Thiverval Grignon, France.

Many agricultural soils have lost a substantial fraction of their
carbon during the last decades. Replenishing these stocks is a
major challenge for modern soil management techniques. In
particular, it is important to determine what type of organic
matter is preferentially stabilised in soils, notably in terms of
origin and molecular structures.

Stabilised soil organic matter has long been considered as
composed of macromolecular structures directly inherited from
complex or structural plant molecules such as lignin. Recent
isotopic studies require this paradigm to be reconsidered. Lignin
monomers have shown a turnover time of about 20 years in
French loamy agricultural soils. In contrast, turnover time of soil-
extracted polysaccharides can exceed 40 years. Some “c
incubation studies have indicated that glucose-derived carbon
can have a longer residence time in soils than carbon from more
complex molecules like cellulose.

The present research was designed to test the hypothesis that
carbon derived from soluble plant molecules has a longer
residence time in soils than carbon from plant structural
molecules. This hypothesis was tested in long-term incubation
experiments conducted with labeled plant residues. We used Bc
pulse labeling to produce a foliar material displaying contrasting
isotopic signatures between water soluble and insoluble
(structural) molecular fractions. This material was incubated for
more than a year in a loamy soil. Mineralized CO, and '°C-CO,
signatures were periodically determined. The time-series data
were interpreted through a simple three-pool isotopic model,
which vyields decomposition rates and stabilization yield
efficiencies for the soluble and structural components. As
expected, the decomposition rate was much higher for soluble
than structural compounds. However, results indicate that the
stabilization yield efficiency was higher for soluble than for
structural compounds. This suggests that, in the long-term,
carbon derived from soluble compounds would contribute more
to stable SOM than that originating from structural molecules.

$01.D.02

Impact of Calcium cations on the formation of
coordinative cross-linking in Soil Organic Matter
(SOM)

D. Gildemeister, G. E. Schaumann;
University Koblenz-Landau, Institute of sciences, Section
Organic and Environmental Chemistry, Koblenz, Germany.

Multivalent cations are expected to affect coordinative cross-
linking of organic molecules. In SOM cross-linking may form
glassy molecular networks. An increasing glassy character of
polymers can be shown by the increase of the glass transition
behaviour temperature. In SOM a similar behaviour is shown
and can be characterized by the step transition like glass
transition behaviour temperature (Ts). In this study the behaviour
of Ts in SOM with different Ca2+ concentration was determined.
Our intention was to create soil samples with a high level of
networking in SOM by Ca2+. Our hypothesis was that different
concentration of Ca2+ and the manner of addition leads to
differences in Ts of an organic layer. We expected increasing Ts
with increasing Ca2+-concentration in the soil especially for slow
addition (in several steps) of Ca2+.

We added Ca2+ by percolation with a Ca2+-soil-solution (5, 8
and 10 mmol/l). Each sample was percolated for four times with
the same solution. Between the percolation steps the soil was
dried and Ts was measured by Differential Scanning
Calorimetry.

In all samples an increase of Ts with final Ca2+ content in the
soil was observed. Surprisingly the slope of this relation



increased with decreasing Ca2+ concentration in the percolating
solution, such that Ts is not a sole function of the Ca2+ content
in soil. The results suggest that Ca2+ induce coordinative cross-
links in SOM and therefore intensification in the glassy character
of the organic matrix. Furthermore the method of addition has an
essential effect on the formation of coordinative cross-links in
organic matter. The current results suggest that cross-linking is a
slow and sensitive process, which needs further investigation for
understanding.

S01.D.03
Estimating the relative importance of stabilisation
mechanisms for lignin

A. Hofmann', A. Heim', B. T. Christensen®, A. Miltner’, M. W. .
Schmidt';

"University of Zurich, Zurich, Switzerland, *University of Aarhus,
Tjele, Denmark, 3Helmholtz Centre for Environmental Research -
UFZ, Leipzig, Germany.

Three stabilisation mechanisms for soil organic matter are
discussed in the literature (i) selective preservation due to
recalcitrance, (ii) spatial inaccessibility and (iii) interactions with
mineral surfaces. The objective of our study is to estimate the
relative importance of the proposed stabilisation mechanisms for
lignin, a component of soil organic matter with turnover times in
the range of decades. We hypothesise that lignin is stabilised
not only through chemical recalcitrance, which was for a long
time considered the most important stabilisation mechanism for
lignin, but also through spatial inaccessibility and to a small
extent through interactions with mineral surfaces. We tested this
hypothesis by quantifying CuO oxidation products (VSC-lignin) in
arable soil fractions from a combined aggregate size and density
fractionation. We compared the lignin distribution throughout the
fractions in an arable soil cropped with C3 plants, and 18 years
after converting this soil to continuous cropping with C4 plants
(maize). Compound specific '*C isotope analysis allowed
tracking old C3-lignin in individual soil fractions over time. We
attributed the three stabilization mechanisms to the fractions as
follows: C3-lignin in light fractions after 18 years is stabilized
mainly by recalcitrance, in medium density fractions it is mainly
stabilized by spatial inaccessibility (i.e. occlusion in macro- and
microaggregates), whereas C3-lignin found in heavy density
fractions is stabilized mainly by association with minerals. First
results show that after 18 years C3-lignin had decreased in the
light but not in the heavier fractions. Old lignin therefore seemed
to be stabilised in these heavier fractions, particularly in the
medium density fraction which stored two thirds of the old lignin
in year 18. This result points out the importance of lignin
stabilization in micro- or macroaggregates.

S01.D.04
Priming effect of stable soil organic matter pools: a
test of two contradictory hypotheses.

B. Guenet', X. Raynaud®, J. Leloup’, G. Bardoux®, L. Abbadie®;
"CNRS, Paris, France, 2UPMC, Paris, France, *INRA, Thiverval
Grignon, France, "ENS, Paris, France.

The priming Effect (PE) is a process that strongly influences the
balance of carbon (C) in soils by altering the mineralization rates
of soil organic matter (SOM) following inputs of fresh organic
matter (FOM). Experimental data have shown that PE can be
either positive or negative (i.e an over- or under-mineralization of
SOM induced by FOM additions) but the mechanisms controlling
the sign of PE remains unclear. In the present paper we are
testing two contrasting hypotheses that aim to explain priming
effect. One considers that the soil stable pool of organic matter
cannot be submitted to positive PE whereas the other considers
the competition between two microbial communities (r and K
strategists) ever lead to positive PE. The main experiment
consisted in adding 13C-cellulose to soil that as not recevied any
organic matter addition for 70 years with or without amendments

of r-strategists microorganisms. By comparing the differences in
13C-CO2 with a negative control without cellulose, we observed
negative PE on the SOM stable pool, with a higher intensity
when r-strategists microorganisms were inoculated. In our
experiment, the sign of PE of the stable pool of SOM does not
seem to be controlled by the community of r-strategists
microorganisms.

S01.D.05
“Black nitrogen” - an important fraction of the stable
soil organic matter pool

H. Knicker', F. J. Gonzalez-Vila®, R. Gonzalez-VazqueZ’, G.
Almendros®:

"Lehrstuhl fiir Bodenkunde, TU-Miinchen, Freising-
Weihenstephan, Germany, ?Instituto de Recursos Naturales y
Agrobiologia de Sevilla, CSIC, Sevilla, Spain, Centro de
Ciencias Medioambientales, CSIC, Madrid, Spain.

Charcoal, produced during vegetation fires is well recognized as
an important C sink within the global C cycles. Whereas high
intensity fire can lead to complete destruction of the organic
layer, moderate and prescribed wildfire result in minor alterations
of soil organic matter (SOM) content and sometimes even result
in an increase of organic C and N due to input of partly charred
material or litter. Our studies demonstrated that moderate
heating of vegetation residues leads to little changes of the C/N
ratios in the charred product. It can be as wide as high as 440 to
630 for burnt woody material but also as narrow as 7 as it was
found for char from grass material. In particular the latter show
that during charring, N has a tendency to be incorporated into
structures which are fairly resistant to heating. As it will be
demonstrated by model studies and solid-state 13C and 15N
NMR spectroscopy those structures are mostly pyrrole/indole-
type N with minor contribution of pyridine N. In non-woody chars
and in pyrogenic soil organic matter, such N-heteroaromatics
can consume up to 17% and sometimes even 60% of their
organic C.

The low biological availability of this nitrogen has an impact on
biomass production but also on soil organic matter turnover. As
demonstrated by its presence in SOM of a forest soil even 24
years after the last fire and in Neolithic paddy soils, this
pyrogenic N seems to be relatively stable and thus it is expected
to have a long term impact on soil biochemistry. The data
collected so far clearly show that aside from “Black Carbon”
(BC), “Black Nitrogen” (BN) certainly needs more attention if a
better understanding of SOM stabilization is wanted.

S01.D.06

Multi-scale study of the evolution of organic matter
during the podzolisation of laterites in the upper
Amazon basin

M. Bardy'?, S. Derenne’, E. Fritsch®?, T. Allard’, C.
Bonhomme®, M. Benedetti®, N. do Nascimento®:

"BioEMCo - LCBOP, Paris, France, >IMPMC, Paris, France,
3IRD - CEREGE, Aix-en-Provence, France, ‘LCMCP, Paris,
France, IPGP - LGE, Paris, France, GDEPLAN/IGCE/UNESP,
Rio Claro, Brazil.

In the upper Amazon basin, the development of podzols at the
expense of clay-depleted laterites is a natural process that leads
to the remobilization of elements like Al, Fe and Si previously
accumulated as a result of the ferrallitization process. Together
with soil organic matter (OM), they are redistributed within soil
profiles or exported towards black rivers commonly draining
podzolic areas. OM plays a key role in podzol development, in
particular through its complexation with metals, and in turn
undergoes structural modifications related with the podzolisation
process.

The present study is a multi-scale investigation, from
microscopic to molecular scales, of OM characteristics during
the podzolisation of laterites in the upper Amazon basin. To this



end, it focuses on key soil samples of a toposequence
representative of the latosol / podzol transition in the low-
elevation plateaux of the Rio Negro basin, and combines
micromorghology, spectroscopic investigation of main functional
groups (1 C NMR, FTIR) and molecular-scale characterization of
free lipids (GC-MS) and water-extractable OM (thermally
assisted methylation).

To the best of our knowledge, these different techniques have
never been combined to investigate OM in podzols, although
their combination provides much information on OM sources and
fate during the development of podzols. For instance, we
showed that OM morphology changes in relation with microbial
activity (as reflected by lipid analysis), itself probably influenced
by increased waterlogging and acidity. As for functional groups,
they are consistent with the formation, translocation and
accumulation of AI-OM complexes during the podzolisation
process, as inferred by ¥Al NMR. At last, the study of WEOM
reveals that after a first stage of OM accumulation in spodic
horizons, OM can be remobilized and possibly exported towards
river networks and feed the waters of the black rivers of the
area.

S01.E.01
Characterisation of antioxidants in soil organic
matter

D. L. Rimmer;
Newcastle University, Newcastle upon Tyne, United Kingdom.

It has been suggested that soil organic matter could have
antioxidant properties (Rimmer, 2006) and that the presence of
antioxidants could have a significant effect on SOM dynamics. In
this paper results are presented of antioxidant capacity (AOC)
measurements on soil extracts. The soil samples were obtained
from 24 sites representative of the range of UK soils (brown
soils, gleys, podzols, peats and lithomorphic soils) and included
material from both surface and subsurface horizons. Extracts
were obtained using 4 M NaOH at 150°C. The AOC assay was
the Trolox Equivalent Antioxidant Capacity, which is based on
the decrease of concentration of a coloured free radical solution
when mixed with an antioxidant and calibrated against Trolox
standards. A number of phenolic acids in the extracts were also
quantified, because they were likely to be the principle
antioxidant molecules extracted. The AOCs of the soils were
strongly correlated with soil organic matter content, so that
generally samples of surface horizons had greater AOCs than
subsurface samples. There was a strong correlation between
AOC values and total phenolic acids. The total phenolic acids,
when expressed per gramme of soil carbon, were generally less
in subsoil samples than in surface samples, suggesting that they
are degraded during humification. The quantities of the different
phenolic acids also changed with depth, suggesting that some
are more resistant to degradation than others.

Rimmer, D.L. 2006. Free radicals, antioxidants, and soil organic
matter recalcitrance. European Journal of Soil Science 57, 91-
94.

S01.E.02
Separation of free particulate organic matter from
bulk soil by electrostatic attraction

M. Kaiser, R. Ellerbrock, M. Sommer;
Leibniz-Centre for Agricultural Landscape Research,
Miincheberg, Germany.

Separation of non mineral associated soil organic matter from
bulk soil samples is necessary for aspects of soil organic matter
research. Here we present a new method to separate free
particulate organic matter from soils and, at the same time, avoid
the artefacts that are inevitable when samples are suspended in
H,0 or high molar salt solutions. We used the charge difference
between a positively charged glass surface and negatively
charged, particulate organic matter as the mechanism of

separation. Air dried soil samples (< 2 mm) from nine arable and
nine forest topsoils representing a wide range of soil properties
(texture, soil organic carbon, pedogenic oxides, pH) were sieved
into five particle size fractions and subjected to electrostatic
attraction from a charged glass dish. The total content of
electrostatic separated particulate organic matter ranged
between about 0.05 and 140 g kg'1 soil. The organic carbon
content of particulate organic matter from different particle size
fractions varied between 140 and 470 g kg'1. Raster electron
images indicate a selective electrostatic separation of POM from
mineral phases. The new method is able to remove an
ecologically distinct free particulate organic matter fraction from
air dried topsoils samples without subjecting a sample to the
carbon losses and/or carbon transfers that are inevitable when a
sample is exposed to an aqueous phase.

S01.E.03
Elucidating the reaction of sulfadiazine with soil
humic acid with 15N-CPMAS-NMR spectroscopy

A. E. Berns, H. Philipp, H. Lewandowski;
Institute of Chemistry and Dynamics of the Geosphere, Jiilich,
Germany.

Binding and release of a xenobiotic and its metabolites in soil is
mainly determined by the type of interaction with soil
components like organic matter or the mineral phase. Nuclear
magnetic resonance (NMR) can be used for the characterization
of bound residues as binding of the xenobiotic, or its
metabolites, to the soil matrix causes shifts in the initial positions
of the NMR signals of the compound.

15N-CPMAS-NMR spectroscopy was applied to study the
interactions between antibiotics as sulfadiazine (SDZ) and
natural organic matter (NOM) in the presence/absence of the
natural enzyme laccase and synthetic air. Through the use of
synthesized model compounds, we were able to show formation
of covalent amide bonds.

Density functional theory (DFT) calculations are a powerful tool
to support such NMR studies of xenobiotics. They can help
interpret the spectra of bound residues, for example, by
predicting shifts for possible model bonds. We successfully used
first-principles quantum chemical calculations to support and
check the interpretation of 15N-CPMAS NMR spectra of bound
residues of different xenobiotics e.g. 2-aminobenzothiazole or
simazine. DFT calculations will also be used to support the
interpretation of the 15N-spectra of sulfadiazine and its reaction
products.

S01.E.04
Investigation of the effects of soil organic matter on
water repellency by atomic force microscopy

S. Cheng, S. H. Doerr, R. Bryant, J. V. Bayer, C. J. Wright;
Swansea University, Swansea, United Kingdom.

Atomic force microscopy (AFM) was used to elucidate the roles
of organic material in determining soil water repellency. Surface
images together with distributions of adhesion force (between
AFM probes and surfaces) were obtained from a selection of soil
particle and model surfaces. Adhesion forces measured both in
air and water were used to quantify capillary forces (reflecting
surface wettability) and the distribution of organic material upon
underlying inorganic surfaces respectively. Particles from sandy
soils of various water repellencies, obtained from various
countries, were examined in their natural condition, following
extraction with isopropanol/ammonia (to remove the soil organic
matter (SOM) fraction causing repellency) and following
application of extracts to both the extracted soil particles and to
clean, model, planar glass (PG) surfaces. Similar examination
was made of acid-washed sand (AWS) and PG surfaces
following exposure to organic compounds.

Topographic images allow quantification of surface roughness,
and phase images indicate surface heterogeneity. Phase angle



distributions (PADs), obtained from phase images, of natural soil
particles and model surfaces exposed to soil extracts or organic
compounds were broader than those of AWS and the extracted
soil particles, facilitating assessment of the distribution of organic
material over the surface.

Readily wettable PG and AWS surfaces exhibited higher
adhesion forces in air than surfaces exposed to organic material
suggesting a large contribution from capillary forces in the
former. Distributions of adhesion force in water (eliminating the
capillary force) reflect the distribution of organic material over the
surfaces and these often reflect the distribution suggested by
PADs. Higher adhesion forces in water indicate a local strong
hydrophobic interaction whereas a lower adhesion force in
humid air reflects a weak hydrophilic interaction. These
measurements allow direct evaluation of the contributions of
particle surface properties, determined at pm-nm scales, to the
water repellency of corresponding bulk soils.

S01.F.01
In situ investigation of SOM coatings on soil particles
using fluorescence imaging

J. V. Bayer, R. Bryant, S. Cheng, S. H. Doerr;
Swansea University, Swansea, United Kingdom.

Bulk soil properties, such as soil wettability, are thought to be
determined from contributions made, by organic coatings on sail
particles surfaces. These are difficult to study in their natural
state. New non-invasive microscopic techniques offer means to
obtain some information about such complex surfaces.

Laser Scanning Confocal Microscopy (LSCM) is used in many
biological investigations, where auto-fluorescence or that arising
from artificially introduced fluorophores is used to obtain images
of specimens. These may be obtained from scans made at
several focal planes and combination of the images provides
information about specimen 3D structure.

LSCM has been used to obtain images of soil humic acids from
auto-fluorescence arising from their complex molecular
structure. Some humic acids exhibit auto-fluorescence with light
emission occurring at various wavelengths.

Images of individual soil particles, from various sandy soils,
displaying different degrees of wettability were obtained by
irradiation with laser light at wavelengths of 488 nm and 543 nm.
The fluorescent emission was quantified and correlated with bulk
soil total organic carbon (TOC) and/or bulk wettability. Good
correlations between TOC and particle fluorescence were
obtained.

Additionally, LSCM allows examination of the emission
spectrum, albeit at modest resolution, through a series of
wavebands. This provides further information concerning the
nature of the organic material associated with a particle.
Correlation of information obtained by LSCM with bulk soil
properties and with individual particle properties is instructive in
attempts to determine the extent to which bulk properties reflect
those of the constituent particles. One approach in pursuit of this
is to determine wettability of individual soil particles. This has
been attempted using a technique based on the dynamic
Wilhelmy plate method for surface tension measurement,
wherein the ability of a particle to support a filament of water is
determined.

S01.F.02
The nature, distribution and significance of organic
carbon within structurally intact soils

K. E. Smith’, D. Davidson’, I. Grieve', R. Whalley’;
"University of Stirling, Stirling, United Kingdom, 2Rothamsted
Research, Harpenden, United Kingdom.

Soil represents a major storage component of terrestrial organic
carbon (OC). Although the amount of organic carbon is
frequently quantified, the precise location of this carbon remains
unresolved. Organic carbon is stored as the rate of OC-input
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exceeds mineralisation. The balance between these two
processes is controlled by biotic and abiotic factors including:
climate, soil type, land-use, vegetation type, particle size and soil
structure. The sensitivity of OC to decomposition is dependent
not only upon its intrinsic chemical recalcitrance, but also its
location within the soil structure. Soil structure provides OC with
chemical and physical protection, the extent of which varies
between structural units, in return carbon contributes to soil
structural stability. Soil structural units and OC-binding agents
are sensitive to environmental change and physical disturbance,
as a result OC-storage and soil structural stability are transient in
nature.

To date, the majority of research that has advanced our
understanding of how soil structure influences the storage of OC
has relied upon some form of fractionation technique to separate
aggregates from the bulk soil. However this approach has its
disadvantages as much of the soil structure is destroyed; clearly
when studying the impact of soil structure upon OC-storage it is
advantageous to use a method that minimises disturbance to the
soil structure.

In this study undisturbed soil samples collected in kubiena tins
have been taken from the long-term agricultural experimental
fields at Rothamsted Research Station (Hertfordshire, UK). The
aim is to compare the location of OC, in soils with contrasting
organic carbon contents and a well documented land-use
history.

Results from thin-section analysis will be presented, including
conventional micromorphology, image analysis and sub-
microscopy combined with microscale chemical analysis (SEM-
EDX). The influence of structure (aggregation and pore space)
on the spatial location of carbon will be evaluated from these
measurements.

S01.F.03

Understanding soil structure dynamics during
organic matter decomposition: techniques for
mapping C distributions onto 3-D soil structure

C. A. Wilson', W. Otten?, D. Grinev®;

7University of Stirling, Stirling, United Kingdom, ZSIMBIOS,
University of Abertay,, Dundee, United Kingdom, *SIMBIOS,
University of Abertay, Dundee, United Kingdom.

To date, our understanding of carbon (C) dynamics in soil relies
heavily on physical measures of aggregates such as size
distribution and stability to understand the impact of soil
heterogeneity on decomposition rates and C sequestration.
Such techniques exert physical forces to obtain macro- and
micro- aggregates from soil. In the process the spatial
relationships between aggregates are lost and the true spatial
distribution of C is obscured. What are needed are techniques
that allow the study of organic matter decomposition within
undisturbed soil structures.

X-ray tomography provides exciting opportunities to study the
dynamics of soil structure in situ. However, its ability to track
organic matter decomposition and the incorporation of C into
those structures is limited. Techniques such as SEM-EDX are
increasingly being used to study the chemistry of organic
materials in soils through the analysis of C, O and N ratios. Their
application to soil thin sections allows C mapping, but only in 2-
dimensions. This paper reports on the preliminary findings of a
study to combine sequential 2-dimensional elemental maps
produced using SEM-EDX with 3-dimensional visualizations of
soil structure produced by X-ray micro-tomography.

S01.F.04
Drying state and wettability of soil samples assessed
by DRIFT spectroscopy

D. Diehl’, G. E. Schaumann’, R. H. Ellerbrock’;
"Universitat Koblenz-Landau, Koblenz, Germany, *ZALF e.V.,
Miincheberg, Germany.



It is widely accepted that soil water repellency is caused by
organic coatings on mineral particles. Many investigations
suggest that the structural composition and arrangement of
molecules and functional groups on particle surface rather than
the total amount of soil organic matter affect water repellency.
Occurrence of soil water repellency is often linked with
increasing dryness of soil. But, after long contact with water,
repellent soils may regain wettability.

This study aimed to assess the relation between soil water
repellency, water content and the re-arrangement of organic
molecule parts on particle surfaces. We investigated the effect of
drying procedures on water repellency and DRIFT spectroscopic
parameters for soils from two anthropogenic sites in Berlin,
namely Buch and Tiergarten. The initially wettable and water
repellent soil samples were dried under various conditions.
Water drop penetration time (WDPT) and DRIFT spectroscopic
parameters were obtained from the dried and field moist
subsamples. Absorption in DRIFT spectra at 3000 cm-1 and
2800 cm-1 caused by CH bands is used as an indicator for OM
induced "surface hydrophobicity". To eliminate the effect of
water content on the spectral parameters, the CH band
absorption was normalised with the integral area of the total
spectrum (4000 and 400 cm-1). This normalisation allowed for
the first time a separation between water content induced effects
and surface hydrophobicity induced effects on soil wettability.
The water content influences the wettability by the percentage of
water covered area and the thickness of the water film on the
soil surfaces whereas the surface hydrophobicity influences the
wettability by three-dimensional arrangement of organic
molecules more precisely by the percentage of outward directed
hydrophobic alkyl chains.

S01.F.05

Use of physical fractionation and pyrolysis-GC/MS to
study compost organic matter incorporation into a
loamy soil organic matter

C. Peltre’, S. Houot', M. F. Dignac?®, P. Cambier’, M.
Poitrenaud®;

'INRA Environment and Arable Crops Research Unit, Thiverval-
Grignon, France, ZBiogeochemistry and Ecology of Continental
Environments Research Unit, Thiverval-Grignon, France,
3VEOLIA Environnement R & D, Environmental Services
Research Center, Limay, France.

A field experiment (INRA-Veolia Environment, Feucherolles,
France) has been initiated to study the effects of urban
composts (sludge co-composted with green wastes, GWS,
municipal solid waste compost, MSW, biowaste compost, BW)
compared to a farm yard manure and control plots without
organic application, on soil and plant qualities. After 4
applications (in 8 years) of urban waste composts, the C
contents in the ploughed layer have increased compared to the
control treatment but with various intensities among the organic
treatments. However, information is missing on the effect of
compost application on Soil Organic Matter (SOM) quality and
on long term trends of Organic Matter (OM) stocks in soil. A
special question addresses the processes of composted
incorporation into SOM.

The objective of the work is to study the C distribution in particle
size and density fractions (PSDF) isolated from soils amended
with composts and to characterize their chemical composition
using pyrolysis coupled with gas chromatography and mass
spectrometry (Py-GC/MS) to better understand the incorporation
of composted OM into SOM. Soils have been sampled in the
ploughed layer of GWS, MSW and control treatments 2 months
after the 4th compost application.

The results of PSDF of soils pointed out that mass, C content, C
quantity, and proportions of total C were larger in the particulate
organic matter > 50 ym (POM) fractions in soils amended with
MSW and GWS than in the control treatment. The largest
increases were observed in the POM of the GWS-amended soil
probably because of the higher stabilization of the GWS
compost. Py-GC/MS revealed the chemical fingerprint of

compost OM on OM quality of the POM fractions in soil sampled
two months after compost application. The C contained in 0-50
um fractions, especially important for mid to long-term C storage,
also increased with compost inputs.

S01.F.06

Pyrolysis-GC/MS characterization regarding the
influence of climate and vegetation on the
composition of soil organic matter under natural
ecosystems

K. M. Vancampenhout', K. Wouters', B. De Vos’, P. Buurman®,
R. Swennen’, J. Deckers';

'Earth and Environmental Sciences, K.U.Leuven,
Celestijnenlaan 200E, Leuven, Belgium, 2Research Insitute for
Nature and Forest, Gaverstraat 4, Geraardsbergen, Belgium,
3Earth System Science, Department of Environmental Sciences,
Wageningen University, P.O Box 47, Wageningen, The
Netherlands.

Soil organic matter (SOM) is an important element of ecosystem
dynamics. So far, most research linkihng SOM to environment,
ecosystems and land use focuses on total organic carbon
contents. The composition of this SOM has received less
attention, whereas it has been shown to greatly influence carbon
cycles. A better understanding of the global relation between
environmental characteristics, vegetation and SOM composition
is vital. This study compares the SOM composition of 18 soil
samples taken under tundra, taiga, steppe, temperate forest and
tropical forest using SOM fingerprinting by Pyrolysis-GC/MS.

Results indicate a clear difference in SOM composition,
reflecting climate (degree of decomposition) and vegetation
(coniferous or broadleaved). Biomes from colder climates
(tundra, taiga and steppe) contain a larger amount of sugar
monomers relative to N compounds and tundra and taiga have a
clear dominance of even-over-odd fatty acids suggesting a lower
microbial decomposition. Taiga has a different lignin
composition. Tundra has relatively more lipids and aromatic
components than steppe. Forests mainly differ in their lignin
composition and the amount of lipids and aromatics, separating
the coniferous temperate forest from the broadleaved forests.
Tropical forests have a higher contribution of N components.

S01.G.01

Can we use benzenepolycarboxylic acids as
molecular markers to trace the formation temperature
of wood char?

M. Schneider, M. Hilf, M. W. |. Schmidt;
University of Zurich, Zurich, Switzerland.

Wood char is an important source of environmental black carbon
that contributes to the long-term C cycle. Increasing formation
temperature may reduce the degradability of wood chars
significantly. Information about the formation temperature of
natural chars in the environment is difficult to obtain. However,
the maximum temperatures experienced by chars might be
reflected by their chemical properties.

The analysis of benzenepolycarboxylic acids (BPCA) as a
quantitative measure for black carbon in soil samples is a well-
established method. The oxidation of polycondensated black
carbon molecules leads to the formation of BPCA, which
subsequently can be quantified by GC-FID. The individual BPCA
acids are characterised by their degree of carboxylation. The
relative contribution of the individual acids to total BPCA-C
depends on the cluster sizes of black carbon (i.e. degree of
condensation and aromaticity of the chars). Here, we tested if
the BPCA patterns reflect the maximum temperature
experienced by laboratory produced wood char.

Small wood chips of chestnut hardwood (Castanea sativa) were
pyrolysed at maximum temperatures between 250 and 1000 °C
under constant N2 stream. The maximum temperatures were

11



held constant for 5 hours. The chars were then characterised
using the BPCA method to trace changes in individual BPCA-C
contribution to the total content. Further, the samples were
analysed for BET-N2 specific surface area, char colour and
elemental composition (CHNO).

First results indicate that at higher temperatures the proportion
of those BPCA reflecting a higher degree of condensation is
increasing. Our results will provide data to test the suitability of
BPCA molecular markers as an explicit measure for the
formation temperatures of natural wood chars in order to
characterize chars from different environments and to improve
our understanding of the fire history of ecosystems.

S01.G.02
Use of bidirectional reflectance rpectroscopy (BRS)
to predict organic carbon content in volcanic soils

M Sellitto’, V. Barron?, G. Palumbo’, C. Colombo';
Dlpan‘lmento di Sctenze Animali Vegetall e dell Amblente
Campobasso, Italy, 22Universidad de Cordoba, Edificio C4,
Campus de Rabanales, Cordoba, Spain.

Soil Reflectance Spectroscopy Analysis (SRSA) is a non-
destructive, rapid technique recently developed as an alternative
to traditional, time-consuming and costly laboratory methods for
characterising soil mineralogy. The aim of this study was to
predict organic carbon (OC) content using bidirectional
reflectance spectroscopy (BDS). BDS was used in conjunction
with parametrization using the second derivative of the Kubelka-
Munk function and colour calculation. This study was conducted
on 77 volcanic soil profiles from several European countries.
Total OC content was determined using a CHN Analyser.
Bidirectional reflectance (BRF) was measured in the visible and
infrared region (400 -2500 nm) using an ADS Field
Spectroradiometer. The spectral measurements were conducted
on air-dried soils, previously sieved at < 2 mm and ground in an
agate mortar for 10 minutes in order to exclude the influence of
micro-aggregation. Ground samples were gently pressed against
unglazed white paper in order to avoid undesired particle
orientation. In order to eliminate the influence of external light,
we constructed a black box out of paper to surround the
equipment. Spectral data were transformed into their remission
functions and then the second derivative curves of these
functions were calculated. The amplitude of absorption bands
(Y2) was computed as the difference between the second
derivative minima at ca. 926 nm and maxima at ca. 946 nm. This
band seems to be related to the quantity of OC. The amplitude
of Y2 was greater for the soil horizons with high OC content,
whereas soil profiles that did not produce a Y2 band had
extremely low OC content. This result was consistent among all
soil profiles studied. Additional support was provided by the
correlation between the Munsell Value and the amplitude of Y2.
This study indicates that the amplitude Y2 centred around 900
nm is linked to the variation in soil OC content

S01.G.03

How good is B¢ isotope analysis in assessing
dynamics of organic compounds in soil? - The
example of lignin

A. Heim, S. Abiven;
University of Zurich, Zurich, Switzerland.

Studies of soil organic matter dynamics by natural Bc labelling,
i.e. after land use changes from C3 plants to C4 plants, rely on
the assumption of constant inputs for correct data interpretation.
However, in reality, (i) annual biomass production varies
approximately by #20 % between years, (ii) root/shoot ratios
vary according to moisture and nutrient conditions, (iii) the
content of specific compounds (such as lignin) in plant litter can
vary by a factor of two during the last month of growth, and (iv)
isotopic label can differ by at least 1 %0 V-PDB between plant
parts.
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In this study we assess how these violations of the assumptions
affect the precision of results from stable isotope studies. We
use lignin-derived phenols as an example of plant-derived
organic compounds in soil.

We set up a model that simulates replicate experimental periods,
in which biomass yield, root/shoot ratio, and lignin content of the
biomass vary independently between individual years, whereas
decomposition rates are fixed. During 2000 replicate runs, the
model produces a distribution of possible decomposition rates
that could have been measured with the given experimental
approach but with differing inputs. This serves as a measure of
the uncertainty of the actually determined decomposition rate.
The model also allows assessing the effect of inhomogeneous
isotope distribution between roots and shoots on the measured
decomposition rate.

Our modelling study showed that for experimental periods <5 a,
turnover time estimates are strongly affected by individual
extreme years. However, uncertainty is reduced with increasing
experimental time. At experimental periods of >20 a, apparent
turnover times can be estimated with an uncertainty of +20 %.
Our results also showed that both roots and shoots have to be
considered for determination of the plant isotopic difference to
minimize systematic errors due to inhomogeneous isotope
distribution between plant parts.

S01.G.04

Relationship between carbon dynamics and
microbial communities determined by the natural 13C
abundance of SOM and lipid biomarkers

T Lerch’, M. D/gnac N. Nunan®, A. Mar/ott/
"UMR EGC Thiverval-Grignon, France UMR BIOEMCO,
Thiverval-Grignon, France.

A better understanding of microbial involvement in soil organic
matter (SOM) decomposition would improve models of SOM
dynamics. Soil organic matter comprises different C pools that
vary in mass and turnover rate with water soluble organic C
(WSOC) being the smallest but most reactive pool.

The study focussed on the dynamics of microbial communities,
WSOC, the non-extractable fraction of SOM and respiration
using the variation in natural *C abundance of different SOM
fractions and FAME (Fatty Acid Methyl Ester) as well as C
budgets to better understand how microbial communities were
linked to the degradation of SOM, and particularly to WSOC.
The soil was from the ploughed layer of a cultivated silt loam
eutric cambisol (%C=1,3%, 8°C=-26.2%:). Samples were
incubated at field capacity and 20 C in the dark for 6 months.
Changes in the C content and 5"C signature of respired CO,,
WSOC, bulk soil, microbial biomass and FAME were monitored
during the incubation.

Mass balance analyses showed significant relationships among
WSOC, the respiration rate and microbial biomass C. The
observed changes in the composition of FAME suggested that at
least 3 different physiological groups of microorganisms were
involved in OM decomposmon at different stages during the
mineralisation kinetics. The "*C content of CO, and microbial C
decreased with time suggestlng that more labile substrates
where more enriched in than resistant material.
Paradoxically, no significant evolut|on of the isotopic S|gnature of
the WSOC was observed. The stability of the WSOC fraction *C
signature may have been due to |nputs of enriched microbial C
and depleted recalcitrant C. FmaIIy, ’c analyses of FAME
revealed an evolution in the source of C for microorganisms.

S01.H.01
Sequestration of organic carbon in soil by chemical
technology

A. Piccolo, R. Spaccini, D. Smejkalova;
DISSPAPA-CERMANU, Universita di Napoli Federico 1, Italy.



Soil organic carbon (SOC) is the major carbon reservoir of the
biosphere. Extensive deforestation and intensive agricultural
management have led to an increasing transfer of carbon from
soil organic matter (SOM) to atmospheric CO,, with an estimated
current loss rate of 8 x 10™ g Clyear. Attention must be devoted
to stabilize SOM and turn it into a global carbon sink.

Among natural organic matter components, humic substances
(HS) represent the most persistent pool in SOC accumulation
with mean residence time of several hundreds years. The HS
are association of relatively small and heterogeneous molecules
containing both hydrophilic and hydrophobic domains (Piccolo,
2002). We have previously shown that HS may be oxidatively or
photochemically oxidized into oligo- and poly-mers under
enzymatic and biomimetic catalysts (Piccolo et al., 2000, 2005;
Cozzolino and Piccolo, 2002; Smejkalova and Piccolo, 2005).
Here we report the effect of the photo-oxidative reaction under
biomimetic catalyst conducted in situ in three Mediterranean
soils. Results on soil physical stabilization and emission of CO,
from soils will be illustrated. This contribution illustrates a
possible chemical technology to be applied to soils to control
their natural emissions of GHG.
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S01.H.02
Estimate of changes in carbon balance of Russia,
1990-2005

I. N. Kurganova, V. O. Lopes de Gerenyu;
Institute of Physicochemical and Biological Problems in Soil
Science, Pushchino, Russian Federation.

Land use system in Russia has been considerably changed
during last 15 years. According to the different sources, 10-34
Mha of arable soils were abandoned since 1990. Abandonment
of cultivated lands led to vegetation succession and restoring of
soils and was accompanied by the changes in carbon fluxes
between atmosphere, plant, and soils. This study provides a
quantitative estimation of changes in carbon balance and soil
carbon pool after conversion of croplands to original vegetation.
Based on own field studies and literature analysis, we have
estimated the carbon accumulation rates for main soil types:
Albeluvisols, Phaeozems, Chernozems, and Kastanozems. The
rate of C-sequestration changed from 42 to 484 g Cm?yr’
depending on soil genesis and period of abandonment. As a
rule, C-accumulation rate was higher during first years after land
use change from arable to grasslands. Our calculations have
shown that total C-accumulation induced by conversion of
croplands to natural vegetation amounted to 241-274 Tg for
Russian territory during 1990-2005. It was also found that former
croplands acted as carbon sink and their C balance constituted
(-56)-(-240) g C'm2yr'. Based on our field studies we can
conclude that former croplands of temperate zone become a
stable C sink after 4 years of land conversion to permanent
grasslands. The average carbon balance of abandoned lands
was (-191) g C'm2yr". Since 1990 the total C-sink for Russian
territory may be estimated 277-970 Tg C due to the conversion
of former croplands to permanent grasslands.

This study was supported by RFBR (project 07-04-01333) and
Program of Presidium of RAS N 16.

S01.H.03

Composition and turnover of soil organic matter
fractions and aggregation in semiarid steppe topsoils
as driven by organic matter input

M. Steffens, A. K6lbl, |. Kégel-Knabner;
Lehrstuhl fiir Bodenkunde, Freising, Germany.

Grazing is one of the most important factors that may reduce soil
organic carbon (SOC) stocks and subsequently aggregate
stability in grassland topsoils. The central aim of this study was
to analyse the quality and quantity of SOC fractions and their
contribution to aggregate formation, stability and carbon
sequestration as affected by increased inputs of organic matter
due to grazing exclusion. We applied a combined aggregate
size, density and particle size fractionation procedure and
aggregate stability measurements to sandy steppe topsoils with
different organic matter inputs due to different grazing intensities
(continuously grazed = Cg, winter grazing = Wg, ungrazed since
1999 = Ug99, ungrazed since 1979 = Ug79). Higher inputs of
organic matter led to higher amounts of OC in coarse aggregate
size classes (ASC) and especially in particulate organic matter
(POM) fractions. We found no grazing-induced changes of soil
organic matter (SOM) quantity in fine ASC and mineral fractions.
SOM quality (13C CPMAS-NMR spectroscopy, neutral sugars)
was comparable between different grazing intensities, but SOM
in ungrazed plots was more decomposed across all fractions.
We found generally higher radiocarbon activities in Ug79
compared to Cg. Aggregate stability, analysed as resistance to
sonication, was higher in Ug79 compared to Cg. Higher litter
inputs in grazing exclosures increased POM quantity, led to
faster SOM turnover and resulted in the formation and
stabilisation of coarse aggregates. Organo-mineral associations
were affected by higher turnover times as radiocarbon activities
increased, but OC saturation of this pool did not change. To
summarise, additional litter inputs are sequestered in the
intermediate POM pool and the long-term pool of organo-mineral
associations is close to saturation. We conclude that
management changes in steppe ecosystems do not necessarily
increase carbon sequestration and their assumed potential to act
as carbon sinks has to be questioned.

S01.H.04
Organic carbon content of forest and agricultural
soils in Slovenia

M. Kobal', K. Eler’, M. Urbanéié’, M. Zupan®, R. Miheli¢’, P.
Simongic’;

"Slovenian Forestry Institute, Ljubljana, Slovenia, *Biotehnical
faculty, University of Ljubljana, Ljubljana, Slovenia.

Soil organic matter content has important effects on numerous
soil properties. Usually it is calculated from the content of soll
organic carbon (SOC) which can be directly measured in the soil
samples. Contents of SOC in organic and mineral horizons of
886 soil profiles stored in the Slovenian Soil information system
(TIS) database are presented and grouped according to different
land usages. The results show that ploughed soils have the
highest stock of SOC in mineral part of soil (164+10.8 t/ha on
average) despite their lowest (2,1 %) percentage of SOC and
the absence of the organic horizon within the soil profile. The
reasons for high quantity of the SOC stock in ploughed (=
arable) soil are the soil deepness, high average bulk density of
the soil, and agricultural practice with high manure input. The
next are forest (150£7.7 t/ha, 4.7%) and pasture (150£13,5 t/ha,
4.9 %) soils. Grassland soils have the lowest stock of SOC
(143+£7.8 t/ha, 3.1 %). Additionally, average contents of SOC for
mineral soil were calculated for nine most widespread soil types.
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S01.H.05
Early evolution of the soil organic matter pool as
measured on a high alpine chronosequence

R. H. Smittenberg’, S. Bernasconi’, M. Gierga', I. Hajdas’, I.
Christl’, F. Hagedorn?;

'ETH Ziirich, Zurich, Switzerland, 2Swiss Federal Institute of
Forest, Snow and Landscape Research, Birmensdorf,
Switzerland.

Knowledge of soil organic matter (SOM) turnover rates is very
important for the quantification of soils as sources and sinks of
atmospheric CO2. A complicating factor is that SOM is a
complex mixture that ranges from fresh fragments to recalcitrant
compounds that all have a different stability. Obviously, the
recalcitrant fraction is ultimately responsible for long-term
terrestrial carbon storage. Reasons for organic matter
preservation may be intimate association or adsorption with the
mineral fraction, protection against water-soluble microbial
enzymes by micropores inside soil aggregates, or the
hydrophobic nature of some organic matter. Newly exposed
landscapes provide a natural experiment to investigate the roles
these mechanisms play. Here we present insights in the early
development of alpine soils that were gradually exposed after
glacier retreat in Central Switzerland. Initial SOM accumulation
is clearly present along the 150 year long chronosequence,
which shows an exponential increase in TOC content. Chemical
and physical separation techniques combined with chemical
fingerprinting techniques like IR and X-Ray spectroscopy of
grain size and chemically defined SOM fractions along the
chronosequence, as well as analysis of specific compounds,
gives insight in the buildup and relative importance of the various
pools of SOM over time. More specifically, the use of
radiocarbon analysis as natural tracer for the age of various
organic carbon pools is explored. Comparison of the 14C
content of SOM pools of different chemical resilience against
oxidation, as well as of a number of specific compounds with a
varying degree of hydrophobicity, may provide much insight in
the mechanisms that play a role in carbon dynamics.

An inventory of the total carbon content in the glacier forefield as
well as the measurement of CO2 fluxes and the export as
dissolved inorganic and organic carbon will give additional
insight in the carbon dynamics of young developing soils.

S01.H.06

Changes in soil carbon contents in long-term
experimental grassland plots in Northeast England
between the 1980s and 2006

D. W. Hopkins"?, I. S. Waite®, J. W. McNicol*, A. G. O’DonnelF’;
"Scottish Crop Research Institute, Dundee, United Kingdom,
2University of Stirling, Stirling, United Kingdom, ®Institute for
Research on Environment and Sustainability, University of
Newecastle, Newcastle upon Tyne, United Kingdom,
*Biomathematics and Statistics Scotland, SCRI, Dundee, United
Kingdom.

A recent report of widespread declines in soil C concentrations
in the UK over 10-25 years has focussed attention on the
importance of re-sampling previously characterized sites to
assess long-term trends in soil C contents and the importance of
soils as a potentially volatile and globally-significant reservoir of
terrestrial C. The Palace Leas meadow hay plots at Cockle Park,
Northumberland, UK have received different manure and
fertilizer treatments since 1897, but have otherwise been under
constant management. Six of the plots probably represent the
only grassland site in the UK and one of the few in the world at
which changes in soil C over several decades can be assessed.
In the 1980s, the soil C contents (not concentrations) were
measured systematically for six plots and in 2006 we re-sampled
the same six plots and determined soil C contents. Four of the
plots showed no net changes in soil C contents, but two plots
apparently showed net losses of soil C of 15 and 17%
(amounting to 1.8 and 1.5 kg C m?), respectively, since the
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1980s. However, the percentage differences in the soil C
contents between the 1980s and 2006 were in the same range
as the variation in bulk density with soil water content. When the
differences with time in total C contents for all six plots were
examined using a paired t-test, i.e. regarding the plots as six
replicate  permanent grasslands, there was no significant
difference between the 1980s and 2006. These observations,
which are based on measured soil C concentrations and bulk
densities from known sites that have been under constant
management, question the extent of losses in soil C due to a
widespread environmental change in recent decades.

S01.1.01

Soil organic matter decomposition in tropical forests:
a translocation experiment along an altitudinal
transect in Peru.

M. Zimmermann', A. Ccahuana®, P. Meir', M. I. Bird®, Y. Malhi’;
"School of GeoSciences, University of Edinburgh, United
Kingdom, 2Universidad San Antonio Abad, Cusco, Peru,
*Department of Geography, University of St Andrews, United
Kingdom, “Centre for the Environment, Oxford University, United
Kingdom.

Tropical forests store large amounts of organic carbon above-
and below-ground, and are among the ecosystems most
vulnerable to future climate change. To determine the influence
of climate change on soil organic matter decomposition
processes in tropical ecosystems, we translocated soil cores
between 4 sites along an altitudinal transect in the Peruvian
Andes. The transect covers an altitude difference of almost 3000
m with a difference in mean air temperature of 14°C and soil
temperature of 13°C between the highest and lowest sites. The
vegetation of the 4 main sites varies from montane cloud forest
to lowland tropical rain forest. The CO2 effluxes and volumetric
water contents of translocated root- and litter-free soil cores
have been measured biweekly, along with the soil respiration
rates of adjacent intact soil collars. We have also measured soil
respiration rates during 24h periods to separately quantify the
sources of soil CO2 efflux. Additionally, we are sub-sampling the
translocated cores at increasing time steps (months to years) to
determine carbon loss and carbon distribution within different
soil layers. Organic soil horizons have been analyzed by NMR
spectroscopy, and mineral soil layers by separation into soil
carbon fractions with different stabilization mechanisms. Initial
results after 6 months show that between 74% and 90% of the
variance of the CO2 flux rates from the translocated soil cores
can be explained by soil temperature and volumetric water
content. Surprisingly, the respiration rates of intact soil collars
along the entire transect do not vary significantly, but the Q10
values do. Variations in day- and night-time respiration rates of
intact soil collars may be mainly driven by litter respiration and to
a smaller degree by root respiration. NMR spectra of initial and
translocated soil cores show no substantial changes in soil
carbon composition in the organic layers after 6 months.

S01.1.02
Temperature sensitivity of SOM decomposition with
depth: influence of SOM protection

J. Gillabel', B. Cebrian Lépez', J. Six?, R. Merckx';

"Section Soil and Water Management, Department of Earth &
Environmental Sciences, K.U.Leuven, Heverlee (Leuven),
Belgium, *Agroecology Lab, Department of Plant Sciences, UC
Davis, Davis, CA, United States.

On a global scale, 60% of the C stock in the upper meter of the
soil is found below 20 cm. Predicting impacts of climate change
on soil C stocks therefore depends on accurate knowledge of
changes in temperature sensitivity of SOM decomposition with
depth. However, much remains unclear about how temperature
sensitivity (Q1o) is affected by the driving factors that change with
depth, like SOM quality and SOM protection. While decreasing



quality is expected to increase Qo we hypothesized that
increasing protection would decrease Q1o, since SOM protection
limits substrate availability for decomposition.

We investigated this hypothesis using respiration data of bulk
soil (with or without *C-labeled maize residue) and different size
fractions (macroaggregates, microaggregates and silt) of two soil
layers (5-15 cm and 95-105 cm) of a loamy agricultural soil
incubated at 25°C and 35°C. We calculated Qi values for
different stages of the decomposition process.

During the first stage of the incubation, Qi values for soil and
size fractions suggest that the most important control for
temperature sensitivity in the deeper layer is SOM protection,
while in the top layer it is rather C quality than SOM protection.
Q4o values for residue C suggest that residue decomposition is
not yet affected by C protection during the first month of
incubation.

While addition of maize residue had no effect on SOM
decomposition rate or Qqo in the top layer, we observed a large
priming effect in the deeper layer. Because this priming effect
was larger at 25°C than at 35°C, the primed C had a Qo value
below 1.

Incubations are continued to determine the effect of decreasing
C quality with time on Qqo, while monitoring soil microbiology will
enable us to investigate if differences in priming with
temperature and depth are related to changes in microbial
communities.

S01.1.03

Effects of a simulated summer drought on the
contributions of new and old carbon to the CO2-
efflux of Swiss grassland soils

0. Joos', F. Hagedorn R. Siegwolf’, M. Saurer®, A. Heim', M.
W l. Schmldt

Department of Geography, University of Zurich, Switzerland,
2Swiss Federal Institute for Forest, Snow and Landscape
Research, WSL Birmensdorf, Switzerland, *Paul Scherrer
Institute, PSI Villigen, Switzerland.

In grasslands summer drought might affect the carbon cycle,
including soil respiration and the carbon transfer from litter to the
soil. In this study we used *C-depleted biomass to i) investigate
the effect of simulated drought on plant and soil carbon
dynamics in Swiss grasslands, and ii) for the first time we have
attempted to separate fresh litter respiration and total soil
respiration in grassland.

The sites were located in grasslands at three research stations
at 400 m, 1000 m and 1900 m a.s.l.. We measured |) total soil
CO,-efflux every 2-4 weeks at each station and ||) COZ efflux
biweekly at 400 m a.s.l., after having applied 0.7 kg m? of "*C-
depleted biomass. Drought was simulated with rainfall shelters
for 10-11 weeks, excluding about 150-300 mm of rainfall from
the plots in 2007.

Our first estimates of soil respiration rates (298-461 mg C m? h’
) during the growing season fell within the range of published
data for grasslands. The simulated drought significantly reduced
the total soil CO,-efflux by approximately 21 % at 400 m, 23 % at
1000 m and around 38 % at 1900 m a.s.l.. The decline in soil
respiration under drought conditions found here is consistent
with results from CO,-efflux measurements across Europe
during the heat wave in summer 2003. For the first time the
effect of drought on the contribution of fresh litter to the total soil
COy-efflux in grasslands was determined using e -depleted
biomass. The artificial summer drought reduced CO,-efflux from
fresh litter by 48 % over the whole growing season at 400 m
as.l..

Our data showed that summer drought reduced soil respiration,
especially the new biomass respiration. However, for a complete
ecosystem carbon budget we need additional data covering
several growing seasons, including e.g. changes in biomass
quantity and quality and DOC fluxes.

S01.1.04
Elevated CO2 stimulates microbial growth and
exoenzymes in soil aggregates

M. Dorodnrkov E. Blagodatskaya
Marhan A. Fangme/efz Y. Kuzyakov
Agroecosystem Research, University of Bayreuth, Bayreuth,
Germany, “Institute of of Landscape and Plant Ecology (320),
University of Hohenheim, Stuttgart, Germany, *Institute of
Physico-chemical and Biological Problems in Soil Science, RAS,
Puschino, Russian Federation, *Institute of Soil Science and
Land Evaluation (310), University of Hohenheim, Stuttgart,
Germany.

S. Blagodatsky S.

Microbial decomposition of soil organic matter (SOM) s
controlled not only by physico-chemical soil properties and
environmental parameters, but also by the amount and
composition of plant residues as well as rhizodeposition.
Elevated atmospheric CO, can alter plant residues composition
and its amount, hence affecting the rates of microbial
metabolism in soil and turnover of C and N. We investigated the
effects of elevated CO, on growth rates and enzyme activities of
soil microorganisms in bulk soil and in three aggregate-size
classes.

Soil samples from FACE plots (Hohenheim, Germany) under
ambient (380 ppm) and elevated CO, (540 ppm; for 5 years)
were separated to aggregates using dry sieving. Bulk soil and
isolated large macro- (>2 mm), small macro- (0.25-2) and
microaggregates (<0.25) were amended with glucose and
nutrients to stimulate unlimited microbial growth. Soil respiration
was approximated based on microbial growth kinetic and the
maximal specific growth rates (umax) and microbial biomass
amount were calculated. The activities of extracellular enzymes:
B-glucosidase, chitinase, phosphatase and sulphatase were
measured by fluorogenically labelled substrates in bulk soil and
aggregates before and after glucose activation.

The distribution of soil aggregates (>2 mm: 30%, 0.25-2 mm:
60%, and <0.25 mm: 10%) has not changed after 5 years of
elevated CO,. pmax Were significantly higher under elevated
compared to ambient CO,. Under both CO, treatments pmax
increased in the following order: large macroaggregates < small
macroaggregates < microaggregates. Total microbial biomass
significantly increased with decreasing aggregate size for both
CO, treatments. The activity of all soil enzymes significantly
increased under elevated CO,. However, no effect of aggregate
size on enzyme activities was observed. Increase of pmax values
and enzyme activities under elevated CO; indicates stimulation
of fast growing microorganisms. This stimulation by elevated
CO; was especially pronounced in microaggregates.

S01.J.01

Intensive grazing leads to degradation and spatial
homogenization of topsoils in two major steppe
types in Inner Mongolia, P.R. China

M. Wiesmeier, M. Steffens, A. Kélbl, I. Kégel-Knabner;
Lehrstuhl fiir Bodenkunde, Technische Universitét Miinchen,
Freising-Weihenstephan, Germany.

Overgrazing in semi-arid grasslands results in degradation of
steppe vegetation associated with changes in the amount and
composition of soil organic matter (SOM). The effect of intensive
grazing on quantity and quality of SOM was assessed by
comparison of continuously grazed (CG) and since 1979
ungrazed (UG79) plots in Leymus chinensis and Stipa grandis
dominated steppe types in Inner Mongolia, China.
At all sites grids with spacings of 15 m and 5 m were sampled at
0 - 4 cm to elucidate the spatial structure of topsoil parameters.
Each sample was analysed for bulk density, texture, soil organic
arbon (SOC) content, total N and S content, inorganic C, pH,
and 5'°C.
All CG plots have significantly increased bulk densities and
decreased SOC, total N and S contents. The Stipa dominated
site shows higher bulk densities and lower SOC, total N and S
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contents and stocks at CG and UG79 than the Leymus
dominated site.

Spatial patterns of the investigated topsoil properties change
from a pure nugget or patchy to a homogeneous distribution
under intensive grazing at both steppe types.

The observed changes at CG plots can be attributed to the
combined effect of animal trampling, reduced above- and
belowground organic matter input, and erosion in consequence
of heavy grazing. This leads to degradation of soil aggregation
and release of aggregate-protected SOM, associated with
enhanced susceptibility to soil erosion.

A higher sensitivity of Stipa dominated sites to intensive grazing
compared to Leymus dominated sites can be explained by drier
soil conditions associated with a lower degree of stabilisation of
SOM in microaggregates and organo-mineral associations and a
lowed input of organic matter. Increased heterogeneity at sites
with grazing exclusion can be ascribed to vegetation recovery
due to formation of “islands of fertility”, and deposition of
windblown material in ungrazed plots.

S01.J.02

Is soil organic matter the link between soil
management and soil resilience in agricultural soils
in England?

A. S. Gregory', C. W. Watts', A. P. Whitmore', B. S. Griffiths?,
P. D. Hallett’, H. L. Kuan®;

'Rothamsted Research, Harpenden, United Kingdom, 2 Teagasc,
Wexford, Ireland, *SCRI, Dundee, United Kingdom.

Soil organic matter (SOM) has a considerable effect on many
properties and functions of soils and, in agricultural systems, the
SOM content is largely controlled by soil management. We
predicted that SOM, and hence soil management, would affect
the important property of soil resilience: the ability of soil to resist
and recover from stress. We therefore set to challenge this
hypothesis by selecting soils from a range of sites in England,
where both arable and grassland agriculture was being
practiced, for laboratory testing.

Soils were subjected to either a 200 kPa compression stress in
the laboratory as a physical stress or to one of two biological
stresses: 18 hours heating at 40 °C (transient stress) or the
addition of CuS0,.5H,0 (chronic stress). The soil functions that
were used to assess the response of the soil to the physical and
biological stresses were soil pore space (void ratio) and grass
substrate induced respiration respectively.

Compression reduced pore space significantly in all soils,
particularly the grassland soils of high SOM content. Following
compression however it was the grassland soils that recovered
more pore space than the arable soils. Particulate SOM and
water redistribution following removal of the compression stress
appeared to be important for the immediate recovery of pore
space.

Resilience to the Cu-stress appeared to be closer related to
SOM than was resilience to the heat stress. The transitory
nature of the heat stress might affect soils similarly whereas the
effect of the Cu-stress, being more long-term, is probably
determined by those soil characteristics that have resulted from
long-term soil management.

We were able to demonstrate a positive relationship between
SOM content and resilience and conclude that grassland soils,
where management allows the build-up of SOM, are more
resilient to physical and biological stresses than arable soils.

S01.J.03

Soil organic matter dynamics in a long-term field
experiment comparing conventional and organic
farming: Evidence from fractionation and modelling

J. Leifeld, R. Reiser;
ART, Zurich, Switzerland.
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Soils globally store significant quantities of carbon as organic
matter (OM). Management is a major driver for OM in soil, and
some management practices have been advocated to sequester
C and to mitigate the atmospheric increase in [CO;]. We
investigated a long-term (28 years) agricultural experiment in
Switzerland where conventional, bio-organic and bio-dynamic
practices are compared under identical crop rotations. In this
study we address whether i) management effects are
distinguishable from changes over time for total and OM in
physical-chemical fractions, ii) OM dynamics can be simulated
with sufficient confidence using the organic carbon turnover
model RothC in combination with radiocarbon dating and iii) our
current perception of OM in pools vs. fractions withstands
rigorous testing using a well-characterized field trial.

For most treatments we measured an OM decline over 28 years
though there was no pronounced management change at
commencement of the experiment. Time was a more important
factor for OM contents than treatment. The decline of bulk soil
OM was mostly on expense of mineral-associated matter
whereas particulate OM increased. We also observed an
unexpected and partially significant increase in stable NaOCI-
resistant OM that was previously thought to be unaffected by
management. The RothC model was used to simulate the fate of
OM over the course of the four crop rotations. OM changes in
the bio-dynamic treatment were smallest and simulated by
assuming a slower decay for composted manure in accordance
to manure treatments at this site and by consideration of the
slightly finer texture.

The results do not fully support a previously reported match of
pools and fraction for the RothC model probably because
management-induced differences were rather small. The latter
also questions whether organic vs. conventional farming are an
option to sequester C when similar amounts of organic fertilizers
are applied.

S01.J.04
Conversion of cropland into grassland: Potential for
soil organic carbon sequestration?

A. Don’, T. Scholten’, E. Schulze';

"Max-Planck Institute for Biogeochemistry, Jena, Germany,
2University of Tubingen, Institute for Geography, Tiibingen,
Germany.

Rapid loss of soil organic carbon (SOC) has been shown after
conversion of grassland into cropland. SOC accumulation after
re-conversion of cropland into grassland is a slow process which
is amplified by the amount of SOC stabilized by adsorption and
the SOC transport into the subsoil. Two adjacent cropland and
grassland sites - one with a Vertisol with 23 years after
conversion and one with an Arenosol 29 years after conversion -
were sampled down to 60 cm depth. Concentrations of SOC
were measured before and after density fractionation in two light
fractions and a mineral associated fraction with C adsorbed on
mineral surfaces. For the soil profiles SOC stocks and
radiocarbon (**C) concentrations of mineral associated C were
determined to access the combined processes of stabilisation
and translocation down the soil profile.

SOC stocks and mineral associated SOC concentrations were
increased in the upper 10 cm of the grassland soils compared to
the croplands. This corresponded to the root biomass
distribution and is reflected in an increased proportion of non-
stabilized light fraction. Total SOC stocks were not significantly
different between grassland and cropland at both sites when the
whole profile was taken into account. High subsoil SOC stocks
(>10 cm depth) at the cropland sites compensated high SOC
stocks at the surface horizons of the grassland. '“C
concentrations indicated a rapid incorporation of fresh C into
deeper horizons at the Vertisol site. Active C management on
the cropland sites yielded SOC stocks equal to extensive
grassland SOC stocks. At the Arenosol site the impact of land
use conversion on SOC accumulation was limited by low total
clay surface area available for C stabilisation. Thus, subsoil’s



potential for SOC storage has to be taken into account when
land use change effects on SOC are assessed.

S01.J.05
Impact of tillage on carbon and nitrogen storage of
two Haplic Luvisols

A. Jacobs’, R. Rauber?, B. Ludwig';

"University of Kassel, Dep. of Environmental Chemistry,
Witzenhausen, Germany, 2University of Géttingen, Institute of
Agronomy, Géttingen, Germany.

The effects of reduced tillage systems (minimum tillage = MT) on
soil organic carbon (Corg) and N sequestration are not
completely understood. Thus, the objectives were to investigate
the impact of a MT system (to 5-8cm) on water-stable
aggregates and particulate organic matter (POM) and on storage
of Corg and N in two loamy Haplic Luvisols in contrast to
conventional tillage (CT) (to 25cm). Surface soils (0-5cm) and
subsoils (5-20cm) of two experimental fields near Géttingen,
Germany, were investigated. Both sites (Garte-Sid and Hohes
Feld) received both tillage treatments since 37 and 40 years,
respectively. In the bulk soil of both fields Corg, N, microbial
carbon (Cmic), and microbial N (Nmic) concentrations were
elevated under MT in both depths. Likewise, water-stable
macroaggregates (>0.25mm) were on average 2.6 times more
abundant under MT than under CT but differences in the subsoil
were generally not significant. For surface soil under MT, all
aggregate size classes <1mm showed about 48% and 56%
increased Corg concentrations at Garte-Siid and Hohes Feld,
respectively. For greater macroaggregates (1-2, 2-10mm),
however, differences were inconsistent but elevations of N
contents were regular over all size classes reaching 72% and
64%, respectively. In the surface soil, tillage system did neither
affect the yields of free POM and occluded POM nor their Corg
and N contents. Moreover, more Corg and N (125-238%) was
associated under MT within the mineral fractions investigated.
To sum up, similar to no-tillage, a long-term MT treatment of soil
enhanced the stability of macroaggregates and thus was able to
physically protect and to store more organic matter (OM) in the
surface soil in contrast to CT. The increased storage of Corg and
N did not occur as POM but as mineral-associated OM.

S$01.J.06

Nitrogen retention and plant uptake on a highly
weathered central Amazonian Ferralsol amended
with compost and charcoal

C. Steiner', B. Glaser’, W. G. Teixeira’, J. Lehmann®, W. E. H.
Blum®, W. Zech®;

1Bioreﬁning and Carbon Cycling Program, University of Georgia,
Athens, GA, United States, *Department of Soil Physics,
University of Bayreuth, Bayreuth, Germany, *Embrapa Amazonia
Ocidental, Manaus, Brazil, *Department of Crop and Soil
Sciences, Cornell University, Ithaca, NY, United States, ®Institute
of Soil Research, University of Natural Resources and Applied
Life Sciences, Vienna, Austria, ®Institute of Soil Science and Soil
Geography, University of Bayreuth, Bayreuth, Germany.

Inspired by the sustained fertility of anthropogenic Terra Preta
soils in the central Amazon Basin, we studied the effect of
charcoal as soil amendment. The use of charcoal as recalcitrant
soil amendment can have important implications for sustainable
land use in the humid tropics and the earth’s carbon budget.
Leaching losses of nitrogen (N) are a major limitation of crop
production on strongly weathered soils and under heavy
rainfalls, as in the humid tropics. We established a field trial in
the central Amazon Basin (near Manaus, Brazil), in order to
study the influence of charcoal and compost on the retention of
N. Fifteen months after organic matter admixing (0 - 0.1 m soil
depth), we added "N labelled ammonium sulphate (27.5 kg N
ha™' (NH,),SO, at 10 atom% excess). The tracer was measured
in the top soil (0 - 0.1 m) and plant samples were taken at two

successive sorghum (Sorghum bicolor L. Moench) harvests. The
N recovery in biomass was significantly higher when the soil
contained compost (14.7 % of applied N) in comparison to only
mineral fertilized plots (5.7 %), due to a significantly higher crop
production during the first growth period. After the second
harvest, the N-retention in the soil was significantly higher in the
charcoal amended plots (15.6 %) in comparison to only mineral
fertilized plots (9.7 %). The total N recovery in soil, crop residues
and grains was significantly (P < 0.05) higher in compost
(16.5%), charcoal (18.1%) and charcoal plus compost
treatments (17.4%), in comparison to only mineral fertilized plots
(10.9%). Organic amendments increased the retention of applied
fertilizer N. One process within this retention was found to be the
recycling of N taken up by the crop.

S01.K.01
Soil structure dynamics and carbon sequestration

U. Franko, K. Kuka;
UFZ, Halle, Germany.

Soil structure has a strong impact on SOM turnover. The
recently developed CIPS model demonstrates this very
successful. The partition of the total pore space into micro,
meso- and macropores and the subsequent distribution of
specific microbial activity to these classes proofed to be very
useful to understand long term dynamics without sophistic
assumptions like an inert pool. The CIPS model has recently
been integrated in the CANDY model in order to perform more
complex scenario simulations.

It is well known that SOM has an impact on soil structure. A new
submodel in CANDY has been developed in order to simulate
these effects also. In this context we consider as structural
indicators field capacity (FCAP), permanent wilting point (PWP)
and total pore volume (PV) because these are used to control
the soil water dynamics in the CANDY model and also as
proxies to identify the pore space classes in CIPS. The main
driver of soil structure changes is PV depending on the ratio of
bulk density to particle density which are both dependent on
SOM. FCAP and PWP can be calculated using a pedotransfer
function if PV is known. Particle density is calculated using the
approach of RUHLMANN ET AL. (2006) depending on SOM
content. Bulk density is modelled following the concepts of
SCHAAF(1998) (tillage and recompaction) and
RUCKNAGEL(2007) (compaction from machinery). The resulting
model handles soil structure no longer as a constant parameter
but a soil state variable depending on management, climate and
SOM.

The integrated CANDY&CIPS model simulates not only the
dynamics of SOM pools but also their ages that are varying
between 10 to 3000 years if SOM is in steady state.

S01.K.02
Micro-scale modelling of carbon turnover driven by
microbial succession at a biogeochemical interface

J. Ingwersen, C. Poll, T. Streck, E. Kandeler;
Institute of Soil Science and Land Evaluation, Stuttgart,
Germany.

The detritusphere is a very thin but microbiological highly active
zone in soil. To trace the fate of litter carbon in the detritusphere
we developed a new 1D dynamic mechanistic model. In a
microcosm experiment soil cores were incubated with °C
labelled rye residues (5'°C=299%), which were placed on the
surface. Microcosms were sampled after 3, 7, 14, 28, 56 and 84
days and soil cores were separated into layers of increasing
distance to the litter. Gradients in soil organic carbon, dissolved
organic carbon, microbial biomass and activity were detected
over a distance of 3 mm from the litter layer. The newly
developed 1D model simulates both the total carbon and the 3c
carbon pools and fluxes, so that it was possible to include the
3C data in model optimisation. The special feature of the model
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is that it operates with two decomposer populations; the first one
is assumed to be dominated by bacteria (initial-stage
decomposer) and second one by fungi (late-stage decomposer).
Moreover, in the model the dissolved organic carbon (DOC) pool
is divided into two sub pools. Each DOC pool is consumed by
one of the decomposer populations. After parameter
optimisation the model explained 92% of the observed variance.
The model output provides a comprehensive insight into the
carbon cycling within the detritusphere. The simulation results
showed among others that after 84 days about 10% of total litter
C was transferred to the soil organic matter (SOM) pool. From
the evolved CO, 71% was litter-derived and 29% was soil-
derived. From the litter-derived CO,, 69% was directly formed in
the litter layer. The remaining 31% was transported to soil before
mineralisation. Our study shows that a combination of
experimental work and mathematical modelling is a powerful
approach to provide a comprehensive insight into the small-
scale carbon turnover in soil.

S01.K.03
A model of the formation and movement of Dissolved
Organic Nitrogen (DON) in soil

A. P. Whitmore', K. Coleman’, A. J. Macdonald', N. R. A. Bird’,
A. Bhogal®, B. J. Chambers®;

'Rothamsted Research, Hertfordshire, United Kingdom, 2ADAS
Gleadthorpe Research Centre, Meden Vale, Mansfield,
Nottinghamshire. NG20 9PF, United Kingdom, SADAS
Gleadthorpe Research Centre, Nottingham, United Kingdom.

Dissolved organic matter (DOM) is increasingly regarded as a
key component of carbon and nutrient cycling in terrestrial
ecosystems. Dissolved organic carbon (DOC) is becoming
regarded as the most likely source of substrate and energy for
the living micro-organisms that drive these cycles and DOC in
percolating water is thought to be a significant pollutant from
forest ecosystems. Plants are now known to be able to take up
small amounts of Dissolved Organic Nitrogen (DON) although
whether these amounts are small because the amounts in soil
are limited or because the DON is transient is not yet clear. We
report here on a computer simulation model of the carbon and
nitrogen cycles under plants growing in agro-ecosystems and
analyse the production, turnover and losses of DOC and DON.
Two distinct kinds of DOC are envisaged, although the model is
not limited to two, a hydrophilic component that moves readily in
water and a hydrophobic component that binds strongly to soil
particles. The hydrophilic component is rich in N and the
hydrophobic component relatively depleted. In this way the C:N
ratio of DOM can vary. We validate and test the model with
respect to several sets of data: (i) measurements of DOC and N
leaching following the application of sugar beet residues to soil
(il) measurements of the longevity of DOC applied with manures
to soil (iii) DOC and DON leaching from under experimental plots
in the Broadbalk, Woburn ley-arable and Brimstone experimental
fields in the UK. With this model we were able to obtain good
simulations of the movement and retention of DOC and DON in
soil and we explore the contribution of DON to the nitrogen cycle
in agricultural ecosystems.

S01.K.04
RothC-Biota - a carbon accounting tool

B. Foereid’, R. Milne?, T. Brown?, M. Sozanska-Stanton’, W. S.
Fung', P. Smith’;

"Plant & Soil Science, Aberdeen, United Kingdom, °CEH
Edinburgh, Edinburgh, United Kingdom.

Land use change involves changes in the amount of carbon
stored in plants and soils. Whilst the amount of carbon change in
aboveground vegetation can easily be measured, belowground
carbon in roots and soils is more difficult to assess. National
carbon inventories require simple ways to calculate changes in
carbon stocks when land use changes.
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The Rothamsted soil carbon model (RothC) needs
independently calculated or measured plant litter production as
input data. The purpose of this project was to make a plant
component to RothC, so that plant carbon as well as plant litter
input to the soil carbon model can be dynamically calculated.

The model was based on a previously published model for plant
productivity (Biota). It was parameterised using measured data
on root turnover, litterfall and plant allocation. The land cover
types used were grassland, three generic crop types and two
generic tree types. The model was calibrated for Northern UK,
but could easily be calibrated for other areas. Initial tests shows
that plant biomass could be predicted with reasonable accuracy.

S02 Soils and Climate Change

S02.H.KL
Do soils change when climate changes ?

A. R. Dexter'?, G. Richard’, E. A. Czyz**;

"Unité de Science du Sol, INRA Orléans, Ardon, Olivet cedex,
France, 2Institute of Soil Science and Plant Cultivation (IUNG-
PIB), Pulawy, Poland, *Rzeszéw University, Faculty of Biology
and Agriculture, Rzeszow, Poland.

Climate change scenarios predict not only changes in mean
temperature and rainfall but also changes in their distribution.
For example, observations show increased frequency of extreme
events. These include the intensity, duration and frequency of
heat waves and associated periods of drought. Also, extreme
rainfall events with associated flooding seem to be becoming
more frequent. It seems reasonable to investigate whether such
possible changes may affect the properties of our soils.

Effects of temperature and water supply on crop growth and soil
microbial activity are quite well known and have been studied
and modelled for decades. Soils that are warmer, but still moist
and well-aerated, will produce not only larger crop growth and
yield but also greater aerobic microbial activity in the soil with
increased emissions of carbon dioxide (CO;). Wetter soil is more
susceptible to structural damage for example by compaction,
and this can lead not only to reduced crop growth but also
increased anaerobic microbial activity with resulting increased
emissions of nitrous oxide (N,O). The global warming potential
(GWP) of N,O is about 300 times that of CO,.

Soil physical properties can also change significantly. For
example, soil that is wet for a long period can develop low
friability which can result in clod production during tillage with
consequent poor seedbed conditions for seed germination and
seedling emergence. Also the authors have investigated effects
of drying and rewetting on the structure and stability of soils.
Structure has been quantified in terms of micro-aggregation as
measured with a laser particle size analyser. Stability has been
measured by scattering by readily-dispersible clay (RDC) which
is a measure of soil instability. Drying and re-wetting can cause
major decreases in the content of RDC. This is because this
process causes the formation of stable micro-aggregates which
incorporate the clay.

The conclusion is that soils can change their properties and
behaviour significantly in response to aspects of climate change.
Soil physical properties should not be assumed to be constant
and non-varying under all conditions. As a consequence,
modelling of the effects of different climate change scenarios
should also take into account likely changes in soil properties
and behaviour.



S02.H.01
Investigating the use of Bayesian Belief Networks to
assess the influence of climate change on soil quality

R. L. Hough, I. Aalders, W. Towers;
Macaulay Institute, Aberdeen, United Kingdom.

Modelling the risk factors driving an environmental problem can
be challenging when published data describing variables and
their interactions are sparse. For example, climate change is
thought to affect soils in a number of ways. Most prominent is
the hypothesis that climate change is likely to result in a
reduction of organic carbon. However, merely demonstrating
that carbon stocks have changed provides little basis for
managing or maintaining those stocks in the future. In reality,
changes in carbon stocks are likely to be influenced by a number
of climatic, geogenic, and anthropogenic factors; some of which
will act directly on soil carbon, while others will modify existing
processes, some will act in isolation, while others will require
inclusion of a range of other variables. Many of these factors,
and their complex interactions, may be poorly understood thus
reducing the ability of the analyst to make policy-relevant
conclusions.

In traditional approaches, the inherent complexity in ecological
systems is often dealt with by focussing on single, narrow
aspects of the problem. The result is an understanding of how
different factors behave in isolation, but less understanding of
how these associations may interact or be modified. Bayesian
nets can provide a basis for rationalising complex interactions,
and integrating available information. Here we investigate the
utility of a Bayesian Belief Network (BBN) to integrate available
quantitative data with qualitative information, and demonstrate
how BBNs can ‘learn’ as new information becomes available. As
an example, we explore the major factors influencing carbon
stocks in an upland peat soil, and the ability of this approach to
predict the consequences of climate change and/or different
management scenarios. The dynamic and interactive nature of
BBNSs provides a framework that can not only identify the major
drivers of carbon loss, but also elucidate practicable policy-
relevant management solutions.

S02.H.02
Temperature sensitivities of greenhouse gas
formation processes

S. Zechmeister-Boltenstern, G. Schaufler, B. Kitzler;
Federal Research and Training Centre for Forests, Natural
Hazards and Landscape (BFW), Vienna, Austria.

If carbon and nitrogen stored belowground is transferred to the
atmosphere by a warming-induced acceleration of greenhouse
gas formation, a positive feedback to climate change could
occur. In order to simulate such effects by mathematical models
a detailed understanding of the temperature sensitivities of these
processes is needed.

We measured fluxes of N20O, NO, NO2, CO2, and CH4 on intact
soil cores obtained from thirteen European sites in order to
assess the influence of temperature and soil moisture on
potential gas emission rates from soils, which covered different
climates all over Europe and included four different land use
types: croplands, forests, grasslands and wetlands.

We found up to fourfold higher temperature sensitivities of N20O
compared to CO2 formation, which can be explained by a
combination of reactions leading to an increase of anaerobic
zones around soil particles. Activation energies for N20
increased with soil moisture in most sites. Highest temperature
sensitivities were found in soils from sites with low annual
precipitation.

Temperature sensitivities of NO formation often doubled the
activation energy of CO2 formation indicating an involvement of
both chemical and biological processes. Activation energies for
NO decreased with soil moisture in cropland, grassland and
wetland soils.

Activation energies of CO2 did not change significantly with soil
moisture or land use type. However, they were highest in soils
with low pH and a high C/N ratio, supporting the theoretical
assumption that the decomposition of recalcitrant organic matter
may be more temperature sensitive than of more easily
decomposable substrates. Our study provides the basis for
improving biogeochemical models to simulate C and N trace gas
exchange in terrestrial ecosystems under changing climate
conditions.

S02.H.03
Temperature sensitivity of soil respiration in a sandy
soil from Sahel region

T. Chevallier, T. Laisné, S. Hamdi, M. Bernoux;
IRD, UR SeqBio, Montpellier cedex1, France.

Global Soil respiration (SR) amount ~60 PgC annually, nearly
8% of atmospheric CO2 recycle each year through this process.
The heterotrophic component represents between 50 and 100%
of the total SR. The temperature (T) dependence of SR is
commonly described by Q10 (Q10 = SRT+10/SRT). These Q10
index are central in the models of the soil organic matter
dynamics. But, in a global change context, these models may
not be adapted for forecasted T conditions, especially extreme
events (the models were not tested for a use with soil T beyond
40°C).The objective of this study was to evaluate the T
sensitivity of SR in a sandy soil representative of the Sahelian
region where soil subsurface T (SST) is regularly already above
35-40°C and can even reach values up to 55°C. Soil incubations
were realized with a soil from Saria (Burkina Faso) at three T:
30°C (mean SST at Saria), 35°C in order to simulate a global
warming of +5°C and 40°C to simulate extreme event conditions.
Kinetics of SR at these three T were followed during 35 days
(pre-incubation period). Then the soils samples were split at 13,
20, 30, 35, 40, 50 and 57°C to study the Q10 values in respect
of the pre-incubation T and also during times. Q10 were
calculated using both the van't Hoff equation (Q10 is constant)
and Arrhenius model (Q10 is T dependent). Results showed that
even in a depleted C soil, SR increases with T. However, Q10
decreased with both T (from 2.4 at 30°C to 1.7 at 40°C) and
duration of pre-incubation. Finally it was observed that Q10
decreased towards values close to the unit for T above 40°C just
after the end of the pre-incubation, and even above 20°C, 21
days after the end of pre-incubation.

S02.H.04

Interactions of Pedogenesis, Nitrogen and Carbon
Stocks on a Transect Study Across the Qinghai-
Xizang (Tibet) Plateau

F. Baumann', J. S. He?, P. Kiihn', T. Scholten’;

'Institute of Geography, University of Tuebingen, Tuebingen,
Germany, *Department of Ecology, College of Environmental
Sciences, Peking University, Beijing, China.

The Qinghai-Xizang (Tibetan) Plateau is a key area concerning
the environmental evolution of the earth at regional as well as
global scales and proves to be particularly sensitive to Global
Change. It is the largest low-latitude and high-altitude permafrost
area in the world with more than half of its total surface affected
by permafrost. This permafrost region is characterized by strong
diurnal patterns, high radiation on the surface as well as a
distinct geothermal gradient that mainly control the permafrost
distribution and thus soil temperature and soil moisture
conditions.

During two expeditions in 2006 and 2007, in total 60 sites were
investigated on the central-eastern Tibetan Plateau along a
1,500 km long north-south transect. The research focused
exclusively on alpine steppe and meadow grassland vegetation.
Sites with continuous or discontinuous permafrost as well as
areas without or heavily degraded permafrost were investigated
for comparison of soil dynamics under various environmental

19



settings. The central question was how C- and N-stocks can be
both related to other soil properties and general ecological
parameters. Another major goal was to assess impact of global
change on permafrost and its implication concerning the carbon
and nitrogen cycles.

Due to the high number of samples and the large-scale transect-
concept, sophisticated statistical analysis were carried out
showing significant relationships between pedological
parameters as well as carbon and nitrogen contents.
Importantly, in high altitude grassland ecosystems precipitation
and soil moisture conditions were determined as the main
influencing parameters of C- and N-stocks in turn closely linked
to temperature. Both stocks are coupled with complex feedback
mechanisms between permafrost, aeolian processes and the
stage of pedogenesis. The latter can be described by acidity,
carbonate content and grain size distribution. Permafrost and
aeolian sedimentation are a function of relief position, parent
material, human impact and seasonal climatic fluctuations.

S02.1.01

Long-term trends (1959-2006) in soil temperature,
evidence for sub-soil warming and microbial
responses

D. W. Hopkins', I. P. Hartley’;

'Scottish Crop Research Institute, Dundee, United Kingdom,
2School of Biological and Environmental Sciences, University of
Stirling, Stirling, United Kingdom.

There are relatively few long-term temperature records that
include sub-soil measurements. By analysing one of the few
such dataset, recorded at the Scottish Crop Research Institute in
eastern Scotland, trends of increasing average temperatures for
soil at 10, 20, 30, 50 and 100 cm depth have been detected. The
increases in soil temperature over the 47 years for which data
are accessible is between 1.3 and 1.5°C which is close to the
rise in mean air temperatures over the same period of 1.3°C
(increase in mean minimum air temperature = 0.9°C and
increase in maximum air temperature = 1.7°C). There was no
noticeable difference in the warming trend at or below 20 cm
depth in the soil, but at 10 cm the soil had warmed slightly less
over the period. The most important observation, however, was
the warming in the sub-soil at 100 cm, which followed the rising
trend of the overlying soil closely. There were significant
increases in the t-sum (cumulative soil temperatures;
degree.days) for soil at all depths and for the soil temperatures
on both the coldest and hottest days (according to air
temperatures) over the 47 year period. However, there was no
evidence of heat imbalances in the soil which would lead, for
example, to the sub-soil staying warmer for a longer period in
the year with increasing time. The effect of increased soil
temperatures for biological processes in the soil were assessed
by measuring the temperature response functions of carbon
mineralization by soil micro-organisms from different depths. The
responses of carbon mineralization are used to explore the
implications of soil carbon storage at different depths.

$02.1.02
Factors controlling C mineralisation in topsoil and
subsoil are different

C. Salomé’, N. Nunan®, C. Chenu’;
"BioEMCo, AgroParisTech, Thiverval Grignon, France,
°BioEMCo, CNRS, Thiverval Grignon, France.

It is estimated that in excess of 50% of the soil carbon stock is
found in the subsoil (below 20 to 30 cm). Despite this very few
studies have paid attention to the subsoil. Although surface and
subsurface horizons differ in pedological, environmental and
physicochemical features, which are likely to affect the
mechanisms and biological actors involved, models of carbon
dynamics tend to treat the subsoil as “less concentrated” topsoil.
In other words, the processes underlying C dynamics are
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assumed to be the same but with lower gross fluxes in the
subsoil. The aim of this study was to test this assumption by
analysing factors governing in organic matter decomposition in
topsoil and subsoil (between 80 and 100 cm). To this end, we
established incubations that lasted 51 days, in which factors that
were thought to control organic matter mineralization were
altered: oxygen concentration, soil structure, and the energetic
and nutritional status. At the end of the incubations measures of
microbial biomass and of catabolic profiles of the microbial
communities were carried out. The mineralization per unit
organic carbon proved to be as important in the subsoil as it was
in surface samples, in spite of lower carbon contents and
different catabolic profiles. Differences in the treatment effects
indicated that the controls on C dynamics are different in topsoil
and subsoil: disrupting the structure of the subsoil caused a 75
% increase in mineralization while the surface samples remained
unaffected. On the other hand, a significant priming affect was
found in the topsoil but not in the subsoil samples. Spatial
heterogeneity in carbon content, respiration and microbial
communities was greater in subsoil than in topsoil at the field
scale. These data suggest greater attention should be paid to
the subsaoil if global C dynamics is to be fully understood.

S02.1.03

Climate warming induced changes in temperature
regimes of the East European Cryosols and
associated soils

G. G. Mazhitova;
Komi Science Centre, Russian Academy of Sciences, Syktyvkar,
Russian Federation.

East European Russian Arctic is the major area of Cryosol
distribution in Europe. Cryosols develop here on the “warm”
sensitive permafrost. At present, the permafrost is degrading in
response to air temperature forcing. Air temperatures
demonstrated a clear increasing trend since mid-1970es. To
trace soil responses, we monitored soil temperatures since
1996. In total, 14 one-to-nine-year-long records were obtained.
Intermediate results of the study were published elsewhere.
Here we discuss climate warming effects on soils based on
1996-2007 data. Neither one of the regional weather stations
measures soil temperatures in Cryosols, however, records from
non-permafrost soils of the discontinuous permafrost zone are
available allowing assessment of recent changes against the
long-term norms.

Mineral Cryosols belong to Subgelic and organic Cryosols to
Pergelic temperature classes of Soil Taxonomy, whereas non-
permafrost soils belong to Isofrigid-Cryic class with a few Frigid-
Cryic exceptions. Values of soil temperature indices registered
recently were still within the limits of these classes. However,
statistically significant warming trends were observed in soil
temperatures and the depths of seasonal thaw/freezing. A
number of extreme soil climate events was registered. Mean
annual soil temperatures above 0°C and the seasonal freezing
which did not reach permafrost table were observed in Cryosols,
whereas non-permafrost soils showed the about-zero or
extremely shallow winter freezing. In the longer run such events
were not exceptional, though extremely rare. Against the
warming trend their effects are amplified being not fully
compensated by the subsequent soil climate dynamics.
Consequences of the rapid changes in soil temperatures which
can be expected under the continuing warming include soil
surface subsidence which amounted 18 cm in 8 years at our
monitoring site and release of greenhouse gases due to
decomposition of the previously frozen organic matter.

The study was supported by the NSF, INTAS and the Russian
Academy of Sciences.



S02.1.04
Soil organic carbon stocks in the Canadian
permafrost region and their role in climate change

C. Tarnocai;
Eastern Cereal Research Centre, Ottawa, ON, Canada.

The total soil area of the permafrost region of Canada was found
to be approximately 5,173 x 10° km?, which is 72% of the soil
area of Canada. Permafrost-affected mineral soils cover
approximately 2,530 x 10® km? and nonpermafrost mineral soils
cover approximately 1,694 x 10° km? Organic soils (peatlands),
both permafrost-affected and nonpermafrost, are a common
feature of the region and cover approximately 949 x 10° km?.
The soil organic carbon content in the Canadian permafrost
region varies according to soil type, with organic soils
(peatlands, total depth) and cryoturbated, permafrost-affected
mineral soils (0-100 cm) having the highest mean values (30-
120 kg m™). The soil organic carbon stocks (mass) (SOCM) in
this region were estimated to be 196 Gt for the 0-100 cm depth,
which is approximately 76% of the total soil carbon in Canadian
soils at this depth. Most of the SOCM occurs in the Cryosols
(permafrost-affected soils) and organic soils (peatlands), which
contain approximately 63% of the SOCM in the 0-100 cm depth.
Some limited data suggest that a considerable amount of
organic carbon also occurs below the 100 cm depth in
cryoturbated mineral soils and peatlands.

The calculated values presented here indicate that organic
carbon in the soils of the permafrost region of Canada accounts
for approximately 56% of North American and 15% of global soil
organic carbon at the 0-100 cm depth. Much of this soil carbon
will be vulnerable to release because of the large temperature
increases (3-4 °C) predicted to result from climate change.

S02.J.01
Soil carbon sequestration potential in newly
established prairies in previously cultivated Mollisols

M. M. Al-Kaisi, J. G. Guzman;
lowa State University, Ames, IA, United States.

In addition to its aesthetic and environmental qualities, prairie
restorations can potentially act as a C sink and offset rising
atmospheric CO,. Recent research in the past ten years has
repeatedly shown the benefits of prairie restorations to
sequester soil organic C by measuring changes in soil C
content, however, this measurement alone does not determine
whether a site is a net sink or a source for CO,. The
determination of potential atmospheric CO, sequestration in the
soil requires an assessment of the ecosystem’s metabolism. The
objective of this study was to determine soil C sequestration
potential of newly established prairie (prairie remnant, 1993,
1998, and 2003 sites) on previously cultivated land and soil
surface CO,-C emission using a C budgeting approach. Soil C
content, vegetation type (cool and warm season grasses, forbs,
and legumes), aggregate size distribution, soil surface CO,-C
emission, above and below ground plant biomass and microbial
biomass were measured. Preliminary findings suggest; (i) that
total C potential input differences between sites were only
observed in root biomass contribution; (ii) total soil surface CO,-
C emissions were strongly related to year since establishment
and vegetation type within site; (iii) the prairie remnant site had
the greatest soil C content while the cropland sites and the
youngest prairie had the least (iv) and soil C content increased
as time since establishment increased in prairie restorations,
although at a decreasing rate. Calculations of net C input show
that the youngest prairie restorations had the biggest potential
for sequestering C, although it took less than a decade before
these sites ceased as a major net sink for CO,-C compared to
prairie remnants and cropland. Furthermore, findings suggest
that root biomass and time since establishment may be the
leading factors in determining the effectiveness of prairie
restorations on soil C sequestering potential.

$02.J.02

Long-term monitoring of C dynamics in a temperate
grassland ecosystem via stable isotopes (13C) in a
Free Air CO2 Enrichment (FACE) experiment

K. Lenhart', C. Kammann', C. Miiller, H. Jager';
"Department of Plant Ecology, GieRen, Germany, >School of
Biology and Environmental Science, University College Dublin,
Ireland.

Since pre-industrial times (1750), fossil fuel burning and land
use change has led to a 34% rise in atmospheric CO, of
currently 380 ppm. The elevated atmospheric CO,
concentrations enhance photosynthesis but also increase
respiratory C losses from ecosystems with a yet unknown net
effect for net soil C stores. Between August 2004 and December
2006 we examined the effects of elevated CO, on ecosystem
respiration (Rec) and soil CO, concentrations in a FACE
experiment near GieRen, Germany on a 1permanent grassland
(start: May 1998). In July 2004, the 3"C signature of the
enrichment-CO, was switched from -25 to -48%., to trace
ecosystem C-fluxes without concomitant priming effects of a CO,
step increase.

Under elevated CO, +20%, the overall contribution of root-
derived soil respiration was 55% in the top 15 cm of the soil. The
3C signature of Rec, and soil air CO, showed lowest values
during the growth period, indicating a higher contribution of
plant-derived CO; at that time. The mean contribution of root,
leaf and soil respiration on Ree, was 29 +18%, 32 +23% and 38
+20%, respectively. A significant decrease in soil air 5"°CO, with
soil depth indicated a relatively higher contribution of root-
derived CO, in the deeper soil layers. The 8'°CO, gradient
showed a clear annual dynamics with a significant impact of soil
temperature. The steepest 5'°CO, gradients occurred during
winter but became less distinctive during summer. The CO,
enrichment enhanced R, by 13% above ambient but did not
result in increased soil C sequestration after 9 years of elevated
CO;. No COg-induced differences in the temporal dynamics of
Reco, SOIl air [CO,] and the 3'°C signature were observed. The
seasonal variability recorded in the long-term monitoring may
explain partly-contrasting findings of other studies where no
long-term sampling was performed.

S02.J.03

Free air CO2 enrichment-induced life form- and
species-specific responses of collembolans in arable
soil

C. Sticht, S. Schrader, A. Giesemann, H. Weigel;
Johann Heinrich von Thiinen-Institute, Braunschweig, Germany.

Effects of atmospheric CO2 enrichment on life strategy and
species composition as well as individual density of
collembolans were analysed under sugar beet and winter wheat
cultivation in a long-term CO2 enrichment field experiment
(FACE: Free Air CO2 Enrichment) at the Federal Research
Institute for Rural Areas, Forestry and Fisheries (vTl) in
Braunschweig (Germany). The use of isotopically labelled CO2
allowed tracing of the surplus C by means of stable C-isotopic
signatures (813C). 813C values of collembolan species, plant
material, and soil indicated CO2 impacts on C-translocation. The
studies were carried out at two plant developmental stages to
consider seasonal aspects.

The 313C values of crops significantly increased from above- to
below-ground plant parts. Under FACE conditions, the stable C-
isotopic signatures of all plant parts significantly decreased. The
813C values of collembolan species differed significantly
depending on CO2 treatment and crop and showed a distinct
tendency depending on plant growth stage. Under FACE, the
013C values of collembolans generally decreased. The extent of
this shift varied, depending on species and life strategy. Under
FACE conditions, the hemiedaphic life form type showed a
stronger depletion in 13C when wheat was cultivated. In the
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control, similar 313C values were detected for euedaphic and
hemiedaphic species.

Atmospheric CO2 enrichment-induced changes in occurrence,
density and dominance distribution of collembolan species
differed strongly between crops and their developmental stages
and indicated crop specific below-ground effects due to different
food qualities in the rhizosphere. FACE effects were stronger
under sugar beet compared to winter wheat cultivation.
Generally, atmospheric CO2 enrichment led to a higher
collembolan diversity in the late growing season and increased
the proportion of hemiedaphic in relation to euedaphic species in
a community.

The results indicate CO2-induced changes in the root-derived
carbon resources, which specifically affect collembolan species
according to their preferred food sources.

S02.J.04
Cereal-based plant production systems to mitigate
greenhouse gas emissions- a Danish perspective

L. J. Munkholm’, B. M. Petersen’, E. M. Hansen', S. O.
Petersen’, M. Laegdsmand’, J. E. Olesen’, J. @rum?, J. K.
Mutegi;

7Agroe001029y and Environment, Arhus University, Tjele,
Denmark, “2Food and Resource Economics, University of
Copenhagen, Copenhagen, Denmark.

The Danish government has recently included article 3.4 in the
Danish CO; accounts under the Kyoto protocol, whereby carbon
sequestration in crop- and grassland will be included in the
national greenhouse gas inventory. This accentuates the need
for developing cropping systems, which minimises greenhouse
gas emissions. Greenhouse gas emissions from the cultivation
of arable soils account for 57% of the total emissions from
Danish agriculture. Carbon sequestration may be accomplished
by increasing the carbon input to the soil or by decreasing the
turn-over rate of organic matter. There is room for carbon
sequestration in Danish arable soils grown with cereal-based
rotations, as the carbon content is relatively low and decreasing.
In 2007, we initiated the CoolCrop project, which focus on
sustainable Danish plant production systems to mitigate global
warming. We hypothesize that the greenhouse gas emissions
from Danish arable soil can be substantially reduced by
implementing crop production systems based on reduced tillage
in combination with versatile crop rotations and residue
retainment. We also hypothesize that growing deep-rooted catch
crops can substantially increase carbon sequestration. These
hypotheses are now tested experimentally and the information is
incorporated into the FASSET soil-plant-atmosphere model. At
EUROSOIL 2008, we will present experimental data from a field
experiment located at a sandy loam and a loamy sand. Four
different tillage treatments are tested within five crop rotations.
The crop rotations are all suited for arable production farms, but
differ in the proportion of spring cereals and oil seed crops in the
rotation. In addition the rotations differ with respect to retainment
of straw and use of catch crops. The tillage systems range from
conventional tillage with mouldboard ploughing to direct drilling.
At EUROSOIL 2008 the experimental results will be
supplemented by model predictions of the effect of different soil
management.

$02.J.05
Effect of Silicate Fertilizer and Tillage Systems on
Mitigating Methane Emission during Rice Cultivation

M. Ali', Y. Lee?, P. Kim®;

1Bang/adesh Agricultural University, Mymensingh, Bangladesh,
2National Institute of Agricultural Science and Technology,
Suwon, Republic of Korea, 3Gyeongsang National University,
Jinju, Republic of Korea.

Slag type silicate fertilizer (hereafter, silicate fertilizer), being
potential source of active iron oxide as an electron acceptor and
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available silicate, was applied at 4 Mg ha™ in tillage and no
tillage plots before rice transplanting to investigate their effects
on suppressing methane emission during rice cultivation. CH,4
emission rates from the tillage and no tillage rice fields
decreased significantly with silicate fertilizer application during
rice cultivation. The soil Eh decreased rapidly after flooding,
while methane emissions significantly increased with the
development of rice growth stages. However, silicate
amendment significantly decreased CH,; emissions from the
tillage and no tillage paddy soils, which could be due to the
reduction of ferric iron and increased concentrations of active
iron and free iron oxides in soil, being acted as electron
acceptors. Total seasonal CH, emission was decreased by 20 %
and 36% in tillage and no tillage rice field respectively, with 4 Mg
ha™ silicate amendment, while rice grain yield was increased by
18 % and 13%, respectively. The increased rice yield was
attributed due to the stimulation of leaf photosynthetic rate and
improved yield components by silicate fertilization.

Rice plant growth parameters such as number of tillers, leaf area
index, shoot biomass, root biomass, root volume, root porosity
etc. and the soil parameters such as soil porosity, soil pH,
available silicate and phosphate concentrations, total iron, active
iron, free iron and ferrous iron concentrations in soil significantly
increased with silicate fertilization, which were negatively
correlated with CH, emission.

Therefore, silicate fertilizer could be a good soil amendment for
reducing CH4 emission as well as increasing rice productivity
both in tillage and no tillage paddy soil.

$02.J.06

Changes in total soil C under different crop
management systems and in never-tilled soil in a
long-term experiment

S. Senthilkumar', A. Kravchenko', P. Robertson®, B. Basso®;
"Crop and Soil Sciences, Michigan State University, East
Lansing, MI, United States, *Crop and Soil Sciences and W. K.
Kellogg Biological Station, Michigan State University, East
Lansing, MI, United States, *Crop and Soil Sciences,
Environmental Biophysics, University of Basilicata, Potenza,
Italy.

Monitoring soil carbon (C) plays an important role in
understanding the influence of different land uses and
management practices on C sequestration. Changes in C
content vary across landscape as a result of complex
interactions among different factors including historical soil C
levels, soil texture, topographical attributes, and land use and
management practices. The objectives of this study are, first, to
examine the changes in soil total C contents that occurred
during the past 15-20 years in soils under agricultural
management and in never tilled soils of Southern Michigan,
USA, and, second, to explore the relationships between these
changes and soil and topographical attributes. The data were
collected from two long-term experiments established in 1986
and 1988, respectively. Geo-referenced samples were collected
from both experiments prior to establishment and then the
locations were resampled in 2006-2007. Studied agricultural
practice treatments included conventional chisel plowed
management, conventional no-til management, and organic
chisel plowed management with legume cover crops. Non-
agricultural treatment was a mid-successional plant community
on a never tilled soil. Preliminary data analyses indicated that
since 1980’s the total C has significantly decreased under
conventional chisel plowed management and in never tilled soil.
Soil C under no-till management and under organic
management with cover crops tended to be higher than that of
the conventional chisel plowed management, however, it has not
increased as compared to 1980’s. That is, the conservational
management practices appeared to have prevented total C loss
as compared to conventional management but they did not lead
to gains in absolute C amounts. Relationships between changes
in total C and soil properties and topography and results of



modeling soil C in the studied treatments using SALUS will be
presented and discussed.

S02.K.01
Assessing long-term management and climate
effects for comparing local adaptation strategies

V. Romanenkov', V. Paviova®, T. Raskatova', L. Shevtsova';
1Pryanishnikov All-Russian Institute of Agrochemistry, Moscow,
Russian Federation, 2All-Russia Institute of Agricultural
Meteorology, Obninsk, Russian Federation.

Data from four long-term Russian field experiments (LTEs) on
soddy-podzolic soils of different textures were used for
separation the effects of management and climate factors on
yields based on modeling with Climate-Soil-Yield - a dynamic
simulation model of agroecosystem productivity. The model was
used to compare simulated water-limited yield under optimal N
nutrition with the experimental results obtained in treatments
with different levels of N input. Reaching new level of soil fertility
needs not less than 10-20 years but it demonstrates further
changes after achieving near-equilibrium state. The changes in
the observed trends for different fields with the same treatments
are related to the initial level of soil fertility and different crop-
climatic year combinations. This approach allowed using the
model forecasts with coarse resolution for description local yield
dynamics in the specific LTE's treatments based on the
smoothed trends, thus including the effect of local soil fertility
dynamics on crop yields in 2000-2050. Based on future yield
estimates crop management impacts on C sequestration were
predicted with the RothC model. Adaptation simulations include
alteration of crop rotation system, organic fertilization, and more
extensive use of perennial crops. Introduction of adaptation
practices will allow increasing C sequestration potential in the
study area by the years 2010-2020, mainly as a result of C gains
by soils with physical clay content of more than 30%. Under
adaptation C sequestration potential could be increased by at
least 40 % in heavy soils. For light soils the expected climate
changes will result in the increased input item of the soil carbon
budget and can potentially reduce of 1 t/ha C of SOC losses
(2000-2050) for control treatment. For organic fertilization
treatment, the potential for carbon sequestration is estimated at
3 t/ha C with the most favorable climate conditions for C sink in
2030-2040.

S02.K.02
Modelling green house emissions associated with
application of biowaste to land

R. Sakrabani;
National Soil Resources Institute, Cranfield, United Kingdom.

There is increasing demand on the usage of biowaste in
agriculture and related sectors. This is related to the increasing
pressure of returning waste to land and the need to convert
waste to useful product. Some of these waste products are
composted either with green or food waste. Compost is a good
source of soil amendment as it increases water holding capacity,
organic matter and provides nutrients to plants and soil microbial
community. Nutrient benefits to crops derived from compost can
be very beneficial in the light of escalating prices of inorganic
fertilisers. However this has to be balanced with corresponding
releases of green house gas (GHG), particularly nitrous oxide.

In this project we have considered different biowaste streams
comprising green waste compost, green and food waste
compost, food waste compost, digestates from green and food
waste and anaerobic digestion liquor. We considered the
application of these different biowaste streams to different land
uses such as agriculture, grassland and as topsoils to establish
Short Rotation Coppice (SRC) on brownfield sites. In the
agricultural sector we considered use of compost on three
contrasting soil types (light, medium and heavy) with suitable
crop rotation comprising of cereals (wheat, barley), oil seed rape

and root vegetables (eg potatoes and sugar beet). In the
grassland sector we used compost for establishing grass for
sheep and cattle grazing. We used the model Daycent which is a
biogeochemical model to predict the release of N,O, CH, and
CO, associated with the application of these different biowaste
streams to the various landuses mentioned above.

Initial results show that when comparing GHG emissions
associated with the application of compost (taking into account
its fertiliser nutrient contributions and reducing application of
inorganic fertiliser) and inorganic fertiliser, the release of N20 is
greater in the former than the latter.

S02.K.03
Effect of elevated CO; on the N cycle in grazed
pasture

T. Riitting’, T. J. Clough®, C. Miiller’, M. Lieffering®, P. C. D.
Newton“;

Department of Plant Ecology, Justus-Liebig-University Giessen,
Germany, 2Agrlculture & L/fe Sciences Division, Lincoln
University, New Zealand, 3School of Biology and Environmental
Science, University Collge Dublin, Ireland, "AgResearch
Grasslands, Palmerston North, New Zealand.

Increasing levels of atmospheric CO, are expected to enhance
plant growth and accumulation of carbon (C) in soil. However,
the responses of terrestrial ecosystems to elevated CO, also
depend on the availability of nutrients and in particular, nitrogen
(N). Under elevated CO, it is hypothesized that increased
competition between plants and soil microorganisms for
available N will lead to a progressive N limitation in ecosystems
especially in natural ecosystems with low external N inputs. So
far, little is known about how N-limited and natural ecosystems
respond to elevated CO,.

The aim of our study was to determine the effects of long-term
elevated CO, (475 ppm) on N transformations in a grassland soil
under grazing and to see if and how progressive N limitation
may be alleviated. Therefore we performed a N tracing
experiment to quantify the gross N transformation rates in soil
from a grazed pasture (New Zealand) that had been under ten
years of Free Air CO, Enrichment (NZ-FACE). To analyze the
complex network of S|mu|taneous|y occurring N transformations
in soil a numerical "N tracing model was used in combination
with a Monte Carlo sampling technique. In addition we
investigated the production of nitrous oxide (N,O), an important
greenhouse gas with a high global warming potential.

Results will be presented on the effect of elevated atmospheric
CO; on the internal N cycling in the pasture soil. In particular, we
show how the N mineralization-immobilization turnover of this
grassland was altered including the feedback of elevated CO, on
the production of N,O.

#

S02.K.04
Quantlflcatlon of gross N transformation rates in
soils via °N tracing

C. Mueller', T. Ruttmg J. Kattge R. J. Laughlm

1School of Blology and Environmental Science, Dublin 4, Ireland,
Department of Plant Ecology, Justus-Liebig-University Giessen,
Germany, *Max-Planck Institute for Biogeochemistry, Jena,
Germany, Agrlculture Food and Environmental Science
Division, Agri-Food and Biosciences Institute Belfast, United
Kingdom.

In "N tracmg experiments one or more soil N pools are enriched
with  "°N. Subsequently, the N concentrations and N
enrichments are determined in the "N labelled but also in
various product pools over time. The quantification of gross N
transformation rates among the various soil N pools is based on
>N dilution and enrichment principles. In their pioneering work in
the 1950s, Kirkham and Bartholomew considered two pools, an
organic N pool and one mineral N pool and developed analytical
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solutions for the mineralisation and immobilisation process in
soil. Since then more complex '°N models have been developed
that take into account the N transformations among the various
soil N pools. Non-linear oEtimization techniques are used to
identify the parameters in N tracing models. This talk outlines
the principles of "N tracing techniques and describes the
development of °N tracing models for the analysis of gross N
transformations. A focus will be on the presentation of newly
developed "N tracing techniques that are based on Bayesian
data analysis to analyse complex N dynamics in soil. With these
new techniques, for the first time, it is possible to analyse the
dynamics of nitrite and gaseous N species as well as the effect
of climate change on soil N dynamics.

S03 Soil Erosion

S03.D.KL
Challenges for soil erosion modelling across scales
and disciplines

P. Strauss;
Federal Agency for Water Management, Institute for Land and
Water Management Research, Petzenkirchen, Austria.

Knowledge in understanding the mechanisms for soil erosion
and surface runoff is increasing constantly. However, our
possibilities to convert this knowledge into process oriented
predictions of what would be the effect of particular management
activities for the environment are still very restricted. This as
much more as soil erosion research is becoming a central part of
more general environmental models, because surface runoff and
sediment act as transporting agents for various dissolved and
solid substances. In addition, interdisciplinary integrated
research efforts raise the need for developing new skills for
erosion researchers. In my talk | will try to work out some of the
challenges erosion researchers are faced with, emphasising the
different processes at various spatial and temporal scales.
Examples will be given to demonstrate how research may lead
to new options in successfully combating soil loss.

S03.D.01

Assessing soil erosion in Mediterranean karst
landscapes of Lebanon using remote sensing and
GIS

R. Bou Kheir;
National Council for Scientific Research, Beirut, Lebanon.

Maps showing the potential for soil erosion at 1:100,000 scale
are produced in a study area within Lebanon that can be used
for evaluating erosion of Mediterranean karstic terrain with two
different sets of impact factors built into an erosion model. The
first set of factors is: soil erodibility, morphology, land cover/use
and rainfall erosivity. The second is obtained by the first adding
a fifth factor, rock infiltration. High infiltration can reflect high
recharge, therefore decreasing the potential of surface runoff
and hence the quantity of transported materials. Infiltration is
derived as a function of lithology, lineament density,
karstification and drainage density, all of which can be easily
extracted from satellite imagery. The influence of these factors is
assessed by a weight/rate approach sharing similarities between
quantitative and qualitative methods and depending on pair-wise
comparison matrix.

The main outcome was the production of factorial maps and
erosion susceptibility maps (scale 1:100,000). Spatial and
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attribute comparison of erosion maps indicates that the model
that includes a measure of rock infiltration better represents
erosion potential. Field investigation of rills and gullies shows
87.5% precision of the model with rock infiltration. This is 17.5%
greater than the precision of the model without rock infiltration.
These results indicate the necessity and importance of
integrating information on infiltration of rock outcrops to assess
soil erosion in Mediterranean karst landscapes.

$03.D.02

Quantitative analysis of soil erosion and sediment
yield of the Alaki Chay basin to optimal management
it (Iran-Azerbaijan)

M. Abedini;
University of Mohaghegh Ardabili, Ardabil, Iran, Islamic Republic
of.

The Alaki Chay basin with an area of 205.5 km? is located on the
northwest of Tabriz city. Tectonically uplifting, vast extension of
potentially sensitive formation to erosion, intensive human
activities, and runoffs leads to intensive soil erosion and
transporting especially topsoil to the plain area and out of the
basin. As a result of mophometric drainage system, basin
coefficient shape and evaluation of sediment yield with Arnold,
Arnoldus, Sepaskah, Fournier indicated the rate of soil erosion is
high in the basin. Annually sediment yield of basin is 41474010
ton/halyear and average sediment yield of basin in hectare
evaluated 201.82 ton/haly and indicated intensive soil erosion
via runoffs. The high gradient streams and river beds (high
mountains 3000 and 3100 meter) from marl and inresistant soil
formation, also human activities prepared background for
intensive soil erosion and turbulence floods occurrence. The
results of some climatic indices (such as Hydrothermal
coefficient (HTK) and soil wetness fluctuation (Ws), showed the
basin very prone to rill and gully genesis or runoff erosion. In the
warm seasons especially in summer occasionally intensive
rainfalls leads to occurrence of flash drastic flood and often
destroys villages and agricultural lands with reasonable damage.
According to the climatic, geomorphology, tectonic condition,
erosional systems, some suitable methods and techniques
suggested to management and control of soil erosion in the Alaki
Chay river basin.

S03.D.03

Uncertainty assessment of suspended sediment
estimates from sediment rating curves in a small
mountain catchment in the Southern Pyrenees, Spain

G. Catari'’, F. Gallart’, M. Soler';
"Institute of Earth Sciences Jaume Almera - CSIC, Barcelona,
Spain, *Autonomous University of Barcelona, Barcelona, Spain.

Accurate predictions of suspended sediment yield (SSY) in
mountain catchments are needed to guide management
decisions and assess the potential impact of soil loss on site
productivity and downstream aquatic resources. However
significant uncertainties are involved in such predictions. A ten-
year-long series of suspended sediment load (SSL)
measurements obtained at Cal Rodd catchment (Southern
Pyrenees) was analysed to estimate the range of measurement
errors under experimental conditions. SSL obtained from
sediment rating curves (SRC) were compared with SSL
estimated through an infra-red backscattering turbidimeter, an
ultra-sonic beam attenuation solids sensors and an automatic
sampler. SRC were developed for yearly and seasonal data, in
the form of a power function between SSL and discharge. The
SSL estimates for every event and whole period, and their errors
were simulated for uncertainty analysis using Monte Carlo
methods, based on their residual analyses and distribution
function for every episode. A difference of half order of
magnitude was found between estimates obtained by both



methods. The confidence interval boundaries at the 90% level of
confidence were larger and outside the interval defined for
sensors. Error sources include the imperfect correlation between
sediment concentrations and discharge, and the quality of
sensor readings and calibration equations. In the case of sensor
malfunction, a modelling approach was needed to estimate
sediment concentration during periods without measured data.
Sediment transport estimates from SRC using similar temporal
resolution of data and in mountain environments need to be
taken cautiously in management decisions.

S03.D.04
Soil water and wind erosion estimation by using the
test areas, GIS land use and soil map

T. Kgsster"?, P. Penu’, T. Kikas', A. Astover’, K. Kauer’, R.
Kolli*;

7Agricultural Research Centre, Saku, Estonia, 2Estonian
University of Life Sciences, Tartu, Estonia.

Water erosion can mostly occur in southern and south eastern
part of Estonia where the landscape is hilly. Soils affected by
different stage of erosion process occupy 1.2% of total area of
Estonia. Earlier investigations are showing that considerable part
of this area is used for agricultural production and can be
therefore subject for soil loss and lower productivity. The idea of
current investigation was to evaluate the soil water erosion
according to the land use - is the land under the intensive
cultivation where we can expect higher erosion damage or is it
under the permanent grasslands where the erosion is minimal.
According to the land use data the area of cereals, potato,
vegetables, short-term grasslands, permanent grasslands and
semi-natural grasslands was specified. For estimation the real
state of erosion the method of test areas was used. The test
areas (municipalities) were selected on the district where eroded
soils are predominant and by using the digital soil map (1:10000)
the areas of potential erosion risk according to the current land
use were screened out. The results of test areas were
extrapolated all over the Estonia and it turned out that only the
0.8% of cultivated land is located on eroded soils. It was figured
out that mostly the area of erosion endangered soils is covered
by permanent grassland and therefore not prone to the erosion
damages. However the share of eroded land under the
cultivation in tested municipalities is from 17 to 21% and in farm
level the share of erosion affected soils under the crop rotation
can be much higher. In this level the protection measures
against the erosion have major importance to maintain soil
fertility and preserve the soil functions.

S03.E.01
Soil Erosion Survey for Saxony using the EROSION-
3D Simulation Model

M. Schindewolf, J. Schmidt;
Technische Universitét Bergakademie Freiberg, Freiberg,
Germany.

Soil erosion models are increasingly used, in order to gain
information about the temporal and spatial distribution of erosive
soil transport, deposition and to simulate the effects of soil
erosion control measures. In this study the EROSION 3D
simulation model is applied for surveying soil erosion and
deposition on the catchment scale covering the entire state of
Saxony (Germany). EROSION 3D is an extensively validated,
GIS based soil erosion model which is used since more than 10
years. However, model application for an entire state is a new
challenge, because of the enormous data requirements and
complex data processing operations. In this context the study
includes the compilation, validation and generalisation of existing
land use and soil data in order to generate a consistent
EROSION 3D input dataset for the entire state of Saxony.

The project aims to extend the parameterization software
DPROC by an interactive GIS-component which enables the

user to select arbitrary hydrological watersheds including the
related soil and land use data. Based on these data DPROC
automatically creates the according EROSION 3D input files
using a relational database of primary data and model specific
data.

Up to now these database covers not all relations completely.
Therefore, a second focus of the study refers to the validation
and extension of the database, which were created in the mid-
1990s based on rainfall simulation experiments. A campaign of
further extensive experiments provide additional information with
respect to the effects of new soil management practices (e.g.
longtime conservation tillage according EAFRD) on water
infiltration and soil loss.

The project should end up in a user-friendly, timesaving and
improved software package for the simulation of soil loss and
deposition on a regional scale providing essential information for
the planning of conservation measures particularly under
consideration of expected land use and climate changes.

S03.E.02

Modelling winter cover crop management impact on
runoff and erosion in a continuous maize cropping
system

E. Laloy, C. L. Bielders;
Université catholique de Louvain (UCL), Louvain-la-Neuve,
Belgium.

The hydrological impact of crop management practices has to be
evaluated on a continuous time scale and modelling this effect
requires models sensitive to temporal changes in surface
properties. The objective of the present study is to model the
impact of different winter cover crop management practices on
runoff and erosion at plot scale in a continuous maize cropping
system through long term scenario analysis. Given the
limitations of existing models, a new, continuous, physically-
based, spatially-distributed plot-scale runoff and erosion model
with dynamic soil surface properties has been elaborated
(CREHDYS). After being calibrated on the basis of 3 years of
runoff and erosion measurements on 90 m? erosion plots in a
continuous maize cropping system with and without winter cover
crop, the model has been run for a continuous maize cropping
system over a 30 years period. Scenarios for the intercropping
period were: bare post-harvest fully crusted soil, bare soil with
superficial disk harrowing and 4 combinations of different
destruction and burial dates of a winter cover crop. In addition,
the effects of slope gradient, soil texture and the presence of
wheel tracks during the maize growing season were also tested.
Principal model results indicated that the strongest reduction in
runoff and erosion was achieved for the latest possible
destruction date (April 1). In the case of early cover destruction,
early burial offered a better protection against extreme events
than a late burial because of the positive effect of tillage during
burial. As compared to superficial disk tillage after maize
harvest, very early cover destruction led to similar average
performance while early cover destruction permitted a better
protection against extreme events. Finally, wheel tracks and
slope gradient were found to have a strong influence on runoff
and erosion.

S03.E.03

Estimation of erosion and sediment rates using
E.P.M. method (case study: Veladareh Basin, Ardabil,
Iran)

A. Madadi;
University of Mohaghegh Ardabili, Ardabil, Iran (Islamic Republic
of).

Veladareh basin is located in the eastern site of Sabalan
volcanic massive and north of Sarein town. The length of
Veladareh River is 37.75 kilometer and its drainage basin area is
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37.3 squire kilometer. In this study has been estimated the rates
of erosion in the four sub-basin of Veladareh using E.P.M.
method. The results showed that in upper ports of the basin
(Arandareh catchment), the erosion rate is high, because of high
sloe gradient. But in the lower parts (Veladareh, Erdymosa and
north Erdymosa sub-basins) the rates of erosion are low;
because of low sloe gradients in these parts. Rates of especial
erosion in the whole basin and in catchments of Arandareh,
Veladareh, Erdymosa and north Erdymosa were calculated;
10.3, 14.3, 8.7, 8.6 and 8.6 ton per hectare in the year,
respectively. Also, potential sediment discharge in the whole
basin and mentioned catchments, were estimated 29008, 10331,
7912, 5676 and 5179 cubic meter in the year, respectively. In
the Arandareh catchment as compared with the others, there are
both high slope gradient and susceptibility of rocks to erosion
and sediment yield. While in the other catchments includes:
Veladareh, Erdymosa and north Erdymosa, decreasing of slope
gradient factor affects on other agents to produce a little
amounts of sediment yield. Therefore, the potential sediment
discharges of these catchments have been decreased.

S03.E.04

Quantitative modeling of the impact of landscape
structure on soil morphogenetic processes in a
complex agricultural landscape

S. Follain™?, C. Walter’, B. Minasny®, A. B. McBratney’;

"UMR LISAH SupAgro-INRA-IRD, Montpellier, France, 2UMR
SAS INRA/Agrocampus Rennes, Rennes, France, *Australian
Centre for Precision Agriculture, Faculty of Agriculture, Food and
Natural Resources, JRA McMillan Building A05, The University
of Sydney, Sydney, Australia.

Soil redistribution within the landscape is increasingly
investigated because it modifies local soil properties and is a
major process of soil degradation in agro-ecosystems.
Hedgerow networks in the landscape are adapted human-made
objects that can be used to study soil redistribution processes
within the landscape while water erosion redistributes soil, as
hedges act as barriers to the physical transfers of soil particles.
The aims of this study were to use pedological knowledge on
soil-landscape evolution to simulate quantitatively the effect of
human-made landscape structures on soil redistribution at fine
spatial and temporal scales.

We conducted a detailed field survey in a historically
documented area, to establish a 3D map of the pedological
cover, to quantify spatial variations of soil horizon geometry
within the landscape in relation to anthropogenic landscape
structures.

Water-erosion processes within a landscape have been modeled
using a mechanistic model where the change in soil thickness
over time depends on the transport of soil through a diffusive
transport and a water erosion process taking into account
anthropogenic landscape structures e.g. hedges.

Subsequently this model was applied to study the effect of
different scenarios of land use and management on landscape
evolution, and on variation of local soil thickness.

Field data results highlight the complexity of the spatial
organisation of the soils within the landscape: topsoil horizon
geometry is clearly influenced by topography landscape
structures and deeper horizons seem not influenced by these
structures.

Simulation results suggest that the combination of diffusive
transport and water erosion could significantly modify the
topography and soil redistribution over a few centuries.

Hedges modify soil distribution and landforms by favoring
deposition in the uphill position and soil erosion in the downhill
position in agreement with field observations.
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S03.F.01
Physico-chemically induced erosion: Case study at
the Lago di Vico (Latium)

F. Lang, T. Schneckenburger, S. Reiche, S. Herrmann, M.
Hoppe, A. Herre;
Insittut fiir Okologie, Berlin, Germany.

Intense hazelnut cultivation at the Lago di Vico volcanic region
(Latium, Italy) induces strong erosion of the soils. The soils of
this region are Andosols and andic Cambisols, characterised by
allophane, forming stable micro-aggregates. Due to fertilisation,
the soils of the hazelnut plantations show very high phosphate-
concentrations. Phosphate has been shown to increase the
surface charge and thus the dispersibility of soil colloids. Our
hypotheses are that P-fertilisation (1) increases the dispersion of
the micro-aggregates, (2) increases the erodibility of the soils
and (3) decreases the amount of organic matter enclosed within
micro-aggregates.

To test our hypotheses we sampled soil from the hazelnut
plantations as well as from natural forest sites. We analysed the
P-saturation and the dispersibility, and the wettability of the soils.
In addition we did a density fractionation of soil organic matter.
In a further experiment we will add phosphate to selected soil
samples and test the effect on the soil parameters mentioned
above. To investigate the effect of phosphate addition on the
erodibility of soils we will do irrigation experiments.

The phosphate concentration and the dispersibility of the
sampled soils were correlated significantly. In addition, the
wettability of the soils under hazelnut (high P) was significantly
lower than under natural forest (low P). This might be due to
increased surface charge of soil colloids and to a change in the
quality of soil organic matter. With increasing dispersibility of the
soil samples the amount of mineral-associated organic matter
decreased. Our results indicate that high P-fertilisation may
induce the dispersion even of allophane-micro-aggregates, with
their well-known high stability. It is to be expected that these
processes increase the erodibility of the soils. We are further
testing this hypothesis with still running experiments, whose
results will be presented, additionally.

S03.F.02
Mapping occurrence of soil water erosion in Sicily by
a logistic and multivariate geostatistical analysis

M. Fantappié, E. A. C. Costantini;
CRA-ABP, Firenze, ltaly.

Many decisions about land planning in Europe are taken at
regional level and require regional generalization of thematic
information. Land planning must consider the application of the
EU soil thematic strategy, which foresees the monitoring of soil
water erosion. Sicily is an area of Europe among the most
threatened with soil erosion.

The aim of this work was to obtain a probabilistic map of soil
water erosion occurrence in Sicily, extending the information
coming from different field surveys.

A set of 3,518 field data was collected by soil surveys (1,248),
geomorphological maps (2,135) and LUCAS project database
(135). 400 points were randomly chosen to be control points.
The following raster data were collected as ancillary information:
a lithological map, a land use map, a DEM, Landsat TM and
Aster images. The DEM, in particular, was elaborated to obtain
further ancillary information: slope; aspect; curvature classes;
cachment area, slope, aspect and height; flow path length (FPL);
topographic wetness index (TWI); stream power index, LS-
USDA-factor and 7 landform classes. A physiographic map of

Sicily was obtained by stereoscopic aero-photograph
interpretation.  Categorical maps (lithology, land use,
physiography, curvature and landform classes) were

transformed into indicator maps. All the other ancillary raster
data were standardized so to range from 0 to 1.

The target variable was considered a logit (1/1 + e'z), because of
its dichotomic nature (presence or absence). The exponent Z of



the logit was interpolated in a subset area through a multiple
linear regression (MLR), an ordinary kriging (OK) and a kriging
with external drift (EDK). On the basis of control points MLR
gave the best index of agreement (0,94 for MLR, 0,64 for EDK,
0,49 for OK). MLR was extended to all Sicily obtaining an index
of agreement of 0.65. Photo-interpreted physiography, lithology,
FPL and TWI were the best predictors.

S03.F.03
Sediment and nutrient loss from five Irish tillage soils
at a 30 mm hr’ rainfall intensity

J. Regan"? M. G. Healy’, M. Rodgers®, O. Fenton';
7Teagasc, Johnstown Castle, Environmental Research Centre,
Co. Wexford, Ireland, ?Dept. of Civil Engineering, National
University of Ireland, Co. Galway, Ireland.

In erosion events, nutrients can be transported from soils in
surface runoff or on soil particles that are detached during
erosion. Laboratory flume studies on soil slabs using a rainfall
simulator provide excellent controlled conditions in which
nutrient and sediment releases from soils can be examined and
quantified. In this study, the nutrient and sediment releases from
5 tilled soils from Clonmel, Co. Tipperary, Letterkenny, Co.
Donegal, Tullow, Co. Carlow, Bunclody, Co. Wexford, and
Fermoy, Co. Cork were examined at two slopes, 10 and 15
degrees, and under a rainfall intensity of 30 mm hr'. Each
rainfall simulation comprised 3 successive 1-hr rainfall events at
time intervals of 1 hr and 24 hrs to determine the effects of the
interval between rainfall events on the transport of soluble
phosphorus (P) in runoff. Suspended sediment (SS) and
nutrients in runoff water from each soil tended to decrease with
consecutive simulated rainfall events. The SS and dissolved
reactive phosphorus (DRP) releases were highest from the
Clonmel and Tullow soils, respectively, during the first 1-hr
rainfall event. Relationships between the mean weighted nutrient
concentrations in the surface runoff and soil properties were
investigated. These relationships could help in predicting the
runoff of SS, particulate phosphorus (PP), and DRP from Irish
tillage soils.

S03.F.04
Monitoring of Water Erosion in Croatia - Fifteen Years
of Experience

F. Basic', I. Kisic?, O. Nestroy’, M. Mesic’, A. Butorac’, M.
Sabolic*;

"Faculty of Agriculture, Zagreb, Croatia, ZFaculty of Agriculture,
ZAgreb, Croatia, 3Technical University, Graz, Austria, 4Po/jodar,
Daruvar, Croatia.

Soil losses were recorded during the fifteen years (1994-2008)
investigation cycle. Stationary measurements of soil loss by
water erosion, carried out on Stagnic Luvisols in central Croatia
under different tillage systems (The check plot - fallow;
Ploughing up and down the slope; No-tillage; Ploughing across
the slope; Very deep ploughing across the slope and Subsoiling
across the slope) in crop rotations: maize; soybean; winter
wheat; oil rape and spring barley with sown in soybean. The
results indicate that soil losses are much higher in the production
of spring row crops (maize and soybean) compared to winter
crops (wheat and oil rape) and spring barley with soybeans. The
highest soil losses are observed in row crops production with
over 80% annual erosion, in the seedbed stage, immediately
upon sowing. The period from May to mid-June is the riskiest
period for water erosion in the agroecological conditions of
central Croatia if low density spring row crops are grown in the
field. There are no critical periods of high risk in the production of
winter crops, and negligible erosion is uniformly distributed
throughout the whole growing season. The trend of increasing
participation of low density spring crops compared to high
density winter and fodder crops on the arable areas in the
Republic of Croatia indicates that the problem of water erosion

on sloping terrains will be increasingly present. Based on the
results of our fifteen year investigations, we recommend that
soils susceptible to erosion, such as Stagnic Luvisols, should be
ploughed across the slope, and that solely high density crops or
fodder crops should be grown on more inclined slopes. Such
tillage protects the soil from erosion and water recourses from
immission of pollution with different chemical agents, commonly
applied in intensive crop production.

S03.F.05

The evaluation of aggregate size distribution and
associated phosphorus as a function of landscape
position along field tramlines

G. Rahimi"?, S. Robinson’, S. Nortcliff';
"The University of Reading, Reading, United Kingdom, 2By Ali
Sina University, Hamedan, Iran, Islamic Republic of.

The transfer of phosphorus (P) from soils to watercourses is
considered a serious problem for water quality in many
agricultural areas. It is well documented that erosion by overland
flow is the dominant process by which soil components are
detached, transferred and deposited within and out of cultivated
fields. Phosphorus and particle size distribution in soil
aggregates is an important property with regard to P transfer
during runoff and erosion events because of the different
susceptibilities of aggregate fractions to disaggregation and P
desorption reactions.

The quantity of sediment-bound P delivered to the field edge is a
function of soil erosion rate, amount of sediment deposition
within the field, and the quantity of P selectively adsorbed to the
eroding soil particles or aggregates. Current research is
concerned with evaluating the potential for vertical P transfers
from sediment deposition zones within erodible, cultivated fields.
Spatial patterns of soil aggregate- and particle-size distribution,
and soil P concentration were investigated along tramlines in a
cultivated field dominated by a silty clay loam.Results illustrated
the preferential transport of aggregate fractions in the <2- and
20-53-pm size ranges towards the depositional regions of the
field. In the depositional regions, significantly (P < 0.05) higher
accumulations of clay- and fine silt-sized particles were found in
the < 53- pym aggregate fraction than in the larger aggregate
fractions (> 53 pym). These accumulations correlated positively
with the labile P (NaHCOs-Pi) concentration of clay- and fine silt-
sized components, as well as P enrichment ratio (PER). The
environmental implications of these spatial relationships
between aggregate-size distribution, particle size composition
and P status are discussed.

S03.F.06

Spatial variability on runoff and soil mobilization in
vineyards: comparison between plots with different
disturbance degree

M. Ramos, J. A. Martinez-Casasnovas;
University of Lleida, Lleida, Spain.

The present study presents runoff rates and soil mobilization by
runoff and their spatial variability within the plot in two vineyards
in the Penedés region (NE Spain) with different disturbance
degree after levelling. Both plots are trained vines, with a 1.3 m x
3.1 m pattern. Vine rows are perpendicular to the maximum
slope gradient with a hillside ditch every eight rows.

Soil and runoff losses were colleted in the two plots after 10
erosive events in 2004, using 50 cm- width Gerlach collectors at
three transects along the slope, with three replications at each
position. The sampling points were located in all cases one row
above the terrace. At the same points basic infiltration rates
were evaluated in the field using rainfall simulations.

The results point out the influence of the levelling degree on
erosion rates and runoff and the high variability between the
different locations as function of the resulting soils

27



characteristics after levelling. In the less disturbed plot (LDP), no
significant differences in runoff rates were observed between
points for the analysed events. However, in the most disturbed
plot (HDP), significant higher runoff rates were observed in the
upper part of the plot than down slope, due to the higher
susceptibility to soil sealing in the areas which soil surface was
removed. Runoff rates recorded in the lower part of the plot
were, on average, 20% lower than in the upper part of the slope,
where due to levelling, water retention capacity was lower not
only due to higher soil sealing susceptibility but to lower soil
depth. In those positions runoff rates up to 71% were recorded.
In addition, sediment concentration in runoff was higher in the
HDP plot than in the LDP plot, and with significant differences
between points, particularly in the HDP.

S03.G.01
Comparing soil erosion and sediment production in
two contrasted catchments from '*’Cs measurements

C. Bernard', L. Mabit’, M. R. Laverdiére®;

"Ministére de I'Agriculture, des Pécheries et de I'Alimentation du
Québec, Québec, QC, Canada, 2International Atomic Energy
Agency, Vienna, Austria, ®Institut de recherche et de
développement en agroenvironnement, Québec, QC, Canada.

Soil erosion and agricultural nonpoint pollution are two closely
related problems. Assessing both processes at the catchment
scale by conventional techniques is a time and resource
consuming exercise, which needs to be carried over many years
to integrate the interannual variability of climate. Fallout
radionuclides (FRNs) offer an interesting way to bypass some of
the limitations of conventional approaches and thus to
complement them. To illustrate the potential of the FRN
technique, the spatial extent and rates of soil redistribution
(erosion, deposition) and the net sediment production were
investigated from ¥Cs measurements in two catchments
located in France and Canada. Despite the fact that both
catchments exhibited very contrasted conditions in terms of
climate, soil, topography and land use, the ¥Cs data produced
results that located logically the erosion and deposition areas
within the catchments. Estimated erosion, deposition and net
sediment production rates were in agreement with the agri-
environmental conditions prevailing in each catchment and in
accordance with data obtained from other studies in each
country. Due to higher soil erodibilities and more intensive land
use, the French watershed (180 ha) exhibited higher erosion
rates. However, the intermittent character of runoff in the
catchment resulted in a significant deposition of eroded soil,
leading to a net sediment yield of 1.9 Mg ha™ yr'1 and a sediment
delivery ratio (SDR) of 59%. In the Canadian catchment (80 ha),
less erodible soils and long rotations involving forage crops led
to lower erosion rates but the intense spring runoff, resulting
from snowmelt, translated into reduced deposition. The result
was a higher net soil loss, at 2.9 Mg ha™ yr‘1, and a SDR over
90%. These results confirm that FRNs are an efficient tool to
compare the effect of different agri-environmental conditions on
soil erosion and sediment production.

S03.G.02
Prediction of the Surface Soil Shear Strength in
Semiarid rangeland Using PTFs

B. Khalilmoghadam', M. Afyuni’, A. Jalalian', A. Dehghani’;
'Isfahan University of Technology, Isfahan, Iran, Islamic
Republic of, 2Golestan University, Gorgan, Iran, Islamic Republic
of.

Modeling soil erosion and runoff requires accurate estimates of
surface soil shear strength in field or regional scale. The utility of
PTFs in modeling soil shear strength has rarely been reported
.Hence, the objectives of this study are (i): to investigate the
applicability of PTFs in estimating surface shear strength (ii): to
compare the performance of the two methods: multiple linear
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regration and artificial neural networks (ANNs). The measured
data was used to derive these functions. Soil shear strength was
directly measured, using vane shear. The easily/readily
parameters were consisted of bulk density, organic carbon and
particle size distribution. Based on the correlation of the soil
distribution and vegetation growth patterns across a
topographically heterogeneous landscape, topographic and
vegetation attributes in addition to pedologic attributes were
used to develop pedotransfer functions (PTFs) for predicting soil
shear strength in the semiarid rangeland of Iran. Twenty PTFs
functions were then developed, using different input parameters.
The results indicated that accuracy of the derived PTFs can well
predict the soil shear strength.

S03.G.03
Assessment of soil erosion through the use of **Cs-
method at Mochovce site, Slovakia

E. Fulajtar;
Soil Science and Conservation Research Institute, Bratislava,
Slovakia.

The Soil erosion rate was measured in Slovakia on experimental
plots and in elementary watersheds. Since 90ties the "'Cs-
method is used in order to provide information on long-term soil
erosion rate. This presentation provides the results of sail
erosion study using ¥Cs-method at Mochovce site in Slovakia.
The sampling was done along the multiple transects (13
transects with 88 points) and at 7 reference points. The soil
erosion rates were calculated from measured '*'Cs-activities
using the conversion models elaborated at Exeter University,
Great Britain (Proportional Model - PM, Simplified Mass Balance
Models - SMBM and Mass Balance Models - MBM).

The results indicate soil erosion at the slopes and an
accumulation in the valley bottom as indicated by the '*Cs-
activit;/ distribution. At the slopes it reaches usually 5000 - 7000
Bg.m™ (minimum of 4792 Bq.m'z) what is 50-70% of mean value
of reference profiles (9 835 Bq.m?) and in the valley 10000
013000 Bg.m? (maximum of 17571 Bq.m?) what is 100-130%
(180%) of reference value.

The soil redistribution rates calculated by different models were
compared and the input parameters were discussed in detail.
Most realistic results are Provided by MBM. The erosion rates
reach 17 to 63 t.ha'year' (average of 39 t.hayear') and the
deposition rates are 3 to 69 t.ha 'year" (average of 32 t.hayear
"). Soil redistribution map was generated by GIS.

The measured values are 2,5 times higher than average erosion
rate of 13 t.ha'1year’1 from plot measurements carried in similar
climate, soil, slope inclination, land use conditions. This
difference is mainly due to longer slopes at Mochovce site (slope
impact factor of 2-2,2, USLE) and also due to different time
scales and different erosion processes involved (3 years, only
runoff erosion for plot measurements and 40-50 years, runoff,
wind and tillage erosion for '*’Cs method).

S03.G.04

Soil detachment under vegetation - kinetic energy of
splash erosion under forest as a function of different
tree and shrub species

T. Scholten, J. Goc, C. Wiegand;
University of Tiibingen, Tiibingen, Germany.

The mechanisms that control soil erosion under forest are very
dynamic in space and time and the processes of reducing splash
detachment under shrubs and forests in relation to species
richness and species composition are not yet well understood.
Therefore, the presented results of a splash erosion experiment
seek to investigate the relationship between three tree and two
shrub species and soil erosion (detachment of unit sand from
splash cups). Main process to be analyzed will be the
modification of kinetic energy of precipitation by its pass through



the tree canopy and the shrub layer in relation to rainfall
intensity, duration and frequency.

S04 Soil Compaction

S04.H.KL
Effects of Soil Compaction on Soil Biota and Soil
Biological Processes

B. Wilke', A. Beylich’?, H. Brauckmann®, H. Friind®, U. Graefe®,
H. Héper®, H. Oberholzer’, K. Rathkens®, A. Ruf, S. Schrader™;
"Department of Ecology, TU Berlin, Berlin, Germany, 2IFAB Inst.
f, Angewandte Bodenbiologie GmbH, Hamburg, Germany,
®Institut fiir Landschaftsékologie Universtéat Vechta, Vec hta,
Germany, ‘FG Bodenbiologie, Okotoxikologie FH Osnabriick,
Osnabriick, Germany, °IFAB Inst,. f. Angewandte Bodenbiologie
GmbH, Hamburg, Germany, %L andesamt fiir Bergbau, Energie
und Geologie, Bremen, Germany, 7Forschungsanstalt
Agroscope ART, Ziirich, Switzerland, 8 andesanstalt fiir
Umweltschutz Baden-Wiirttemberg, Karlsruhe, Germany,
Fakultat V Universitét Oldenburg, Oldenburg, Germany,
"“Bundesforschungsinstitut fiir Landliche Raume, Wald und
Fischerei (vTI) Inst. fiir Biodiversitét, Braunschweig, Germany.

The technical committee ,,Biological Assessment of Soils” of the
German Soil Association (BVB) currently discusses the following
questions:

- How can soil degradation due to soil compaction be assessed
from the soil biological point of view?

- Are the compaction thresholds identified by soil physicists also
suitable for the assessment of negative impacts on soil
organisms and biological processes?

- Does soil compaction cause long-term or irreversible effects on
soil organisms and their functions?

- Can soil organisms (e.g. ecosystem engineers like
earthworms) revoke soil compaction?

For this purpose, an in-depth evaluation of datasets from more
than 200 relevant papers, which were published in the last four
decades, has been carried out. Our literature analysis showed
effects of soil compaction to vary with respect to the organism
group considered. Soil compaction generally caused a decrease
of numbers of soil animals. The diversity of soil fauna seemed to
be less affected. In contrast microbes and microbial driven
processes could be enhanced by compaction due to an increase
of medium pores.

Nearly all studies in the context of soil-compaction-soil-biota-
interactions, considered only the topsoil. The effects of wheel
loads and wheeling frequencies on soil biota and rehabilitation
processes thereafter mainly depended on site related issues like
soil texture and the applied soil tillage system. Furthermore, on
arable land subsoil compaction is of particular importance but
has been neglected so far.

Up to now we do not know at what compaction rates adverse
effects on soil organisms and soil biological processes (e.g.
nitrification) will occur. For this purpose we compile results on
compaction experiments (field and laboratory studies) in an
excel based database in order to derivate significant threshold
values. Results of the data evaluation will be discussed.

S04.H.01
Rheological investigations in soil micro mechanics:
structuring processes on a micro scale

W. Markgraf, R. Horn;
Institute for Plant Nutrition and Soil Science, Kiel, Germany.

Rheological methods have been introduced to soil micro
mechanics within the last few years. A rotational rheometer with

a parallel-plate measuring device is used to achieve parameters,
which may define soil as viscoelastic material. Hence, latest data
deriving from conducted amplitude sweep tests with controlled
shear deformation will be presented.

Test results are mainly influenced by physical as well as
physicochemical properties of both, disturbed and undisturbed
saturated and predrained soil samples. Water content, texture,
organic matter compounds, contents and kind of clay minerals,
carbonate, (hydr)oxides, and cations may have an effect on
stiffness,  structural  stability, shear behaviour, and
shrinkage/swelling potential. Storage factor G’ and loss factor
G”, yield point and yield area, loss factor tan & and the linear
viscoelastic range (LVE) range characterise microstructural
properties of soil on the particle-to-particle scale. A comparison
of clay rich kaolinitic and smectitic samples, well-structured
material originating from Rothamsted research plots amongst
others lead to significant differences in structural stability and
may function as link to shrinkage/swelling potential. In addition, a
classification of rigid-nonrigid or elastic-viscous material can be
done considering the loss factor.

S04.H.02
Elasticity of pre-consolidated soils under monotonic
increasing and cyclic loads

S. Peth, R. Horn, A. Mordhorst;
Institute of Plant Nutrition and Soil Science, Kiel, Germany.

Soil compaction is an ongoing issue of concern in agricultural
land use. The concept of pre-compression stress is a well known
tool for characterizing the stability of soils against volumetric
deformation. Applying this concept it is usually assumed that
soils behave fully elastic in the stress range of re-compression
and fully plastic in the stress range of virgin compression. We
have tested the validity of this assumption by quantifying the
elasticity of pre-consolidated soils along the stress-strain path
during consolidation tests. Natural as well as remoulded soils
have been taken and loaded in an oedometer with three different
methods: a) ordinary monotonic increasing loads; b) monotonic
increasing loads with an unloading step in between each loading
step; c) cyclic loading with 80 kPa for 100 cycles at different
times for each loading-unloading interval. Elasticity indices have
been calculated for b) and c) and compared to the pre-
compression stress of the samples. Test results will be
discussed in view of their meaning for predicting volumetric soil
deformation with respect to agricultural land use.

S04.H.03

The elasto-plastic behaviour of a variously grazed
steppe soil from Inner Mongolia, P.R. China, under
cyclic loading

J. Kriimmelbein', S. Peth’, R. Horn’;

' Chair of Soil Protection and Recultivation, Cottbus, Germany,
2Institute for Plant Nutrition and Soil Science, CAU, Kiel,
Germany.

In Inner Mongolia, P.R. of China, increasing grazing intensities
of sheep and goats have led to an increasing degradation of the
grassland, accompanied by increased water- and wind erosion
and desertification.

Depending on the intensity and frequency of mechanical forces
acting upon the soil, they lead to a modification of soil structure
as indicated by changed values of precompression stress and a
changed sensitivity to cyclic loading processes. Modified stability
parameters lead to modified soil functions, e.g. saturated
hydraulic conductivities.

In this study repeated loading-unloading-reloading cycles as
exerted on the soil by grazing sheep and goats or agricultural
machinery and their effect on the mechanical behaviour of the
soil is investigated. As shown by Peth and Horn (2006),
increasing numbers of loading-unloading-reloading cycles
induce texture-dependent soil deformation, even if the value of
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precompression stress is not exceeded during the loading
processes.

Own results show various grazing intensities representing
various loading frequencies to strongly influence the mechanical
behaviour of the soil, displayed by the stress-strain behaviour of
undisturbed soil samples from four different grazing intensities.
The stress-strain behaviour of the samples has been determined
under statically and cyclically applied loads. The precompression
stress has been determined according to Casagrande both fort
the cyclic and the static loading path.

Furthermore cyclic loading experiments (100 loading-unloading-
reloading cycles) under a load representing the static contact
area pressure of a sheep hoof (~80 kPa) have been conducted
to simulate the dynamic alternation of load and exhibit the
elasto-plastic behaviour of the soil.

S04.H.04
Compaction of cultivated soils: compressibility
according to soil suction

P. Défossez', K. CuP, Y. Cui®, G. Richard";

"INRA, Reims, France, 2INRA, Laon, France, *Ecole Nationale
des Ponts et Chaussées, Marne La Vallée, France, ‘INRA,
Orléans, France.

Soil compaction by wheeling of agricultural machinery is one of
the main processes of physics damage to soil in Europe. Stress
propagation and the induced soil deformations during traffic
depend on unsaturated soil mechanical parameters (i.e. the
compressibility Cc and the preconsolidation pressure p;). These
parameters are highly variable in time and space because they
depend on soil structure and soil moisture state at wheeling.
Numerous authors described the soil mechanical strength as
function of the hydraulic and mechanical stresses for
geotechnical purpose. Generally they consider that the
compressibility C. decreases with the suction. This study aimed
at analysing the effect of soil suction on the compression curve
for cultivated soils. Oedometric compression tests with suction
control using the osmotic method were carried out on a loamy
soil and a sandy soil. Tests were performed on remoulded
samples with an initial density of 1.1 or 1.45 Mg m™ with suction
varying from 0 to 200 kPa and under vertical stresses lower than
500 kPa. The results showed that the change in the
compressibility C. with soil suction depends on soil texture and
bulk density. The compressibility Cc remained quasi constant
with suction, and decreased slightly as soil suction decreased for
the sandy soil (at both initial bulk densities of 1.1 Mg m? and
1.45 Mg m®) and for the loamy soil at 1.45 Mg m™. The loamy
soil at 1.1 Mg m* exhibited a different behaviour: the suction
affected strongly the shape of the compression curve when the
suction approached zero. At saturation, the compression curve
did not verify a logarithmic model anymore and the
compressibility C; defined as the maximum derivative of the
compression curve was found to sharply increase at zero
suction.

S04.1.01
Mechanical behaviour of structured and
homogenized paddy soils under cyclic loading

I. JanBen, R. Horn;
Insitute for Plant Nutrition and Soil Science, Kiel, Germany.

In paddy rice fields, soil structure is changing due to puddling
induced mechanical shear stresses as well as drying and wetting
cycles. A common statement in the literature is that soil structure
is destroyed due to puddling. Long term effects of puddling on
soil structure have not been studied yet. However, soil structure
plays an important role for soil physical properties like water-
and gas-flux or shrinkage behaviour of a soil. The aim of this
work is to show interrelations of soil structure, soil management,
and cultivation history of paddy fields because the soils were
cultivated with rice for 20 and >100 years, respectively. To
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characterize soil structure and their stability we investigated the
mechanical behaviour of paddy fields in a typical red soil region
of subtropical China under cyclic loading with a focus on sail
physical parameters like elasticity of the soil, rebound, pore
volume, and the pore water pressure behaviour during the cyclic
loading test. Cyclic loading is encountered, e.g. during puddling,
because soil preparation leads to fast alternating soil stresses.
Furthermore, mechanical stresses and hydraulic stresses (pore
water pressure) are linked and result in a more intense soil
weakening. It could be shown that soil structure still exists after
20 years and even after 100 years of puddling. But the sail
structure stability is reduced due to continuous puddling for
many years. Soil deformation is affected amongst other things
by pore water pressures and/or that result in destroying of
cementing bonding agents of soil particles. It could be shown
that the 100 years old paddy field exhibits a less negative pore
water pressure (due to less soil structure stability) compared to
the 20 years old paddy field during loading time, which results in
a higher deformation due to a decrease of the effective stress.

S04.1.02
Stress transmission in soil: Effects of tyre size,
inflation pressure and wheel load

M. Lamandé, P. Schjgnning;
University of Aarhus, Aarhus, Denmark.

We urgently need increased quantitative knowledge on stress
transmission in real soils loaded with agricultural machinery. 3D
measurements of vertical stresses under tracked wheels were
performed in situ in a Stagnic Luvisol (clay content 20 %)
continuously cropped with small grain cereals. The tests took
place in the spring at field capacity when the topsoil had not
been tilled for 1% year. Two Nokian ELS Radial-ply tyres
(800/50R34 and 560/45R22.5) were loaded with two specific
loads (30 kN and 60 kN). We used rated tyre inflation pressures
for traffic in the field (<10 km h-1 driving speed). Seven load
cells were inserted horizontally from a pit with minimal
disturbance of soil in each of three depths (0.3, 0.6 and 0.9 m),
covering the width of the wheeled area. The position of the
wheel relative to the transducers was recorded using a laser
sensor. Finally, the vertical stresses near the soil-tyre interface
were measured in separate tests by 17 stress transducers
across the width of the tyres. The results showed that the
inflation pressure controlled the level of maximum stresses at
0.3 m depth, while the wheel load was correlated to the
measured stresses at 0.9 m depth. This supports the principle
behind the elasticity theory. However, if fitting the S6hne model
to stress measurements in all three depths, the stresses were
underestimated at 0.3 and 0.6 m depth, and overestimated at
0.9 m depth. A fit of the model based on data only at 0.3 m
depth indicated that stresses were transmitted nearly without
down damping through the 0-0.3 m soil layer (average
concentration factor of 29.0 across the four treatments). Our
results thus qualitatively confirm the principle of elasticity but
highlight the need to model arable soil as a two-layer system.

S04.1.03
Effect of the inflation pressure on stress distribution
and soil physical properties under dynamic load

A. Zink;
Institut for plant nutrition and soil science, Kiel, Germany.

Due to economisation and productivity enforcement in
agriculture there is a development to higher levels of
mechanisation. Combined field operations, bigger working width
and therefore interconnected the requirement of higher pulling
forces and heavier machinery are leading to higher wheel loads
on the fields. With increasing size and weight of agricultural
machinery we find arable soil more and more “under pressure”.
Soil compaction as a result of mechanical stress below the
wheels constitutes a severe problem for sustainable agriculture.



Within a cooperative project of the institute of plant nutrition and
soil science of the University of Kiel and the institute of
agricultural engineering from the University of Applied Science
Sudwestfalen there were done outdoor wheeling experiments
with wheel loads up to 7.5 Mg. To insert the external loads there
was used a tractor pulled load frame which is enabled to change
its load, velocity, the tire type and the inflation pressure. Stress
impact and its distribution below the wheel as well as the
deformation were determined in three measuring depth by using
a combined stress state transducer (SST) and displacement
transducer system (DTS). Experimental plots have been
sampled in the range of the load tracks to characterize changes
in soil stability parameters (precompression stress), hydraulic
and aeration properties under laboratory conditions.

The measurements took place on four different field sites of
university experimental farms under consideration of two soil
types and two soil tillage treatments. Aim of the investigation is
to quantify the influence of tire inflation pressure on stress
impact and soil properties under consideration of conservational
and conventional tillage treatment.

S04.1.04

Evaluation of frequency and total area of machinery
passages in the field when using different tillage
systems

M. Kroulik, T. Loch, Z. Kviz, M. Zlinsky, V. Prosek;
Czech University of Life Sciences Prague, Prague 6, Czech
Republic.

Passages of heavy agriculture machinery across a field are a
common practice nowadays but they are mainly random. As a
result of this fact, soil is exposed very often to repeated
passages and thus irreversible structural changes connected
with soil compaction. According to literature sources and many
experiments, the soil compaction caused by traffic reduces soil
infiltrability, hydraulic conductivity, porosity, aeration and
increases bulk density and impedance for root exploration. The
guidance systems and controlled traffic (CT) farming system,
which is based on maintaining the same wheel lane for several
years for each field operation, is one of the tools which can be
used in soil protection against soil compaction.

In order to gain enter data for further CT systems observation,
several measurements concerning frequency and total area of
machinery passages in a field were done. DGPS receivers were
placed into a machine for monitoring of all machinery passages
across observed fields with 2 s logging time for position data
saving. All field operations in the particular field were observed
for 3 variants of tillage systems during one year. Conventional
system with ploughing, conservation tillage and direct seeding
systems were evaluated. The total area covered/run-over by all
machine’s tyres were calculated with help of the software
ArcGIS 9. Also repeatedly run-over areas were detected. The
results showed that 96 % of the total field area was run over with
a machine at least ones during a year, when using conventional
tillage, and 65 % and 43 % of the total field area were run-over
when using conservation tillage and direct seeding respectively.
It was calculated that 144 % of covered area was run-over
repeatedly for conventional tillage, 31 % for conservation tillage
and only 9 % for direct seeding. The results show considerable
high number of tyre’s contacts with soil.

S04.J.01
A universally applicable term to express the stress
situation in soils and its use

K. Hartge', R. Horn’;
'Institute for Soil Science, Hannover, Germany, *Institute for
Plant Nutrition and Soil Science, Kiel, Germany.

For handling problems in connection with water regime in soils
there are two terms at hand which describe the most important
properties of water in the special condition of just being

positioned in the solid matrix. These are water content (8) and its
energetic state i.e. water pressure and tension (yny and yw).
Elder, well established parameters of characteristic situations
like field capacity or permanent wilting point were fit in
successfully into this system.

For the solid soil matrix an equivalent for 6 is the easily
determinable dry bulk density (dg). An equivalent for the intensity
term is not equally obvious. If tension situation in the fluid matrix
is taken as isotropic the equivalent in the solid grained matrix is
different in principle. Here anisotropy can persist if it was created
by temporary loads like human activities of manifold kind. Using
the approach of compaction states as developed in classical soil
mechanics with normal (NC) and precompacted state(PC) allows
to consider anisotropy.

NC is observed only in virgin soils with prevalent pedologic
development. PC is observed in freshly deposited sediments
without pedologic development, all soils with anthropogenic
influence and such with free water in their subsoil.

Coefficient of stresses at rest (Ky) is unambiguous with NC
situations (Ko = 1 ). PC situations are characterized by K, > 1. Kq
values for soil profiles can be calculated from bulk densities (dg)
using packing characteristics or from penetration resistance
obtained with simple hand driven probe. The higher the PC of a
profile the less is its further compactability. The general concept
and its applicability will be presented during the lecture.

S04.J.02
Evolution of structural soil properties after
compaction and varying management practices

P. Weisskopf, H. Oberholzer, R. Reiser, J. Rek;
Agroscope Reckenholz-Ténikon Research Station (ART), Ziirich,
Switzerland.

To assess the degree of compactness of a soil quantitatively,
and as a means of physical soil protection, guide values for
physical soil parameters are in discussion. Guide values have to
account for the effects of soil structure on soil functions, which
include not only physical, but also bio-chemical aspects.
However, the judgement of soil structure depends both on
functional aspects and on the dynamics of its evolution: Long-
lasting deformations are far more critical than short-term
damages.

Because little quantitative information is available on soil
structure assessment, a field experiment has been started to
investigate and quantify the functional relationships between soil
structure, soil environment and microbial soil properties as well
as the rate of structural regeneration depending on soil
management practices.

In a field trial in Zurich, Switzerland, on an arable soil (cambisol,
20% clay, 26% silt, 1.4% org. C), three main treatments were
installed, in which different structural states were effected by
compaction and mechanical loosening, using conventional
farming practices. Each of these treatments was carried out
under actual weather conditions as well as under irrigation in
order to amplify the effects of compaction for unambiguous
identification. Maize, wheat, barley and ley were used for crop
rotation.

Soil structure was characterized by collecting data on porosity,
permeability and stability of undisturbed soil cores, living
conditions for soil organisms were described by field
measurements of soil moisture and gas concentrations in the
soil air.

First results of physical soil analysis confirm the expected
changes of topsoil structure caused by the experimental
treatments. Compaction, especially combined with irrigation,
induced more often more pronounced situations with reduced
oxygen and enhanced CO, concentrations in soil air.
Regeneration of compacted soil structures was less intensive in
soils with a continuously moist regime than in soils with repeated
drying/wetting cycles.
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S04.J.03
Predicting thermal conductivity based on soil
strength and texture

J. Lipiec, B. Usowicz;
Institute of Agrophysics, Polish Academy of Sciences, Lublin,
Poland.

Soil thermal conductivity is an important factor influencing the
energy balance. The thermal conductivity is influenced by soil
moisture, type and associated texture and organic matter
content. The thermal conductivity is largely influenced by the
size of the contacts between neighbouring soil particles that are
enhanced by soil compaction and water films. The contacts and
bonding between the particles are reflected in penetration
resistance and porosity. Penetration resistance and water
content can be much more easily measured than the thermal
conductivity. Therefore, we propose new regression equations to
determine the relationships between the thermal conductivity
and penetration resistance and porosity in variously grained
three soils (sandy loam, two silt loams) as well as snow. The
data on soil penetration resistance, water content, bulk density
and sand content (2-0.02 mm) were used as independent
variables in the regression equations. The independent variables
used for prediction of thermal conductivity are also indicative of
the mechanical behaviour of soils. The regression equations
based on penetration resistance, porosity and content of sand
predicted better the thermal conductivity than those based on
penetration resistance and porosity for any given soil type. To
predict the thermal conductivity of different soil types soils (with
different content of sand) the regression equation with
incorporation of sand content can be used but with less
accuracy. As to snow, the input data (penetration resistance,
bulk density) for the regression equations were taken from the
literature (Sturm et al., 2002). The regression equations based
on the penetration resistance and porosity predicted better the
snow thermal conductivity than those based on bulk density
only.

S04.J.04
A method to assess the risk of soil compaction in
france using a soil water model

M. Lefebvre', G. Richard’, A. Couturier’, C. Le Bas® D.
Arrouaysz, N. Brissons;

"INRA, UR 0272 Science du sol, Centre de recherche d'Orléans,
Olivet, France, 2INRA, US 1106 Infosol, Centre de recherche
d'Oriéans, Olivet, France, *INRA, UR 1116 Agroclim, Domaine
St Paul Site Agroparc, Avignon, France.

Soil compaction is one of the major processes of sail
degradation in Europe (see the proposal for a directive of the
European Parliament on the protection of the soil, 2007).
Compaction is mainly due to the mechanization of agricultural
and forest activities which involves passage of increasingly
heavy machines often at times when the weather may be
unfavorable. If the factors of variation of the intensity of soil
compaction are well known, it is not the case for its mapping.
The aim of this study is to build a methodology to map
predictions of the risk of soil compaction on a national scale. The
susceptibility of soil to compaction increases with the soil water
content. This study, therefore, proposes a procedure using the
soil water model STICS. Firstly, STICS is calibrated to estimate
the water content of various types of French soils. Secondly,
STICS is coupled with a Geographic Information System (GIS)
on the scale of France. Thirdly, STICS is applied to various
types of French soils mapped at 1:1,000,000 scale in a
geographical data base of France at several degrees of soil
compaction. The results of the soil water model are the soll
water content estimates during farming operations with the
knowledge of mechanical properties of soils and of pressures
applied by machines. This will lead to a map showing the risk of
compaction for French soils.
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S04.J.05
Continuous on-field tillage force monitoring

M. Csiba, Z. Stépan, G. Milics, M. Neményi;
Institution of Biosystems Engineering, Mosonmagyarévar,
Hungary.

It is well known that the high tillage force values influence plant
yield notably. Thus, tillage force mapping can be an effective tool
for site-specific management. This information should be
provided in the most simple, labor-effective and low-priced way.
The cost of the tool or rather the measurement should be
commensurate with the value of the information provided. Soil
resistance measurement with penetrometer provides only
discontinuous field information. To receive proper amount of
data we need to measure with an on-line method. According to
earlier developments that were carried out in our institute the
authors are presenting new results.

The system is based on the electro-hydraulic system (EHS) of a
tractor. Load cells are installed in the EHS, which provide
electric signals with the forces affecting the hydraulic system.
The induced voltages from the load cells using an RS232-ADC
module were fed to the DellAxim x50v PDA throughout Quatech
DSCF-100 two port RS232 serial Compact Flash Card. A
software developed by the institute records and displays the
digitized summarized signals of the load cells and writes to the
main memory of the PDA together with the position (GPS)
information in *.txt format. This file format is available for every
GIS software for later processes, so the results can be displayed
spatially.

This new innovation makes the earlier development more
accurate and provides the system to use in practical field-works.
In addition to all the accessories are simple and available at
relatively low cost rate. Using today’s technical development
state makes the whole process user friendly.

S04.J.06
Soil Compaction Modeling, Hand and Numerical
Solving, Comparisons and Applications

V. G. Muraru, P. P. Cardei, R. N. Sfiru;
INMA Bucharest, Bucharest, Romania.

The soil compaction is seeing like a mechanical pollution
produce by the farm machinery traffic on the farm land. The
authors expose the main results obtained during the
investigation of the soil compaction problem. For solving the soil
compaction problem the authors have applied two different
ways. First way uses the analytical solving for soil compaction
phenomena and obtain solution which give the possibility to
estimate the influence of some process parameter about the
compaction degree. The second consist in the structural solving,
which use the finite elements modeling for the soil and using
different loads.

A synthetically comparison between the two types of solutions
are given in the paper.

In our studies we consider that the soil bulk density is the main
characteristic of the soil compaction. Generally, this
characteristic is, not given by the classical structural solution,
and many others solutions don’t give the soil bulk density space-
time variation.

In the article we comment some aspects of the two proposed
way for modeling the compaction phenomenon. We refer to the
material laws which we are using to the soil body, the boundary
condition and, especially, the calculus of the loads of the sail,
generated by the contact between the vehicle wheel and the soil.
Also, we comment the result which a structural way can be
provide and which result, usually not include the bulk soil density
space variation. The presented results in the article will try to
assess the density space variation in the compacting soil.

Using the obtained results we can evaluate the time period that
which is necessary a deep tillage for the soil compaction
amelioration.



S04.K.01
Subsoil compaction as a climate damage indicator

M. Birkas', I. Kisic?, L. Bottlik’, M. Jolankai', M. Mesic?, T.
Kalmar';

"Szent Istvan University, G6dél6, Hungary, *University of
Zagreb, Zagreb, Croatia.

Some forms of soil compaction occur on arable lands both in
Hungary (1.82 million ha) and in Croatia (0.97 million ha) having
negative impacts on agricultural production. Tillage-induced
subsoil compaction has often been occurred in the Pannonian
region related to the traffic-induced one. The reason why soil
compaction has become a soil management problem during the
last decade is because of the water-logging and the drought
occurrence. The objective of this study was to evaluate factors
connected with subsoil compaction as indicator of climate effects
on arable fields. This paper based on soil condition monitoring
and measuring that started 21 years ago and on short and long-
term experiments initiated modelling and checking compaction
extension in the soil. The investigation comprised 1020
monitoring places and 38 experimental plots. For monitoring five
points were identified, that is: 1. Root zone state (to a depth of 0-
50cm). 2. Occurrence of the compacted layer (referring to
probable risk). 3. Extension of the compacted layer (referring to
degree of damage). 4. Soil tillage effect in the long-term (soil
state deterioration or improvement). 5. Tillage induced water-
logging and drought damage impacts on yield loss. Main
objectives in the experiments were: 1. Occurrence and extension
of tillage-pan in soils are differently sensitive to compaction. 2.
Water management consequences in the years. 3. Soil quality
consequences. 4. Alleviation of pan-compaction by mechanical
and biological methods. Both long-term field monitoring and
experimental work have convincingly proved the correlation
between subsoil compaction and degree of climatic damage. On
the basis of the results soil tillage trends can be grouped into two
categories including climate damage mitigating and climate-
stress increasing. The formation and location of compacted
layers provided information regarding the depth, method and
type of tillage being used, and moreover the expected risk for
plant production under extreme climate.

S04.K.02
Soil moisture and thermal regimes of soil cover with
spatially distributed soil compacted layers

E. Shein, T. Arhangel’skaya, A. Umarova, M. Bannikov, V.
Tymbaev;
Moscow State University, Moscow, Russian Federation.

The complex soil cover of the landscapes of Russian Plain has
the special features of paleocryogenic soilscape with zones of
high content of soil organic matter (loose zones) and of
compacted soils. Lateral variation of soil density in arable layer
are from 0.73 to 1.54 g/cm® and for the depth 35-40 cm - 1.0-
1.68 g/cms, and of organic carbon content - from 1.36 to 2.98
and 0.23-4.65%, respectively. The agricultural activity
reorganizes the natural soil physical properties distribution and
soil cover has the compacted subsoil layers not highly correlated
with soil unit distributions. Because of the soil physical properties
distributions, alternating sequences of compact and loose zones
the regularities of water and thermal regimes would be expected.
The task of this investigation is to specify spatial distribution of
water and thermal regimes of this soil cover. Water and thermal
regime observations were carried out for 5 years for different
time and spatial scales (from 0.01 to about 4 ha with 60-80 soil
profiles studies). The series of temperature measurements
proved that owing to low thermal diffusivity the loose soil layers
are slowly warmed up in spring and summer and become cool
later in winter. The water regimes of soilscape components also
differ: during wet periods the zones of soils loose horizon
accumulate and conserve water, but during the periods of
drought these zones become dryer. These data illustrate spatial
variability of hydrothermal field on this territory and provide

understanding of the role of compacted and loose zones in soil
cover. For the quantitative estimation of the regimes the
pedotransfer functions were defined in the form of dependencies
of water retention curve, hydraulic conductivity, thermal
diffusivity upon soil density and soil organic carbon content. The
model assessments of space distributions of water and thermal
regimes were quite fit with experimental observations.

S04.K.03
Assessing the reversibility of soil displacement after
wheeling on restored soils

S. Tobias’, M. Stettler”, M. Haberecht’, M. Meyer’, H.
Ingensand”;

"Swiss Federal Research Institute WSL, Birmensdorf,
Switzerland, 2Swiss College of Agriculture, Zollikofen,
Switzerland, ®Institute of Geodesy and Photogrammetry, ETH-
Zurich, Zurich, Switzerland.

Soil compaction can cause severe damage on the soil
ecosystem, but there is little knowledge about the persistence of
the damage and the soil’'s potential to recover from mechanical
impacts. This is of particular interest on restored soils after open
cast mining or construction, because the improved techniques of
land restoration provide loose soils that have subsequently to be
treated with extensive agricultural management for several
years. We investigated the influence of the age of restored soils
on the amount and persistence of soil displacement caused by
wheeling. We accomplished wheeling experiments with a tractor
and a manure trailer on two restored soils, which had been
heaped three and one year before, respectively. Vertical soil
displacement was ascertained at the soil surface with digital
levelling and in the soil profile at ca. 28 cm depth with a
particularly developed hydrostatic soil displacement meter. After
the wheeling, we determined soil subsidence of ca. 11 mm at the
soil surface and of ca. 6 mm in 28 cm depth, while for the soil
profile we disposed of measuring values from the three year old
restoration, only. Soil displacement reformed within less than
three weeks at the soil surface as well as within the soil profile.
Additionally, both restorations showed the same recovering from
soil displacement independently of their ages. It has to be
considered, though, that we had used light vehicles to simulate a
typical situation in practice. In addition, the soils were rich in
sand and hence less susceptible to compaction. Based on this
single experiment, we recommend not shortening the time of
extensive management after soil restoration in the sense of
precautionary soil protection. Further research on soil
deformation as indicator of soil compaction is needed supported
by our methods to assess soil displacement.

S04.K.04
Obtaining more information from soil bulk density
depth function using classical soil mechanics

S. K. Woche', K. H. Hartge®, J. Bachmann';
'Institute of Soil Science Leibniz University of Hannover,
Hannover, Germany, Habichthorst 9, Garbsen, Germany.

Dry soil bulk density p, (obtained in the laboratory from soil
cores) is beside the information soil texture the most frequently
given parameter regarding physical properties of soil profiles.
However, the p, data are commonly not further interpreted or
analyzed and consequently no information about the physical
state of the soil can be deduced. To allow for an evaluation of py
data, we will use the classical soil mechanics concept of normal
compaction NC and precompaction PC, developed for fine
grained soils, to make a statement about the degree of sail
compaction possible. A graph of void ratio € (assessed via py)
vs. vertical stress o, (log transformed, assessed via py) gives the
soil packing characteristic. For soils not significantly
mechanically affected by human activity (forest, non grazed
grassland) a linear relationship is observed for many soil
profiles, indicating NC. With increasing intensity of soil use
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(grazing, agriculture), in the upper part of the soil profile an
increasing deviation from linearity is observed, indicating PC.
Here a NC regression line and a PC regression line can be
fitted. The intersection point marks the maximum depth
influenced by human action. From the two regression lines the
stress at rest coefficient K, can be calculated for each depth
from the ratio of eyc and epc. NC then is characterized by Kg
around 1, PC by K¢>1. In this way the physical state of the
individual profile can be described and compared to other
profiles.

S05 Soil Desertification and
Salinisation

S05.L.KL

Soil salinity: a coin with two sides including
desertification and preservation of the natural
resources

J. Alvarez-Rogel;

Departamento de Ciencia y Tecnologia Agraria, E.T.S.l.A.-
Universidad Politécnica de Cartagena, Cartagena, Murcia,
Spain.

Soil salinisation is one of the main causes of desertification and
if the predicted global change leads to an increase of the
drought periods, an increase in salt accumulation in the soils
may be expected. Also, the elevation of the saline groundwater
table in coastal areas, as a consequence of the sea level rise,
can increase soil salinity and the higher possibility of more
intense storms and floods, due to the instability of the weather,
will probably spread seawater favouring the risks of salinisation.
If there is a reduction in water resources and the use of brackish
and/or saline water for irrigation increases, an expansion of the
agricultural lands affected by salinity will occur. This will have
consequences, and changes in crop varieties and the
implementation of new management techniques will be
necessary. In fact, the use of drip irrigation and/or soiless culture
in modern intensive agriculture exploitations permit the
optimization of fertilizers and water doses, and hence the
reduction of soil and water salinity damage. However, in many of
these exploitations the soils are considered a mere support for
plant growing and their physical properties are strongly
degraded due to the intensive use.

On the other hand, saline ecosystems are considered one of the
most productive systems, particularly in arid and semiarid areas,
and they are valued as reservoirs for biodiversity. The
knowledge of the ecology and physiology of salt tolerant plants
can serve to domesticate them as alternative resources (fuel,
food) since they can be irrigated with brackish and/or saline
water. In addition, salt marshes develop different important
environmental functions such as nutrient recycling, groundwater
recharge or filtering of anthropogenic nutrients and pollutants.
Therefore a high soil salt concentration is a problem, and hence
salinisation is a process of degradation which occurs at
worldwide scale. However, salt marshes and salt steppes are
valuable systems which should be preserved and restored.
Thus, researchers should show farmers, decision makers,
politicians and other sectors of society the pros and cons of
salinity in order to reduce risks, to reverse the process whenever
and wherever it becomes necessary and to preserve and restore
the natural resources of saline ecosystems.
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S05.L.01
Soil salinity in Veneto plain

F. Ragazzi', P. Giandon’, E. Sturaro’, F. Ungaro®, G. Concheri’;
7Regional Soil Observatory ARPAYV, Castelfranco Veneto, Italy,
2CNR-IRPI Unita Pedologia Applicata, Sesto Fiorentino, Italy,
3Universil‘y of Padua, Department of Agricultural Biotechnology,
Legnaro, Italy.

Along Veneto coastal and lagoon inland area soil salinity is an
incoming problem. In fact these areas are mainly devoted to
highly profitable agriculture and horticulture.

Salinity is due to inherited characteristics of soils, to salinity
intrusion increasing induced by intense use of groundwater
resources and to brackish water use for irrigation.

To verify soil salinity level 350 soil profiles, described within
ordinary soil survey, were selected; electrical conductivity
(EC1:2) was measured in samples collected at three different
depths (topsoil at 0-50cm, subsoil at 50-100cm and substrate at
100-150cm).

Data analysis showed a strong correlation between salinity and
soil depth. The highest EC values were found in subsoil and
substrate, compared to topsoil.

A significant correlation was also found between organic carbon
and salinity, particularly in the deep horizons: buried organic
horizons had higher electrical conductivity values than topsoil.
Data were grouped by means of hierarchical levels (soil
subregions L2, great soilscape L3 and soilscape L4) of
1:250,000 soil map of Veneto Region. The soilscape of
reclaimed marshes of Adige and Po plains showed the highest
EC values. Soils of these areas (Phaeozems and Histosols)
were formed in morphologically depressed areas, from silty or
clayey sediments and from peat. These soils have high salinity,
being formed in ancient coastal areas covered by brackish
water, and high acidity, due to oxidation of sulfidic material in the
organic horizons, as reclaiming exposed them to aerobic
conditions.

In order to assess the spatial distribution pattern of soil salinity
and to map the probability to exceed reference threshold, a
geostatistical approach was applied based on conditional
sequential simulation, taking explicity into account the
relationships between soil salinity and soil properties highlighted
in the different soilscapes.

S05.L.02

Assessment and mapping of area prone
desertification processes in the saline rangelands of
Southern Caspian Sea

M. Ownegh, F. Honardoust, M. Adhami Mojarad;
Natural Resources, Gorgan, Iran, Islamic Republic of.

Desertification is a land degradation problem of major
importance in the arid and semi arid regions of the world, but it
one of the most urgent ecological problems in saline rangelands
of southern Caspian Sea. Because of special geomorphologic,
edaphic and climate condition, the area is highly suitable for
desertification. So, assessment and mapping of desertification is
required for combating desertification. Success in combating
desertification will require an improved understanding of its
processes and causes and especially the linkage between
desertification and soils, land cover, climate and socio-economic
factors. In this research the method used for quantitative field
evaluation of desertification prone areas in the saline rangelands
of southern Caspian Sea was based on the MEDALUS model.
Three main indicators or processes were evaluated by using a
geographic information system (GIS). These indicators of
desertification including: wind erosion, vegetation destruction
and salinization. Each parameter was weighted in relation to its
influence on desertification process. And risks of desertification
were computed by geometric mean of the parameters with help
of ARCVIEW 3.1 software. Results showed that about 95
percent of the total surface is medium to high desertified. In



addition to the soil salinization indicator was the most important
factor affecting desertification process in the study area.

S05.L.03
Desertification and Soil Degradation in the southern
forest steppe zone of Western Siberia

V. Schreiner’, B. C. Meyer', E. N. Smolentseva®, B. A.
Smolentsev?;

"Dortmund University of Technology, Faculty of Spatial Planning,
Landscape Ecology and Landscape Planning, Dortmund,
Germany, 2Russian Academy of Sciences, Siberian Division,
Institute of Soil Science and Agrochemistry, Novosibirsk,
Russian Federation.

Due to the global climatic change the prognosticated shift of
agricultural land into the dry steppes in Western Siberia by 200
to 300 km in the next 25 years forebodes that wide ranges of
steppes and forest steppes will be heavily affected by
desertification and land degradation. Indicators on the process
description and for the prevention of desertification are
necessary. Till now they are not available in this part of Russia.
Russia joined the convention for the fight of desertification not
until the year 2003. The steppes taken under culture in the
1950s in the districts Novosibirsk and Altai were protected
around 1968 by a high number of hedges against deflation and
soil erosion. The economic decline of the Siberian agriculture
arises that the risk of recurrence of active morphological and
other unwanted processes grows, which constitute today an
early stage of desertification.

In our study special emphasis has been taken on the description
of the geoecological indicators and land use basics in Western
Siberia. Causes and indicators of desertification and land
degradation are demonstrated by the example of the southern
Western Siberian steppe zone. By the example of detailed
pedologically investigation of the farm Ivanovskoe (ca. 20 000
ha) near Bagan in the northern Kulunda Steppe was applied. A
larger set of indicators addressing desertification is analysed and
evaluated in detail especially by examples of soil degradation
and deflation.

The proportion of rough material on agriculturally used
Chernozem increased significantly since cultivation. Deflation
damage is still proven on most of these soils. The saline lakes in
the area already dry up slowly. The river Bagan carries much
less water up to the discharge less Kulunda depression as
before steppe cultivation.

S05.L.04
Salinization of paddy fields in Northeastern Thailand

J. Montoroi', O. GrA%nberger’, S. Sukchan®, S.
Chenyapanich®, K. Srisuk®, S. Nadee®;

'IRD Institut of Research for Development, UR176 "Solutions",
Bondy, France, 2IRD, UR176 "Solutions", Montpellier, France,
3LDD Land Development Department, Bangkok, Thailand, ‘LDD,
Bangkok, Thailand, SGWRC GroundWater Research Center,
Khon Kaen, Thailand, *GWRC, Khon Kaen, Thailand.

The Northeast of Thailand, so-called Isaan in Thai, remains the
poorest region in the country and distinguishes itself by a higher
degree of specialization in rice farming, a higher rate of
subsistence farmers, a lower use of agrochemicals, and a low
implantation of industrial units.

Isaan region is well known for its soil salinity, which is widely
considered as one of the most critical environmental problems of
the region. The salt source for saline water and soil is primarily
from rock salt deposits occurring at variable depths (20-500 m)
from the ground surface, and from tectonic stress during the
Quaternary that has produced superficial domes with a high salt
content. Lowland areas are salt-affected by saline groundwater
flowing from regional recharge areas within underground salt
deposits. During dry season, bare and diffuse saline patches
occur at ground surface according variable extent. Soil

salinization is also induced by human activities, namely
deforestation (wood cutting), water storage (dam, pond) and
groundwater abstraction for salt production (pumping). The
buildup and spread of salinity have resulted in major economic
and environmental impacts. High salinity levels in rain-fed rice
fields, for example, affect the annual crop yields. In addition,
soils in Isaan are generally poor, with low organic matter.

In a given rice farming area of Isaan region, French organization
IRD and Land Development Department (LDD) from Thai
Ministry of Agriculture and Cooperatives have performed from
2004 to 2007 a local field experiment involved on water and
solute transfer monitoring at short-time steps, on salt-affected
soil rehabilitation using improved cultural practices,and soil and
water salinity survey. The present paper focused on the spatial
salinity distribution at a farmer scale and the explanation of how
salts reach the ground surface, namely based on
hydrogeological, geophysical and geochemical data.
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S05.M.01
Risk assessment methods of salinization in Europe:
a quick look

T. Téth', E. Bloem®, S. E. A. T. van der Zee®, A. Hagyo', A.
Biittner', E. Horvath';

'RISSAC, Budapest, Hungary, 2S0il Physics, Ecohydrology and
Groundwater Management Group, Wageningen University,
Wageningen, The Netherlands.

There are numerous methodologies being used in the EU
Member States (MS) for the assessment of the risk for different
soil threats (erosion, salinization, organic matter decline,
compaction and landslides) as defined by the Soil Thematic
Strategy. We present an overview and first evaluation of the risk
assessment methodologies (RAMs) utilized for salinization in the
EU Member States. The assessment is based on questionnaires
sent to both experts and decision makers.

It turned out that most countries affected by salinization do not
have an official methodology. Among the MSs only Hungary has
officially recognized assessment. Only scientists use RAMS in
Slovakia and Spain, and there was information only on concepts
of RAMs in Greece and Cyprus. However, salt-affected soils
occur in Bulgaria, France, Italy and Romania also.

Several techniques were tested for analyzing the RAMs on
salinization, such as spiderweb and tabular techniques. Although
the most informative analysis was provided by the detailed
analysis of the scientific papers, it also turned out to be very
time-consuming.

Upon the analysis we realized that all RAMs of salinization
consider soil characteristics and groundwater. In most RAMs
data on soil typology, soil texture, chemical properties of
irrigation water, climate, soil hydraulic properties, and land use,
and in some of them pedotransfer functions, and models are
also used. Our analysis provides a list of common parameters
used in the RAMs of salinization in the MSs. Most RAMs were
used only in case studies. Three countries use field observations
combined with laboratory analysis. Two MSs use GIS as third
technique and Slovakia is the only country, which has different
approach, because they use remote sensing.

S05.M.02

Evaluation of an index for spatial assessment of
environmental sensible areas to desertification at
national scale

C. Simota, S. Dumitru, G. Cojocaru;
National Research and Development Institute for Soil Science
Agricultural Chemistry and Environment, Bucharest, Romania.

An index for spatial assessment of environmental sensible areas
to desertification was evaluated based on soil, terrain, climate,
vegetation and crop management data. The method links in a
single framework the weight-based average MEDALUS
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procedure for calculating desertification risk, the indicators used
in the new proposal of JRC for common criteria defining less
favoured areas in Europe, and indicators for soil compaction risk
assessment. The indicators included in the weight-average
procedure are of three types:

(i) measured/interpolated/classes data for soil (texture, soil
depth, parent material, rock fragments, salinity/sodicity/alkalinity
parameters), terrain (slope, aspect), climate (temperature,
rainfall, potential evapotranspiration)

(ii) static data calculated using simple algorithms (Bagnouls-
Gaussen aridity index, rooting depth, soil workability limits,
maximum available water, precompression stress, land use
intensity) based on layers defined in (i)

(iii) dynamic data calculated simulation models running with
input data as provided by (i) and (ii): number of workable days,
number of growing days, crop cover

These indicators are related to the most important soil
degradation processes: soil erosion, compaction,
salinisation/alkalisation/sodification and to the water scarcity.
The input data are provided by the existing GIS layers available
at national and/or European scale, and by simple and robust
models predicting specific soil parameters (e.g. available water,
precompression stress) and indicators related to soil water
balance (e.g. number of workable days, crop growing days).

The index was evaluated for the agricultural land of Romania
considering the recorded/interpolated climate data for the time
intervals: 1901-1960, 1961-1990 and 1991-2000, and climate
change projections for 2020. It was used for defining less
favoured areas in Romania for agriculture.

A sensitivity analysis of the calculated index related to the
uncertainities of the input parameters was performed showing
that the uncertainity in rooting depth induces the highest
variability.

S05.M.03
Soil salinization and alkalinization in the Lower
Cheliff valley (Algeria)

A. Douaoui’, T. Hartan?, C. Walter’;
"Université de Chlef, Chlef, Algeria, ZINA, Alger, Algeria, 3ENSA,
Rennes, France.

The Lower Cheliff valley, which encompasses over 60000 ha in
land area, is one of the regions in Algeria most heavily affected
by soil salinity problems; it is located in the extreme northern
part of the Cheliff Basin in Northwest Algeria. The specific
climate of the Lower Cheliff is semi-arid with very hot summers
and a mean annual rainfall of 250 mm. Soil salinity is a major
problem affecting the agricultural productivity in the Lower Cheliff
valley. In this area, the current problem is that soil salinity which
is caused by irrigation with poor quality water, which could also
provoke soil sodicity and soil alcalinity.

The objective of the present study was in one hand, to improve
salinity mapping by introducing exogenous information derived
from remote sensing and on the other hand, to evaluate the
tendencies of soil sodicity/alcalinity. The spatial variability study
was carried out on a 50000 ha area using 420 topsoil electrical
conductivity (EC) measurements stratified sampled.

We can show that by coupling ground measurements alone
(ordinary kriging) with remote-sensing data, it is possible to
establish salinity maps with greater accuracy than by use of
ordinary kriging or remote-sensing data alone. The maps
produced allow us to demonstrate the extent of salinisation in
soils of the Lower Cheliff Valley.

By measuring the SAR (sodium adsorption ratio) and RSC
(residual sodium carbonate) of 50 topsoil samples, results
showed that respectively 60 % are sodic soils and 30 % showed
the tendencies to soils alkalinzation, but with no significant
correlation between SAR and RSC.

In perspectives, it remains necessary, besides remote sensing,
to introduce geophysical approaches in order to better fallow
spatio-temporel evolution of salinity and to develop predictives
models of soils sodicity/alcalinity.
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S05.M.04

Impact of seawater flooding caused by the 26
December 2004 tsunami disaster on physico-
chemical and microbial properties of arable soils in
Banda Aceh, Indonesia

S. Chaerun’, S. Wirth’, A. Ulrich’, R. Ellerbrock®, S. Maassen’;
"School of Life Sciences and Technology, Bandung Institute of
Technology, Bandung 40132, West Java, Indonesia, 2| eibniz
Centre for Agricultural Landscape Research (ZALF),
Miincheberg, Germany.

Almost 1.5 years after the 26 December 2004 tsunami disaster,
soil samples (10-20 cm) were taken from four adjacent sites
located in the agricultural area of Banda Aceh, Sumatera Island,
Indonesia in order to investigate the impact of seawater flooding
on soil physico-chemical and microbial properties. The tsunami
disaster caused severe and long-lasting environmental effects
by sedimentary deposits containing extremely high salt contents
and salinity, as well as heavy metal pollution. The salt contents
(detected as B, Na, Ca, Mg, Si and ClI), as well as the salinity
levels (detected by electrical conductivity, EC) in tsunami-
impacted soils still remained significantly increased compared to
non-impacted soils, even after 1.5-year intrinsic bioremediation.
Heavy metals such as Pb, Cd, Zn, Cu, Ni, Co, Fe and Cr were
significantly higher in impacted soils than those in non-impacted
soils. Furthermore, the tsunami disaster has led to an increase in
contents of macronutrients such as N, P, K, and S, as well as to
an increase in soil organic C content and C/N ratio. The
composition of soil organic matter, as assessed by FTIR
analysis, showed that the tsunami-impacted soils contained
greater amounts of hydrophilic than hydrophobic organic
compounds. The mean pH of soils in tsunami-impacted soils
was increased to pH 7.4, while pH in non-impacted soils was
5.1.

The assay for fluorescein diacetate (FDA) hydrolytic activity
indicated that microbial activity in tsunami-impacted soils was
significantly lower than in non-impacted soils, whereas soil basal
CO2 respiration was significantly higher in tsunami-impacted
soils compared to non-impacted soils. Against this background,
T-RFLP patterns of soil bacterial communities, as well as
analyses of phospholipid fatty acids (PLFA) revealed differences
in microbial community structure comparing impacted and non-
impacted soils, which are to be discussed in context with soil
chemical properties.

S05.N.01

Changes in soil physical (hydraulic and mechanical)
properties of grassland soils as affected by grazing
intensity at Stipa grandis steppe in Inner Mongolia

A. Reszkowska', R. Horn', S. Peth’, L. Gan? X. Pengg,'
'Institute of Plant Nutrition and Soil Science, Christian-Albrechts-
University, Kiel, Germany, °College of Resources and
Environment, Hunan Normal University, Changsha, China,
3Institute of Soil Science,, Chinese Academy of Sciences,
Nanjing, China.

Animal trampling can strongly affect soil physical properties.
Destruction of soil structure caused by animals leads to increase
in soil bulk density followed by an increase in surface runoff.

Grazing can cause changes in pore functions which affect the
hydraulic properties of the soil. Stresses exerted by trampling
can also lead to changes in soil mechanical strength. The effect
of trampling by sheep and goats on physical (hydraulic and
mechanical) properties of grassland soils at the Stipa grandis
steppe in Inner Mongolia, was investigated. The samples were
collected from two sites with different grazing intensities:
ungrazed since 1979 (SG UG79) and continuously grazed (SG
CG). The studied soils were derived from aeolian sediments
above acid volcanic rocks. From each site soil samples, for
measurements of soil hydraulic and mechanical properties, were
taken. The soil hydraulic functions and soil mechanical
properties were affected by grazing. The animal trampling



caused decrease in soil total porosity and increase in soil bulk
density. The saturated hydraulic conductivity was found lower at
the continuously grazed site (SG CG) in compare to ungrazed
site (SG UG79). Furthermore, animal trampling affected soil
sensitivity and intensity of shrinkage. Grazing had also effect on
soil mechanical properties by changing the precompression
stress values.

S05.N.02
Chemical degradation of soils caused by agronomic
practices in a zone influenced by mining activities

M. Martinez - Sanchez', C. Perez-Sirvent', J. Bech?, M.
Tudela’, J. Molina’, M. Garcia - Lorenzo’;

"University of Murcia, Murcia, Spain, *University of Barcelona,
Barcelona, Spain.

The soils studied are in the neighbourhood of an old mining site
(La Unién, South-East Spain) and known to be affected by
heavy metal contamination. The soils are dedicated to the
cultivation of citrus trees in 300 Ha sampling zone.

The study area has geomorphological, edaphological and
climatic characteristics similar to other mining areas in the
Mediterranean area, with a scarce degraded vegetation.

The soils studied had been classified as haplic Luvisol (profile
1), haplic Calcisol (profile 2) and sodic Calcisol (profile 3 and
profile 4).

The levels of lead and cadmium have been determined in each
fraction and in the raw soils by means of ETAAS. X-ray
diffractometry was used to study the complex mineralogical
composition, and a semiquantitave analysis was made for the
treated and untreated samples.

The use of low quality water for irrigated soils has resulted in a
severe process of desertification and alkalinization in these soils.
The fate and transfer pathways of heavy metals in soils are
complex, requiring some knowledge of their mineralogy and the
physical transport process. Transformations and transport are
strongly influenced by site-specific conditions and management
practices. Climatic and weather conditions other than rainfall
may also influence the fate.

The mobility of both solid particles and soluble metal compounds
above the argilic horizon is studied. The processes governing
the transfer of heavy metals are strongly influenced by the semi-
aridic climate, the presence of a high proportion of carbonates
and the occasional but torrential rainfalls which, favoured by the
Bt horizon’s impermeability, transport heavy metals from the
upper zone of the hill to the surrounding agricultural soils.

S05.N.03
Microbial use of organic amendments in saline soils
monitored by changes in the 3¢/'2C ratio

K. S. Khan', A. Gattinger’, F. Buegger’, M. Schioter’, R. G.
Joergensen';

"Department of Soil Biology and Plant Nutrition, University of
Kassel, Witzenhausen, Germany, 2Institute of Soil Ecology,
GSF-National Research Center for Environment and Health,
Neuherberg, Germany.

An incubation experiment was conducted to investigate whether
salinity at high pH has negative effects on microbial substrate
use, i.e. the mineralization of the amendment to CO, and
inorganic N and its incorporation of amendment C into microbial
biomass C. In order to exploit natural differences in the '>C/"*C
ratio, substrate from two C, plants, i.e. highly decomposed and
N-rich sugarcane filter cake and less decomposed N-poor maize
leaf straw, were added to two alkaline Pakistani soils differing in
salinity. In soil-1, the additional CO, evolution was equivalent to
65% of the added amount in the maize straw treatment and 35%
in the filter cake treatment. In the more saline soil-2, the
respective figures were 56% and 32%. The maize straw
amendment led to an identical immobilization of approximately
48 pg N g'1 soil over the 56-day incubation in both soils

compared to the control. In the filter cake treatment, the amount
of inorganic N immobilized was 8.5 ug N g” higher in soil-1 than
in soil-2 compared to the control. In the control treatment, the
content of microbial biomass Cs-C in soil-1 was twice that in soil-
2 throughout the incubation. The two amendments replaced
initially similar absolute amounts of the autochthonous microbial
biomass C, i.e. 50% of the original microbial biomass C in soil-1
and almost 90% in soil-2. Highest contents of microbial biomass
C4-C were equivalent to 7% (filter cake) and 11% (maize straw)
of the added C. In soil-2, the corresponding values were 14%
lower. Increasing salinity had no direct negative effects on
microbial substrate use in the present two soils. Consequently,
the differences in soil microbial biomass contents are most likely
caused indirectly by a salinity-induced reduction in plant growth
rather than directly by negative effects of salinity on soil
microorganisms.

S05.N.04

Reducing the effect of salinity impact on two wheat
cultivars using biofertilization,antioxidant and
micronutrients

M. S. I. Gaballah', A. Gomaa', M. Rady’;
"National Research Centre, Cairo, Egypt, 2Fayoum University,
Cairo, Egypt.

Absract

A Field experiment was conducted for two growing seasons at
three different sites of soil salinity levels (4.72, 7.79 and 10.86
dS/m). The experiment was designed to study the influence of
biofertilization with yeast, antioxidant (ascorbic acid) and
micronutrients and their interactions on mitigating the soil salinity
effect on two wheat cultivars (Sakha 93 and Sakha 94).
Obtained results indicated that application of biofertilization
raised the shoot freshand dry weight values although
treatments using micronutrients in addition to 100 & 200 ppm
antioxidant improved plant fresh weight to reach those of the
positive control (100% NPK ).. Biofertilization with Candida
tropicalis increased significantly the leaf area of tested wheat
cultivars under 4.72& 7.79 dS/m soil salinity levels. At high
salinity level of 10.86 dS/m it has been found that all treatments
together with biofertilization mitigated the adverse effect of
salinity. Application of yeast produced the highest spikes number
/ m2 irrespective to salinity level and cultivar type that ranged
from 221-323 in comparison with the non biofertilized ones (72-
273). For grain yield the same previous trend was recorded at
low salinity levels where biofertilized wheat yield ranged from 8
to 22 ardab/fed, while non-biofertilized plants ranged from 0.73
to 14.8 ardab/fed. As for proline content in wheat plants, the
biofertilized treatments produced similar results to the positive
control in the different salinity levels. For total chlorophyll, the
variety Sakha 93 overcame Sakha 94. Regarding carotenoids,
no significant results were recorded . As to enzymes content, no
significant differences were found in polyphenol oxidase.
Biofertilization of Sakha 93 enhanced enzyme content of
phenylalanine ammonia lyase peroxidase in comparison with
Sakha 94 grown under 4.72 & 7.79 dS/m salinity levels. For
amylase activity, micronutrients together with antioxidant
application increased amylase activity in both cultivars at 4.72
dS/m .
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S06 Soil and Water - Theory

S06.A.KL
Hydropedology as one of ,,Hydro-sciences“ and
important part of Soil and Water Relationship

S. Matula;
Czech University of Life Sciences in Prague, Dept., Prague,
Czech Republic.

Very recently, thelst International Conference on
Hydropedology was held in Penn State University (July 28 - 31,
2008). Around 100 abstracts have been received with many
exciting and cutting-edge presentations to be given by leading
scientists. More than 100 scientists from 20 countries have
participated in the conference. As Henry Lin, the main organiser
of the conference expressed, the large conference agenda
consisted of a global alliance for monitoring, mapping, and
modelling of the landscape-soil-water-ecosystem relationships
across scales. This is in line with growing interests in
international scientific communities to establish various
observatory networks to monitor the ever-changing environment
and to provide transformative platforms for scientific research.
Rick Hooper from CUAHSI presented very interesting review
about hydrologic sciences: ,,Hydrologic science, like other
environmental sciences, depends on observations rather than
experiments as the basis for inferring controlling processes.
Stronger inferences can be made using multidisciplinary
approaches, by having denser data in space and time, by having
“coherent” data that link stress and response, and by having
longer term and larger scale data to improve the signal to noise
ratio. Significant barriers exist in cost, scale, and expertise for
single investigators to acquire such data sets".

It should not be forgotten that soils as porous media play a
fundamental role for subsurface transport processes by
controlling the infiltration, redistribution, drainage, storage,
mixing and release of rainfall. Luisa Hopp talked about
interaction between soil and topography. This interaction leads
to strongly non-linear behaviour at the scale of hill slopes with
threshold-like responses and hysteresis often observed in field
studies. While field experiments have increased our
understanding of hydropedological processes, such work is still
of limited value because of the small number of places and
events that have been characterized to date. The important role
is played by simulation models which can be used to study
different hydropedological processes and the combination of the
models and field and laboratory measurements can help us to
understand the processes and to evaluate the soil hydro-
physical characteristics.

Many other participating scientists presented interesting results,
opinions and conclusions.

This article tries to summarise and comment the future directions
of hydropedology as they were discussed and presented by the
World hydropedologists in the 1st International Conference on
Hydropedology in Penn State University, USA, (July 28 - 31,
2008).

S06.A.01

Soils a key to understand signal propagation and
dynamics in hydrological time series in changing
ecosystems

S. Engelhardt, B. Huwe;
Soil physics group, Bayreuth, Germany.

Along their path through ecosystem compartments hydrological
signals are transformed in several ways, comprising changes in
randomness, autocorrelation structures and smoothness.
Complexity and information measures of hydrological time series
are sensitive characteristic parameters of ecosystem behaviour
with high potential as indicators for environmental change and
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disturbances. However, assessment of key factors of
environmental systems by time series analysis alone is not
possible. It further involves the use of deterministic analytical
tools like process based simulation models in combination with
sensitivity analyses and scenario techniques. The fundamental
problem in this context is the necessary degree of model
complexity regarding the target questions under study.

With a new approach we analyse information and complexity
propagation in hydrological compart-ments and we analyse the
spatial and temporal dynamics of hydrological patterns in two
mountain forest ecosystems under different climatic conditions
and under different degrees of disturbance.

Hydrological time series cover the sequence of hydrological
signals from open precipitation, throughfall, sapflow, water fluxes
in the soil compartment and system discharge. Simulations are
carried out with several hydrological models differing in their
degree of complexity. Model complexity is assessed by the
temporal behaviour of the model output. The resulting virtual
time series are analysed with the same methods as the real
hydrological system. Results are compared and evaluated
regarding the necessary degree of model complexity.

We find the soil as the most important compartment for signal
transformation and structure building in the hydrological cycle in
the ecosystem. Complexity and information measures are
sensitive tools to describe ecosystems and to indicate changes
in the enviromental behavior caused by natural or
anthropogenetic changes.

S06.B.01

Integrated ecological modeling using pedostructure
concept. Problematic and presentation of both
computer models, Kamel and KamelSoil

E. Braudeau’, V. Auffray?, R. H. Mohtar’, E. Jallas®;

"IRD, UR SeqBio, Montpellier, France, *Cirad, ITK, Montpellier,
France, *Purdue University, ABE, West Lafayette, IN, United
States.

Modeling soil biogeochemical processes is in a deadlock due to
two major limitations:

1. Since most of the biogeochemical processes occur in the soil-
water film at surface of solids which compose the hierarchical
and aggregated soil structure, coupling biogeochemical models
with existing soil water representations is not possible at the
process scale without a new paradigm that takes into
consideration soil structure and its interaction with soil water.

2. Current pedological mapping and characterization methods do
not provide the required soil information and data that are
needed for scaling the processes from their scale within the soil
to the landscape levels. Such information includes i) delineation
of primary soil map units and ii) the functional characteristics
which allow for modeling soil internal thermodynamic state that
controls the bio and geochemical processes in soil.

The new concept of pedostructure and its thermodynamic
characterization had lead to a new paradigm for soil water
modeling and characterization. This new paradigm provides
systematic methodologies for addressing the two challenges
introduced above. The physically based soil structure water
computer model, "Kamel", was built using this paradigm then
offers the possibility of 1) coupling disciplinary models (e.g. the
organic matter transformation, transport and mineralization) with
the soil structure hydro-functioning, at the scale of processes in
soil, and 2) integrating results from the local scale in the soil
medium to the field scale. In this communication, we present the
model "Kamel" which is available though a dedicated website,
along with "KamelSoil", a translator of the easily available soil
information into pedostructure parameters for "Kamel".



S06.B.02

Superhydrophobic surfaces: A model approach to
predict contact angle and surface energy of soil
particles

J. Bachmann', G. McHale’;
"Inst Soil Science, Hannover, Germany, *Nottingham Trent
University, Nottingham, United Kingdom.

Wettability of soil affects a wide variety of processes in soils
including infiltration, preferential flow, and surface runoff. The
problem of determining contact angles and surface energy of
powders, such as soil particles, remains still unsolved. So far
several theories and approaches have been proposed, but
formulation of surface and interfacial free energy, as regards its
components, is still a very debatable issue. In this work, the
general problem of the interpretation of contact angles and
surface free energy on chemically heterogeneous and rough soil
particle surfaces are evaluated by a reformulation of the Cassie-
Baxter equation assuming that the particles are attached onto a
plane and rigid surface. Compared to common approaches, our
model considers a roughness factor which depends on the
Young's law contact angle determined by the surface chemistry.
Results of the model are discussed and compared with
independent contact angle measurements using the Sessile
Drop Method and the Wilhelmy Plate Method. Based on contact
angle data, the critical surface tension of the grains were
determined by the method proposed by Zisman. Experiments
were made with glass beads and three soil materials ranging
from sand to clay. Soil particles were coated with different
loadings of dichlorodimethylsilane to vary the wettability. Varying
of the solid surface tension with dichlorodimethylsilane
treatments provided pure water wetting behaviors ranging from
wettable to extremely hydrophobic with contact angles >150°.
Results show that the critical surface energy measured on grains
with the highest silane loadings is rather similar to the surface
energy measured independently on ideal silane-coated smooth
glass plates, except for the clay soil. Contact angles measured
on plane surfaces were related to contact angles measured on
rough grain surfaces by using the new model based on the
combined Cassie-Baxter Wenzel equation under consideration
of the particle packing density on the sample surface.

S06.B.03
Estimating Saturated Hydraulic Conductivity In
Semiarid Rangeland Using Artificial Neural Network

B. Khalilmoghadam', M. Afyuni’, A. Jalalian', A. Dehghani’;
'Isfahan University of Technology, Isfahan, Iran (Islamic
Republic of), 2Golestan University, Gorgan, Iran (Islamic
Republic of).

With the advent of advance geographical information
systems(GIS) and remote sensing technologies in recent years
,<fopographic(elevation, slope and aspect) and vegetation
attributes are routinely available from digital elevation
models(DEMs) and normalized difference  vegetation
index(NDVI) .Based on the correlation of the soil distribution and
vegetation growth patterns across a topographically
heterogeneous landscape, this study explores the use of
topographic and vegetation attributes in addition to pedologic
attributes to develop pedotransfer functions (PTFs) for
estimating saturated hydraulic conductivity(Ks) in the semiarid
rangeland of Iran .The measurement data were used to derive
these functions by using artificial neural networks. Twenty
models were developed to predict saturated hydraulic
conductivity(Ks).The performance of the neural network models
was evaluated using Spearman correlation coefficient between
the observed and the predicted values and root mean square
error(RMSE).Although variability exists within bootstrapped
replications, improvements (of different levels of statistical
significance) were achieved with certain input combinations of
basic soil properties ,topography and vegetation information
compared with using only the basic soil properties as inputs .

Topography (DEM) and vegetation (NDVI) attributes were useful
to capture the variations in the semiarid rangeland of Iran.

S06.B.04

Modelling the equivalent hydraulic properties and
hydraulic functioning of a highly heterogeneous
horizon

A. Frison', |. Cousin’, G. Richard’, P. M. Adler;
"Unité de Science du Sol, Orléans, France, 2uPMcC Sisyphe,
Paris, France.

Researchers develop predictive models always more effective
on hydraulic functioning in soil. Currently, such models are
based on the hypothesis that the elementary stitch, the horizon,
presents constant properties in space. But some horizons are
highly heterogeneous and the determination of the
Representative Elementary Volume (REV) of their hydraulic
properties remains difficult.

The studied Albeluvisol exhibits horizons composed by the
juxtaposition of two Elementary Pedological Volumes (EPVs)
that can be distinguished by their colours and classified as
functional volumes. We have measured the hydraulic properties
(water retention and hydraulic conductivity) of the two EPVs with
experiments specifically designed for the size of these samples.
We have realized, in situ, an electrical tomography of one
heterogeneous horizon on a 1 m? surface. The information
derived from these measurements as well images of the horizon
are used to define the 3D structure of the heterogeneous
horizon. Structure derived from the electrical tomography is in
agreement with the arrangement of EPVs on the images of the
horizon. The 3D hydraulic functioning of the heterogeneous
horizon is then modelled on a volume of about 0.5 m® with a real
annual climatic scenario. The analysis of the data helps us in
identifying the minimum size of the volume of the horizon which
must be taken into account to obtain the REV of the studied
heterogeneous horizon. The equivalent hydraulic properties are
finally calculated.

S06.B.05
Improving pedotransfer functions predictions by
adding pedological information

M. M. Weynants', M. Javaux"?;
"Université catholique de Louvain, Louvain-la-Neuve, Belgium,
2Forschungszentrum Jiilich GmbH, Jiilich, Germany.

Soil hydraulic properties are needed for modelling hydrology at
various scales. As their direct measurement is expensive and
time-consuming, efforts are devoted to their prediction using
more easily available information. Pedotransfer functions are
tools developed for this purpose. They generally employ soil
textural distribution, bulk density and organic carbon content.
They are known to be only reliable when used on soils
comparable to those used for their calibration. Including
information about the soil structure in the predictions could
improve their quality.

This study focuses on the coupling of two Belgian databases
containing complementary information: the first is a dataset of
some 130 soil horizons for which hydraulic properties were
measured while the second holds the national pedological soil
survey.

The two databases are linked through their geographical location
and their soil profile classification. Pedological information
constant over identically classified soil profiles, such as the CEC
or the pH for example, is related to the hydraulic properties. By
investigating these relations, we expect to bring some
improvement to the predictions of PTFs.
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S06.B.06
Confronting typical assumptions of 1-D root water
uptake models with 3-D simulations

M. Javaux"? J. Vanderborght', T. Schréder’, H. Vereecken';
"Agrosphere, Jiilich, Germany, 2ycL, Dep. of Environmental
Sciences, Louvain-la-Neuve, Belgium, 3 Jiilich Supercomputing
Center, Jiilich, Germany.

Root water extraction from soil is controlled by the local water
potential gradient between soil and roots. However taking this
local effect in consideration is challenging given the lack of real
data on root architecture, on the distribution of the water
potential at the root-soil interface, or on the local hydraulic
properties of soil and root. Therefore 1-D or 2-D models have
been developed to predict root water uptake based on simple
assumptions and easy-to-measure variables.

Usual assumptions made in these 1-D/2-D models are, amongst
other, that 1-D sink profiles are proportional to root length
density profiles; that there exist unique stress-reduction
functions; that the principal direction for water flux is horizontal,
and that soil affects the water uptake distribution only after its
wilting point is reached.

In order to numerically investigate the water uptake processes at
the plant scale, we built a 3-D model, called R-SWMS, which
combines water flow in conducting vessels of a plant and within
the soil matrix. The distribution of the soil-root water fluxes is
calculated based on the water potential gradient and the local
hydraulic properties of the root and the soil. A general scenario
was built where one Maize plant extracts soil water from a
homogeneous soil under a sinusoidal evaporative demand.
Effective 1-D sink and water distribution profiles were then
extracted from the 3-D simulations and compare with the 1-D/2-
D assumptions. Results show that soil type plays a non
negligible role much before wilting point is reached, that
monotonic stress function can hardly be defined and that the soil
water flow general direction is vertical upward.

S06.C.01

Calibration and evaluation of the soil water content
sensors ECH20 EC 5 and TE for the soil moisture
sensor network SoilNet

U. Rosenbaum, H. Bogena, J. Huisman, A. Weuthen, H.
Vereecken;
Research Center Juelich, Juelich, Germany.

The wireless sensor network SoilNet is a promising in situ
measurement technology for the continuous and high resolution
monitoring of soil moisture patterns at the catchment scale. To
achieve high data accuracy, the development of an appropriate
laboratory calibration methodology for the soil water content
sensors ECH20 EC 5 and TE, which are used for SoilNet, is an
important task. The calibration methodology is based on a
standardized sensor characterization methodology, which uses
2-isopropoxyethanol and dioxane as standard liquids with known
permittivity in the range between 2.2 and 41.3. The sensor
response-permittivity relationship is described by an empirical
model. A first evaluation using 14 liquid standards showed that
the model was able to fit the measured data (rmse € < 1). A
sensitivity test showed that the number of standard liquids could
be reduced to five, which considerably reduced the calibration
time. The calibration of 100 EC 5 sensors revealed a high
variability amongst the sensors. Also, one third of the 50
calibrated TE sensors showed even large variations. Therefore,
it is concluded that a universal calibration curve is not applicable
and an individual calibration of each sensor is necessary. To
further enhance the measurement accuracy, correction functions
for the effect of temperature and electrical conductivity were
derived from additional laboratory experiments. The temperature
effect on the EC 5 and TE sensors was investigated in the
temperature range of 5 to 40°C and the permittivity range of 6.4
to 41.3 using standard liquids immersed in a temperature
regulated water bath. The permittivity values were obtained with
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the reference network analyzer measurements. A temperature
effect could not be observed up to a permittivity of 10. For higher
permittivities, temperature effects were present. Furthermore, an
effect of electrical conductivity was also present in the range of
0-2.5dS/m.

S06.C.02
Intrinsic hydraulic properties determination of water
repellent soils using tension disc infiltrometry

A. Lamparter', J. Bachmann', M. Deurer’;

'Institute of Soil Science, Leibniz University of Hannover,
Hannover, Germany, HortResearch, Palmerston North, New
Zealand.

The soil’'s hydraulic conductivity is a property that is strongly
dependent on the soil's wettability. Previous investigations
showed that even subcritical hydrophobicity (contact angle <
90°) can significantly reduce the infiltration rate of water into the
soil. To characterize the wettability of the soil material different
methods can be used. Contact angles (CA) to measure the
degree of the hydrophobicity (e. g. Wilhelmy Plate Method
(WPM), Capillary Rise Method (CRM)) and the WDPT test for
assessing the persistence of the hydrophobicity are well
established methods on the small scale. Their relevance for
infiltration processes on a larger scale remains unclear.

Due to its low surface tension ethanol is considered to form a 0°
CA with the soil material, independently of the soil’s surface free
energy. We used water and subsequently ethanol to infiltrate
into sand columns (1-D) and into packed sand blocks (3-D) at
different tensions. Sand was treated with increasing amounts of
dichlorodimethylsilane (DCDMS) to alter the surface free energy
resulting in increasing CA. In contrast to naturally hydrophobic
soils, CA resulting from treatment with DCDMS do not change
with the sand’s water content. They are also stable over long
periods of time. Considering the different material properties of
water and ethanol, congruent hydraulic conductivity functions
could be measured in hydrophilic sand. Using more hydrophobic
sand the differences between the water- and the ethanol
conductivity function are increasing. These differences can be
used to “calculate” an effective CA, i. e. the CA controlling the
infiltration on a larger scale (infiltration zone). The effective CA
can be compared with the CA measured on a smaller scale, so
that their relevance for small-scale CA for the soils hydraulic
properties on a larger scale can be quantified.

S06.C.03
Characterization of the mobile water fraction in a
Beauce loamy soil

Y. Coquet, Z. El Krimy, M. Mel, P. Vachier, C. Labat;
UMR 1091 INRA / AgroParisTech Environment and Arable
Crops, Thiverval-Grignon, France.

The Beauce groundwater, one of the main groundwater
resources in France with 20 billons of m3, is at risk by the use of
pesticides in agriculture. The observed contaminations can only
be explained by preferential flow processes, which are still
poorly understood. We showed that Beauce soils were
susceptible to preferential flow of the “mobile/immobile water”
(MIM) type rather than of the macropore type. MIM preferential
flow was evidenced by field experiments based on bromide
tracing and tension infiltrometry using the Clothier et al. (1992)
method. This method and other classical laboratory methods for
characterizing MIM preferential flow in soils are limited to steady-
state water flow regimes. Application of the MIM concept to
transient water flows is still a matter of research, but significant
advances have been made by Simunek et al. (2005) and Kéhne
et al. (2006) through the development and test of the HYDRUS-
1D model. This model allows for a variable mobile water fraction,
whose evolution is linked to a convective water exchange term
between the mobile and the immobile water fractions. This water
exchange term may be expressed as a function of water content



or water potential. Depending on this choice and on other
assumptions about the mobile water fraction at the residual end
of the water retention curve, the number of parameters to be
specified for MIM transport modelling varies from 2 to 5. We tried
to estimate some of these parameters by measuring the mobile
water fraction at various water potentials between -1 and -10 cm.
Our results show that the mobile water fraction is highly variable
in space, and may increase or decrease with water content
depending on the soil horizon.

S06.C.04
A new method to measure in-situ subsoil drainage
flux

J. E. Holland', P. A. Hutchinson’, R. J. Hutton, W. J. Bond®;
"National Wine and Grape Industry Centre, Wagga Wagga,
Australia, ?lHUSSAT, Griffith, Australia, *CSIRO, Canberra,
Australia.

Improving knowledge of gains and losses in water within
agricultural catchments of Australia is essential to achieve
sustainable water resource use. There is a great need in

Australian irrigated agriculture to quantify deep drainage,
because of the risk of groundwater recharge and soil
salinisation.

This study presents a new method that provides in-situ
estimates of sub-soil drainage flux. The method used a pair of
vertically separated "tube tensiometers". This is an open-topped
tube that is filled with a porous material and measures soil water
potential close to saturation at two depths (1.0 and 1.2 m).
These tensiometers were maintenance free and after testing
were found to measure accurately. The approach used was to
estimate drainage flux using Darcy's Law and the hydraulic
gradient and soil hydraulic properties obtained from the
measured soil water potential data. Measurements of hydraulic
gradient were made over 20 months in a vineyard planted with
Chardonnay grapes on a clay loam soil near Griffith, NSW
Australia. At the end of this period, the soil hydraulic properties
of the undisturbed soil in which the hydraulic gradient was
obtained were measured using the tube tensiometer itself. A
known volume of water was pumped for over 200 hours into the
soil through the shallower sensor of the tube tensiometer.
Continuous measurement of the soil water potential at both
depths enabled numerical inversion (using the "Hydrus" model)
to estimate unsaturated hydraulic properties.

The drainage flux during one season was calculated with
Darcy’s law using the in-situ soil hydraulic properties and the
historic soil water potential data. The maximum daily averaged
drainage flux was 3.2 cm h” which corresponded to 0.64 ML ha™
over the vineyard for one irrigation season. These data were
considered realistic and it is concluded this is an improved
method to estimate drainage flux in the field.

S07 Soil and Water - Practical
Applications

S07.H.KL

Soil water - storage potential, accessibility and flux
as key functions for land use planning at various
scales - do we need a paradigm change?

R. Horn;
Institute for Plant Nutrition and Soil Science, Kiel, Germany.

Discussions about soil water availability become more and more
important not only because of the worldwide, growing demand
for water for different uses but also because of adverse land use

practices, reducing the soil water
accessibility.

Not only the pore continuity but also the intensity and directions
of fluxes have to be analyzed at various scales and linked to the
different water requirements for a better overview of the water
controlled processes in  agriculture, forestry and/or
environmental protection. The lecture will cover scale dependent
processes and discuss consequences for a more rational water
management and water protection as an alternative to the
present situation.

storage capacity and

S07.H.01
Modeling the soil moisture regime under
Mediterranean conditions

I. Pla-Sentis, S. Nacci, F. Fonseca;
Universitat de Lleida, Lleida, Spain.

The evaluation and prediction of the soil moisture regime is
indispensable for the prognosis of processes related with the
water supply to plants, soil and water degradation and derived
phenomena. This becomes especially important under
Mediterranean conditions, due to the predominant soil,
topography and climate characteristics, and the previewed future
climate changes. Under such conditions the use of empirical
approaches for evaluating the soil moisture regime and derived
effects has proved to be not very reliable. In this contribution
there are presented the results obtained under different
conditions of soils, climate and land use in NE Spain, by the
integration in a simple water balance model of field measured
soil hydrological properties together with climatological
information. The studied aspects included the changes in soil
moisture regime during the different growth stages of vines in
rain fed vineyards with more or less stony soils and moderate to
steep slopes. The different management practices included
tillage, leveling, terracing and use of green covers and
complementary irrigation. There are especially analyzed and
discussed the advantages and difficulties for the field
measurement of the required hydrological parameters in relation
to other proposed approaches and methodologies, including
laboratory measurements, use of pedotransfer functions and use
of empirical models.

S07.H.02

Pedo-hydrologic indicators evaluation through pedo-
hydrographic balance sheet simulation models at
hydrographic basin level using georeferential data
base

E. Grigore', U. Sevastian®, S. Catalin’;
"ICPA, Bucharest, Romania, 2USAMV, Bucharest, Romania.

Most of the spatial applications of simulation models need
numerous data related to pedo-transfer functions (water
retention curve, saturated and unsaturated hydraulic
conductivity, and soil cohesion, angle of internal friction,
precompression stress and concentration factor) in general
hardly available. The application of indirect methods calculating
the parameters of the pedo-transfer’'s functions from available
information of existing data sources (databases with specific site
information, soil maps) is a viable solution to this problem.

The models used are based on certain precise datasets from
specific areas, and are able to combine the effects of hydraulic
and mechanical properties on soil erosion processes. In this
paper we present the evaluation of some soil-water indicators
using mathematic simulation models at hydrographic basin level.
We estimate indicators characterizing soil water infiltration
(weighted integral of unsaturated hydraulic conductivity).
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S07.H.03

Field scale variability of measured and estimated
hydraulic properties: stochastic analysis of hydraulic
behaviour sensitivity and investigation on spatial
structures of the data

P. Manna', A. Basile®, A. Bonfante®, S. Carnicell’, R. De
Mascellis®, G. Langella’, F. Terribile';

"Facolta di Agraria, Portici (Napoli), Italy, *Istituto per i Sistemi
Agricoli e Forestali del Mediterraneo, Ercolano (Napoli), Italy,
3Universita di Firenze, Firenze, Italy.

Flux and storage of soil water in the unsaturated zone is
adequately described by the classical Richards equation.
Extrapolating the theory to a larger-scale system is ordinary
practice (scale-invariant equation) but its application in modeling
field-scale water flow set the following major and strictly related
problems; namely (i) the characterization and parameterization
of soil hydraulic properties and (ii) their variability, precisely
sample and spatial variability.

In order to address (i) the characterization issue, the soil
hydraulic properties are typically derived either through
expensive laboratory and/or field experiments or with alternative
approaches like pedotranfer functions, in order to increase cost
effectiveness.

On the other side (ii) the variability of soil hydraulic properties
can be treated by studying both data and spatial variability. In
the former case a simple approach, considering soils in the field
as an ensemble of parallel and statistically independent tubes.
Then we used the Monte Carlo technique, for analyzing soil
hydraulic properties probabilistic uncertainty.

Moreover the stochastic analysis of the data does not tell us
anything about how soil hydraulic properties vary in space.
Spatial variability was studied aiming to define spatial structure
of the measured data and to perform estimates of some
important hydraulic parameters. We wused geostatistical
approach for data analysis and applied different Kriging methods
as interpolation techniques.

The goals of this work, placed at the core of the issues (i) and
(i), are the following:

- recognize the sensitivity of a Richard-based model to the
measured variability of 6(h) and k(B) parameters;

- establish the predictive capability of PTF in term of a simple
comparison with measured data taking into account the results
of point (i);

- establish the effectiveness of using PTF by using as data
quality control an independent and spatially distributed
information (NDVI).

- study the spatial variability of some hydraulic parameters and
interpret their spatial patterns by means of comparison with soil
and topographic characteristic of the study area.

The study area is located in the Po plain (Lodi) in Northern Italy
and it has an extension of approximately 2000 hectares; most of
the area has corn land use.

S07.H.04
Relevance of using soil moisture simulation for
farming decision support

A. Chanzy', G. Richard’, H. Boizard®, P. Défossez’;
"INRA, Avignon, France, 2INRA, Orléans, France, *INRA,
Laon/Mons, France.

Many decisions in agriculture are conditional to soil moisture.
For instance in wet conditions, farming operations as soil tillage,
organic waste spreading or harvesting may lead to degraded
results and/or induce soil compaction. The development of a tool
that allows the estimation of soil moisture is useful to help
farmers to organize their field work in a context where farm size
tends to increase as well as the need to optimize the use of
expensive equipments.

Soil water transfer models simulate soil moisture vertical profile
evolution. These models are highly sensitive to site dependant
parameters. A methodology to implement the mechanistic soil
water and heat flow model (the TEC model) in a context of
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limited information (soil texture, climatic data, soil organic
carbon) is proposed. The obtained accuracy in surface soil
moisture (0-30 cm) was 0.04 m3/m3. When a few soil moisture
measurements are available (collected for instance by the
farmer using a portable moisture sensor) a significant
improvement in soil moisture accuracy is obtained by
assimilating the results into the model. To meet the decision
support context, we evaluated the model ability of evaluating the
soil moisture level in comparison to a moisture threshold that
splits soil conditions into desirable and undesirable cases. This
threshold depends on soil properties, the farming operation and
equipment characteristics. We evaluate the rate of making good
decisions using either the TEC model with and without soil
moisture measurements or an empirical algorithm that simulate
the decision processes followed by farmers, currently. This later
is a reference case that allows appreciating the adding value of
using soil water transfer models. We found a significant
improvement with a rate of success, which increases from 65%
with the reference case to 90% when using the model with soil
moisture assimilation.

$07.1.01

Using randomised moving plots to quantify the
spatial variability of soil water dynamics in small
forest areas

Y. Morgenstern, H. Puhimann, K. von Wilpert;
Forest Research Institute Baden-Wiirttemberg, Freiburg,
Germany.

Observations of the soil water status are usually restricted to few
selected positions, due to the costs and equipment
requirements. A common measuring design is to stratify the area
under investigation into more or less homogeneous sub-areas
and to measure soil moisture/tension at a ‘“representative”
position within each sub-area. This approach neglects any
spatial variability of the flow dynamics within the sub-areas,
caused e.g., by varying soil-hydraulic properties.

As an alternative to the stratified measuring approach, we
present the concept of randomised moving plots (RMPs) which
allows observing both the long-term soil moisture regime and its
spatio-temporal variability. We applied the RMP concept to the
mapping of the soil moisture dynamics of two forest areas (80 m
x 1000 m) in Southwest Germany. The RMP concept is based
on the fact that the typical seasonality of the soil moisture regime
is governed by some (easily measurable) climatic driving
variables. Describing the seasonality of the soil moisture by
climatic variables renders it unnecessary to measure soll
moisture at the same position over a long period. The thus
saved measuring equipment can be beneficially used to observe
the spatial variability of the soil moisture. For this, we carry out
short-term continuous soil moisture measurements within an
RMP with 31 FDR probes at random positions. Both, the RMP
centres and the FDR positions are moved randomly in two-week
intervals. Thus, within one year of measurements, 26 - 31 = 806
short soil moisture time series are obtained. These data are
used to (i) relate the seasonality of the proxy variables (climate)
with that of the soil moisture and (ii) to quantify the variability
around the mean seasonal development.

Combining the seasonal development (derived from the proxy
variables) and the spatial patterns (observed in the RMPs)
results in a space-time-model of the soil moisture.

S07.1.02
Database of soil-hydraulic properties of forest soils
in Baden-Wiirttemberg/Germany

H. Puhlmann, K. von Wilpert;
Forest Research Institute Baden-Wiirttemberg, Freiburg,
Germany.

Forest soils are under-represented throughout the existing soil
databases, although they evidently differ in their hydraulic



properties from soils under agricultural use. Data on the
unsaturated hydraulic conductivity of forest soils are almost
completely absent in most databases. The use of the existing
databases is hindered also by the numerous, individually
designed experimental setups for obtaining the soil-hydraulic
function.

Our work therefore focuses on

1. Generating a representative data set of both, the
retention and the unsaturated conductivity
characteristics of forest soils,

2. Developing an experimental setup for a fast and
standardised estimation of these characteristics,

3. Developing and testing scaling approaches for the
estimation of the hydraulic functions from proxy
variables.

At 305 soil profiles in Baden-Wirttemberg, undisturbed 100 ml
soil cores are sampled in 10-14 cm and 30-34 cm depth in the
mineral soil (five repetitions per depth). The retention and
conductivity curves are estimated from multi-step outflow (MSO)
experiments by inverse optimisation.

Since many authors found a considerable dependency of the
inverse parameter estimates on the experimental setup, we
designed the MSO experiment such that it could be carried out
with the same initial/boundary conditions for most of the soil
samples. In addition, the experiment was optimised with respect
to (i) the information content of the measured data for obtaining
unique parameter estimates in the inverse optimisation and (ii) a
shortest possible duration of the MSO experiment.

The database by now contains about 2,000 data sets. Both, the
measured times series and the derived hydraulic functions were
used to identify groups of hydraulically similar soils. For three
pressure ranges, scaling approaches were applied in order to
describe the observed variability by other soil data (texture, bulk
density). We present scaling models for the different groups of
hydraulically similar soils and compare them with commonly
used pedotransfer functions.

S07.1.03

Electrical resistivity tomography monitoring of water
deficit along pedological toposequence related to
hedgerow

D. Michot"’, I. Adam'?, G. Ghazavi'?, Z. Thomas"?;
"INRA, UMR1069, Sol Agro et hydrosystéme Spatialisation,
Rennes, France, “Agrocampus, UMR 1069, Sol Agro et
hydrosystéme Spatialisation, Rennes, France.

In agro-ecosystems, landscape features are often enough
induced by anthropogenic structures such as hedgerows,
terraces and ditches located at the agricultural lands. Hedges
constitute barriers to the redistribution of solid soil material
through water and tillage erosion.

The aim of our study is to characterize soil water deficit related
to hedgerow root system using a geophysical method combined
with classical soil moisture, soil parameters and groundwater

measurements. Spatio-temporal characterisation using 2D
electrical resistivity tomography was conducted along a
pedological toposequence. The hillslope monitored is

characterized by upslope zone with a well-drained soils and a
downslope zone with waterlogged soils. A hedgerow
perpendicular to the slope constitutes the limit of those two
contrasting domains. The results obtained show that electrical
resistivity increase with soil dryness. A minor soil water content
change was observed during the study because of a specially
wet climate of the studied period (spring and summer 2007). The
driest zones, identified with electrical resistivity tomography, are
coherent with root density observed during field monitoring, and
with literature.

S07.1.04
Functional parameter pedo-transfer functions of soil
water characteristic curve in western Iran

M. Mosaddeghi;
University, Hamadan, Iran, Islamic Republic of.

Soil hydraulic properties [soil water characteristic curve, SWCC
and hydraulic conductivity, K(8)] are of significant importance in
models of vadose zone processes. This study was conducted to
measure and model the SWCC, and to derive functional
parameter pedotransfer functions (FP-PTFs) in Hamadan
Province, western Iran. Top- and sub-soils of 63 important soil
series (in total 126 soils) were samples, which were well
distributed in different regions of the Province. The soil physical
and chemical properties were measured by the standard
methods. The SWCC was measured by the sand box and
pressure plate apparatuses at matric suctions of 1, 2, 5, 10, 33,
50, 100, 200, 500, 1000 and 1500 kPa. The SWCC data were
then modeled by the well-known van Genuchten-Mualem model
(VG-M) using RETC program. Goodness of fit of the VG-M to the
measured values of SWCC was quite well. FP-PTFs of the
model parameters were derived through multiple linear
regressions, in which, soil particle size distribution, bulk density,
organic matter, calcium carbonate and gravel contents, their
transferred values (reciprocal, root, square, and logarithm) and
selected interactions were considered as independent variables.
The derived FP-PTFs for the saturated water content (6s) were
reliable but the ones for the residual water content (6;), shape
parameter (i.e. n) and air entry value parameter (a) were not
accurate. Square of bulk density and logarithm of clay content
had decreasing and increasing impacts on the 6, respectively.
The effects of logarithm of clay content and square of organic
matter content on n were negative and positive, respectively.
Accuracy of the FP-PTFs was highly increased when the
measured 6; and water content at matric suction of 10 kPa
(B10kra) Were also included as independent variables. Prediction
accuracy of FP-PTFs for 6; was highest, for 6, and n was lowest,
and for a was intermediate.

$07.J.01

Tracing preferential flowpaths using electrical
conductivity measurements: What are the
constraints?

C. D. Hugenschmidt', J. Ingwersen’, Y. Sukvanachaikul®, S.
Uhlenbrook®*, T. Streck’;

"University of Hohenheim, Institute of Soil Science and Land
Evaluation, Biogeophysics Section, Stuttgart, Germany,
2University of Chiang Mai, Faculty of Engineering, Department of
Civil Engineering, Chiang Mai, Thailand, *UNESCO-IHE Institute
of Water Education, Delft, The Netherlands, “Delft University of
Technology, Dep. of Water Resources, Delft, The Netherlands.

Intensified agriculture in the mountainous regions of northern
Thailand has lead to an increased application of agrochemicals.
Losses of agrochemicals to aquatic systems directly affect the
water quality in the lowland. To study the impacts of different
land use types on the fate of agrochemicals the SWAT (Soil and
Water Assessment Tool) is used. The focus of the present work
is to identify preferential flow paths during rainfall events in a
subcatchment of the Mae Sa watershed. The watershed is
located close to Chiang Mai and has a total area of 77 km2. It is
characterized by steep slopes and narrow sub-basins with
mainly mixed evergreen forests and deciduous forests. The
cultivated areas are dominated by flower and vegetable
production. Discharge is measured at three locations equipped
with ultrasonic sensors. Rainfall is measured at twelve locations
distributed over the whole are. Water and soil temperature is
measured also.

During single events water samples were taken from stream
water, soil water, surface runoff and rainfall. Electrical
conductivity (EC) and temperature were measured during rising
and falling limbs of the hydrograph. The water samples were
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analyzed for the main ions and will form the base of a
hydrograph separation. The EC values measured during peak
flow showed a good reaction of the event water input, dropping
by 60 uS/cm. While the EC values of rainfall were fluctuating
surface runoff was more stable. With 29 uS/cm the soil water
samples showed also very low EC values. This finding can be
explained by a highly developed macro pore network in the
upper soil layer supporting pipeflow. Using these data a
hydrograph separation will be carried out to identify the
subsurface flow components on the total discharge and to
hereby identify the main contributor of agrochemicals to the
stream.

S$07.J.02

Deriving point pedo-transfer functions of water
retention for important soil series in Hamadan
Province, western Iran

M. Mosaddeghi, A. Mahboubi;
University, Hamadan, Iran (Islamic Republic of).

Soil water retention (SWR) is considered a significant subject in
soil physics. It is involved in water-solute transport in soil,
drainage, water uptake by plants, evapotraspiration and
irrigation scheduling. Despite the great advances in the
measurement methods, determination of the SWR especially on
undisturbed soils is not easy. There was no database of soil
hydraulic properties in Hamadan Province, therefore, this study
was carried out to measure the SWR and to derive point
pedotransfer functions (P-PTFs). Top- and sub-soils of 63
important soil series (in total 126 soils) were samples, which
were well distributed in different regions of the Province. Soll
physical and chemical properties were measured by the
standard methods. The SWR was determined by the sand box
and pressure plate apparatuses at matric suctions of 1, 2, 5, 10,
33, 50, 100, 200, 500, 1000 and 1500 kPa. P-PTFs were derived
through multiple linear regression, in which, particle size
distribution, bulk density, organic matter, calcium carbonate and
gravel contents were considered as easily-available inputs. The
derived P-PTFs were accurate and statistically significant
(P<0.001) to predict the SWR at defined matric suctions. The
absolute effect (negative for low matric suctions and positive for
high matric suctions) of bulk density was decreased as matric
suction increased. The effect of organic matter on SWR was
positive mostly at the wet range. The effects of clay and silt on
SWR were positive but the influence of gravel was always
negative. Increasing impact of calcium carbonate was not
considerable. To increase the accuracy of P-PTFs, saturated
water content (6s) was also included as independent easily-
available variable. The derived P-PTFs could be used in
environmental management and irrigation projects in the region.
It is suitable to test the validity and reliability of the P-PTFs as
soon as more data becomes available in the region.

S$07.J.03
Significance of tree roots to preferential flow in soils
with stagnic properties

B. Lange’, P. Germann?, P. Liischer';

"Swiss Federal Institute for Forest, Snow and Landscape
Research, WSL, Birmensdorf, Switzerland, 2Depan‘ment of
Geography, University of Bern, Bern, Switzerland.

The assumption that forests reduce discharge is in circulation for
almost two centuries. Today we think that forest soils contain
macropores with higher hydrological efficiency when compared
with soils carrying other types of vegetation. Tree roots are
important factors for the generation and conservation of
macropores. In this project we explored the influence of the root
geometries of spruce (Picea abies), white fir (Abies alba) and
beech (Fagus silvatica) on preferential flow in soils with stagnic
properties.
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The study site was located in the Flysch region 30 km south of
Bern (Switzerland) at an altitude of 1000 m. Soils were
characterized by stagnic properties. The experimental set up
consisted of a 1m x 1 m sprinkler device and TDR probes that
were horizontally mounted from a trench into the centre of each
horizon. Each plot was irrigated three times within a 24-hour
interval. After irrigation, soil was sampled with a corer (10 cm
diameter). Roots were extracted from the soil and analysed with
the program “whinRIZO”.

The application of a rivulet approach to the water content data of
the tirrigations resulted in the contact length, L (m m'z), per
cross-sectional area and the film thickness, F (um), between
mobile water and soil. A positive correlation (IZ = 0.77) between
the maximum of L and the length of the fine roots resulted from
13 sprinkler experiments. By contrast, the correlation of the
maximum of F and fine root length is negative (r’= 0.69). Due to
the fact that volume flux densities, velocity of wetting and
drainage front are dependent on L and F, tree roots in stagnic
soils have an effect on preferential flow.

S07.J.04
Snowmelt infiltration through frozen forest soil

R. Sutinen’, P. Hénninen®, A. Venéldinen®, M. Sutinen®;
"Geological Survey of Finland, Rovaniemi, Finland, *Geological
Survey of Finland, Espoo, Finland, 3Finnish Meteorological
Institute, Helsinki, Finland, *Finnish Forest Research Institute,
Rovaniemi, Finland.

Snowmelt timing is critical for tree growth in high latitudes, but
threshold conditions with respect to root-zone soil water
availability in spring is not well understood. We monitored
snowpack thickness, air and soil temperature (ST), as well as
soil water content (SWC) in Naruska (67°09'N, 29°10’E), Finnish
Lapland through 2004-2007. The site hosts premature Scots
pine stand underlain by Haplic Podzol developed on sandy
outwash sediments with sand silt and clay fraction contents of
60, 38, and 2%, respectively. Soil temperature probes and soil
water content reflectometers were placed at 20-cm-increments
starting from 10 cm and automatically logged with Campbell
CR10X data-logger in 3-h-intervals. The maximum snowpack
thickness varied from 45 (in 2005) to 90 cm (in 2007). We found
notable rise in SWC (30-cm-depth) as early as 10 (in 2004) to 39
days (in 2007) before the final snowmelt. Notable rise in ST
occurred 9 days (in 2006) to 22 days (in 2004) after the snow
disappearance. Snowmelt water percolated through the frozen
soil such that SWC at 10-cm-depth increased 26-58 days before
ST exceeded 0°C. The shoot growth of Scots pine commenced
coincidentally with the disappearance of snow except in 2007,
when it was 5 days delayed. In contrast, the rise in ST (10-cm-
depth) over 0°C occurred as late as 18 to 33 days after the
initiation of shoot growth. We argue that soil water availability,
along with air temperature, rather than soil temperature is pivotal
for the start of height increment of Scots pine in subarctic
conditions.

$07.J.05

The usefulness of the stable isotope 0, 2H and N
for a better understanding of the soil-water-plant
system.

P. Macaigne', F. Ancti’, L. E. Parent, L. M. Nguyen’;
"IAEA, Wien, Austria, *Université Laval, Québec, QC, Canada.

Improving plant water use efficiency in arid countries, where soil
water resources are scarce is an important issue that can be
tackled by isotoge tracking. We conducted two studies with
stable isotopes "°0, ?H and N in the soil-water-plant studies.
The first was conducted in Quebec, Canada (46° 43’ 57" N, 74°
04’ 04” W). Individual rainfalls with distinct natural isotopic
signatures of ®0 and ?H were tracked in a 80 cm loamy-sand
soil profile (mixed, acid, mesic Typic Haplorthod) in a potato
(Solanum tuberosum L.) production system from May 2005 to



May 2006 to evaluate soil water replacement rate and the impact
of evapo-transpiration on the status of soil water. Nitrogen
fertilizer fortified with 1.335% '°N was applied at plantation.
Isotopic results of '®0 and 2H in rainfalls and soil water and of

N in the soil showed that soil water replenishment and nitrate
leaching below the root zone (30-40 cm) was strongly related to
the intensity of rainfall. Rainfall intensity was high (68-105
mm/day for the recorded period in spring 2005 and fall 2005)
and low (0 to 40 mm/day) otherwise. Leaching occurred mostly
in fall 2005 after harvest (September 12 to October 27). Nitrogen
fertilizer recovery was 47 % in the harvested tuber as shown by
*N. In a second study, '®O-enriched irrigation water was applied
to pots (44cm diam.; 30 cm height) under cultivated and
controlled conditions. Isotopic signatures of '*O were measured
in irrigation water, soil water and in the plants (sap and dry
matter). The relationship between the 'O isotopic signatures of
plants and the ®0 isotopic signatures of either the soil or the
water applied was then studied all along the growing season at
field capacity and at a stressed water content level.

S07.J.06
Measurement of soil hydraulic properties with a
simple evaporation approach

U. Schindler, L. Mueller;
ZALF Miincheberg, Miincheberg, Germany.

The measurement of unsaturated hydraulic conductivity and
water retention function is a topic of crucial importance for soil
hydrological research. Numerous measurement methods and
simulation procedures for quantifying soil hydraulic properties
have been developed over the last decades. Most of them are
difficult to handle and time consuming. The aim of our study was
to develop a reliable but simple approach. The evaporation
method is one of the most favourable methods. Applying this
method, the basic measured values - mass or water loss,
respectively, and tension change over time - was analysed at
104 representative samples of varying texture and dry bulk
density during evaporation. With the exception of sand, water
loss per time interval was approximately constant in all other
mineral and organic soils during the measuring time in the
tension range between 0 and about 60 kPa. In sands, the non-
linear water loss over time by evaporation can be described by a
square function with high accuracy. For all other soils a linear
function is sufficient. However, we recommend in general at
least four weighings to decide whether to use a square or linear
function for deriving fluxes. The use of evaporation functions
enables extending weighing intervals. This reduces costs for the
measuring equipment and increases the effectiveness of the
method while maintaining the same quality of unsaturated
hydraulic conductivity and water retention functions. It was
confirmed that measuring with two tensiometers is sufficient for
accurate hydraulic conductivity and water retention function.
Reducing evaporation by screening the sample surface helps to
decrease hydraulic gradients, and keeps tension distributions
approximately linear with depth. This is recommended in
particular for clayey soils.

S07.K.01
Shrinkage properties of clay soils of Finland

K. Rasa’, R. Horn’;
7Universiz‘y of Helsinki, Helsinki, Finland, Christian-Albrechts-
Universitét, Kiel, Germany.

In the Boreal climate zone of Finland, the soil experiences dry
spell in summer, continuously water saturation and variable
periods of freezing between autumn and spring. Consequently,
clay soils with swelling properties are prone to changes in soil
structure and pore size distribution. Presumably these changes
are significant especially in spring, because fluctuating freezing
and thawing and water saturation alter soil structure and
strength.

Shrinkage properties of differently managed clay soil surfaces
(Vertic Cambisol, clay 51%), including cultivated, harvested,
grazed and not managed sites, were studied. The 100 cm3
cylinder samples were taken in early spring from two depths (0-5
cm and 5-10 cm), thereafter saturated in laboratory and dried
stepwise. The height of sample was detected after each drying
step and the volume of soil was calculated assuming isotropic
shrinkage.

Total shrinkage of studied sites was 5.2-10.5% from the total
volume. All sites exhibited structural shrinkage which
corresponds to 18-48% of total water loss. Generally, the
transition from structural to proportional shrinkage zone took
place at suction around -60 hPa. At eight curvatures out of 12
the slope of proportional shrinkage zone was steeper than 1:1-
line (slope up to 3.0).

The steep slope of proportional shrinkage zone indicates strong
rearrangement of soil particles as it reflects the collapse of inter-
aggregate pore space. The results indicate that after winter even
presumably well structured soils weakly withstand forces
generated by matrix suction, and that structural changes take
place in rather wet soil. These changes modify soil water
infiltration capacity irreversibly; the hydraulic properties of
collapsed soil once dried will not revert after re-swelling. These
results increase our understanding of phenomena affecting
water movement during snow melt in spring, which is of great
importance when soil erosion and nutrient leaching is evaluated.

S$07.K.02
Evaluating single spherical aggregate (SSA) model in
a saline silty clay soil

M. R. Neyshabouri;
Univ. of Tabriz, Tabriz, Iran (Islamic Republic of).

Leaching has been the most prevailed method of saline soil
reclamation. Recently Cote et al. (1999) introduced single
spherical aggregate model (SSA) and through theoretical
analysis deduced that in structured soils intermittent leaching
would lead to a greater efficiency (F.) than continuous leaching.
The purpose of this study was to examine SSA model and
compare F_ between the two leaching regimes in a saline soil
(EC=18 dSm™ and SAR=3.8) from Tabriz plain, northwest of
Iran. Salt leaching was carried out using disturbed soil columns
with  30cm length and 7.6cm diameter employing three
aggregate size classes (0.5-2, 1-2 and <4 mm) and two water
flux densities equivalent to 0.5 and 1 Ks under saturated
conditions. In_continuous leaching prepared soil columns
(Db=1.16 gecm™) were steadily leached by CaCl, solution (EC
=4dSm™) until EC of the leachate approached to 4 dSm™. In
intermittent leaching, soil columns were leached at several
cycles (4 t010). At each experiment run fractional volumes of the
leachate and their EC were recorded and were used to compute
F. and breakthrough curves. Results showed that intermittent
leaching, in contrast to the SSA model prediction, did not yield
greater F. compared to continuous one. Under intermittent
regime, however, reducing water flux from Ks to 0.5 Ks and
increase aggregates size from 1-2 to <4 mm both significantly
(p<0.05) increased F, while under continuous regime they did
not affect F .. Data analyses showed that SSA model fitted
experimental data more satisfactory when greater pore water
velocity was established during leaching. Time required to
imposing dry period in intermittent leaching increased leaching
time more than twice compared to the continuous regime.
Results showed that several variables such as aggregates size,
flux density and soil texture affect leaching efficiency and
quantifying each variable effect by SSA model needs further
investigation.
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S07.K.03

Discretization of spatial and temporal soil water
variability into homogeneous zones based on
electrical resistivity measurements at the field scale

A. Besson'?, |. Cousin’, H. Bourennane®, C. Pasquier?, B.
Nicoullaud®, G. Richard’, D. King’;

"Université Catholique de Louvain, Louvain-la-Neuve, Belgium,
2INRA, Unité de science du sol, Olivet, France.

Since recently, the inverse modeling procedures has been
introduced to obtain hydric properties in situ from a time series of
soil water content determined by no destructive geophysical
methods. One of these methods, the electrical resistivity is well
adapted to characterise the soil subsurface and to describe soil
properties, even if they are time-dependent. However the
electrical resistivity depends on several chemical and physical
soil variables that can interact.

We have then analysed the possibility to use spatial
measurements of electrical resistivity to define zones of
homogeneous resistivity that remain stable with time, to interpret
them in terms of water content evolution. Our assumption was
that the time variation of resistivity at the field scale was only due
to the evolution of the soil moisture in the studied area.A time
monitoring of the soil electrical resistivity and the soil moisture
was realised during the year 2006 on a 2 ha field area. In this
area, the slopes were lower than 2% and previous studies had
shown that the water transfers were mainly vertical. By
geostatistical analyses on the experimental data, we have
defined three zones that remain homogeneous with time, both
for the electrical resistivity and the water content. In a first
analysis, these zones were not independent of the soil types
defined on the soil map, which is not surprising. But a detailed
analysis demonstrated that some homogeneous zones were not
in accordance with the soil map, and that the water content
could be different from what was expected from a classical
model. These zones were interpreted in terms of preferential
flow due to macropores and/or to lateral subsurface flows. We
have then shown that the use of electrical measurements
enables to directly describe the spatial and temporal evolution of
the soil water content at the field scale.

S07.K.04

Optimization of the drain-Regulation in hinterlands of
low Mountain ranges under the aspect of natural
flood retention

D. Bertermann’, R. Rossner’, H. Schlumprecht’;
"Department of Geoscience, Erlangen, Germany, 2Biiro fiir
Okologische Studien bfoes, Bayreuth, Germany.

By the increasing settlement pressure or pressure of utilisation
on flood-threatened surfaces and by changes of the climatic
circumstances an accumulation of flood events is to be
expected. That's why applicable strategies are required in
practice to tone down such events or to prevent them.

The destination of the project is the production of a standardised
watershed developing concept (EEK) which can be offered as a
technical service to the improvement of the preventive flood
control by optimization of the land use and vegetation.

According to present state of the flood models land use changes
have no influence for the slow great flood events in widespread
watersheds. On the contrary small quick floods in small
watersheds are influenceable by land use or management
changes, even in different measure according to characteristic
features of the respective watershed.

So the attention of the present project is aimed on this small
quick floods. However, also differentiated informations for the
solution of flood problems in big watersheds can be reached by
the summation of statements about small watersheds.

The development of a standardised planning procedure (incl.
GIS implementing) for the optimization of the drain regularisation
serves for the reduction of the flood danger. Land use and
vegetation is so optimized in adaptation to soil and land
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management and by taking into account prevailing drain roads
that an essential contribution to the regularisation of the surface
run-off is performed.

The aimed procedure has to use above all the combination of
parametres simply to be grasped (e.g., from atlases, available
data supplies of the responsible authorities, or from easy field
methods) which are valued as relevant to allow a quick and
Germany-wide application.

S07.L.01
Effects of climate change on soil hydrological
processes - A simple risk assessment

T. Lenhart', K. Lenhart’;

"Struktur- und Genehmigungsdirektion Nord, Koblenz, Germany,
2Justus-Liebig-University, Department of Plant ecology, Giel3en,
Germany.

Environment is influenced not only by economic activities but
also by climate-change. Therefore, coping with environmental
changes, such as increasing temperature, CO,-concentrations,
rainfall intensities and changes in the seasonal distribution, is a
central task for decision making. Within that a risk assessment is
the first step towards a reasonable management, so that risk
targets can become less vulnerable to potential effects.

A qualitative and quantitative analysis on the impact of effects
and stressors as well as their intensity in the environment is
necessary, whereby spatial and temporal scales have to be
considered. This can be obtained by the use of physically based
simulation models.

Here a simple approach for integrated environmental risk
assessment towards climate change effects is shown. Because
soil is a central medium for storage, various transformation
processes and water being the driving force for erosion,
leaching, nutrient transport and many other biotic and abiotic
processes, the eco-hydrologic, continuous time model SWAT
was used to evaluate the effects of changes in soil aggregate
structure, decomposition, the soils C-content, and particle and
solute transport.

As watersheds integrate all occurring processes, a good
approximation of climate-change induced impacts can be
achieved. Nevertheless, in natural catchments overlay effects
caused by sub-areas with different characteristics can occur,
which lead to erroneous interpretation. This could be solved by
the use of a simple structured artificial catchment, based on
typical regional catchment characteristics.

To distinguish the qualitative effects of environmental changes
and their intensity, a sensitivity analysis was carried out with
regard to water quality and soil related parameters. Thereby
processes and stressors exceeding relevant intensities could be
identified.

The derived approach based on process-based hydrological
modeling combined with a sensitivity analysis is a useful tool to
estimate the effects of climate-change on erosion and stock
flows to answer basic questions in risk assessment.

S07.L.02
Soil management impact on soil water status under
climate change

G. Kadziene, D. Simanskaite, V. Feiza, D. Feiziene;
Lithuanian Institute of Agriculture, Dotnuva-Akademija,
Lithuania.

Soil water is influenced by climate change. Increase in speed of
water evaporation, reduced snow cover amount and lower
rainfall inputs have direct effect on water balance. Local effects
of climate conditions on soil moisture (SM) content vary not only
with the degree of climate change but also with soil properties.
Soil tillage is one of the major factor influencing soil physical
properties.

The influence of reduced tillage systems on SM content and
penetration resistance (PR) dynamic within arable layer during



winter wheat and spring oilseed rape vegetation period was
investigated in the 2 field trials at the Lithuanian Institute of
Agriculture during 2005 - 2007. Overall SM content reduced and
PR increased over the recommencement of the winter wheat
growth until the heading stage and over oilseed rape drilling till
budding stage in spite of tillage system used. During crop
vegetation period in 10 - 20 cm soil layer significantly greater PR
was registered under NT system compared to CT. Correlation-
regression analysis shoved a conversely strong relationship (r =
- 0.86**) between PR and overall SM content at 0-20 cm sail
depth. It was revealed that PR increased around 0.4 MPa when
SM content reduced by 1 unit percent.

RT and NT were superior to CT for oilseed rape growing during
a dry year. The reason was that a higher water content was
available (i.e. soil moisture content between field capacity and
capillary soil moisture) for the crop in the soil under ploughless
tillage application. The yield of oilseed rape during dry year was
higher when RT or even NT has been used compared to CT.
During wet year, the yield of oilseed rape was similar to that of
CT. The study has been supported by the Lithuanian State
Science and Studies Foundation and the Lithuanian Ministry of
Agriculture.

S07.L.03

Impact of climate uncertainties and soil
characteristics on maize irrigation requirements in
South Bulgaria

Z. D. Popova;
“N.Poushkarov’Institute of Soil Science, Sofia, Bulgaria.

Climate change and variability of soil characteristics create
uncertainties for irrigation management in South Bulgaria. To
cope with them, simulations were performed for present weather
conditions (1960-1990) in four experimental fields of contrastive
soil hydraulic properties in Sofia plain and Stara Zagora
(Thracian plain). These fields are representative for the hottest
and driest (Stara Zagora) and coolest and wettest (Sofia field)
agricultural regions for maize cultivation in this country. In former
studies (Popova et al., 2001;2005; 2006), the irrigation
scheduling simulation models CROPWAT (Smith, 1992) and
WINISAREG (Pereira et al., 2003) were validated for maize on
Chromic Luvisol, Chromic Cambic and Vertisol soils. The
objective of the study was to compare the probability curves of
net irrigation requirements (NIR) and relate them to the
corresponding ones of reference evapotranspiration (ETo) and
precipitation totals.

Comparison between ETo and precipitation in the representative
regions showed that in Stara Zagora: 1) seasonal (May-Sept.)
ETo was 100 mm higher, while precipitation were 40 mm lower
over 80% of the years; 2) ETo sum for irrigation period (July-
Aug., Thrace and 15/07-15/09, Sofia field) was 80 mm more,
while precipitation totals were 20 mm less .

Comparison between NIR probability curves relative to the soils
of moderate (Chromic Luvisol) and high (Vertisol) water holding
capacity and similar climate background (Stara Zagora)
indicated that NIR were predominantly higher (by 35-55 mm) on
Chromic Luvisol in dry and average years and practically equal
on both soils only in the wettest years (probability of exceedence
P>80%). When NIR of maize, grown on Chromic Luvisol in
regions of different climate characteristics, were compared it was
found that NIR were 80 mm higher in 80% of the years in Stara
Zagora. There was no difference only in the extremely dry (P=3
%) and extremely wet (P=97 %) years.

S07.L.04
Pedological change detection of Nile River course
and its islands, Egypt

A. H. El Nahry;
National Authority for Remote Sensing and Space Sciences,
Cairo, Egypt., EINozha ElGedida, Egypt.

Nile River, the longest river in the world, 6,695 km long from its
remotest headstream to the Mediterranean. The current study
aims at identifying the characteristics of the Nile course and its
islands using remote sensing and GIS techniques in order to
provide the scientific bases, which help in planning the most
suitable programs of land use, soil management, conservation
and recognizing the intensive agriculture system of the Nile
River islands. Six MSS, eight TM and Eight ETM+ satellite
images dated to 1972,1984 and 2002 respectively were used to
study the changes occurred during the above-mentioned
periods. The study area was divided into five sectors along the
Nile River course i.e. Aswan - Qena, Qena - Assiut , Assiut -
Qalubia , Qalubia - Damietta and Qalubia - Rosetta . The
changes in Nile course from early seventieth to middle
eighteenth were decreased by 51.34 Km? from middle
eighteenth to the millennium were decreased by 40.30 Km®. The
overall change in Nile course area decreased by 91.64 Km? in
the investigation period.

Belonging to the islands number and their areas in the
investigation period, the changes in islands number from early
seventieth to middle eighteenth were increased by 171 islands,
from middle eighteenth to the millennium were decreased by 86
islands. Meanwhile, the islands areas from early seventieth to
middle eighteenth were decreased by 4512.39 Feddan., from
middle eighteenth to the millennium were decreased by 5446.97
Feddan. The overall change in the investigation period for the
total number of the islands was increased by 85 islands,
meanwhile the islands areas were decreased by 9959.36
Feddan. Conservation and management program was
suggested to overcome soil limiting factors.

S07.L.05
Head balance elements evaluation of the soil and
cannopy by remote sensing

N. Kolev', R. llieva’, K. Penev', N. Bankov’;
'Instiute of Soil Science, Sofia, Bulgaria, *Space Research
Institute, Sofia, Bulgaria.

The objective of this work is to determine the radiothermal image
of an agricultural test area occupied by various crops based on
data from trace radiometry combined with an evaluation of the
agrometeorological situation obtained by data from ground-
based agrophysical measurements and agricultural observations
of soils and plant status.

The methods of study include trace flights of an airplane-
laboratory along several routes over the test regions and
measurements of the temperature of soil and vegetation cover
every 15 days during the active agricultural season by a
radiometric system. On the days of trace radiometering of the
area, at every 200 m along the flight traces, synchronous and
quasi-synchronous measurement of the soil moisture and
temperature of the surface soil layer and the soil profile, as well
as of some major microclimatic elements of the field (humidity
and air temperature, total solar radiation and radiation balance,
wind velocity) at representative spots are carried out. Phenologic
observations of the state of agricultural crops are also carried
out. Soil moisture along the profile is measured with accuracy of
1.0 weight percent by an electronic soil moisture meter with
gypsum blocks.

The data from the records were processed by the methods of
geostatistics to obtain the map of the radiothermal image of the
studied area.

The map of the thermal image reveals a qualitative difference
between temperature of the wheat-planted areas, on the one
hand, and the maize- and sunflower-planted areas, on the other
hand.

This study advocates the performance of scheduled
radiometering of definite test areas during the whole agricultural
period and search for qualitative relationships between
temperature and soil moisture, on the one hand, and the state of
soils and crops in the test regions, on the other hand.
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S07.L.06
Dynamics of redox potential and mobilisation of
heavy metals in flood retention basins

C. Kreschnak, J. Ingwersen, T. Streck;
Institut fiir Bodenkunde und Standortslehre, Fachgebiet
Biogeophysik, Stuttgart, Germany.

Flood retention basins play an important role within flood
protection measures. During flooding sediments are deposited
within the flood retention area. In case that the sediments
contain heavy metals, flooding will result in their accumulation.
Furthermore, flooding of the retention area causes an
interruption of the soil's oxygen supply which leads to a
decrease in redox potential. This can cause remobilisation of
heavy metals which may then be taken up by plants or be
leached into the groundwater. Against the background that many
retention basins are used for agriculture it is important to know
the processes that occur during flooding to avoid soil pollution
and uptake of pollutants by plants.

To assess these processes a series of field experiments were
carried out to simulate inundation. Flood detention basins of two
catchments in Germany that are polluted to a different degree
were chosen as experimental sites. The flooding experiment was
performed in analogy to a double-ring infiltrometer system. pH
and redox electrodes were installed in three different depths to
monitor pH and redox potential during flooding. Additionally, soil
solution was taken during the experiments using suction cups
and analysed for Cd, Cu, Ni, Zn and Pb in the lab. First results
show that in summer redox potential in 30 cm depth dropped
from 190 to 50 mV within three hours of flooding. Results from
autumn indicate that temperature and thus microbial activity
seem to have the biggest influence on redox potential since no
big changes could be observed then.

The PhreeqC model was calibrated on the field data. Scenario
simulations were performed to predict the environmental fate of
heavy metals in flood detention basins.

S07.M.01
The influence of irrigation on a calcic chernozem in
the eastern region of Romania

F. Statescu, D. Cotiusca-Zauca, P. Cercel;
“Gh. Asachi” Technical University of lasi, IASI, Romania.

The Romanian strategy in the field of irrigations for the years of
2008 - 2011 consists in the modernization of the existing works
covering about 3.1 mil. ha, and for the years of 2011 - 2025 in
the irrigation of an additional area of 0.9 mil. ha.

In the climate condition of Romania, the irrigations have a
complementary character over the precipitations. Because of
this reason, a correct regime of irrigations needs a very good
correlation between watering and precipitations in order to
achieving both a favorable moisture regime for the growing
plants and for the quality protection of the soil.

Using uncontrolled watering regime or inadequate quality of
water, leads in many situations to inappropriate processes for
the soil evolution.

A study regarding the modifications of the soil quality as result of
the irrigations was carried out in the district of Bacau, in the East
of Romania and its results are presented in this paper.

The research objectives were focused on a Calcic Chernozem
(FAO-UNESCO) in three areas with different watering conditions
and consisted of:

a) analyses regarding the evolutions of porosity and hydro-
physical parameters;

b) analyses regarding the dynamic of soil salinity;

c) analyses regarding the dynamic of heavy metals in mobile
form;

d) analyses regarding the dynamic of nitrogen in the soil;

e) analyses regarding the biologic activity of the soil.

The research method consisted in soil sampling at pre-
established time periods, their laboratory studying, data
processing and interpretation. The conclusions of this study
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bring new contributions to the development of management for
the irrigated lands in Romania.

S07.M.02

Canola, Brassica napus, L., plant growth
characteristics and productivity in response to
adaptation, moisture and soil salinity

S. S. B. Zarad;
National Research Center, Cairo, Egypt.

Canola subsp., was planted in Rosseta , Nubaria and Giza. Dry
farming was practiced in the first location while one, two and
three supplementary irrigations were applied in the latter two.
So, the influence of salinity, different climatic zones and different
irrigation water treatments on growth, seedling vyield, oil
percentage and water conditions was studied. Other cultivation
practice including fertilization were identical in all three
locations.Sampling for growth studies were collected after 50,
100, 150 days and at harvest time Sandy soil of Nubaria gave
the healthiest growth and vyield (450kg/ha) under 120 mm
precipitation. Rosseta heavy clay salty soil under 230mm
precipitation gave weak plants which failed to reach maturity
altogether (300kg /ha ).While plants in Giza alluvial clayey soil
gave profuse canopies and greater seed(550 to 620kg/ha) when
treated with one ,two ,three irrigations. Oil seed percentage was
lower under saline conditions (25%) and higher when more
watering were applied (30-40%), a severe effect of salinity was
observed .Salinity significantly reduced all growth and yield
components parameters with the exception of grain protein
which was significantly increased. One irrigation during the time
of fruiting was not so effective as the other treatments.

S07.M.03
Improvement of Salt-affected Soils: 1-Acidify of
irrigation water and soil water movement

M. A. Salem;
National Research Centre, Cairo, Egypt.

Salinization of well water is a significant factor that affecting not
only the continuing agricultural productivity in semiarid irrigated
regions but also extended reclamation projects. Treating salinity
water by acid to improve its quality is investigated under salt-
affected soil condition. Column experiment with loamy sand soil
was conducted in greenhouse of National Research Centre,
Cairo, Egypt, to study the effect of acidifying water differs in salt
content on water, leachate and soil characteristics. Water salinity
treatments were 2.18 (WS1), 3.30 (WS2) and 0.43 dSm™ canal
water (CW) as control treatment (as main effect). Sulfuric acid
(H2SO,4, 37 %) was used as acidifying material at rates 0.05 and
0.10 % (as sub-main effect). Water added to the soil column
once a week and leaching requirement was take place. Soll
columns were divided into 3 layers (10 cm each) and tested in
lab for pH and EC and hydraulic conductivity. Results showed
that some success may be achieved by acidification of salinity
irrigation water to influence pH in small volumes of soil rather
than trying to change pH in the entire volume. Acidification
process has value in treating CW than SW1 and SW2.
Increasing acid rate help in decreasing EC values and pH of
water and soil column. Water movement was improved under
acidification treatment except under WS2 with 0.10 % acid.
Increasing acidification rate increases leached salts from soil.
Hydraulic conductivity and amount increased when the water
salinity and pH value decreased. Acidification of salty irrigation
water has the potential to improve irrigation water quality, aid in
reclamation of salt-affected soils, lower soil pH, and improve soil
water movement and leachate characteristics.



S07.M.04
Soil-type impact on water and nitrogen distribution in
the root zone of peach trees under drip-fertigation

K. S. Koumanov, G. P. Stoilov, D. V. Dochev;
Fruitgrowing Institute, Plovdiv, Bulgaria.

The investigation was carried out in lysimeters on soils with
substantially differing physical and chemical properties: alluvial-
meadow soil (Fluvisol) - sandy loam, cinnamonnic-forest soil
(Luvisol) - clay loam, and smolnitsa (Vertisol) - clay. The
investigation objectives were addressed from laboratory
analyses of soil samples taken in profiles through the wetted soil
volume, 20 hours after the consecutive water application. The
water application efficiency was strongly dependent on the soil
hydraulic properties, necessitating changes in the methodology
for micro-irrigation scheduling. Root activity was found to play a
substantial role in the irrigation water redistribution into the soil
volume creating zones with low soil moisture values (down to the
wilting point) along the skeletal roots very soon (20 hours) after
the irrigation. Soil moisture in the remaining part of the root zone
was close to the field capacity but this water seemed to be
temporarily unavailable for roots, i.e. it might well be that trees
had developed water stress soon after the irrigation. Under soil
temperature of 30-32°C, urea applied with irrigation water was
rapidly hydrolyzed and the obtained ammonium ions were
intensively oxidized to nitrates. The easy-movable nitrate
nitrogen migrated with the water flows to the periphery of the
wetted soil volume where it accumulated. Two-three weeks after
fertigation, the applied nitrogen was completely depleted along
the skeletal roots and zones of increased nitrate content were
found farther away from the main roots.

S07.N.01
Yield - water relationship of soybean

A. T. Matev;
Agricultural university, Plovdiv, Bulgaria.

The aim of this study is an establishment of reliability of two
formulas for calculate the relation ,,Yield - water” of soybean
(Biser var.), grown in region of Plovdiv (Bulgaria). The
experimental work has been carry out for 5 years (2003 - 2007).
Data for relative yield and relative irrigation depth, by different
irrigation regime (0, 30, 50, 70 and 100 % of irrigation rate) have
been used. These data have been calculated through special
computer program “YIELD”. The curves which we have got,
interpret exactly the experimental data (R = 0.90 and over). Yield
coefficient without irrigation is average 0.54. The experimental
data are able to use for management of irrigation of soybean.

S07.N.02

Subsoil compaction, structure degradation under the
effect of specific water regime in soil land-
reclamation constructions over a period of 20 years

A. Umarova, E. Shein, I. Sokolova;
Moscow State University, Moscow, Russian Federation.

The soil land reclamation constructions were created 20 years
ago after open-cast ore mining. The chernozemic 60-cm layer
with classical granular aggregates (1-5 mm) fine and medium
shapes was applied on the thick layer of sand. This construction
was in agricultural use during last 20 years. At the present time
the layers of prismatic coarse peds (>50mm) bounded by flat to
rounded vertical faces and columnar very thick vertically oriented
blocks (>100mm) have been formed on the depths of 20-40 and
40-60 cm. The surfaces of these coarse peds and columnar
blocks have lower content of silt and clay particles than the inner
part: particles <0.01, <0.001 mm contents are about 47.8, 6.58
and 54.8, 9.47%, accordingly; higher content of Fe and Ca ions
and homogeneous distribution of pH (8.5-8.7), the organic
matter and its hydrophilic and hydrophobic components over the

soil profile. Water regime researches have shown that the
temporary perched water is formed on the sand during the
period of the spring intensive income of water and summer
heavy showers. The field experiments with soluble starch label
have revealed the main role of preferential flow paths in this
process. This preferential water and matter flows are generated
along the faces of the peds and forms the perched water on the
surface of the sandy layer. The laboratory break-through
experiments with Cl and K ions as labels and physical based
mathematical modeling also support this mechanism of the
phenomenon. Such kind of water phenomenon with preferential
flows and perched water table formation transforms the granular
aggregates into columnar blocks by the temporary gleyzation
process.

S07.N.03
Effect of no tillage on Vertisol hydrodynamic
properties

R. Moussadek'?, R. Mrabet’, A. Verdoodt', L. Ye', E. Van
Ranst';

7Laboratory of Soil Science, Ghent, Belgium, 2National Institute
of Agricultural Research, Rabat, Morocco.

In Morocco, Vertisols occur throughout the semi-arid and sub-
humid zones. They are highly productive, displaying
characteristic physicochemical properties and are of great
agricultural economic importance. However, low soil water
availability is the most serious constraint to crop production on
this type of soils, since drought became a characteristic of the
Moroccan climate during the last decade. There is an urgent
need to improve Vertisol management to conserve water.
Therefore, alternative conservation practices must be employed.
This paper discuses changes in hydrodynamic properties of a
Vertisol, with wheat plantation, subjected to conservation (NT)
and convention (CT) tillage. Hydraulic conductivity, sorptivity and
porosity at four tensions were measured by disc permeameter,
soil mechanical resistance was measured by penetrometer at
different crop’s stage and soil water content was collected by
gravimetry. Hydraulic conductivity and sorptivity values were
lower in CT than NT. This is due to the type of porosity under NT
and CT. Soil compaction was evaluated under NT than CT.

S07.N.04

A comparison of the effects of conventional and
organic farming practices on soil physical and
hydraulic properties in the UK

L. J. Hathaway-Jenkins', R. J. Godwin', C. Kechavarzi', R.
Sakrabani', M. Dresser’, R. C. Palmer’;

"Cranfield University, Cranfield, United Kingdom, % andcare
Research New Zealand, Hamilton, New Zealand, *Soil
Assessment Specialist Consultant, York, United Kingdom.

In the UK, the occurrence of severe flooding has greatly
increased over the last few years. There are a number of factors
which contribute to this; firstly, changing climatic behaviours with
different rainfall patterns altering both duration and intensity of
rain storms and secondly, increasing loss of soil medium as a
buffer against excess runoff. In rural areas poor soil
management leading to compacted soil and reduced infiltration
of rainwater has led to a ‘peaky’ flood hydrograph. Extreme flood
events such as experienced in the UK summer 2007, maybe
prevented in the future through improving soil management and
attenuating the flood hydrograph.

This study investigates four pairs of farms (organic and
conventional) located in southern England. These are over a
range of soil textures: silty, sandy and clayey. There is also two
different land uses (grass and winter wheat). The research
incorporates field investigation and laboratory analysis of soil
samples collected during the fieldwork. Data has been obtained
on soil properties including: shear strength, aggregate stability,
HOST (Hydrology of Soil Types) values, infiltration rates and soil
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organic matter. This research aims to compare the effects of soil
management for organic and conventional agricultural systems
on soil physical and hydraulic properties. This will be related to
possible impacts upon the flood hydrograph.

An initial conclusion shows that organic and conventional
treatments are not significantly different from each other across
all different soil textures and land uses. For example, at 95%
confidence p value is 0.1375 for aggregate stability indicating no
significant difference. Further soil hydraulic data is currently
being analysed and results will be presented in the full paper.

S07.N.05
Nutrient movement and losses from irrigated warm
climate vineyards in Australia

J. E. Holland', K. Barlow?, R. J. Hutton', B. P. Holzapfel', J. P.
Smith’;

"National Wine and Grape Industry Centre, Wagga Wagga,
Australia, *Victorian Department of Primary Industries,
Rutherglen, Australia.

Improving knowledge on the movement and losses of nutrients
within an irrigated vineyard is essential to avoid polluting inland
water supplies and ensuring sustainable wine grape production.
There is a great need in Australian irrigated agriculture to
understand and quantify nutrient pathways, because of the
potential risk associated with intensive viticulture.

This paper will focus on nutrient inputs and exports from 6
vineyards over 5 growing seasons. The work was undertaken on
vineyards with Chardonnay grapes that had 3 distinctly different
soil types (sand, loam and clay loam), were irrigated by different
methods (drip and flood) and consequently were managed
differently. In-situ soil solution samples were collected with
ceramic suction cups at different depths (0.25, 0.5, 0.75 and 1.0
m) after irrigation and rainfall events. Other measurements were
taken including vine petioles for analysing vine nutrient status
and soil moisture content. The results showed that at times
nitrate concentrations that were much greater than the
established water quality targets. For instance in 2006 there
were nitrate concentrations measured up to 200 mg N/L at 0.5 m
and 117 mg N/L at 1.0 m depth. The vine N status on most
vineyards was greater than the adequate range which suggests
the amount of fertiliser applied was more than necessary for the
vine requirements. Therefore, reducing fertiliser rates would
lower the risk of N leaching to groundwater without decreasing
vineyard production or grape quality. Overall, the risk of nutrient
loss was greater on flood irrigated vineyards than the drip
irrigated sites, due to the different fertiliser and irrigation
management. The most significant risk of nutrient loss was via
drainage and run-off was found to be a minor pathway. While
late spring and early autumn are the periods most at risk of
nutrient loss.

S07.N.06

Modelling of water and nitrate dynamics in sandy
soils in consideration of forage cropping systems -
integration of dynamic plant growth for grassland
and maize in a soil - plant - atmosphere - transfer
model

Y. Conrad, N. Fohrer;
Ecology-Centre, Kiel, Germany.

Nitrate leaching can be of serious environmental concern in
agricultural areas with highly permeable soils and shallow
groundwater. Both annual crops like silage maize and
permanent grassland dominate in regions with sandy soils in
northern Germany. Especially nitrate nitrogen losses can vary
highly under grassland between 10 kg ha-1 (cuttings, total N -
input: approx. 180 kg ha-1) and 120 kg ha-1 (rotational grazing,
total N - input: 400 kg ha-1) depending on the nitrogen input,
farm management and crop species. Nitrogen leaching under
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silage maize can increase up to 50 kg ha-1 (total N - input: 250
kg ha-1).

Detailed and long - term measurements regarding to the
nitrogen dynamics under agricultural areas are far too
expensive. Modelling of water and nitrogen dynamics in soil can
be a valuable tool to predict nitrogen losses over longer periods.
Simulations in our study were carried out with the CoupModel
(Jansson & Karlberg 2004). Measurements of soil water
contents, groundwater levels, nitrate concentrations in soil water
and shallow groundwater and the biomass growth were taken
over a period of five years at the experimental station
Karkendamm in northern Germany (Blichter 2003). Furthermore,
detailed farm management and dynamic plant growth were
integrated to simulate a realistic crop development.

Simulations showed plausible results for soil water content in
different soil depths and the groundwater level. Modelled nitrate
concentrations varied highly in time and depth. The model was
able to reproduce nitrate concentrations in a depth between 0.5
and 0.6 m satisfyingly with special respect to a realistic crop
development. The biomass increase of silage maize was
modelled closer to the measured values than for grassland. The
simulation of biomass growth for grassland still needs further
improvement to match the real biomass development over the
whole year and the yields at fixed harvest dates.

S08 Soil Ecology - Soil as
Living Space

S08.A.KL
Unravel the black box - biochemical markers provide
new insight into multitrophic interactions in soil

L. Ruess;
Institute of Zoology, Darmstadt, Germany.

Soils harbour an enormous diversity of organisms in multitrophic
food webs that are central to nutrient cycling and ecosystem
services. The soil micro- and mesofauna, in particular the
microbial grazers, are key components, and thus important
determinants for the energy and carbon flow through terrestrial
systems. Regardless of their significance the trophic
relationships in soil are still poorly understood. Due to their small
size and the cryptic habitat, feeding strategies of soil animals are
difficult to address, either experimentally or by direct
observation.

Over the last decade, stable isotopes have increasingly been
used as biomarkers. The isotopic ratios of 3'°N and 3'°C in
animal tissues were employed to reconstruct diets, with nitrogen
isotopes applied to rank relative trophic levels, and carbon
isotopes to assign food resource. A new approach to unravel
belowground food webs is lipids analysis. Food derived fatty
acids are conserved and transferred in the food chain, a fact
called “dietary routing”. Several marker fatty acids have been
defined for microbial-faunal interactions hitherto. To increase
resolution lipid analysis was combined with stable isotope
techniques. The comparison of the 8"*C ratio in fatty acids
between consumer and diet can be used to verify trophic links.
In conclusion, the application of lipid analysis will offer new
insight into feeding habits of soil animals in situ. The relative
simplicity of chemical analysis, which uses widely available
equipment, provides a high potential for food web studies. A
prospect for the future is compound specific fatty acids work to
assess carbon fluxes along the soil food chain.



S08.A.01

Struggling with scales in tracing diversity,
distribution and expression patterns of fungal and
bacterial laccase genes in soils

F. Buscot', S. Theuerl", P. Luis®", H. Kellner"?;

"UFZ Helmholtz Centre for Environmental Research, Halle
(Saale), Germany, 2(FUSAGX, Unité de Biologie animale et
microbienne, Gembloux, Belgium, *University of Michigan,
Michigan, MI, United States.

Within fungal oxidative exoenzymes laccases are the most
universal. They catalyze oxidation of aromatic compounds,
particularly phenolic substrates and are highly involved in
biodegradation of biopolymers such as lignin. We have
implemented a molecular biological approach for tracing
diversity, distribution and expression patterns of laccase
encoding genes in fungi and bacteria in different soils and
horizons.

After extraction of soil DNA and PCR amplification with specific
primers, we showed that the diversity of laccase genes in soil
inhabiting basidiomycota and bacteria parallels the content in
soil organic matter and the total enzyme activity in different soils
and horizons. A RT-PCR based approach showed however that
from the detected genes, only a reduced fraction is expressed at
a given time. An experimental study on ascomycota confirmed
that from the diversity of the laccase like gene copies present in
the genome a taxon, only a reduced part is expressed during
exoenzymatic oxidative degradation.

At another scale, we investigated variations in the distribution of
laccase genes along transects in forest soils. We found patchy
distribution patterns reflecting the huge heterogeneity of soils.
While some genes dominated in soil cores or in one of the
horizons they contain, no dominancy structure was observed in
other cores.

To establish relationships between large scale effects such as
forest management or atmospheric element inputs on the
diversity patterns of laccase genes despite their patchy
distribution in soils, we coupled composite probe sampling with
high throughput molecular analyses. We found correlations
despite differences in the respective scales at which external
effects and soil microorganisms operate. However, the gene
distribution appears to be rules by diverse environmental factors
some of which may play a more important hierarchical role than
a given treatment such as atmospheric nitrogen input
manipulation. Further molecular strategies to bridge the scales
will be discussed.

S08.B.01
Substrate availability affect abundance and function
of soil microorganisms in the detritusphere

C. Poll', J. Ingwersenz, M. Stemmer®, D. Begerow", T. Brune’,
E. Kandeler';

'Institute of Soil Science, Soil Biology Section, Stuttgart,
Germany, 2Institute of Soil Science, Biogeophysics Section,
Stuttgart, Germany, ®Institute for Plant Protection, Products
Evaluation and Authorisation, Austrian Agency for Health and
Food Safety, Vienna, Austria, *“Department of Evolution and
Biodiversity of Plants, Bochum, Germany.

Plant litter is the major source of soil organic carbon (SOC). Its
decomposition plays a pivotal role in nutrient recycling and
influences ecosystem functioning and structure. SOC is
decomposed in microhabitats differing in their decomposition
rate due to heterogeneous distribution of microorganisms,
substrates and physicochemical conditions at the small-scale. In
the detritusphere, plant litter closely interacts with the soil by
releasing soluble C into the adjacent soil and providing new sites
for microorganisms. The abundant readily available substrates
characterises the detritusphere as a hot spot of microbial activity
and C turnover. This talk will address the effect of litter C
transport on the spatial and temporal availability of substrates
and therefore on microbial abundance and activity in the

detritusphere. The results were obtained by a combination of
classical soil biological methods (e.g. CFE), modern techniques
(e.g. 13C PLFA, 18S rDNA sequencing) and mathematical
modelling.

Based on these results, a two-phase conceptual model of litter C
turnover and microbial response in the detritusphere was
developed. During the initial phase mainly easily available and
soluble litter compounds were transported and mineralised by
bacterial r strategists and fungal pioneer colonisers belonging to
the Mortierellaceae. After this initial phase, depolymerisation of
complex litter compounds mainly by fungal K strategists started.
The isotopic ratios of bacterial and fungal PLFAs underlined
different substrate utilisation strategies with bacteria relying on
the small-scale transport of substrates and fungi assimilating
new C directly in the litter layer. Modelling showed that the
transport rate of soluble substrates determines the spatial
dimension of the detritusphere, with an enlarged detritusphere
after convective versus diffusive transport and enhanced
diffusive C transport at higher soil water content.

In conclusion, new insights into litter decomposition at the small-
scale enabled the development of a conceptual model of litter C
turnover in the detritusphere.

S08.B.02

Fate of crop residues incorporated in soil: towards
linking microbial diversity and evolution of organic
matter

N. Pascault’, L. Cecillon?, J. Lévéque®, L. Ranjard’, P. Maron’;
"UMR Microbiologie du Sol et de I'Environnement, INRA, Dijon,
France, 2Unité Ecosystémes Montagnards, CEMAGREF,
Grenoble, France, SUMR CNRS Biogéosciences, Université de
Bourgogne, Dijon, France.

Among the microbial functions involved in biogeochemical
cycles, those related to carbon cycle play a central role in the
biological functioning of agro-ecosystems, in particular because
of their involvement in soil fertility, environment quality and
global changes. In spite of its major role in organic matter
degradation processes, the microbial component involved is
poorly documented, particularly in terms of populations and
functions, and then considered as a “functional black box”. In
this context, our objective was to progress in our knowledge of
the microbial populations responsible for organic matter
degradation in soil.

Crop residues represent one of the most important hot spots
(zones of increased biological activity) and ecological niches to
study microbes involved in organic matter degradation. Our
objective was to characterize, in a field experiment, the
dynamics of the microbial communities in the detritusphere
(zone of the soil under the influence of crop residues) in relation
to the biochemical quality of the residue and the evolution of the
soil organic matter. For this, residues from different plant types:
wheat, colza, and alfalfa were incorporated separately in
different plots. From the incorporation date, soils were sample
each 1 month for 1 year. The responses of microbial
communities to residue supply have been assessed by using
molecular methods allowing the characterization of the diversity
of microorganisms (DNA fingerprinting, clone libraries). In
parallel, the dynamics of the biochemical quality of the residues
have been monitored (Near Infra Red Spectrometry).Results
showed a strong influence of residue biochemical quality on the
dynamics of microbial communities. Furthermore, most of the
microbial modifications occurred in the close neighbourhood of
the residue, highlighting the particular ecological significance of
the detritusphere. Coupling of microbial data and organic mater
biochemical data allowed linking the dynamics of microbial
communities with the fate of organic matter in soil.
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S08.B.03

Short term bacterial community structure dynamics
in forest soil and litter: an in situ study in a
CarboEurope site

N. Chemidlin Prevost-Boure’, L. Ranjard’, V. Nowak? C.
Damesin’, E. Dufrene’, K. Soudani’, J. C. Lata’;

"Laboratoire Ecologie Systématique Evolution, Orsay, France,
2INRA-Université de Bourgogne, Dijon, France.

Acting as both sink and source in the terrestrial carbon cycle,
soils play an important role. In forests, soils contain up to 70% of
total ecosystem C and contribute to 40% to 70% of total
ecosystem respiration. Therefore, in a climate change context,
understanding soil microbial community dynamics and its
consequences on soil functioning is a major issue.

The objective of this study was to determine if changes in the
inputs of fresh litter quantity could influence the structure of
bacterial communities (named BCS) and their dynamics in a
forest soil. The experiment took place in Barbeau national forest
(CARBOEUROPE site; Fontainebleau, France). Three
treatments of fresh litter inputs were applied: OL: no litter, 1L:
litter added at the natural rate and 2L: litter added at twice the
natural rate. BCS was followed every month during one year
using a molecular fingerprinting (Ribosomal-Intergenic-Spacer-
Analysis) technique. At the same time, intensity and isotopic
composition (5"°C), of soil and litter CO; effluxes were measured
as well as soil and ecosystem climatic parameters.

Soil BCS was very dynamic through the year and resilient as
soon as no fresh litter was added. Litter BCS was also very
dynamic but not affected by litter quantity. In all treatments, BCS
during cold periods was markedly different from the rest of the
year suggesting some climatic control on BCS. Last, coinertia
analysis revealed a link between litter BCS and CO, efflux
intensity and 5"C in the 2L treatment. No link was observed in
soil probably due to the multiplicity of CO, sources.
Understanding soil or litter BCS dynamics still needs more
investigations, particularly concerning its climatic dependence.
On the other hand, linking BCS to soil functions would help to
reach a functional decomposition of the soil system and a better
understanding of the climatic control of soil functions.

S08.B.04

Resource limitation of microbial decomposition: the
effect of tree girdling and fertilization on
belowground C and N fluxes

A. Richter', C. Kaiser', M. Koranda’, L. Fuchslueger, F.
Rasche’, B. Kitzler’, A. Sessitsch®, S. Zechmeister-Boltenstern®;
"University of Vienna,Department of Chemical Ecology and
Ecosystem Research, Vienna, Austria, 2Austrian Research
Centers, Department of Bioresources, Seibersdorf, Austria,
3Federal Research and Training Centre for Forests, Natural
Hazards and Landscape, Department of Forest Ecology, Vienna,
Austria.

In addition to temperature and moisture, the availability of labile
resources (especially labile C and N) may control microbial
decomposition of recalcitrant substrates such as soil organic
matter. Here we report on a field experiment in which we altered
the availability of labile C and N in a beech forest by tree girdling
(reducing labile C input by plant roots) and N fertilization.
Concentrations of dissolved organic carbon decreased strongly
during the vegetation period in the girdled plots, while inorganic
N increased up to ten-fold compared to control plots. In the
fertilized plots the amount of inorganic N in the soil solution was
roughly doubled. The altered available C and N pools
significantly reduced gross N-mineralization rates and the
activities of hydrolytic soil extracellular enzymes (i.e., cellulases
and chitinases) during the vegetation period. The activity of
oxidative enzymes (i.e., phenoloxidases and peroxidases)
increased in all seasons. This may partially be explained by the
fact that dead roots and mycorrhizal hyphae increased in girdled
plots and may have provided an additional substrate for
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decomposition. The observed changes in microbial processes
have been caused by shifts in the microbial community
composition, as revealed by PLFA and 16S rRNA analysis of
selected bacterial and archaeal taxa. Furthermore, the changes
in decomposition processes translated into significant changes
in ecosystem trace gas exchange (CO2, CH4 and N20). We
therefore conclude that the availability of labile C and N strongly
affects soil decomposition processes and, via shifts in microbial
community dynamics, may have strong impacts on ecosystem
scale C and N fluxes.

S08.B.05

Resource availability and seasonal changes alter the
prokaryotic community in a soil of a natural beech
forest

F. Rasche’, D. Knapp', C. Kaiser?, M. Koranda®, B. Kitzler’, A.
Richter?, S. Zechmeister-Boltenstern®, A. Sessitsch’;
"Austrian Research Center GmbH, Seibersdorf, Austria,
2University of Vienna, Vienna, Austria, 3Federal Research and
Training Centre for Forests, Natural Hazards and Landscape,
Vienna, Austria.

Changes in resource availability and seasonal changes may
alter prokaryotic communities in forest soils. To test this
hypothesis, a field experiment was conducted in which girdling of
beech trees of a temperate forest ecosystem located in
Klausenleopoldsdorf (Lower Austria) was used to alter carbon
and nitrogen availability for prokaryotic decomposer
communities. Tree girdling led to an increase of nitrate and a
significant decrease of dissolved organic carbon concentrations
compared to the controls. As such changes in resource
availability may be translated into variations within the
prokaryotic community; we obtained from May 2006 bimonthly
soil samples to investigate girdling effects on the dynamics of
the soil microflora over a period of two years. Abundance and
community structure of total prokaryotic population (bacteria and
archaea) and selected bacterial taxa were studied by 16S rRNA-
based quantitative PCR and T-RFLP community profiling. The
quantification of functional genes (amoA, nirS, nosZ) involved in
nitrogen cycling completed our experimental set-up. Seasonal
characteristics caused detectable changes in the abundance
and community structure of the total bacterial/archaeal
population as well as selected bacterial taxa (e.g. alpha- and
beta-proteobacteria, Verrucomicrobia). Tree girdling had a major
effect on the abundance and community structure of analyzed
archaea. The soil bacterial community composition was
particularly affected by girdling, whereas microbial abundance
responded only to a minor extent. The number of bacterial and
archaeal amoA genes (involved in nitrification) showed a clear
response to season and were significantly higher in girdling plots
as compared to the corresponding controls. In contrast,
denitrification genes (nirS, nosZ) showed a clear seasonal trend,
but only a minor response to girdling. In conclusion, resource
availability and season are two major determinants that control
the prokaryotic community composition in the studied temperate
forest ecosystem. Further, such changes in community
composition are followed by alterations of prokaryotic
functioning.

S08.B.06

Nitrogen cycling in the Rothwald forest soil -
microbial communities and effects of environmental
change

E. Hackl', U. Szukics®', S. Zechmeister-Boltenstern®, A.
Sessitsch’;

"Austrian Research Centers GmbH - ARC, Seibersdorf, Austria,
2Federal Research and Training Centre for Forests, Natural
Hazards and Landscape (BFW), Vienna, Austria.



The Rothwald indigenous forest situated in a remote valley in the
Eastern part of the Austrian Alps shows fast soil nutrient
turnover and harbors a plentiful and highly diverse soil
microbiota. Its soil bacterial community was found to be
dominated by representatives of the Acidobacteria group, which
is phylogenetically highly diverse but scarcely characterized
regarding its ecological functions. Because of the undisturbed
conditions prevailing in the Rothwald forest, it was selected as a
model system for the study of forest nitrogen (N) cycling. High N
turnover rates together with moderate losses and large pools of
microbial biomass N were indicative of strong internal cycling. In
the following, N processes in the Rothwald were compared with
those in the Schottenwald forest, which is located within the
Vienna city area and receives high atmospheric N loads.
Enhanced release of radiative active N gases from forest soils is
envisaged in consequence of elevated atmospheric N deposition
and altered soil water and temperature regimes. To elucidate
potential feedback effects induced by conditions of global
change, N gas emission by nitrifying and denitrifying
communities was studied in experimentally modified soil
environments. N amendments as well as variations in soil water
content and temperature provoked divergent responses in N gas
emission from the two forest soils. Changing soil conditions
specifically influenced nirK and bacterial and archaeal amoA
gene copy numbers, while the structural composition of the
respective communities remained widely unaffected. Finally,
metagenomic analyses were performed on the Rothwald forest
soil aimed at improving our understanding of the organisms
involved in N gas emission and at retrieving functional
information on environmentally abundant but physiologically
poorly explored microbial groups.

S08.C.01
Microbial diversity affects community response to
climatic changes

E. Coucheney’, T. Daniel’, C. Chenu®, N. Nunan®;

'Bioemco UMR 7618 Université Paris 6, Thiverval Grignon,
France, ’SCRI, Invergowrie, Dundee, United Kingdom, 3Bioemco
UMR 7618 Agro Paris Tech, Thiverval Grignon, France,
*Bioemco UMR 7618 CNRS, Thiverval Grignon, France.

A number of experimental studies suggest that microbial
communities can adapt to increases in temperature but the
mechanism of the adaptation is not clear. Our hypotheses were
that climatic factors affect community structure leading to
differences in microbial decomposition and that the diversity of
the initial community affects the extent of the response to
environmental changes. In soils, links between microbial
diversity and ecosystem functioning are difficult to elucidate both
due to the complexity of the soil habitat and to the effect of the
environmental context on microbial interactions. Our aim was to
measure the effect of two climatic factors, temperature and
water content, on the respiratory response of soil microbial
communities having different diversities in simple structured
media.

Several bacterial species were isolated from soil and incubated
in sand microcosms with fructose as the sole carbon source, at
three different temperatures (15, 20, 25°C) and two matric water
potentials (pF1, pF2), either alone or in groups of three or eight.
Respiration was measured during the incubation whilst
community structure was analysed after one week.

There was a positive effect of temperature on the lag phase for
all communities but the effect increased with diversity between
15°C and 20°C. For single strain treatments the effect was larger
when water content was high and it was the opposite for
communities containing three or eight species. Temperature
increased the rate of respiration for the eight species community
only. On average, communities with three species consumed
more carbon than single strains but at a slower rate. The
consumption of the substrate by communities with eight species
was lower at the high water content for all temperatures
suggesting that competiton lead to a reduction of
decomposition. These results suggest that the extent of the

community response to environmental changes increases with
initial microbial diversity.

S08.C.02

Functional resilience of soil microbial communities
depends on both soil structure and microbial
community composition

B. S. Griffiths', P. D. Halletf’, T. J. Daniel’, A. S. Gregory®, C.
W. Watts®, A. P. Whitmore®;

"Teagasc, Wexford, Ireland, 2Scottish Crop Research Institute,
Dundee, United Kingdom, ’Rothamsted Research, Harpenden,
United Kingdom.

The effects of soil structure and microbial community
composition on microbial resistance and resilience to stress
were found to be inter-related in a series of experiments. The
initial ability of Pseudomonas fluorescens to decompose added
plant residues immediately following a copper or heat stress
(resistance), depended significantly on which of 26 sterile soils it
was inoculated into. Subsequent studies showed that both the
resistance and subsequent recovery in the ability of P.
fluorescens to decompose added plant residues over 28 days
following stress (resilience) varied significantly between a sandy
and a clay-loam soil. Sterile, sandy and clay-loam soil was then
inoculated with a complex microbial community extracted from
either of the soils. The resulting microbial community structure
depended on soil type rather than the source of inoculum, while
the resistance and resilience of decomposition was similarly
governed by the soil and not the inoculum source. Resilience of
the clay-loam soil to heat stress did not depend on the water
content of the soil at the time of stress, although the physical
condition of the soil when decomposition was measured did
affect the outcome. The application of repeated stresses led to
different reductions in function according to soil type. We
propose that soil functional resilience is governed by the
physico-chemical structure of the soil, through its effect on
microbial community composition and microbial physiology.

S08.C.03
Bacterial spatial characteristics at the microscale in
soil

G. L. Grundmann’, J. Thioulouse®, M. Kyselkova', J. Haurat';

"UMR5557 Ecologie Microbienne, Villeurbanne cedex, France,
2UMR5558 Biometrie et Biologie Evolutive, Villeurbanne cedex,
France.

Bacterial habitats occupy 0.1% of the soil pore space, that is
why bacteria in soil should be considered in spatial terms. The
spatial distribution of bacteria at the microhabitat scale is a key
parameter to encountering probabilities between substrates and
bacteria and between bacteria, and thus to soil function. They
are particularly important to bioremediation and horizontal gene
transfer processes. Nervertheless, data about bacterial
distribution are scarce, particularly at the relevant microscale.
Results about the spatial distribution characteristics of micro-
habitats for bacterial specific groups have been previoulsly
obtained suggesting that the notion of microhabitat should be
revisited, as it may be ephemeral during growth. Communities in
soil obviously have a spatial dimension and a way to define
communities, is to look at the spatial distribution of bacteria
diversity at the microscale. An experiment was carried out, using
a 1400-probe16S microarray, to evaluate diversity in millimetric
diameter aggregates along a 10 cm transect. Ubiquitous and
rare populations could be defined, providing new data for
population spatial structures in soil. The relationship between
spatial and numerical dominancy was suggested.
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S08.C.04
Modelling the interactions between soil structure and
microbial activity

0. Monga', M. Bousso', P. Garnier?, V. Pot’;
'IRD, Dakar, Senegal, INRA, Thiverval Grignon, France.

Up to now, the soil structure models were used to study soil
physical properties and they do not include microbial life. Here,
we propose a geometric model for the 3D representation of pore
space with active micro organisms inside. First, 3D tomography
images of 11 microns resolution) of a silt loam soil are provided.
The pore space is described using a minimal set of maximal
balls (Delaunay spheres) recovering the shape skeleton. This
set of balls provides the adjacency graph. We hypothesize that
the ball is the functional unit of the pore space for the physical
and biological processes. The balls may be full of water or air
according to their size and location using Young-Laplace law
and taking into account drainage hysteresis. Organic matter and
microbial decomposers are distributed within the balls. Microbial
decomposition is simulated using an offer (from organic matter)-
demand (from micro organisms) approach. The decomposition is
applied to micro organisms connected to organic matter through
paths of water filled balls. The model produced realistic
simulated results when compared with data in the literature in
terms of the water retention curve and carbon mineralization. A
decrease in water pressure decreased carbon mineralization,
which is also in accordance with findings in the literature. From
our results we showed that the influence of water pressure on
decomposition is a function of organic matter distribution in the
pore space. As far as we know, this is the first approach to have
linked pore space geometry and biological dynamics in a formal
way. Our next goal will be to compare the model with
experimental data of decomposition using different soil
structures.

S08.D.01
Biogeochemical transformations and response to
change of soils in Antarctic dry valleys

D. W. Ho kins7'2, A. D. Sparrow3, E. G. Gregorich", P. Novis5, B.
Elberiing®, L. G. Greenfield’;

"Scottish Crop Research Institute, Dundee, United Kingdom,
2University of Stirling, Stirling, United Kingdom, *University of
Nevada, Reno, NV, United States, *Agriculture Canada, Ottawa,
ON, Canada, °Landcare Research, Lincoln, New Zealand,
®University of Copenhagen, Copenhagen, Denmark, "University
of Canterbury, Christchurch, New Zealand.

The Antarctic Dry Valleys are regarded as one of the harshest
terrestrial habitats on the Earth because of the extremely cold
and dry conditions. Despite the extreme environment and
scarcity of conspicuous primary producers, the soils contain
organic carbon and heterotrophic micro-organisms and
invertebrates. Potential sources of organic compounds to sustain
soil organisms include in situ primary production by micro-
organisms mosses, spatial subsidies from lacustrine and marine-
derived detritus, and temporal subsidies from ancient lake
deposits. There is, however, little information about the
biogeochemical potential of the soil communities in these soils
and how they respond to additions of organic resources and
nutrients. In this paper we will report recent experimental data
from a 3 year field experiment on the potential biogeochemical
transformations of carbon, nitrogen, phosphorus and sulphur in
these soils and the way in which the soil organisms respond to
resource and nutrient additions.
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S08.D.02
Development of soil as a living space: the case of the
Damma glacier forefield

E. K. Buenemann’, E. Kandeler?, E. Frossard’, R. Smittenberg’,
F. Tamburini', S. M. Bernasconi®;

7Group of Plant Nutrition, ETH Zurich, Lindau, Switzerland,
2University of Hohenheim, Stuttgart, Germany, *Geological
Institute, ETH Zurich, Lindau, Switzerland.

The chronosequence of soil along a glacier forefield presents a
suitable model to investigate the formation of soil as a living
space by microorganisms and plants, weathering processes and
accumulation of organic matter. The forefield of the Damma
glacier is currently being studied in a large interdisciplinary joint
project between the ETH Zurich and the WSL Birmensdorf, with
23 common sites ranging in age from 5 to approximately 3000
years after deglaciation. Data from vegetation surveys and basic
soil characteristics in 0-5 and 5-10 cm depth are already
available. We measured organic and microbial C, N and P,
availability of inorganic P and N and the activities of enzymes
involved in C, N and P cycling. Organic matter, microbial
biomass, P and N availability and enzyme activities tend to be
very low at the very young sites and increase along the
chronosequence, with maximum values generally found at the
two oldest sites. Using additions of phosphatase enzymes, we
investigated the release of P from organic P in soil water
extracts and soil suspensions. A possible effect of C-C
hydrolases and oxidoreductases on P release was also
explored. The results are interpreted in terms of the potential
benefit for bacteria, fungi and plants to secrete extracellular
enzymes at different locations along the chronosequence.

S08.D.03
Tree species control nitrification?

K. S. Andrianarisoa, E. Dambrine, Z. Bernd, J. Ranger;
INRA, UR Biogéochimie des Ecosystemes Forestiers, Nancy,
France.

We studied how tree species affect N nitrification at a site where
five tree species (Picea abies, Abies nordmanniana, Pinus nigra,
Pseudotsuga menziesii, Fagus sylvatica) were planted 30 years
ago in a clear cut within an old (150 years) beech and oak
coppice (TSF). Net nitrification was very low in TSF, Nordmann
fir and Spruce stands and high in Douglas fir, Pine and Beech
stands. Two experiments were started in 2006: (i) exchange of
180 soil cores (O + A horizons, 8cm diameter and 15cm depth)
between all stands and (ii) exchange of 12 O layer subplots
between the TSF and Douglas fir stands. After 18 months, soil
cores were collected from all plots, and incubated in vitro to
measure the net N nitrification. Subsamples were used to extract
DNA followed by quantitative PCR of Nitrite-Oxidizing Bacteria
(NOB).

Soil cores from highly nitrifying stands transferred to highly
nitrifying stands nitrified. Soil cores from highly nitrifying stands
transferred to poorly nitrifying stands continued to nitrify. Soil
cores from poorly nitrifying stands transferred to highly nitrifying
stands nitrified strongly. Finally, nitrification remained poor in soil
cores from poorly nitrifying stands transferred among each other.
Quantitative PCR of NOB was correlated to net nitrification.
Therefore, we demonstrated that Beech, Pine and Douglas fir
stands quickly promote the activity of NOB. Conversely, rapid
inhibition of nitrification by Nordmann fir, Spruce and TSF stands
was not found.

The transfer of the TSF O layer in the Douglas fir stand
increased nitrate concentration in the soil of Douglas fir while the
O layer of the Douglas fir transferred to the TSF stand did not
affect the nitrate concentration in the TSF soil. As the nitrification
process did not seem to be controlled by the humus layer alone,
we suggest an additional control by root exudates.



S08.D.04
N-dynamic and microbial community structure
depending on vegetation patterns in agricultural soils

U. Hamer, F. Makeschin;
Institute of Soil Science and Site Ecology, Tharandt, Germany.

Vegetation patterns in agricultural soils might have profound
effects on the structure of the soil microbial community and on
nitrogen dynamics in soils. Especially in agricultural
management systems with fallow periods within crop rotations
vegetation patterns change frequently. Plant diversity, plant
species composition, plant genotype as well as management
practices like fertilisation and ploughing can influence the
microbial community composition and nutrient cycling rates in
soils.

The objective of the project was to assess the dynamic of soil
organic matter mineralisation depending on changes due to
season and agricultural management practices in a sandy
Cambisol with site conditions typical of NE-Saxony, Germany. A
special focus was on the influence of the dominant plant species
(Rumex acetosa, Cirsium arvense, Agropyron repens, Secale
cereale) on nitrogen dynamics and the structure of the soil
microbial community (phospholipid fatty acid analysis, PLFA). A
former arable site with natural succession vegetation (“Fallow”)
was compared to a site under intensive agricultural management
(“Intensive”).

The influence of management on most examined parameters
was less pronounced than seasonal changes. However,
differences in PLFA profiles between bulk soils of Fallow and
Intensive plots were visible. They were reflected in PLFA profiles
of rhizosphere soil originating from typical plant species of the
Fallow (Rumex acetosa, Cirsium arvense, Agropyron repens)
and rhizosphere soil of Secale cereale grown on the Intensive
plots. Rhizosphere soil of the leguminous plant species Vicia
villosa had the most distinct and diverse PLFA profiles. Net
nitrification and gross nitrate transformation rates indicated a
higher microbial activity in Vicia villosa rhizosphere soil
compared to rhizosphere soil of the other plant species.
Generally, the potential to release N as indicated by higher gross
N mineralisation rates was higher in the Fallow soil than in the
Intensive managed arable soil.

S08.D.05

Effects of organic and conventional farming
practices on biological soil quality parameters:
Evolution during the experimental period of the long-
term DOK field trial

H. Oberholzer', A. FlieBbach? P. Mader?, J. Mayer';
1Agroscope Reckenholz Ténikon ART Research Station, Zlirich,
Switzerland, 2Research Institute of Organic Agriculture, Frick,
Switzerland.

In the long-term DOK field trial at Therwil, Switzerland, the
following agricultural farming systems were compared since
1978: CONFYM (mineral and organic fertilisers, synthetic
pesticides), BIOORG (organic fertilisers, mechanical weeding
and biological disease and pest control) and BIODYN (with
composted manure and bio-dynamic preparations). These three
systems were performed at two fertiliser intensities of 0.7 and
1.4 livestock units ha™, respectively. They were compared with
CONMIN (conventionally managed, exclusively minerally
fertilised) and NON (unfertilised control). The seven year crop
rotation, including two to three years of grass-clover, green
manuring, the removal of cereal straw from the harvest plots and
soil tillage were identical for all systems. CONFYM and CONMIN
were limed with 2.7 t CaCOs; ha” in 1999, CONMIN with
additional 2 t CaCO; ha™ in 2005 since pH values had dropped
below officially recommended values.

Soils were sampled from 0 to 20 cm depth in spring at the end of
the 3@ (1998) and 4" (2006) crop rotation period and
subsequently, soil microbial biomass (substrate induced

respiration- and chloroform fumigation extraction-method), soil
respiration and dehydrogenase activity were analysed.

Manure influenced most soil microbial parameters positively
compared to the non-manured treatments. At both fertiliser
intensities, BIODYN showed the highest values, but as a result
of liming the differences between the organic and conventional
farming systems were narrowed. In particular microbial biomass
and dehydrogenase activity increased and qCO, decreased in
CONFYM and CONMIN after liming. This result underlines the
importance of pH-management for maintaining and improving
microbial soil quality. We conclude that the lack of organic
fertilisers in CONMIN decreases microbial activity, whereas the
use of composted manure may have additional benefits in
BIODYN. The predominant farming systems in Switzerland,
CONFYM and BIOORG were thanks to their use of organic
fertilizers and residues equally beneficial for microbial soil
quality.

S08.D.06
Seasonal dynamics of microbial communities in two
alpine soils: a molecular approach

R. A. Geremia, L. Zinger, B. Shahnavaz, F. Baptist, L. Sage, J.
Bonnev, P. Chol;

Laboratoire d'Ecologie Alpine (LECA) UJF/CNRS UMR 5553,
Grenoble, France.

Understanding the functioning of soils (i.e. carbon and nitrogen
pools) requires a description of the local microorganisms and
their metabolism. We characterized the soil microbial
communities and their dynamics of two contrasted alpine
meadows, snowbed combs and wind-exposed ridges. These
weakly anthropized, high altitude ecosytems (2400 m) differ in
snow cover duration. Snowbed combs show an 8-10 week delay
in snowmelt and spring soil warming. This snow cover maintains
soil around 0°C during winter (allowing microbial activity and
thus, litter decomposition), whereas wind-exposed ridge soils,
without snow cover, undergo -5 to -10°C freezing. Consequently,
plant communities of these two ecosystems are entirely different,
dominated by fast growing species in the first ecosystem, and by
stress tolerant species in the second one. The seasonal
successions of microbial communities are therefore shaped by
markedly contrasted biotic and abiotic factors.

Soils samples were harvested at different seasons, and DNA
sample pools were used to amplify a polymorphic segment of
the conserved ribosomal DNA using kingdom specific primers.
We improved the SSCP method and used it as a fast, high-
throughput way of community fingerprinting. Microbial
communities' fingerprints were analyzed by computing pairwise
distances between normalized electrophoregrams and
generating NJ trees. Tree analysis revealed good sampling
reproducibility, a seasonal structure of microbial communities,
and notable divergences between the two ecosystems at all
seasons, except in spring. We then cloned and sequenced rDNA
PCR products to ascribe a phylogenetic basis to these
variations, and confirmed the large differences in microbial
community structure between the two ecosystems. We also
were able to identify several microbial clusters that vary widely
along the seasonal successions.

High-throughput taxonomic sequencing, mesocosm
experiments, and metatrancriptomic approaches are now under
way to understand the kinetics, extent and biochemical
processes of litter degradation in periodically snow covered
soils.

S08.E.01
Metaproteomics: a new approach for studying
functional microbial ecology

P. A. Maron, A. Mercier, L. Ranjard;
UMR Microbiologie du Sol et de I'Environnement, Dijon, France.
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Establishing the link between microbial diversity and ecosystem
functioning constitutes one of the fundamental questions in
microbial ecology. However, microbial biodiversity cannot be
resolved in a single manner and the question arises about which
of the genetic and/or taxonomic and/or functional components of
biodiversity are the most relevant in such a problematic. To date,
most researches in this field has focused on genetic diversity
and few investigations have examined functional diversity,
resulting in a poor understanding of the manner in which genetic
and taxonomic diversity affect functional diversity or ecosystem
properties. This can be explained by paucity of methods allowing
an in situ and without a priori functional analysis of indigenous
microbial communities. This statement recently stimulated the
development of new approaches allowing the characterization of
microbial metaproteome (i.e. all the proteins synthesized at the
scale of the community at a given moment) extracted from
environmental samples. Since proteins, and more precisely
enzymes, are involved in biotransformation processes,
metaproteome analysis constitutes a suitable way to
characterize the dynamics of microbial functions in a holistic
way.

Our presentation deals with interest and expected outcomes of
the development of the metaproteomic approach for the
functional analysis of microbial communities in their habitat.
Different applications will be presented, highlighting the
specificity and the sensitivity of the approach to characterize
modifications of the functional structure and of the physiology of
indigenous bacterial communities in response to metallic
pollutions or organic matter inputs. Results presented show that,
depending on soil characteristics, bacterial communities with
similar genetic structures can harbour different functional
structures and thus be potentially of different ecological
significance for soil functioning. However, since they do not
necessarily evolve in the same way, the simultaneous
characterisation of genetic and the functional structures appears
warranted to highlight fine and qualitative modifications in
bacterial communities induced by variations in surrounding
environmental conditions.

S08.E.02
Iron reducing bacterial activities and communities in
paddy soils: impact of salinity and of organic matter

A. J. Bongoua Devisme, A. Cébron, T. Beguiristain, C. Mustin,
J. Berthelin;
LIMOS, Vandoeuvre les nancy, France.

Processes of oxydo-reduction occurring in the availability of iron
and of associated trace elements, as well as their consequences
on the functioning of soil in permanent or in temporary
hydromorphic soils have already been studied. The originality of
this work is built on a study of these processes in paddy fields
which presented salinity zones and organic matter addition
performed to limit the negative effect of the salinity on rice
production.

Specific techniques have been used to study the cultivable
rhizospheric and non rhizospheric bacterial communities,
involved in these processes and to measure their activity which
could control soil functioning and/or could be determined by soil
parameters.We observed, that independently of the salinity, the
paddy plots amended in organic matter presented the highest
reducing conditions and the higher anaerobic ferri-reducing
activity but the higher rice production. On the other hand,
whatever was the studied plot, the cultivable bacterial
communities always presented halotolerant even hyper -
halophilic characteristics.

To better defined the bacterial communities involved, four
cultivable bacterial consortiums (S1 ; S2 ; S6 et S8) isolated
respectively from a paddy salty and organic amended plot
(L25S), a paddy salty and not amended plot (L14S) and a paddy
not salty and amended plot ( L14NS) were selected for further
studies. Their capacity to dissolve iron oxides according to the
salinity, the evolution of the chemical parameters (pH, Eh,) and
the production of fermentation métabolites were measured.

56

Tools of molecular biology (PCR-TTGE then sequencing)
allowed to characterize Shewanella putrefaciens, Enterobacter
Rpfp and Enterobacter cloacae in saline and non saline
environment. The bacteria Clostridium  beijerinckii and
Clostridium acetobutylicum were observed in non saline
environment and the bacteria Clostridium saccharobutylicum
and Bacillus megaterium only in saline environment. The
fermentative bacteria appear of major interest in these
environments.

S08.E.03

How alternative agricultural practices affect the soil
biota and soil function - the case of the denitrification
process

A. Brauman', C. Villenave', E. Baudoin®, M. Diouf, B. Rabary’,
L. Chapuis-Lardy®, L. Phillipot’, J. Thioulouse®, E. Blanchart', J.
Chotte’;

"IRD, Montpellier, France, *IRD, Dakar, Senegal, *Fofifa,
Antananarive, Madagascar, 4IRD, Antananarive, Madagascar,
®INRA, Dijon, France, °CNRS, Lyon, France.

To counter the loss of soil fertility due to conventional
agriculture, alternative practices like Direct seeding Mulch-based
Cropping systems (DMC) has been adopted in different
countries (USA, Brazil, Madagascar). These alternative systems
aim to conserve, improve and make more efficient the use of
natural resources. The principle of DMC is to keep the soil
permanently covered by mulch in absence of tillage. The aim of
this work was to investigate to what extent DMC modifies soil
biota and its activities, taking the denitrification process as a
bacterial model function. The experimental field was located in
Madagascar on a clayey ferrallitic soil where conventional tillage
(CT) was compared to DMC along a soybean-rice rotation
including a fertilization gradient. The soil biota studied included,
total macrofauna, nematofauna, bacteria and and key functional
denitrifiers communities. All these communities were studied in
terms of density, structure and potential activities for the
denitrifiers communities. Compared to CT, DMC positively
affected the biomass of all the soil biota. However, for the soil
fauna, high fertilization inputs (organic + NPK) diminished the
difference between these two practices. In DMC plot, earthworm
biomass was dominant while Coleoptera larvae dominated in CT
plot. Nematode densities and microbial biomass increased
significantly under DMC practices. Nevertheless, the fertilization
levels seem to have a higher impact than culture practices on
the nematode and bacterial diversities. Co-inertia analysis
confirmed that cultural practices and fertilization have the same
influence on bacterial and nematode diversities. DMC
significantly affected the different parameters (potential activity-
density-structure) of the bacterial community involved in N20
emission, but they did not changed in situ N20 emissions
compared to CT. At last The direct or indirect effect of the
modification of the soil fauna by agriculture practices on the
denitrification process is discussed

S08.E.04
Denitrifying activity and fungal growth in the fresh
cast of Aporrectodea caliginosa

A. V. Kurakov', S. A. Kharin®;

"Lomonosov Moscow State University, International
Biotechnological Center, Soil Biology Dept., Moscow, Russian
Federation, “Lomonosov Moscow State University, Soil Biology
Dept., Moscow, Russian Federation.

Earthworm activity leads to intensification of nitrogen turnover in
soils. As a rule it increases nitrogen losses in that bacteria are
responsible. Fungi contrary play key role in nitrogen
immobilization. There are observations that soils with higher
ratio fungal to bacterial biomass have lower denitrifying potential.
In this work the interrelation between intensity of fungal growth
and activity of denitrification in earthworm casts was studied.



The incubation experiments (12 days at 20°C) were done with
fresh casts of Aporrectodea caliginosa from soddy-podzolic soil.
Inorganic nitrogen was determined by colorimetric methods,
denitrification - acetylene inhibiton method, biomass -
luminescent microscopy with fluorescein diacetate. Intensity of
fungal growth in the casts was inhibited by cycloheximide (16
mg/g).

Rates of nitrification and denitrification were much higher in the
casts than in the soil. Denitrification in the casts decreased on
30% at the end of incubation and it became close to activity in
the soil.

Significant elevation of fungal biomass in the cast (around 5
times) was observed already after 3 days. Antibiotic inhibited
mycelium growth completely during first 3 days and fungal
biomass increased in 2 times only after a week. Amount of
immobilized N in the biomass declined from 135-195 ug N/g in
control up to 40-107 pg N/g in the treatment with cycloheximide.
At the same time the casts with antibiotic have significantly
higher content of ammonium, nitrates and rate of denitrification
(on 10-15%) than control cast. So, there is interrelation between
intensity of fungal growth, decline of pool of inorganic nitrogen
and activity of denitrification in the casts. Most possible
mechanism lies in the competition of fungi and denitrifying
bacteria for available nitrogen and carbon. Amendment of plant
polymer substrates that improve of fungal growth can be
recommended for maintain nitrogen in soils with abundant
population of earthworms.

S08.F.01

Endogeic engineering: Soil ecological processes
related to endogeic earthworms - A summary of lab
incubations

M. Potthoff', P. Zareitalabad’, C. Wachendorf, R. Joergensen;
"Centre Agriculture and Environment, Géttingen, Germany,
2Departmem‘ of Soil Biology and Plant Nutrition, Kassel,
Germany.

We summarize a number of published and unpublished
incubation experiments with endogeic earthworms from our
group. Some specific characteristics for endogeic earthworm
species in the functions of litter breakdown, microbial biomass
regulation, nutrient turnover and soil formation will be worked
out. All the incubation experiments compare treatments related
to the factors endogeic earthworms (yes/no) and substrate
addition (yes/no). The substrate added always represents crop
residues. Aporrectodea caliginosa or Octolasion lacteum were
used in the experiments. Our results support the view that
endogeic earthworms feed on microorganisms to a large extent.
Endogeic earthworms reduced the soil microbial biomass in all
experiments. This reduction was persistent even after removal of
earthworms and application of a drying and rewetting cycle.
Using stable isotope techniques, we are able to show that the
uptake of microbial biomass does not only account for the
digestion of microorganisms from ingested soil particles, but also
by a selective grazing on litter colonizing microorganisms.
Comparing different size classes of particular organic matter, it
turned out that even small particles do not decrease in the
presence of earthworms. This indicates again a selective
preference for microbial tissue. According to the ergosterol
contents, soil fungi were ingested at higher rates. Moreover,
focusing on the nutrient turnover, we are able to show that
endogeic earthworms have different impacts in relation to tillage
practices than anecic earthworms. In addition we will report on
an experiment drawn to the question whether the rate of soil
ingestion and aggregate formation by endogeic earthworms
depends on the amount of litter related microorganisms or other
factors like content of humified soil organic matter.

S08.F.02

Functional impact of earthworm biostructures on soil
bacterial community: A field approach in agricultural
soils

D. Piron’, G. Pérés’, P, Vandenkoornhuyse', C. Monard', V.
Hallaire®, S. Ménasseri®, D. Cluzeau';

"UMR EcoBio, Univ. rennes1,CNRS, Rennes, France, “UMR
1069 Sol Agro Spatialisation, INRA, Agrocampus Rennes,
Rennes, France, *UMR 1069 Sol Agro Spatialisation, INRA,
Agrocampus Rennes, Rennes, France.

It is widely accepted that earthworm activities participate greatly
to soil processes by the bioturbation of large volumes of soil.
Their activity affects primarily the soil bacteria communities by
their gut transit. However, while earthworm cast biostructures
deviate from surrounding soil in term of morphology and
availability of organic compound, litle is know about the
persistence of a functional discrimination of microbial biota within
soil biostructures. In this work, we have considered that the
bacterial communities could vary according to the aged of cast
deposition, to the location of cast and also to the nature of
organic matter initially ingested by earthworm.

Based on the classification of soil structures observable on soil
profile, we sampled soil cores corresponding to physicogenic soil
structures (e.g. S- Surrounding soil and Ag- granular plough
structure) and to biogenic structures (e.g. B3g and B3i that
represent respectively some recent granular and welded packing
of cast deposition). So, soil material was collected at different
depths and under contrasted soil management (experimental
plots at Kerguéhennec, France) allowing to compare the impact
of different fertilisations (mineral fertilisation vs poultry manure)
combined to different tillage practices.

On each soil core, total concentrations of carbon and nitrogen
were measured. Moreover, we analysed the diversity of bacterial
community by performing diversity signatures of the 16S rRNA
gene fragment using terminal restriction fragment length
polymorphism (T-RFLP) from environmental DNA extracts.

The first results demonstrated that the manure input enhanced
the total C concentration in the first centimetres for both
physicogenic and biogenic soil structures. Interestingly,
differences clearly appeared with the depth: biogenic structures
significantly concentrated Ctot below 20 cm.

The variability of bacterial communities will be discussed in
relation to (i) the spatial modifications in concentrations of
carbon and nitrogen, and (ii) the different fertilisation treatments.

S08.F.03

Root, mycorrhiza, and earthworm interactions: their
combined effects on plant biomass, nutrition and soil
structure

R. Milleret, R. C. Le Bayon, J. M. Gobat;
Laboratory Soil & Vegetation, Neuchétel, Switzerland.

Biotic interactions in soils are known to influence aboveground
plant communities and furthermore soil fertility, i.e. its nutrient
status and structural stability. Earthworms, arbuscular
mycorrhiza fungi (AMF) and roots are especially important
components of the belowground ecosystem. While AMF have
mainly mechanical and chemical roles (soil particles
enmeshment into bigger aggregates and glomalin secretion),
earthworms structure the soil by their burial and feeding-casting
activities. Furthermore, earthworms are able to disrupt the
mycelium network, which could lead to either a decrease of AMF
root colonization rate, and/or an enhancement of the dispersion
of root/mycelium networks. However, little is known about their
effects on plant growth or soil chemical and physical properties.
Therefore, the objectives of this study are to assess separately
or in combination, in phosphorous limited conditions, the effects
of earthworms (Allolobophora chlorotica, Savigny), AMF
(Glomus intraradices, Schenk and Smith), plant roots (Allium
porrum, L.) and time on i) soil structure and ii) available nutrients
(mainly phosphorous) in bulk soil as well as in both rhizosphere

57



and drilosphere soils. In addition, investigations focus on the
combined effects of earthworms and AMF on plant growth.

Our results point up that earthworms decrease water-stable
macroaggregates. Moreover, available phosphorous decreases
in bulk soil whereas it increases in the drilosphere soil.
Regarding plant growth, AMF enhance shoot and root biomass
and decrease N:P ratio in shoots. Earthworms do not increase
plant biomass. This study shows that under phosphorous
limitation, AMF enhance plant growth via available phosphorous
acquisition from the soil. Earthworms have no direct effect on
plant growth but drilosphere soil may serve as nutrient storage
that can be later mobilized. This study supports the idea that
complex interactions occur at the rhizophere level that may
affect soil structure and fertility.

S08.F.04

Impact of root growth, fungi and earthworms on soil
physical properties as assessed by shrinkage
analysis

P. Boivin', R. Milleret’, C. Le Bayon®, J. Gobaf’, F. Lamy';
"EIL-ITNP, Jussy, Switzerland, 2Laborato:y of Soil & Vegetation,
Neuchatel, Switzerland.

The impact of soil life on soil physical properties is a hot issue
for nowadays concerns such as soil erosion, soil preservation
and restoration, or greenhouse effect. Although soil life is well
known to interact with soil physical properties, its quantitative
impact is poorly described due to difficulties in accurately
assessing small changes in soil physical properties. As the
recent developments in shrinkage analysis are assumed to
overcome this limitation, the working hypothesis of this study
was to quantify with shrinkage analysis the changes induced by
root and fungi growth, earthworms, and the combination of these
living organisms on soil.

The experiment was performed in climate chamber with
homogenized soil columns. The control was a sterile soil and the
different treatments were (1) earthworms, (2) mycorrhizae, and
(3) plant (Allium porrum), plus combinations of the treatments.
After 35 weeks, the soil was sampled for analysis. The roots,
mycorrhizae, and earthworms mass and volume distributions
were measured. The shrinkage analysis allowed calculating the
plasma and structural pore volume of the samples, the pore size
distribution of the structural pores, the hydro-structural stability,
the bulk density and the available water in the soils of the
different treatments.

The short term impact of soil biota on soil physical properties
was accurately assessed with the shrinkage analysis. The roots
induced an increase in the bulk soil volume, an increase in the
structural pore volume and hydro-structural stability, resulting in
an increase in available water. A similar effect was induced by
mycorrhizae and cumulated with roots effects. The comparison
between the structural pore volumes and the fungi and root
volumes and sizes supported the theory of a “self-organization”
of the soil-life system. The earthworms compacted the soil and
decreased the soil plasma swelling, as already observed in
similarly structured soils.

S08.F.05

Ecological forest management, soil faunal
communities and soil processes: a case study in the
Black Forest (Germany)

M. Chauvat', D. Titsch?, A. S. ZaitseV’, V. Wolters’;
"Lab of Ecology - ECODIV, Mont Saint Aignan, France, Dept of
Animal Ecology - Justus Liebig University, Giessen, Germany.

In Europe, afforestation policies led to the replacement of native
deciduous tree species forests by coniferous stands. The idea of
re-establishing mixed forests that are better adapted to site
conditions has attracted increasing attention over the last
decades. These mixed forests are assumed to be ecologically
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more stable, more resilient and to fulfi demands for multi-
functional forestry. But so far, few investigations have been
carried out to survey topical aspects in this regard, namely soil
biodiversity conservation and ecosystem processes. We, thus,
decided to investigate the consequences of mixing stands on
soil processes and invertebrate communities. Within three
forestry districts in the southern Black Forest (Germany), we
selected 12 stands representing four common stages of forest
conversion, starting from even-aged pure spruce stand (P),
through two intermediary stages (called species enrichment
stage (SE) and structuring stage (SP)), and finally to a diverse
continuous cover forest (CC). Changes of environmental
parameters between the stages indicated a significant alteration
of the soil environment. While pH increased during conversion
process, C/N ratio and water content had an opposite trend.
Surprisingly neither microbial parameters nor soil respiration
were influenced by the factor “conversion”. Our results, however,
revealed major changes of soil invertebrate assemblages’
structure. Based on densities a group-specific response
emerged with several groups (e.g Collembola, Isopod, Chilopod)
profiting from the conversion process. At the species level, mean
species richness of Collembola largely reflects the enrichment of
the community along the conversion process with a strong
increase of approx. 47% from P to CC. Replacement of species
were also depicted. Major conclusions of this study are the
strong modifications encountered by soil faunal communities
during ecological forest conversion. Improvement of basic
communities’ parameters of several groups (abundance, species
richness, diversity indices) along the conversion process pleads
with such management according to biological conservation
goals.

S08.F.06
Pedotransfer functions for soil biodiversity

U. Graefe;
IFAB Institute for Applied Soil Biology, Hamburg, Germany.

Indicating changes in soil biodiversity is generally considered a
difficult task due to the complexity of soil biota. Current attempts
to open the black box of the microbial community uncover an
immense diversity at the local scale. At regional or landscape
scales, however, the challenge is to define indicators describing
the below-ground system as a whole. It is argued that soil
organisms such as earthworms, having a strong metabiotic
impact on other soil organisms, can be regarded as system
indicators that allow to predict overall characteristics of a specific
soil biota system. System indicators are commonly used in soil
monitoring programmes to assess changes in soil biodiversity
(e.g. within the EU project ENVASSO).

Data from some 50 soil monitoring sites in Germany, which have
been investigated during 20 years, will be used to relate
biological parameters, such as species composition and
abundance of earthworms and enchytraeids, to soil variables
such as pH, soil moisture, soil texture, humus form and land use.
The emerging patterns serve as a basis for defining pedotransfer
functions which allow to predict the characteristics of soil biota,
where direct measurements are not feasible. Pedotransfer
functions are the tool for upscaling soil biodiversity data up to the
landscape scale and for mapping soil biota related soil functions.
They may also be used to define the benchmarks for assessing
decline in soil biodiversity caused by soil contamination, soil
compaction and other soil threats. Examples will be discussed
using data from German pilot sites.

S08.G.01
The contribution of fungi and bacteria to the
microbial biomass in soil

R. G. Joergensen', F. Wichern®;
"Soil Biology abd Plant Nutrition, Witzenhausen, Germany, K+S
KALI GmbH, Kassel, Germany.



Soil microorganisms encompass archea, bacteria, fungi, and
protozoa. They maintain the majority of enzymatic processes in
soil and preserve energy and nutrients in their biomass. The
assessment of the microbial community structure can be divided
into two main approaches: The first approach is the
differentiation of the microbial biomass into a small number of
large functional subgroups such as fungi and bacteria. The
second approach is to measure the large diversity on a
genotype, phenotype or functional level. The knowledge about
the diversity of the soil microbial community has much increased
over the past years, but the contribution of fungi and bacteria to
the soil microbial biomass is still controversial. This is especially
due to the strong focus on soil bacteria in the new molecular and
physiological methods for characterizing microbial diversity. The
repertoire of methods for differentiating between fungal and
bacterial biomass has remained essentially unchanged over the
past decade. Three different approaches can be distinguished
(1) microscopic methods, (2) selective inhibition (3) biomarkers
(ergosterol, PLFA, glucosamine, muramic acid). Data obtained
from the literature were compiled for these three methodological
approaches. The advantages and disadvantages of the different
methodological approaches are highlighted and discussed. In
the majority of experiments, a fungal dominance has been
observed, with a proportion ranging from 60 to 80% fungi of the
total soil microbial biomass in comparison with 40 to 20%
bacteria.

S08.G.02

Influence of pH-heterogeneity of fertiliser effects on
microbial biomass in a long-term field trial of
ecological agriculture

S Heinze', J. Raupp®, R. G. Joergensen’;

"University of Kassel-Organic Agricultural Sc:ence Soil Biology
and Plant Nutrition, Witzenhausen, Germany, 2Institute for
Biodynamic Research, Darmstadt, Germany.

This research project focuses on the comparison of mineral
(MIN), organic (CM) and organic fertiliser with biodynamic
preparation (CMBD) in terms of microbial biomass in a long-term
field experiment of organic agriculture. The data showed a high
variation in the pH values, which are not caused by different
fertiliser but influenced by the heterogeneity of the fluviatile
sandy sediments. This influence of the highly varying pH values
was reduced by the geostatistical methods to improve the
comparison of microbial biomass in the different treatments. The
organic treatments were characterized by nearly 10.7% higher
contents of Cmic (CM: 149 mg kg-1; CMBD: 152 mg kg-1) and
Nmic (CM: 18 mg kg-1; CMBD: 22 mg kg 1) compared with the
mineral ones (136 mg Cmic kg-1; 17 mg Nmic kg-1). These
results were consistent with the significant (P < 0.05) lower
Cmic/Nmic-ratios (MIN: 9.2; CM: 8.4; CMBD: 7.5) of the
treatments with organic fertiliser addition. Furthermore, the Pmic
contents showed 25% higher values (6.5 mg kg-1) in the CM
treatment and 44 % in the field with CMBD addition (7.5 mg kg-
1) than in the mineral treated soil (5.2 mg kg-1). The Cmic/Pmic-
ratio was 26 with mineral fertilisation compared with 23 (CM) and
20 (CMBD) in the organic treatments. This points to a higher P-
availability in the soils with organic fertilisation. This suggests
that the addition of organic fertiliser generates higher microbial
biomass and higher nutrient availability of nitrogen and
phosphorus in comparison with the addition of mineral fertiliser.
Microbial sulphur (Smic) will be determined to give additional
information about the role of microbial sulphur transformation in
soil with mineral and organic fertilisation.

S08.G.03

Soil microbial community structure, diversity and
functionality in integrated livestock-corp production
systems compared to continuous cotton

V. Acosta-Martinez', S. Dowd?, V. Allen’;

"USDA-ARS, Cropplng Systems Research Laboratory, Lubbock,
TX, United States, 2USDA-ARS, Cropping Systems Research
Laboratory, Livestock Issues Research, Lubbock, TX, United
States, *Texas Tech University, Department of Plant & Soil
Science, Lubbock, TX, United States.

Many regions of the world are facing soil quality and
sustainability problems due to monoculture. In the Texas High
Plains of US, cotton (Gossypium hirsutum) production under
continuous monoculture and conventional tillage (since the
1940’s) has contributed to wind-induced soil erosion and organic
matter reduction. This study is part of a larger project to develop
and evaluate integrated crop and livestock systems that reduce
dependence on underground water while optimizing productivity
and enhancing soil quality. A clay soil (Fine, mixed, thermic
Torrertic Paleustolls) was studied during the first 10 years under
continuous cotton compared to an integrated livestock-crop
system with a perennial warm-season grass pasture
(Bothriochloa bladhii) and two stages of a rotation (wheat
(Triticum aestivum)-fallow-rye (Secale cereale)-cotton). After 5
years, total C (0-5 cm) was only higher under perennial pasture
but total C (avg: 17.3 g kg soil) and total N (avg: 1.5 g kg™ soil)
were higher in all the integrated crop- ||vestock systems
compared to continuous cotton (11.4 g C kg™ and 1.1 g N kg™

soil) after 10 years. After 5 years, soil mlcroblal biomass C
(MBC) was greater in perennial pasture (193 mg kg™ soil) and in
the rotation when sampled under rye or cotton $237 mg kg soil)
compared to continuous cotton (124 mg kg~ soil), but MBC
became significantly higher in all the alternative systems after 7
years. Similar trends were found for enzyme activities of C (B-
glucosidase, a-galactosidase), P (alkaline phosphatase,
phosphodiesterase), N (B-glucosaminidase), and S
(arylsulfatase) cycling. The integrated crop-livestock systems
had  higher  protozoa  (20:4w6c=1.98%) and fungi
(18:3w9c=1.30%) than continuous cotton (20:4w6c =1.09%;
18:3w9c= 0.76%) after 5 yrs. Higher mycorrhizal fungal fatty
acids (18:1w9c, 16:1w5c) were detected under ungrazed areas
compared to grazed areas in pasture at 0-5 cm. Bacterial
diversity as affected by the integrated-crop livestock systems will
be discussed.

S08.G.04

Microbial-biogeography of France by the use of
molecular tools applied to the French soil quality
monitoring network (RMQS)

L. Ranjard’, S. Dequredt M. /e//evre C. Jolivet’, N. P. A.
Saby?, M, Martin?, J. Thioulouse®, J. Harmand®, P. Loisel’, D.
Arrouays

INRA, D/jon France, 2INRA, Orleans France, °CNRS, Lyon,
France, “INRA, Narbonne, France, °INRA, Montpellier, France.

Although microorganisms are the most diverse and abundant
type of organisms on earth, the determinism of microbial
diversification and the distribution of microbial diversity from
small to large scale are poorly documented. Ecologists studying
macroorganisms have long recognized that beta-diversity (how
community composition changes across a landscape) is central
for understanding the environmental factors driving the
magnitude and the variability of biodiversity. However, this
conceptual vision is also relevant for microorganisms since
patterns of beta-diversity can offer valuable insights into the
relative influence of dispersal limitations, environmental
heterogeneity, and environmental and evolutionary changes in
shaping the structure of ecological communities. Despite the
statement that spatial patterning of microbial diversity can have
important consequences regarding to plant community structure
and ecosystem functioning, microbial beta-diversity patterns
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have been poorly investigated and remain largely unknown. In
this context, we have investigated the characterisation of the
indigenous bacterial communities from soils sampled at a broad
scale. This goal was achieved by characterising density,
diversity and genetic structure of bacterial communities by using
molecular tools directly on the DNA extracted from the soil
library of RMQS (“Réseau de Mesures de la Qualité des Sols” =
French soil quality monitoring network) which cross-rules all the
French territory with about 2200 soils sampled. In this library,
soil physico-chemical characteristics, climatic factors, floristic
composition and land use were recorded. Specific statistical
tools were developed to confront microbiological, pedo-climatics
data and geographic distance to i) characterise the bio-
geographical patterning of soil bacterial diversity in French sails,
ii) deduce the contribution of edaphic, climatic and land use
factors on soil bacterial diversity and composition, and iii) identify
bacterial bio-descriptors of specific environments and
anthropogenic activities. Moreover, such an approach will allow
to validate one of the oldest concept in microbial ecology
“everything is everywhere, but, the environment selects”
(Beijerinck, 1913).

S09 Forest Management and
Soils

S09.H.KL

Climate - vegetation - soil interactions: Changes in
forest soil properties and function in a changing
environment

H. Van Miegroet;
Utah State University, Logan, UT, United States.

Soil scientists have long been aware of the continuous feedback
between vegetation cover and soil properties. On a broad scale,
climate influences the distribution and productivity of vegetation
types, with local variations in vegetation due to differences in
edaphic soil conditions. Within a given region, soil microclimate
generally reflects ambient climatic regimes, but vegetation cover
induces local variations in soil water and temperature patterns
by influencing rainfall interception, snow accumulation, shading,
or insulating the soil with accumulated litter material. Different
vegetation types further cause differences in the rate, quality,
and mode of annual organic matter input via foliar litter fall and
root turnover. As a consequence, distinct climate-vegetation
combinations result in distinct sets of physical, chemical and
biological soil properties and pedogenic processes. In extreme
environments, this may be reflected in persistent tree or shrub
islands that influence and in turn are influenced by resource
availability.

A change in this climate-vegetation complex - whether due to
land use shifts, forest manipulations, global climate changes, or
a combination thereof - will cascade into a complex set of
changes in organic matter storage and dynamic, physico-
chemical soil properties, soil formation, nutrient cycling, and soil
biological processes, that may fundamentally change ecosystem
function and soil productive capacity. While we conceptually
understand the interactions between soils, plants, and the
surrounding environment; the complexity of the climate-
vegetation-soil feedbacks often mar our ability to accurately
model or predict future ecosystem responses.
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S09.H.01
Impact of tree species on the release from forest
floor of organic and inorganic carbon and nitrogen

F. Trum’, H. Titeux', J. Ranger?, B. Delvaux’;

"Unité des sciences du sol - Université catholique de Louvain
(UCL), Louvain-la-Neuve, Belgium, 2INRA Centre de Nancy -
Biogéochimie des écosystemes forestiers, Champenousx,
France.

The impact of tree species on soil is ruled by strong soil-plant
feedbacks and interactions with climate. Using forest stands
involving different tree species in homogeneous soil and climate
conditions is thus a prerequisite to understand the specific effect
of tree on soil properties and processes.

Here, we study the release of organic and inorganic carbon
(CO,, DOC) and nitrogen (DON, DIN (NH4", NO3)) from forest
floors from 30 year old monospecific pure stands of spruce
(Picea abies Karst.), Douglas (Pseudostuga menziesii Franco),
beech (Fagus sylvatica L.) and oak (Quercus sessiflora Smith)
grown on the same soil (Alocrisol) (Morvan Plateau, France).
The forest floor leachates were collected after laboratory
incubation under controlled conditions.

The forest floor (Ol, Of and Oh horizons) was the thickest under
spruce (40 mm), and the thinnest under oak (15 mm). The
thickest Ah horizon occurred under oak (30-50 mm), and was
only 10-20 mm thick under the other stands.

As inferred from CO, and DOC release, C mineralization was the
largest in the oak forest, but did not significantly differ between
the three other species.

The nitrification degree (NO3;/DIN) was the largest in the
Douglas forest floor, and the smallest in the spruce forest floor.
Accordingly, the leachates from Douglas forest floor exhibited
the lowest pH values (pH<3.8). The release of dissolved organic
carbon (DOC) and nitrogen (DON) were smallest in the Douglas
forest floor.

We studied the correlation between these observations and the
composition of specific litterfall. We did not observed correlation
between lignin content or C/N ratio of litterfall and forest floor
properties. However, oak litterfall exhibited the largest Mg and
Mn contents, which could promote lignin degradation.

S09.H.02

Nitrogen mineralization pathways in the humic
epipedon along chronosequences of a pure beech
and a mixed oak-hornbeam even-high forests

J. Trap, F. Bureau, M. Vinceslas-Akpa, M. Aubert;
Université, Rouen, France.

Studies focusing on organic matter recycling at the scale of
forest ecosystem dynamics are scare and often based on
indirect measures such as humus forms. Besides, relationships
between humus form changes and important soil functional
processes as nitrogen (N) cycle are lacking. In this study, space-
for-time substitution procedure and laboratory incubation method
for 28 days at 28°C were used in order to assess potential N
mineralization (PM) and nitrification (PN) within the forest floor
(FF) and the five first centimeters (5FC) along two even-high
forest chronosequences: a pure beech one about 130 years and
a oak-hornbeam mixed one about 100 years. Selective inhibitors
were used to distinguish autotrophic versus heterotrophic
nitrification pathways. Results have shown that PM in the FF
increased with forest maturation in both chronosequences
whereas 5FC potential nitrification significantly decreased. Along
pure beech forest maturation, PN was exclusively autotrophic
and decreased with age in both horizons while in mixed forest,
selective inhibitors have revealed a temporal as well as spatial
segregation of nitrifiers group activity, i.e. PN was mainly under
an autotrophic control in the 5FC while it appeared under a
heterotrophic one within the FF. Moreover, within the FF, PN
seemed to be a bacterial process in young stands and a fungal
process within mature stands. In conclusion, N mineralization
pathways as well as associated decomposers vary greatly along



forest chronosequences. These temporal changes in solil
functioning corroborate with humus forms changes during forest
maturation. French humus form classification may thus
constitute a great indicator tool of N mineralization efficiency and
decomposers implicated, especially through extensive
descriptions (OH layer thickness, fine organic matter abundance
in OF or OFm structure).

S09.H.03
Decomposition and nutrient loss of bilberry litter
under three different dominant tree species

T. M. Nieminen, A. Smolander;
Metla, Vantaa, Finland.

The study stands were adjacent 70-year-old stands in Kivalo,
northern Finland dominated by silver birch (Betula pendula
Roth.), Scots pine (Pinus sylvestris L.) and Norway spruce
(Picea abies (L.) Karst.). The soil type was podzol and the
organic layer was mor. Originally the whole study site has been
a homogenous Norway spruce stand, which was clear-cut and
prescribed burned in 1926. Three study plots (25 m x 25 m)
were placed in each stand and abundance of the understorey
vegetation was studied by estimating visually the species-
specific coverage in percentages. Bilberry (Vaccinium myrtillus)
was the most common dwarf-shrub at all sites. The biomass of
bilberry represented more than half of the total aboveground
biomass of the understorey vegetation at all sites.
Decomposition of bilberry leaves and stems was studied using
litter bags placed beneath the humus layer at all study plots for a
two year period.

The decomposition rate of bilberry was highest under birch
which is in agreement with results of mineralization
measurements obtained from the same sites. The rates of
carbon and the net nitrogen mineralization measured in
laboratory incubation experiments were highest in soils taken
from the birch plots. The mass loss of the leaves of bilberry was
higher (52-61%) than that of the stems (33-46 %). There were
no clear differences in nutrient loss rates between sites of
different tree species.

S09.H.04

Structure, functioning and impact of young teak
(Tectona grandis) plantation on coal mine spoil in a
dry tropical environment, India

A. N. Singh;
Department of Botany, Panjab University, Chandigarh, India.

Present study conducted on the ecological aspects of
rehabilitation of coal mine spoil through dense plantations of
Tectona grandis. Teak is indigenous and possesses high
economical value in terms of high-grade timber production in
most of the country. The objective of the present study was to
quantify growth, biomass, net primary production and nutrient
dynamics, and to assess the impact of plantation on restoration
of biological fertility of coal mine spoils.

Growth in height and diameter, accumulation of biomass, net
primary production, N and P storage, and N and P deposition
and release were measured up to 6 yr age of plantation. Impact
of this species on soil redevelopment as indicated by physico-
chemical characters viz. concentration of organic C, N and total
P, levels of mineral N and PO,-P, and rate of N-mineralization
was monitored. Development of soil microbial biomass and
levels of microbial nutrients were also determined. Results
indicated that, biomass accretion; NPP and nutrient storage
increased with age of plantation, and redevelopment of soil
biological fertility on mine spoil was evidently influenced with
increasing plant growth and nutrient cycling tended to become
tighter with age of plantation. The study further indicates that the
ecological restoration of teak plantation on mine spoils is a
feasible land use option, which might be more beneficial in the
long term.

S09.1.01

Influence of six European tree species on soil
respiration, rates of carbon turnover and carbon
stocks in a common garden experiment

L. Vesterdal', B. Elberling®, J. R. Christiansen’, I. K. Schmidt’, I.
Callesen’;

1University of Copenhaégen, Forest & Landscape Denmark,
Hoersholm, Denmark, “University of Copenhagen, Dep. of
Geography and Geology, Copenhagen, Denmark, 3Technical
University of Denmark, Risg Nat. Laboratory, Roskilde,
Denmark.

The knowledge of tree species effects on soil carbon pools and
carbon dynamics is limited, particularly for a range of European
deciduous tree species. We studied soil respiration, rates of C
turnover and soil C stocks in six European tree species in a 30-
yr-old common garden experiment replicated at three sites in
Denmark. Soil respiration was assessed monthly in the field, and
rates of C turnover were estimated by i) the ratio of soil
respiration to C stock in forest floor and top mineral soil
assuming a similar ratio between root and microbial respiration
among tree species, ii) decomposition constants based on the
ratio of litterfall C to forest floor C, iii) foliar mass loss in
litterbags, and iv) mineral soil basal respiration in the laboratory.

Soil respiration differed significantly among species and
increased in the order beech<lime<Norway
spruce=oak=maple<<ash.  Soil respiration was mainly

temperature limited with no significant species difference in Qo.
Norway spruce soils were significantly driest and soil respiration
was also weakly positively related to soil moisture. Forest floor C
stocks increased in the order
ash=lime=maple<oak=beech<<spruce, but mineral soil C stocks
did not differ significantly. The estimates of soil C turnover were
largely consistent. Carbon turnover rates based on the ratio
between soil respiration and C stock increased from spruce and
beech over oak and lime to maple and ash. A similar influence of
tree species on C turnover was indicated by the litterfall C/forest
floor C ratio and by foliar mass loss; rates of C turnover
increased in the order spruce<beech=oak<ash=lime=maple.
Mineral soil C turnover during laboratory incubation was also
highest for ash, maple and oak, but there were no significant
differences. The results suggest that the six common European
tree species had developed consistently different profiles in
terms of soil C dynamics three decades after planting.

$09.1.02
Are soil organic carbon stocks affected by forest
management?

E. Griineberg'?, I. Schéning®, E. K. V. Kalko®, W. W. Weisser’,
E. Schulze';

"Max-Planck-Institute for Biogeochemistry, Jena, Germany,
?Institute of Experimental Ecology, University of Ulm, Germany,
3Institute of Ecology, University of Jena, Jena, Germany,
*Institute of Experimental Ecology, University Ulm, Ulm,
Germany.

Soil organic carbon (SOC) stocks are particularly sensitive to
landuse management and site conditions. We studied the
relation between forest management intensity and SOC-storage
in the framework of the German Biodiversity Exploratories
initiative.

The study was conducted in the Hainich region in
Thuringia/Germany with a total of 500 sampling points along a
landuse gradient including unmanaged forests, selection forests
and age-class forests. We recorded relief parameter, texture and
soil type at each sampling point. The forest floor was sampled by
means of a metal frame and the mineral soil with a soil column
cylinder auger to obtain undisturbed samples at six depth
increments. After sample preparation, the OC-concentrations
were determined and the OC-stocks calculated.

The analysis of the first 90 sampling points by Anova showed
that the OC-stock in the forest floor was significantly higher
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p<0. 0001) in unmanaged and selection forest (0.8 and 0.7 kg m"
) than in age-class forest (0.4-0.5 kg m™). In contrast, the OC-
stocks in the mineral soil were not significantly affected by
landuse intensity. However, the results revealed significant
differences (p<0.0001) among the OC-stocks of the major son
types, Luvisols (9.2 kg m?) and Cambisols (10.8 kg m?).
Cambisols contained the highest OC-stocks at all soil depth
increments.

There were no effects of forest management intensity on OC-
stocks in the mineral soil at a sample size of n=90. However, we
expect that a higher number of soil samples (n=500) will
enhance the propability of significant effects of forest
management intensity, particularly in the topsoil. Additionally, we
are planning to isolate the light fraction of soil organic matter
(SOM) from selected samples to test the hypothesis that the
labile fraction of SOM is more sensitive to forest management
than total OC-stocks.

S09.1.03

Effects of thinning and clear-felling on greenhouse
gas fluxes in Japanese cedar forest on Brown Forest
soils

T. Morishita, S. Ishizuka, T. Sakata, M. Takahashi, S. Kaneko;
Forestry and Forest Products Research Institute, Tsukuba,
Japan.

Carbon dioxide (CO,), methane (CH,) and nitrous oxide (N.O)
are major greenhouse gasses (GHGs).Temperate forest soil is a
source of CO, and N,O, and a sink of CH,, but the effects of
thinning and clear-felling on dynamics of these GHGs are not
well understood. Japanese cedar accounts for 20% of the forest
area, and Brown Forest soils cover 70% of the total forest area
in Japan. Five sites of Japanese cedar forests on Brown Forest
soils were selected from northern to southern Japan for this
study. Monthly measurement of GHG fluxes from soil surface
after thinning and clear-felling was carried out for two years
using a closed chamber method. The annual mean soil
temperature at the clear-felling plots (14.7 °C) was significantly
higher (P < 0.05) than that at the control (13.0 °C) and thinning
(13.5 °C) plots. The annual mean soil moisture was not
significantly different among the managements. The annual
mean CO; flux at the clear-felling plots (80 mg C m? hr' ) was
S|gn|f|cant|y hlgher (P < 0.05) than that at the control plots (58
mg C m’ 2 hr! ) (P < 0.05). The difference in CO, flux between the
control and clear-felling plots at south-facing sites was relatively
higher than that at north-facing sites where the difference in soil
temperature was small or negligible. This result suggests that
the impact of clear-feling on CO, flux may vary with slope
direction. Although many studies reported that a decrease in
CH, uptake rate (negative CH, flux) and an increase in N,O flux
by clear-felling were due to an increase in soil moisture, CH, and
N2O fluxes in this study were not significantly different among
the managements.

S09.1.04
Soil carbon and nitrogen pools after clear-cutting and
scarification

S. Piirainen’, J. Niemel&’, L. Finér', H. Mannerkoski’, M. Starr’;
"The an/sh Forest Research Institute, Joensuu Research Unit,

F/nland 2University of Joensuu, Faculty of Forestry, Finland,
Un/versn‘y of Helsinki, Department of Forest Ecology, Finland.

Carbon (C) and nitrogen (N) pools in different soil horizons after
logging following by scarification with disk plower were studied in
eastern Finland three (in 2001) and eight (in 2006) years after
operations. Soil samples were taken in the ridges, furrows and
undisturbed microsites and from organic (O), elluvial (E) and
illuvial (B) horizons of podzolic soil to the thickness of 20 cm
measured from mineral soil surface. The organic horizon in the
ridges was the thickest, since it was formed from two humus
layer and logging residues with disk plower. Also the amounts of
C and N were 2.6 and 2.9 times, respectively, higher in the O-
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horizon of the ridges compared to undisturbed microsite in 2001.
However, in the E-horizon of the ridge the amount of C and N
were smaller than those of the furrow or undisturbed microsite.
Nevertheless, in the B-horizon of the ridges C and N amounts
were the highest. In the whole soil profile the ridge had 1.6 times
more N and 1.8 times more C and the furrow had 40 % less N
and 51 % less C than the undisturbed microsite. In 2006 the
differences between microsite types were smaller. The areas of
the ridges, furrows and undisturbed microsite were 25 %, 30 %
and 45 %, respectively, for the whole scarified area. When
calculating the C and N amounts for the whole area it can be
concluded that scarification increased the amount of C 4.5 %
and amount of N 6 % in soil profile, at least temporarily.

S09.J.KL

Element budgets for silvicultural management
schemes - a tool for preserving ecosystem
sustainability

K. vonWilpert;
Forest Research Institute, Freiburg, Germany Department Soil
and Environment, Freiburg, Germany.

Silviculture implies patterns of harvest in space and time, and
thus defines closeness of element cycles. Management-
strategies with clear-cut phase tend to unbalanced element
budget, whereas continuous-cover treatment creates more
closed element cycles. It is an important task for silvicultural
management strategies to keep element budgets of forest
ecosystems closed, reflecting actual environmental conditions.
For that purpose element budgets should refer to whole life-
cycles of stands.

In the Convent forest ecosystem study, 18 km east of Freiburg
(South-West Germany), element- and water budgets of forest
ecosystems are examined since 1991. The silvicultural
treatments have more or less identical site conditions, acidified
Cambisols on dark Paragneis bedrock with high base content.
The measurements from 50 different structure units and
silvicultural treatments served as a basis for calculating
individual element fluxes and -budgets for mixed and
monocultured stands of the case study. Those were considered
as phases in the stand development. They have been re-
arranged on a virtual model time axis to generate the element
budget of the whole rotation period. The course of element
fluxes in the individual structure units was parameterized by
means of non-linear regression models. These long-term
element budgets have been calculated for five different
silvicultural management regimes: monocultured stands of
spruce and beech after clear-cut regeneration, beech stands
with gap-oriented regeneration with and without pre-regeneration
in the femel phases and finally beech/silver-fir/spruce mixed
stand with continuous cover management. Harvesting intensities
could be distinguished through differentiation between element
pools of biomass compartments. The two examples with clear-
cut regeneratlon caused a net loss in the Mb-cation balance up
to 7-8 kmolsha™a™ during the clear-cut phase. In the beech
mono-cultured stand the balance for Mb-cations was equalized
25 years after clear-cutting. The beech/silver-fir/spruce stand
with continuous cover was the most cautious strategy causing
no longer lasting periods of Mb-cation loss.

$09.J.01

Synthesis of research on the nutritional sustainability
of variable-retention harvesting as an alternative to
clearcutting in northern forests

L. Jerabkova B. D. Titus?, C. E. Prescott', G. D. Hope M. B.
Wa/ters

Umversn‘y of British Columbia, Vancouver, BC, Canada,
Canad/an Forest Service, Pacific Forestry Centre, Victoria, BC,
Canada, °BC Ministry of Forests, Southern Interior Forest
Region, Kamploops, BC, Canada, “Michigan State University,
East Lansing, MI, United States.



The productivity of most temperate and boreal forests is
primarily limited by low soil nitrogen (N) availability. Early work in
Scandinavia and the eastern US suggested that clearcut
harvesting could lead to increased loss of N through leaching
from sites. Concerns were therefore raised about the potential
for clearcutting to result in decreased site productivity because
of leaching losses, and in environmental and health problems.
Public and market-driven concerns over the potential
environmental impacts of clearcut harvesting led to the
introduction of alternative silvicultural systems, or variable
retention (VR) harvesting in the 1990s. These harvesting
techniques are now used, or are being considered for use, in
many ecosystems and it is usually assumed that loss of N
following clearcutting would be mitigated by using variable
retention harvesting. We synthesized long-term results from VR
as well as clearcutting silvicultural trials to determine the effect of
different harvesting methods on nitrogen cycling processes.
Clearcutting, overall, increased availability of nitrate and the rate
of net nitrification, total N capital remained unchanged.
Deciduous and coniferous forests showed different temporal
patterns of the postharvest N dynamics. Single-tree selection
usually caused smaller changes in N cycling than clearcutting or
group-selection harvesting. However, in forests that showed no
response or very small responses to harvesting, partial-cut
treatments did not differ either from the clearcuts or uncut forest.
Higher levels of nitrate and nitrification and N mineralization
rates at clearcut sites were usually associated with higher values
at the control sites. So, VR harvesting systems may be
preferable to clearcutting (in regards to N availability and losses)
in forests with higher nitrate availability and net nitrification rates,
but would not be beneficial in forests with more conservative N
cycling.

S09.J.02

Effects of different soil preparations methods on the
foliage N dynamics in Finnish boreal forests; 15N
natural abundance isotopic method approach

S. P. Sah, H. llvesniemi;
The Finnish Forest Research Institute (METLA), Helsinki,
Finland.

Abstract

In this paper, we report on the impacts of clear cutting and soil
preparation methods on the foliage N dynamics. We used
natural "°N abundance method to study this. The clear cutting is
a common silvicultural practice in Finland and half of forest
cuttings are regenerated from seeds. In order to provide better
seed bed conditions and to improve environmental conditions for
seedling growth, site preparation methods such as ploughing,
burning, fertilization etc. are commonly used, but their effects on
the on the foliage N dynamics, especially on long-term basis,
have rarely been studied. This study concerns on the study
about the impacts of the different site preparation methods on
the foliage N concentrations and *N. The different methods of
site preparations studied were i). slash burning, ii). ploughing, iii)
ploughing and fertilizer and iv). Fertilizer alone and, v). control
(no treatment). 5"°N values of plant foliage N closely reflected
the management practices (fertilization, burning and ploughing)
of different boreal forests in the medium term (20-25 years).
Furthermore, the foliage N dynamics related to management
practices are explained in this study in more details. Finally, from
our study we conclude that the long-term effects of different
management Practices can be studied through the natural
abundance of °N isotopes in foliage of boreal forests, provided
that there is no significant atmospheric N deposition.
Key-words: boreal forest, clear-cut, foliage, nitrogen, >N natural
abundance, isotope, firing, fertilizer, ploughing

S09.J.03
Aspects of the nutritional sustainability of forest
management in Bavaria, Southern Germany

W. Weis', E. DietZ?, F. Feinle®, C. Kélling?, K. Mellert’, A.
Rothe®, G. Riicker’, T. Seifert’, A. Géttlein’;

'Fachgebiet Waldernahrung und Wasserhaushalt, Technische
Universitat Miinchen, Freising, Germany, 2Abte/'lung
Waldbkologie, Sachgebiet Standort und Bodenschutz,
Landesanstalt fiir Wald und Forstwirtschaft, Freising, Germany,
3Fakultat Wald- und Forstwirtschaft, Professur fiir
Nachhaltssicherung, Okologie der Waldb&ume und
Bodenkunde, Fachhochschule Weihenstephan, Freising,
Germany, *ZEBRIS Geoinformationssysteme und Consulting,
Miinchen, Germany, SLehrstuhl fiir Waldwachstumskunde,
Technische Universitét Miinchen, Freising, Germany.

The possibilities of modern harvesting technologies, precautions
against insect calamities, and the renewed interest in forest
biomass as an energy source initiated lively discussions about
intensifying forest production and the utilisation of crown
material. However, a responsible forest management demands
to consider not only the economic gains of an intensified
production but also the associated nutrient exports. In order to
avoid losses in yield and site quality, a nutritional sustainability of
forest management has to compare the site specific nutrient
availability (deposition, weathering, overall and exchangeable
nutrient pools) and the nutrient losses via biomass export
(harvesting) and seepage output. This approach is currently
realised for the state forests in Bavaria, Southern Germany,
financed by the BAYSF (Bayerische Staatsforsten). Units of
comparable site conditions are identified using soil profile data
from different sources and national soil and geo-scientific maps.
Specific chemical and physical information is derived from
typical soil profiles. Growing stock, increment, and harvesting is
calculated with the forest growth simulator SILVA for 69 growth
districts throughout Bavaria, considering the tree species Fagus
sylvatica, Quercus robur, Picea abies, and Pinus sylvestris. The
biomass of wood, bark, branches, and needles is calculated
based on dbh, height, and crown length. To estimate nutrient
exports with harvesting, biomass is multiplied by specific nutrient
contents. Regional deposition rates are derived from measured
deposition at level Il plots, critical loads assessments and
emission inventories. Weathering rates are calculated with the
soil chemical model PROFILE using geological and soil physical
information as well as approximations for the mineral
composition. Nutrient losses with seepage are estimated via
mass balance approaches and measured data from scientific
projects. The appraisal of nutritional sustainability is based on
the comparison of nutrient exports with the following three
different references: rates of nutrient supply, easy available
(exchangeable) nutrients, and total nutrient store.

S09.J.04

Sustainable site productivity - is the expertise
derived from agricultural long-term field experiments
relevant to (intensively) managed forests?

H. Spiegel’, G. Dersch’, M. Englisch’;

' Austrian Agency for Health and Food Safety, Vienna, Austria,
2Federal Research and Training Centre for Forests, Dept. Forest
Ecology and Soil, Vienna, Austria.

Long-term data sets from agricultural field experiments provide
extensive information about the productivity of a site. Crop
yields, nutrient balances and changes in soil parameters (e.g.
nutrients and soil organic matter) at different sites are indicators
to sustainability of production. Wood biomass production on
former agricultural sites - especially in short rotation forests -
may rise questions regarding the sustainability of these
intensively managed forests. In spite of differences in the
management of agricultural and forest sites some principles may
be derived from the results of agricultural field experiments. This
comprises questions of plant nutrition, the effects of harvest
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residues’ removal and soil cultivation practices. Nutrient
dynamics (especially caused by harvest removals) of different
agricultural crop rotations are compared to those of managed
forests. The removal of total above-ground biomass may lead to
heavy losses of nutrients and soil organic matter, but varies with
the main crop species. Effects of frequent tillage are considered.
It is discussed, if results of long-term agricultural field
experiments at different sites (climate and soils), carried out to
define sustainable agricultural production, may help to
communicate principles of sustainable long-term productivity of
(intensively) managed forests.

S09.K.01

Dynamic modelling of forest management effects on
N retention and output at three catchments at the
Harz Mountains, Germany

B. Ahrends’, H. Meesenburg?, C. Déring’, M. Jansen';
"Buesgen Institute - Soil Science of Temperate and Boreal
Ecosystems, Géttingen, Germany, 2Northwest German Forest
Research Station, Géttingen, Germany.

High atmospheric inputs of nitrogen (N) have caused an
increase in nitrate leaching from forest soils in many regions of
Europe. The effect of atmospheric N deposition on N leaching
can be delayed by N retention in forest floor or topsoil. For
simplified models the C/N ratio of the forest floor or mineral
topsoil may be used to estimate the immobilisation of N and the
risk of nitrate leaching with seepage water.

The aim of this study was to assess the influence of forest
management on N turnover in three small catchments in the
upper Harz Mountains with contrasting management activities in
the past. All catchments are stocked with spruce plantations.
Lange Bramke catchment was replanted with spruce after a
complete clear-cut in 1948. At Steile Bramke an ameliorative
dosage (16 t/ha) of dolomitic lime was applied in 1989 and the
adjacent Dicke Bramke is the control catchment. Model
calculations are based on a simple mass balance for total N at
stand level. Input parameters were calculated dynamically from
spatial information on forest stands, soil distribution, and
deposition. N immobilization was estimated as a function of the
C/N ratio of the forest floor. Simulations were run for
management scenarios with different biomass utilization
intensities. Modelled N output time series agreed satisfyingly
with observed trends in stream water and helped to explain the
differences between the three catchments. We thus conclude
that the parameterization of implemented N processes is in a
plausible range and that the simple mass balance approach in
combination with dynamic parameterization of input parameters
is able to simulate the dynamics of N retention and N output
during forest succession and the effects of forest management.

S09.K.02

Evaluation of forest sites with regard to nutrient
export by whole tree harvesting in Lower Saxony,
Germany, using a nutrient depletion index

K. Meiwes’, V. Stiiber’, M. Mindrup’, J. Nagel’;

"Northwest German Forest Experimental Station, Géttingen,
Germany, 2Forest Planning Office of Lower Saxony,
Wolfenblittel, Germany.

In recent years, high price of fuel wood has increased the
volume of fuel extracted from the forest sites in Germany. Fuel
wood includes many nutrient rich logging residues like tree tops,
branches and even needles and leaves. Nutrient exports by full-
tree harvesting are several times higher than by the stem-only
harvesting. Thus the evaluation of nutrient transfers is necessary
to achieve conservation of site productivity. Here we provide a
method of evaluating forest sites by relating the pool of plant
available cations of different site index classes with the amount
of nutrient extracted by different harvesting operations.
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The nutrient depletion index, which is the ratio of soil nutrient
content to nutrient extraction, when calculated for one full
rotation, was compared for forest sites in Lower Saxony,
northwest Germany. The lower the value of the nutrient
depletion index the lower are the sustainability and the level of
elasticity in the system. For assessing soil nutrient content
amounts of exchangeable K, Ca and Mg contents of soil profiles,
which have been classified into site mapping units, were used.
Nutrient extraction rates were assessed by the growth model
BWIN for Scots pine, Norway spruce and European beech
stands.

According to the nutrient depletion index, on less fertile sites of
pine stands full tree harvesting resulted in less exhaustive
nutrient removal than from beech stands of more fertile sites.
Critical nutrient depletion indexes were defined by conventional
means due to lack of empirical data. This index may provide a
useful measure of classifying forest sites for sustainable amount
of forest fuel extraction. Such information is readily required and
attainable.

S09.K.03

Reduction of ungulate density in mixed mountain
forests of the Bavarian Limestone Alps results in
improved soil fertility

J. Prietzel', C. Ammer’;

"Lehrstuhl fiir Bodenkunde, Technische Universitét Miinchen,
Freising-Weihenstephan, Germany, 2Institut fiir Waldbau 1,
Universitat Géttingen, Géttingen, Germany.

Long-term effects of reduced ungulate populations (Red deer
Cervus elaphus L., chamois Rupicapra rupicapra L., roe deer
Capreolus capreolus L.) on stand regeneration, soil quality, and
tree nutrition were assessed at four forested sites in the
Bavarian Alps with calcareous bedrock (Hauptdolomite) and
soils. The sites comprise steep (25-30°) slopes with different
aspect, which are loosely stocked with mature mixed mountain
forest, mainly consisting of Norway spruce (Picea abies),
European Beech (Fagus sylvatica), Silver fir (Abies alba), and
Sycamore maple (Acer pseudoplatanus). At each site, two
rectangular plots (size: 11 m * 22 m), located inside and outside
30-40 year-old exclosures, respectively, were compared. On the
plots outside the exclosures, natural tree regeneration and
particularly seedling and sapling growth were strongly impeded
by ungulate browsing. Inside the exclosures, the natural
regeneration has developed well, seedling and sapling biomass
was up to 2500 times larger than outside. The increased tree
biomass inside the exclosures reduced snow-gliding
significantly. Due to reduced topsoil erosion and increased litter
input, the forest floor of the soils inside the exclosures had larger
organic C and N pools than the soils outside the exclosures.
Moreover, the N concentration of the forest floor was increased,
and its C/N ratio was smaller. The carbonate content of the
forest floor inside the exclosures was also strongly reduced,
resulting in an increased availability of P, K, Mn, Cu, and Fe to
the trees. Consequently, Norway spruce and European beech
saplings inside the exclosures had a better nutritional status. In
summary, 30 years of strongly reduced ungulate impact have
resulted in (i) highly diverse regeneration of considerable growth,
(i) reduced topsoil erosion, (iii) significant changes of the
chemical status of the topsoil, and (iv) an improved nutritional
status of the natural forest regeneration.

S09.K.04
Does Cd promote the effects of wood ash on
enchytraeids in coniferous forest soil?

J. Haimi', H. Fritze®, T. Lukkari’, H. Onkila’;

"Department of Biological and Environmental Science, University
of Jyvéskyld, Finland, *Finnish Forest Research Institute,

Vantaa, Finland.



The use of wood ash as a fertilizer in forestry has often been
questioned because it may strongly affect soil biota through
changes in soil chemistry. In addition, ash may contain harmful
metals, especially cadmium (Cd). We studied the effects of wood
ash and Cd on one functionally very important decomposer
animal group in boreal coniferous forest soils, enchytraeids. In a
field experiment, replicated plots were fertilized (except the
controls) with wood ash (3000 kg ha™, containing 15 mg Cd kg™
dry soiI) or with the same ash spiked with additional Cd (400 mg
Cd kg'). Samples for enchytraeids were taken two and three
years after the treatments. In the microcosm experiments in the
laboratory, different levels of wood ash and Cd were applied to
the forest soil to find out specific responses of enchytraeids to
both ash and Cd. Different application methods of ash (spread to
the soil surface or mixing to the whole soil profile) were tested,
too. In the field, the numbers of enchytraeids decreased due to
the ash fertilization while the additional Cd in the ash did not
induce any further responses. In the laboratory, already the
lowest dose, corresponding to 750 kg ash ha” and increasing
soil pH by one unit, decreased enchytraeid numbers in the ash
and ash+Cd soils compared to the controls. Cd added to the soil
in pumice (an inert carrying material) also affected enchytraeids,
but no clear dose-response relation was observed. Ash applied
evenly to the soil surface seemed to decrease enchytraeids
more than the ash mixed to the whole soil profile. Cd was not
found in enchytraeids in measurable amounts in any treatment.
Together, changes in soil pH due to wood ash fertilization but
not Cd in the ash significantly reduces enchytraeids in the forest
soil.

S09.L.KL

Excursion in South Moravia - Lack and surplus of
water in floodplain forests and its impact on
physiological processes and tree survival

J. Germak, N. Nadédina, A. Prax, J. Kuéera, V. Nadérdin;
Mendel University of Agriculture and Forestry, Brno, Czech
Republic.

Floodplain forests are rather specific when considering their
environmental situation. Underground water (which may
represent up to 70% of tree transpiration) is usually not a limiting
factor under natural situations, having enough water they
develop rather small root systems. In contrast, excess of water
can be harmful for trees, if flooding water after snowmelt in
spring or even more after extraordinary precipitation during
summer remains for a long time in stand, causing lack of sail
aeration and following root hypoxia. Oak is especially vulnerable
to permanent overwatering longer than 2-3 weeks, while ash is a
litle more resistant. However, even drought can occur in
situations, when the natural regime is changed artificially during
water management measures causing drop of underground
water down to 2-4 meters, as it happened in late seventies and
remained for almost 20 years. There was relatively still enough
water in soils, but the water cannot penetrate fast enough to root
surfaces in heavy soils, when soil water content decreases close
around roots during periods of high transpiration (and high root
water absorption). Drop of soil water content by 4%., means
drop of its hydraulic conductivity by 100 times. Therefore trees
can start to decline under seemingly sufficient soil water content.
Rapid mortality could occur especially in trees with low
root/sunlit leaf area ratio.

S09.L.01

Soil water budget and sap flow measurements of a 9-
yr-old short rotation poplar plantation in Saxony
(Germany)

R. Petzold, K. H. Feger, K. Schwarzel;
Institute of Soil Science and Site Ecology, Dresden University of
Technology, Tharandt, Germany.

Short rotation forestry is a worldwide established management
system in order to accommodate demand of raw material for
timber and pulp industry or to supply a renewable energy
resource. Especially in Europe the interest in fast growing tree
species like willow (Salix spec.) and poplar (Populus spec.) is
increasing. However, in many environmental conditions water
availability is a main growth limiting factor. Furthermore, there
exist concerns, that the high water use of extensive short
rotation forests could reduce stream flow and aquifer recharge.
In order to exploit the high yield potential of short-rotation forests
but simultaneously minimise negative effects of the high water
demand during the growing season it is necessary to carefully
select adequate sites for short rotation plantations. Hence, a
precise evaluation of water balance and interaction on biomass
production is needed.

In the growing season 2007, a 9-yr-old hybrid poplar plantation
(Populus maximowiczii x nigra) at Methau in the hilly loess
region in the Free State of Saxony, Germany (51°05°N,
12°49°0, 210m) was amongst others monitored by TDR (soil
water status), sap flow technique (stand transpiration) and
climate sensors.

The transpiration rate reached 2.6 mm/day during the whole
growing season (April until October) with a maximum of 5.7
mm/day on 8th June. Total transpiration reached 480 mm which
corresponds to approximately 85 % of Penman-Monteith-
evapotranspiration in reference grassland.

Modelled canopy conductance shows a significant decrease with
cumulative soil water depletion in the main root habit. Also the
increment of stem diameter is reduced with increasing soil
drought. Furthermore, measured data and model calculations
show, that no deep infiltration and no runoff occur during the
growing season.

We assume that even on high productive arable land in Saxony
with moderate rainfall and high water storage capacity limited
water availability inhibits higher yields of short rotation forests.

S09.L.02

Soil moisture regime of Silver birch (Betula pendula)
and Norway spruce (Picea abies (L.) Karst.) during
variable weather conditions

K. Gartner;
Federal Research and Training Centre for Forests, Natural
Hazards and Landscape (BFW), Vienna, Austria.

Water demand is a key factor to tree survival. Tree species
whose roots are able to tap lower soil layers in case of drought
have a big advantage. Climate change may increase the number
and the length of drought periods. So it will become more and
more important to use tree species for a forest which can fully
use the soil water reserves of a given site.

We studied the differences in the water consumption of Norway
spruce (Picea abies (L.) Karst) and of Silver birch (Betula
pendula) in relation to soil water content. We recorded soil
moisture using registering FDR-sensors supplemented by
manual TDR-measurements on a grid as well as by measuring
several other parameters (meteorological parameters, sap flow,
soil temperature). The registered data (FDR-sensors) were used
to estimate the soil moisture conditions in the course of time,
whereas the manually collected data were used to draw soil
water content maps for the stand.

Differences in soil moisture under spruce and birch can be seen
in summer but also the effects of transpiration of Norway spruce
in winter gets visible. The data also show the high water demand
of birch during the period of sprouting. The study period includes
the very hot and dry summer of 2003 when transpiration of
Norway spruce was almost reduced to zero during the peak of
the drought. Correspondingly the data of the measurement grid
(topsoil only) showed uniformly extremely low soil moisture
values during this time period. On the other hand, the spatial
data showed pronounced patterns in soil moisture even during
very humid periods.
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S09.L.03
Spatial distribution of temperatures and water
dynamics in the soil of a small clear fell

D. Fréhlich’, U. Klinck®, O. Panfyorov’, F. Beese';
1Bu‘sgeninstitut, Géttingen, Germany, 2Nordwestdeutsche
Forstliche Versuchsanstalt, Géttingen, Germany.

Small scale clear felling of 1 to 4 ha size, surrounded by the
remaining mature stand, create a special "meso-environment"
with respect to energy-, and water input. The aim of our study
was to describe the spatial distribution of these inputs and their
effects on temperatures and water status of the soil, which
subsequently might alter soil biological processes, the
establishment of herbaceous plants and the development of the
next tree generation.

In a mature spruce stand of 30 m height we formed a clear cut of
2 ha. Over the period of two years, we continuously measured
and modelled the energy input, measured the soil temperatures
in 10 cm depth along two transects, and the matric potentials
and water contents at three locations. The parameters also were
detected under the closed canopy of the spruce stand.

It was found that all parameters showed very dynamic pattern
over the year and also differed between the two years. It also
became obvious, that the effects of the surrounding trees con
not be neglected for small clear cuts.

We will present the results of our study and discuss the
consequences with respect to the topics mentioned above.

S09.M.01
Mapping of soil water regime of forest sites based on
spatially distributed process modeling

K. Schwiirzel', A. Menzer', F. Clausnitzer’, U. Spank?, J.
Héntzschel', B. Késtner, C. Bernhofer, K. Feger7;

'Institute of Soil Science and Site Ecology, Tharandt, Germany,
?Institute of of Hydrology and Meteorology, Tharandt, Germany.

For a sustainable forest management, detailed knowledge on
the site-specific soil water dynamics is indispensable. In Central
Europe, the mapping approach to characterize the water supply
conditions traditionally has been based on overlaying relief and
soil information. This relative system refers to an (hypothetical)
equilibrium between static site conditions and natural stocking
(potential natural forest association). Accordingly, the climatic
settings are supposed to be constant and are mostly based on
long-term means of precipitation and air temperature (whole
year and/or growing season). However, long-term climate
changes as well as infrequent climatic extremes have not been
considered in an adequate way. Furthermore, the feedback of
forest management itself (e.g. tree species different to natural
stocking) on available soil water cannot be addressed, so far.

To overcome such short-comings, we integrated the 1D-SVAT
model BROOK90 and a radiation model in a GIS frame to
simulate the spatially distributed components of water balance of
forest sites. In our paper, we present the model concept and
show an approach to describe the influence of a complex terrain
on parameters controlling the spatial distribution of energy and
water fluxes. The overall goal is to produce forest site maps that
provide a more objective description of variable soil water
conditions. The testing area is located in the foothills of the Ore
Mountains, Saxony, Germany. Existing forest soil maps are used
to parameterize the soil module of the model. BROOK90 is
calibrated based on energy and water flux measurements in two
spruce and beech stands. Finally, the paper discusses future
strategies to derive a novel eco-hydrological classification
scheme based on statistical analysis of model results
(occurrence and duration of periods with limited soil water
supply: ‘drought stress’; and in contrast of periods with a surplus
of water in the rooting zone: ‘water stress’) and related growth-
physiological responses.
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S09.M.02

Climatic water balance and available soil water
storage capacity as indicators for possible climate
change effects on forest ecosystems

H. Meesenburg, J. Sutméller, H. Spellmann;
Northwest German Forest Research Station, Goettingen,
Germany.

According to the current knowledge on global climate change
higher temperature and lower precipita-tion during the growing
season are expected for most regions of Central Europe for the
coming 50 to 100 years. Furthermore, an extension of the
growing season will enhance the evaporative demand of forest
trees. Hence, an increase of the length and intensity of drought
periods and an increased risk of drought stress for forest stands
can be expected. Because of its adaptation to cold humid
climate, its shallow root system, and its high sensitivity to
infestation with biotic agents Norway spruce is in par-ticular
vulnerable to reduced soil water availability.

Based on climatic water balance for the growing season, i.e.
precipitation minus potential evapotran-spiration and available
soil water storage capacity the risk of continuing cultivation of
Norway spruce with respect to climatic change has been
evaluated for Northwest Germany. Climatic projections for 2050
are based on the IPCC-SRES scenario A1B and have been
regionalized with the statistical model WETTREG. Information
on soil water storage capacity has been obtained from the soil
map (BUK 1:50,000) which is available for the whole forested
area.

If climatic and soil hydrologic limits for sustainable Norway
spruce cultivation of currently used silvi-cultural guidelines in
Northwest Germany are applied on the projections on climatic
conditions in 2050 the area suitable for Norway spruce
cultivation will decrease vigorously. Remaining areas are sites
with a high available soil water storage capacity and large
rainfall amounts. Possible adaptation strategies comprise
selection of drought tolerant tree species and silvicultural
techniques to reduce evapotranspiration.

S09.M.03

Influence of management on soil moisture content
and soil solution quality in the forests in the Dinaric
karst

U. Vilhar, M. Urbanci¢, P. Simoncic;
Slovenian Forestry Institute, Ljubljana, Slovenia.

The influence of different management practices on soil moisture
content and soil solution quality in the silver-fir beech forests
was investigated. In the managed forest 3 plots with different
management regimes were established: the closed stand,
extremely large gap (diameter ca. 45 m), and a small gap
(diameter ca. 30 m). Both gaps were established in winter 2000,
representing nontraditional “clear-cut management”. In the virgin
forest remnant 2 plots were selected: the closed stand and the
large gap as a result of natural disturbance.

On all plots, the prevailing soil units and soil properties (soil
depth, morphology, composition, thicknesses of horizons, humus
forms etc.) were examined. Soil samples were analyzed for soil
acidity, contents of Ctot, SOM, carbonates, Ntot, CEC, soil
texture, plant available nutrients, etc. On all plots soil solution
was collected using ceramic suction-cup lysimeters. Bulk density
and soil hydraulic parameters (field capacity, permanent wilting
point, pF curve) were determined. In the growing season 2003-
2004 soil moisture content was measured with TDR.

In the first year after gap formation, faster decomposition of the
SOM and mineralization of N in the gaps caused strongly
increased concentrations of nitrates in the soil solution. The
creation of gaps resulted in higher soil moisture contents during
the measurement period compared to the forest stands.In the
extremely dry summer 2003 the soil moisture contents of the
upper soil in the gaps in the managed forest reached values
below the permanent wilting point.



In order to avoid nitrogen leaching and water supply stress
related to harvesting, it is suggested that gaps created by
harvesting be small and they be made to better imitate the stand
structure and regeneration patterns observed in the virgin forest
remnant.Regeneration under canopy shelter, followed by
formation of smaller gaps (silvicultural techniques, currently in
practice), is most appropriate.

S09.M.04
Reliability of field tests for ferrous iron (Fell ) to
identify compaction damages in forest soils

D. Clemens, E. Hildebrand, H. Schack-Kirchner;
Institute of soil science and forest nutrition, Freiburg, Germany.

Redoximorphic patterns in the top soil are a typical delayed
symptom of heavy machine impact on forest soils and serves as
a field indicator of deformation intensity. However, this visual
assessment fails when the initial soil colour is very intensive, e.g.
due to hematitic iron oxides. In this study we investigate whether
the established 2,2'-dipyridyl field test for ferrous iron used for
assessment of reductive processes in the subsoil is also a
reliable test for deformed topsoils. Bleached and rust-coated soil
material was sampled separately from four skid trails 1, 1.5, 2.5
and 6.5 years after the compaction . After the field test for Fell
the samples were analyzed in the lab for organic carbon, the
oxalate-soluble, and the dithionite soluble Fe fraction. No rust-
coated sample revealed a positive dipyridin Fell reaction. Of the
60 bleached samples 18% responded negatively, independently
from the time since compaction. A cluster analysis based on the
contents of amorphous iron oxides, crystalized iron oxides, and
organic carbon yielded 4 distinct groups. All negative results
were in the statistical cluster revealing both low iron oxide
concentration and low organic carbon content; however, even in
this cluster 60% of the results remained positive.

We conclude that the dipyridil test works in dependence of the
content of soil organic carbon and of iron oxides. Surprisingly the
depletion of organic carbon and iron in the bleached topsoil
material was independent of the age of the skid trail. Because of
the high portion of microsites where the test failed in an
unreproducible way, this limits its practical usability in assessing
soil deformations in forest soils.

S09.N.01

Soil moisture influence on carbon and nitrogen
mineralization in two adjacent coniferous forest
types on northern Vancouver Island

T. Sajedi, C. E. Prescott;
University of British Columbia, Vancouver, BC, Canada.

Conifers regenerating on cutovers of cedar-hemlock (CH) forests
exhibit slow growth and nutrient deficiencies (N and P) which are
not observed on adjacent cutovers of hemlock-amabilis fir (HA)
forests. Our field investigations indicate that CH soils are wetter,
oxygen-limited and potentially more anoxic than HA sites. We
hypothesize that these conditions will be associated with lower
mineralization of C and N, changes in prevalent N forms and
lower forest productivity. Forest floor and mineral soil from 5 CH
and 5 HA sites were incubated for 4 weeks in the laboratory at
four moisture levels (field moisture and three levels up to
saturation), and total N and C, dissolved inorganic and organic N
(DIN and DON), microbial biomass and CO2 flux were
measured.

Total N, DON, DIN, NH," and C mineralization were lower in CH
forest floor than in HA. The majority of the available N in forest
floors was in the form of DIN (60%) in HA sites and DON (70%)
in CH sites, regardless of moisture level. The patterns were
different in the mineral soil. DON was the most prevalent form in
mineral soils at all moisture levels (90%), was higher in CH than
HA soils, and increased with increasing moisture. In CH forest
floors, NH," and DIN decreased with increasing moisture above
350% (dry-weight basis); in HA forest floors DIN and DON both

increased up to saturation level. Microbial biomass decreased
with increasing moisture in both forest types and was not
different between the two sites. The findings thus far are largely
consistent with the hypothesis that differences in nutrient supply
among the two site-types can be attributed to differences in
moisture levels. Findings will be incorporated into the
ecosystem-based models, ForWwaDy and FORECAST, to predict
the responses of the two ecosystems to differences in soil
moisture conditions.

S09.N.02

DOC properties of forest floor solutions under
Norway spruce and Douglas fir on a Cambisol
(Morvan, France)

H. Titeux', D. Bruno’, R. Jacques’;
"Université catholique de Louvain, Louvain-la-Neuve, Belgium,
2INRA, Nancy, France.

The impact of forest tree on soil fertility can be assessed by the
experimental plantation of monospecific stands on a
homogeneous soil. Six different monospecific stands were
installed in 1976 on a Cambisol in the experimental site of Breuil
(Morvan, France). Available data show that forest floor
properties strongly differ between Douglas fir and Norway
spruce. Here, we compare the compositions of soil solutions
collected in-situ under these stands.

Solutions were collected by low-tension (pF 1.3) fibreglass-wick
lysimeters, and automatically transferred every 3 hours to three
separate containers in storage devices: a freezer (-10°C), an ice-
refrigerated box (0.1°C) and a covered pit. The pH value, the
specific absorbance at 280 nm and the concentrations of
inorganic anions (lonic chromatography) and cation (ICP-AES)
were measured in all samples. The density of carboxylic
functions (NaOH titration) and the aluminium complexing
capacity were assessed on the samples stored at 0.1°C and
frozen samples were considered for the concentrations of low-
molecular weight organic acids (lonic chromatography).

The pH values ranged between 3.8 and 4.5, and were generally
smaller in spruce solutions except between May to September.
The main sources of protons were nitric acid under Douglas fir,
and organic acids under spruce.

DOC concentrations were larger under spruce (6 mM) than
under Douglas fir (2 mM). Furthermore, the larger values of
specific absorbance at 280 nm under spruce suggested a larger
relative contribution of hydrophobic DOC, likely balanced by a
relatively small contribution of low-molecular weight organic
acids. Despite these differences in DOC composition, similar
values of the density of carboxylic functions (0.1 eq.molC™) and
of Al-complexation capacity (0.05 molAl.molC™") of DOC were
measured under both forest stands.

The solutions thus did not differ in DOC reactivity whatever the
species. However, the relatively large DOC concentration and
acidity under spruce likely promote mineral weathering.

S09.N.03
Evaluation of silicon stocks and uptake in five forest
stands on an acid brown soil

J. T. Cornélis’, A. Iserentant’, J. Rangerz, B. Delvaux’;
"Unité des sciences du sol - Université catholique de Louvain,
Louvain-la-Neuve, Belgium, *Biogéochimie des écosystémes
forestiers - INRA, Nancy, France.

Plants can take up considerable quantities of aqueous Si in sail,
and return biogenic opal-A particles (phytoliths) to soil within
organic residues. The Si soil-tree cycle is, however, poorly
known in forest ecosystems.

Here, we quantify the stocks and uptake of Si in five
monospecific forest stands (beech, oak, spruce, douglas and
pine) grown on an acid brown soil within a unique 32 year old
planting site under humid temperate climate (Morvan Plateau,
France). Si concentrations were measured in living and dead
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organic pools. Phytoliths were quantitatively extracted from soll
horizons. Allometric relationship between tree circumference
(C130) and biomass was used to evaluate Si stocks and uptake.
Leaves and needles accumulated the largest quantities of Si
relatively to other tree parts, thus making Si largely mobile in the
soil-tree cycle through litter fall. Leaf/needle Si content
significantly decreased in the sequence beech (0.82%) > oak
(0.66%) > douglas (0.53%) > spruce (0.46%) > pine (0.02%).
The content of biogenic Si in humus layers was below 4% of
total Si content. The latter content was controlled by biological
activity, which mixes up silicate minerals from horizons beneath
into humus layers. The morphology of phytolith particles largely
differed between tree species. The annual Si uptake by oak and
beech stands was 16.5 and 17 kg ha™ yr’, respectively. Pine
had a weak biological turnover (0.8 kg ha' yr'1) as compared to
spruce (14 kg ha' yr') and douglas (18 kg ha' yr').
Consequently, the residence times of biogenic Si in soil were
much shorter under beech and douglas (2.5 years) than under
pine (80 years).

The uptake, storage and release of Si by trees were species-
dependent since tree species strongly influenced the recycling of
Si in the soil-tree system.

S09.N.04
Weathering state of coarse soil fragments affects
nutrient uptake by tree seedlings

N. Koele, E. E. Hildebrand;
Institute of Soil Science and Forest Nutrition, Freiburg, Germany.

Rock fragments are proven to be a sufficient nutrient source for
tree seedlings. The question whether biological weathering
(irreversible decomposition of silicate structures) is an important
tool for tree seedlings to obtain nutrients from rocks remains.
The hypothesis that fine earth infillings, with high CEC and base
saturation, in weathering cracks within rock fragments are the
dominant nutrient source, was tested in a microcosm
experiment.

Norway spruce seedlings were grown on a substrate of gneiss
fragments (2-6 mm diameter, weathered or unweathered) and
inert quartz. A deficient nutrient solution was added so that the
substrate was the only source for Mg and Ca. Four treatments
were assigned: weathered gneiss with and without spruce
seedlings, and unweathered gneiss with and without seedlings.
Nutrient budgets were calculated to determine nutrient fluxes
from gneiss and the nutrient solution into seepage and seedling
biomass.

First results showed that seedlings survived well on both
substrates, increasing significantly in biomass and nutrient
content. The unweathered gneiss started with high ion fluxes in
the seepage but after 6 weeks these declined rapidly.
Weathered gneiss showed a more stable ion flux into the
seepage. Mg and Ca in seepage of weathered gneiss were
lower for treatment with seedlings.

The different fluxes imply that cation exchange is the most
important nutrient source in coarse soil. The unweathered gneiss
can only provide exchangeable cations directly after sample
preparation where large blocks were crushed to the desired
diameter. The weathered gneiss, sieved directly from the soil in
the appropiate size, can provide a constant nutrient release
presumably from fine earth infillings in weathering cracks. Thus
nutrient uptake from weathered gneiss by seedlings is
dominated by cation exchange. Seedlings on unweathered
gneiss may use additional weathering since the amount of
exchangeable cations in seepage cannot explain healthy
seedling growth.
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S09.N.05

Hidden fluxes of organic matter- the importance of
canopy-derived particulate organic matter (POM) in
forest ecosystems

B. Michalzik', A. le Mellec’;
'Friedrich-Schiller-University of Jena, Jena, Germany, *Unit of
Landscape Ecology, Goettingen, Germany.

The canopy is the second largest source for organic matter in
forests. In contrast to dissolved organic matter (DOM),
throughfall fluxes of particulate OM (0.45um < POM < 500 um)
have not been taken into account for routine sampling and
element budgeting. To date, it is largely unknown to what extent
the input of POM may affect soil processes or be altered by
climate change and corresponding biotic feedback processes
such as pronounced herbivore insect pests.

Over the course of 2.5 years we followed the concentrations and
fluxes of DOM and POM along different ecosystem
compartments at the Level-ll-monitoring B1 and F1 (mature
beech and spruce) sites in the Solling area, Germany. In
fortnightly intervals, we took solution samples from bulk and
throughfall precipitation, from forest floor layers and from the Ah
and Bv horizon.

In addition to annual throughfall fluxes of DOC amounting to 99
kg C ha-1 at the spruce and 34 kg C ha-1 at the beech site, 15%
(+16 kg C ha-1 a-1, spruce) and 40% (+14 kg C ha-1 a-1,
beech) more organic carbon was transported as POC from the
canopy to the ground. For particulate bound nitrogen (PON)
corresponding values were 11% (+ 3 kg N ha-1, spruce) and
23% (3.5 kg N ha-1, beech). In the forest floor layers at both
sites the additional contribution of POC was 13 to 18% and the
one of PON 6 to 15%, with decreasing proportions of < 5% in the
mineral soil horizons.

Including particulate organic matter fluxes in element budgeting
approaches might contribute to fill budgeting gabs in terrestrial C
and N cycling.

S09.N.06

Calcium and magnesium content in throughfall and
seepage waters under Norway spruce stands in a
mountain area affected by liming

J. Kulhavy, I. Drapelova;
Mendel University of Agriculture and Forestry Brno, Brno, Czech
Republic.

The content of calcium and magnesium in throughfall and
seepage waters was evaluated in a liming experiment in
research stands with Norway spruce (Picea abies L. Karst.)
monoculture (2”d generation) within 2002 - 2006. Sampling was
carried out in a two-week interval. The research plots are
situated in the Moravian-Silesian Beskids, the Czech Republic,
at an altitude of 908 m with annual precipitation 1000-1400 mm.
Dolomitic limestone was applied on chosen plots in the total
dose of 9 t per ha in the 80s of the last century. The annual
mean concentrations of Ca during the studied period were 1.1-
1.5 mg.l’1; the annual mean concentrations of Mg were 0.3 - 0.5
mg.I'1. The bulk depositions of these elements under crowns
representing the input from precipitation were 14 - 17 kg of Ca
and 2.9 - 5.5 kg of Mg per ha and year. The concentrations of
calcium and magnesium in seepage waters sampled from limed
and unlimed plots were compared. The concentrations of Ca and
Mg were significantly higher in seepage waters from the limed
plot than in seepage waters from the unlimed plot (t-test). The
mean annual concentrations of Ca were 1.1-2.2 mg.I"in seepage
waters from the limed plot and 0.6-1.2 mg.I'1in seepage waters
from the unlimed plot. More distinctive differences were found
between the mean annual concentrations of Mg in seepage
waters from limed (2.0 - 3.3 mg.I") and unlimed plots (0.2-0.7
mg.I'1). No significant difference was noted between the nitrate
concentrations in seepage waters from limed and unlimed plots
(evaluation with t-test).Significantly higher contents of Ca and
Mg were found in current spruce needles sampled from trees on



the limed plot than in needles sampled from trees on the unlimed
plot 19 years after the last liming event.

S10 Advances in Soil
Monitoring

S$10.H.KL
Recent advances in soil monitoring and unsolved
issues

D. Arrouays;
InfoSol Unit US 1106, Olivet, France.

Soil monitoring is the systematic determination of soil variables
so as to record their temporal and spatial changes. Soil
monitoring is essential for the early detection of changes in soil
quality both negative and positive. As such, it is an important tool
for the assessment of soil protection policies. However, in
numerous countries, the national monitoring sites have been
sampled only once, and therefore, the monitoring scheme is still
an inventory.

Several scientific issues are related to soil inventory and
monitoring: choice of relevant indicators (what should we
monitor ?), sampling strategy both in space and time, data
processing, estimation of background values...

This keynote presentation will review recent advances in soil
monitoring in Europe and highlight theoretical and/or case
studies (from plot to broad scales) providing novel scientific
insight on methodological issues and/or changes in soil
parameters.

S$10.H.01
Soil monitoring - a basic tool for protection of soils
and land use

J. Kobza;
Soil Science and Conservation Research Institute, Banska
Bystrica, Slovakia.

EU member countries have established monitoring programmes
for soil. Slovakia has a soil monitoring system covering
agricultural soils and mountainous areas. Ecological principle in
soil monitoring network construction has been accepted (all main
soil types, substrates, climatic regions, polluted and non-polluted
areas are included on 318 monitoring sites). Main quantitative
and qualitative parameters according to threats to soil (soil
contamination, soil acidification and sodification of soils, decline
in soil organic matter, soil compaction and erosion) are
permanently monitored in 5 years repetitions. On the basis of
obtained results it may be said that significant soil changes have
been indicated in soil organic matter and available nutrients
decline as well as in some parameters of physical degradation of
soil (soil compaction and erosion). Soil monitoring in Slovakia is
an integrated part of environmental monitoring with integrated
information system. One of the important initiatives of European
Strategy on soil monitoring is a stimulation of national strategies
on soil protection and their evaluation. In effort of European
Commission is an approximation of such soil monitoring process
which will be helpful for management of all activities on soil
including soil protection and functions of soil in a transparent
way in all EU countries.

In relation to our professional knowledge resulting from soil
monitoring system in Slovakia, document on Methodical
Instructions for Application of some measures relating to soil
protection and land use has been elaborated at present time.
So, in this manner soil monitoring system becomes a basic tool

especially for decision sphere with regard to protection and
sustainable land use, as well.

$10.H.02
Harmonization of Risk Assessment Methodologies
for Soil Threats in Europe

C. L. van Beek’, T. Toth?, A. Hagyo®, G. Toth’, L. Recatala
Boix*, J. Malet’, O. Maquaire®, J. van den Akker', C. Simota’, O.
Oenema’;

"Alterra, Wageningen, The Netherlands, 2RISSAC, Budapest,
Hungary, °JRC, Ispra, ltaly, “CIDE, Valencia, Spain, °CNRS,
Strasbourgh, France, °CNRS, Caen, France, "ICPA, Bukarest,
Romania.

For five soil threats, viz. erosion, compaction, salinization, soil
organic matter decline and landslides, an EU wide inventory was
made of risk assessment methods (RAMs). This paper presents
the results of the inventory and discusses the options for
harmonization of RAMs.

In total, 26 main RAMs have been identified. In practice, more
RAMS are used, but the additional RAMs differ only in details
from the main ones. For instance, for compaction, most EU
member states use various deterministic models, which differ
only in the level of detail, but risk indicators and the associated
threshold values (i.e. risk perception) vary greatly. Some
countries use a minimum saturated hydraulic conductivity
(ranging from 10 to 24 cm d™'), whereas others used a maximum
penetrometer value (ranging from 2 to 6 Mpa). In most cases
there is a sound scientific basis to use different indicators and
threshold values, but the validation of RAMs with field data is
often poor, which makes it difficult to evaluate the
appropriateness of indicators and threshold values.

The implementation of RAMs in practice not only depends on the
scientific basis, but also on the acceptability and the flexibility of
the RAM. Harmonization of risk perception can be achieved
through various activities ranging from synchronizing output data
to prescribing complete RAMs. The first possibility is relatively
easy but demands for extensive calibration and is therefore
expensive. The latter option is relatively cheap but looses on
geographical precision and public acceptance. Options for
harmonization differ per soil threat, as is the maximum level of
harmonization that can be achieved. In conclusions, there are
various options for harmonization of RAMSs, the choice of which
depends on the scientific soundness, economic costs, flexibility
and acceptability.

S$10.H.03
European soil monitoring versus mapping - the
importance of scale

C. Reimann’, R. Salminen®;
"Geological Survey of Norway, Trondheim, Norway, *Geological
Survey of Finland, Espoo, Finland.

The European Geological Surveys have long experience with
large, up to continental-scale, cross-border international
cooperation projects in geological and geochemical mapping.
These projects have convincingly demonstrated that earth
scientists need to be acutely aware of the issue of scale in their
research. Most of our research is carried out at a very detailed
scale. However, there also exist natural processes that involve
enormous volumes of the earth's surface.

When mapping (or monitoring) a continent we do no longer deal
with some centimetres or a couple of square metres. Europe
comprises more than 5 million square kilometres. Scale
becomes an exceedingly important issue when setting up soil
monitoring networks, among others it is directly related to price.
For cost-effective monitoring of the chemical quality of soils,
experience gained during geochemical mapping projects carried
out at widely differing scales and sample densities (from
hundreds of sample sites per km? to 1 site per 5000 kmz) during
the last 25 years teaches that baseline mapping of the whole
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continent should be carried out at a low density (1 site per 2,500
- 5,000 km®) before establishing monitoring sites. Monitoring
requires a different and much more detailed scale than
continental mapping. Only once the regional importance and
distribution of the key geochemical processes (or environmental
threats) is characterised the optimally localised monitoring sites
can be established.

Maps in the recently published Geochemical Atlas of Europe
demonstrate, that at the European scale neither bedrock
geology, nor soil types, nor anthropogenic contamination
dominate the geochemical patterns. Geochemistry or
background values for chemical elements cannot be predicted
based on existing knowledge. Processes driving the continental
scale geochemical patterns must be documented and
understood before a monitoring network is established.

S$10.H.04
Correcting temporal instabilities of chemical
measurements in long-term forest soil monitoring

A. Papritz', U. Gasser’;
'ETH Zurich, Zurich, Switzerland, 2Soil Protection Agency of
Canton Zurich, Zurich, Switzerland.

In large parts of the Swiss Plateau, atmospheric deposition of
nitrogen compounds exceeds the critical loads. Excessive N-
input into forests may accelerate soil acidification. The soil
protection agency of canton Zurich, therefore, monitors soil
acidity at some 180 forest sites in the canton. Soil samples were
collected for a first time between 1995-1999. The sites were re-
sampled 5 years later. The pH, exchangeable cations and
soluble heavy metals were measured by accredited analytical
laboratories. For quality control, each batch of samples sent to a
lab contained specimens of up to 3 standard soils and some
randomly chosen customary soil samples that had been
analysed before. To see how stable the chemical analyses were,
we plotted the repeatedly measured concentrations against the
date of analysis. The temporal fluctuations were non-negligible
for most attributes and correlated among different samples.
Systematic differences between laboratories seemed less
important than fluctuations within labs. Thus, we modelled the
fluctuations by a robust one-way analysis of variance with the
date of analysis as grouping variable. The estimated effects of
the dates of analysis did not change smoothly with time, but
fluctuated erratically. This suggests that there was no genuine
change of the samples, as one would then expect more gradual
variation. We corrected the data by the estimated effects, and
this removed any visible temporal trend. However, the correction
did not (strongly) reduce the variance of the measurements. For
many dates of analysis, the effects were not estimated very
precisely: There were too few repeated measurements, most of
them from samples analysed only twice. Increasing the number
of standard soils and analysing them all in each batch, might be
more effective than our quality control design with the randomly
chosen customary soil samples, mostly analysed just twice.

$10.1.01

Project ,,Development of the Croatian soil monitoring
programme with a pilot project“ LIFE05
TCY/CRO/000105

A. Cidié, H. Mesi¢, G. Kolacko;
Croatian Environment Agency, Zagreb, Croatia.

Project ,,Development of the Croatian soil monitoring
programme with a pilot project® is in implementation with the
financial support of the LIFE Third Countries programme of the
European Community. Croatian Environment Agency is the
beneficiary of the Project and partner is Faculty of Agriculture,
University of Zagreb. Project started in January 2006 and it will
end in January 2009.

The final objective of the Project is development of the Soil
Monitoring Program (SMP) by taking into consideration specific
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Croatian agro-ecology conditions and EU guidelines and
experiences.

The SMP will include proposition of harmonized methods,
standards, time frame and dynamics for soil sampling, analysis,
display and dissemination of data, proposition of locations for
soil monitoring stations and points at agricultural, forestry and
contaminated sites and proposition of financial structure for
future development and maintenance of the Soil Monitoring
System, already recognized by National environment Strategy
and National Environment Action Plan (Official Gazette No
46/02) as important source of information for Government bodies
to plan Soil Protection Strategy and linked legislation measures
at the national level.

Data provided by soil monitoring will be used for Croatian Soil
Information System, as a part of the Environment Information
System, seated at Croatian Environment Agency.

The Project has already delivered The Croatian Soil Monitoring
Manual which includes category parameters for monitoring of the
agricultural, forestry and contaminated sites.

The soil monitoring procedures proposed by The Manual are
being tested by the Pilot projects on agricultural, forestry and
contaminated sites, in order to correct eventual wrong steps and
approaches during development of the Soil Monitoring
Programme.

The Soil Monitoring Programme, a final result of the Project, will
be presented by the December 2008.
Detailed information about the Project
www.azo.hr/smp_life_tcy

is available at

$10.1.02
Options for a UK Soil Monitoring Network to assess
status and change in soil indicators

H. I J. Black’, P. Booth', P. Bellamy?, J. Potts®, D. Elston’, B.
Emmett*, Z. Frogbrook®, M. Lark®, B. Marchant®, C. Jordan’;
"The Macaulay Institute, Aberdeen, United Kingdom, 2Cranfield
University, Cranfield, United Kingdom, ®Biomathematics and
Statistics Scotland, Aberdeen, United Kingdom, “Centre for
Ecology and Hydrology, Bangor, United Kingdom, °Rothamsted
Research, Harpenden, United Kingdom, GAgri-Food and
Biosciences Institute, Belfast, United Kingdom.

This presentation will review a recent UK government-funded
project to evaluate design options for a UK soil monitoring
network using indicators of soil function identified by previous
UKSIC (UK Soil Indicators Consortium) projects. The ultimate
objective is that soils information collected by a UK soil
monitoring scheme will be used to assess the status of soil, and
changes over time, at a UK and devolved administration level.
The information will also be used to inform the development of
evidence-based policy and guidance to help ensure the
sustainability of the soil resource in the UK. Our project’s
objectives were to develop and assess a range of options for a
monitoring scheme using robust statistical approaches that
included model and design-based methods. The options had to
accommodate the specific requirements of the UK stakeholders,
s0, a detailed checklist was complied, in consultation with these
stakeholders, to capture the various end-user requirements. The
checklist was used to design and test different options, critically
evaluate the performance of each option and estimate
deployment costs based on our practical experiences.
Consultations were carried out with the UK stakeholders at
various stages to progress decision-making towards a
recommended monitoring network. We will discuss the different
options, how they were developed, their relative performances,
along with constraints, uncertainties and assumptions and,
finally, what recommendations were achieved.



$10.1.03
Advances in long-term chemical soil monitoring of
Switzerland

A. Desaules, S. Ammann, P. Schwab, A. Keller;
Agroscope Reckenholz-Ténikon Research Station ART, Ziirich,
Switzerland.

The Swiss soil monitoring network (NABO) was started in 1984
and comprises currently 105 observation sites covering all
characteristic land use types across Switzerland. So far, the
sampling periodicity was 5 years and we perform at the moment
our fifth sampling campaign. For each observation site four
composite soil samples (0-20cm) are taken and archived. We
measured soil concentrations of Cd, Zn, Pb, Cu, Hg, Ni, Cr, Co
and F. The presentation will provide an overview of the results
and our experience to improve soil monitoring:

» Even in remote areas top soils of the observation sites were to
some extend affected by anthropogenic supply, mainly with Pb,
Cu and Cd. However, elevated soil concentrations can also be of
natural origin, e.g. for F, Ni, Cr, and Cd.

» Land use is often a rather unreliable indicator to discriminate
soil pollution.

» Positive, negative or no temporal changes of metal
concentrations were found after the 2™ campaign. From the 3¢
campaign onwards positive and negative changes alternate
frequently at the same site. Therefore no verified trends can be
stated so far.

» The causes for temporal changes of soil concentration are
complex and result from (1) natural processes, (2)
anthropogenic processes, and (3) methodological artefacts.
Hence, not all measured temporal concentration changes in soil
monitoring are due to anthropogenic inputs.

The experiences result into some basic methodological
requirements which are essential to improve the quality of soil
monitoring. Firstly, for early detection of concentration changes
the best possible measurement precision must be performed,
and secondly it is crucial to control the long-term stability of the
measurement system (bias). In contrast to other soil monitoring
networks we propose to intensify the measurement periodicity
with respect to time series analysis, in order to discriminate
noise from real change as soon as possible.

$10.1.04
An Issues and Goals of Development of a Soil
Monitoring for Bulgaria

T. A. Shishkov', G. Georgieva®, N. V. Kolev';
'Institute of Soil Science, Sofia, Bulgaria, ’Executive
Environmental Agency., Sofia, Bulgaria.

The system for soil monitoring in Bulgaria should meet today’s
objectives and requirements of society for sustainable use of
soils and for general environmental control policies. Since the
Republic of Bulgaria is a Member State of the European Union,
the latest developments concerning the soil monitoring policy
and legislation and the latest development of measures against
uncontrolled soil damages are to foster methodological
approaches for those who are interested in keeping soil
multifunctional as a public interest. Therefore, the decision to
develop and implement a soil monitoring system and the
available national database of land use, conditions, and early
changes detection in soil quality are in order to be able to
regulate soil processes related to soil conservation and soil
protection practices based on scientific understanding of current
status of the soils.

The paper presents results of the development of the National
“Land and Soil” Monitoring System (NLSMS). The main goal is
to assess current status of soils at the national monitoring
network based on the knowledge in relation with the soil threats
according to the European Soil Thematic Strategy 2002. This
study is based on the Level | of the National monitoring network
(16*16km grid) for the territory of Bulgaria.

$10.J.01
National Soil properties monitoring by means of the
French soil test database

N. P. A. Saby’, B. Lermercier?, D. Arrouays’, C. Schvartz®, H.
Squividant’, S. Follain®, P. Denoroy®;

"INRA, US 1106, Unité INFOSOL, Olivet cedex, France, 2UMR
SAS, INRA-Agrocampus, Rennes, France, °ISA, Laboratoire
Sols et Environnement, Lille, France, 4LISAH, Montpellier
SupAgro/INRA/IRD, Montpellier, France, ‘UMR INRA / ENITA
Bordeaux, TCEM (1220), Bordeaux, France.

About 250,000 soil-tests are performed each year in France at
farmers’ request. The number and diversity of origin of the
samples make these soil-test results an interesting and original
source of information regarding the variability of cultivated
topsoil. Moreover, these soil-test results relate to several
parameters strongly influenced by human activity (macronutrient
contents, pH...), for which existing cartographic information is not
very relevant.

The soil-test results were gathered in a unique database with
continuous data collection called the French Soil Test Database
(FSTD). All results recorded have been generated by
commercial soil testing laboratories certified by the French
Ministry of Agriculture, using standardized protocols. After the
initial quality control stage, soil-test results from more than
1,110,000 samples were available in the database. The
anonymity of the landholders seeking soil analyses is perfectly
preserved, as the only identifying information recorded is the
location of the nearest administrative city to the sample site
Taking into account statistical and sampling bias, the FSTD
appears to be a relevant tool to analyze the evolution over
successive time periods of soil properties and to test the
potential of soil test databases for soil dynamic monitoring.
Several examples are shown about spatial-temporal variability of
soil nutriments status like organic carbon content, available P
content and K content at regional and national scales.
Nevertheless, only chemical properties are considered and only
topsoil horizons of cultivated land have been sampled, providing
therefore a partial view of the soil cover. Consequently, FSTD
must be thought as one piece of a more exhaustive program of
soil survey and monitoring.

$10.J.02
Detecting changes in Scotland’s soil resource

A. Lilly, J. S. Bell, G. Hudson, A. J. Nolan, W. Towers;
Macaulay Institute, Aberdeen, United Kingdom.

Soils are under threat from economic, social and biophysical
drivers. Soil monitoring schemes are being designed to
determine the magnitude and direction of any change in order to
more effectively manage the soil resource. However, detection
of change is not straight forward. In Scotland, we intend to use
an existing national scale sampling scheme to test aspects of
soil monitoring systems and determine soil indicators.

From 1978-1988, the soil profile at 721 sites (10km intervals)
were described, sampled and analysed for a wide range of soil
properties. This National Soil Inventory of Scotland (NSIS)
provides an objective sampling scheme over a wide range of
Scottish soil types and habitats and is ideal for testing methods
to determine changes in soil properties over time. In particular
we aim to:

1. determine evidence of change in C content and nutrients

2. compare sampling methods such as:

a. fixed sample depth vs soil horizon

b. point vs composite sampling over an defined area.

3. measure new attributes to test their suitability as indicators of
soil quality

4. develop and test new methods for assessing soil quality

We have devised a sampling scheme to resample 25% of the
original inventory based on a 20km grid pattern and verified that
there was no significant bias inherent prior to implementation.
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At each site we have also implemented a sample design which
examines short range variability in soil properties. This will help
determine if detected changes are real or simply due to the
inherent variation in soils and therefore to determine limits to the
detection of change.

Land use may have changed at some sites and the soil samples
from both the previous and the new sampling schemes will be
used to test methods to detect land use changes.

$10.J.03
The Collection of Improved Soil Datasets for Soil
Quality Monitoring

B. Vr$éaj', T. Godella®;

"Agricultural Institute of Slovenia, Centre for Soil and
Environment, Ljubljana, Slovenia, 2Agricultural Institute of
Slovenia, Departmen for Agricultural Engineering, Ljubljana,
Slovenia.

Soil and environmental protection activities and the design of
sustainable agricultural practices are implemented at the local
scale, for which reliable and accurate soil and related
environmental information is required. Soil data collection is a
time, labour, and cost intensive task. Soil mapping and field data
collection are nowadays, in comparison to the past, relatively
rare activities. Often when soil is monitored, soil quality and soil
threats are assessed from incomplete or outdated datasets.
Once in the field an exhaustive dataset can be collected which
can be used to develop multipurpose datasets linked to
contemporary GIS databases.

The article presents soil data collection activities carried out
within several national projects in Slovenia. During a solil
sampling campaign an extended dataset is collected at
representative locations. The soil dataset consists of relevant

physical and mechanical properties, a complete profile
description, and, subsequently, the essential chemical
parameters.

Two devices for soil data collection developed at AIS will be
presented: a computerised hydraulic measuring device for
measuring soil penetration resistance and vane shear strength
with 10 cm increments, and circular shear plates for measuring
cohesion and internal friction angle and circular plates for
measuring the parameters of vertical bearing capacity. A
hydraulic-driven soil coring system was constructed for collecting
large undisturbed soil monoliths with diameters of 20 cm of up to
130 cm in depth.

The measuring and sampling AIS activities are the basis for the
improvement of the Slovene GIS soil data sets in order to meet
quantitative and qualitative requirements. They will present a
firm basis for soil quality monitoring and various activities, such
as the adaptation of existing agricultural practices towards more
sustainable use of soil - especially managing the threat of soil
compaction, supporting local scale soil protection activities,
state-wide groundwater protection, or soil information processing
for military applications.

S$10.J.04
Elaboration of the soil monitoring module of the
Hungarian Agro-Environmental Program

J. Szabé', B. Pirké’, M. Dombos’, L. Pésztor', Z. Bakacsi', A.
Laborezi';

"Research Institute for Soil Science and Agricultural Chemistry,
Budapest, Hungary, 2plant Protection and Soil Conservation
Directorate of the Capital and of County Pest, G6déllé, Hungary.

The National Agri-Environmental Program (NAEP) started in
2000 in Hungary. The Monitoring System of NAEP aims at the
demonstration of improving influences of the various agri-
environmental target projects on the state of the environment.
The expected positive regional effects can be proven by
appropriate spatio-temporal analysis of permanently expanding
and suitably linked thematic databases. The two main
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environmental targets of the programs are biodiversity and soil.
As a consequence there are strong expectations on adequate
and continuous soil state evaluation, which can support the
verification of the realized objectives. The Soil Monitoring
System of NAEP represents the framework of the related
activities. In our paper we present the pursuits carried out for the
elaboration of the system, which involved the followings:

- Definition of soil state features, soil functions, soil processes,
soil threats and degradation processes which can be related to
the presumable improving effects of the various agri-
environmental target projects in order to be monitored.

- Working out of a complex, hierarchic sampling strategy
(definition and designation of sampling units representing
multipurpose spatial representativity; determination of their
number and spatial distribution).

- Selection of appropriate soil indicators.

- Elaboration of protocols for the measurement parameters of
the selected indicators.

- Spatio-temporal redistribution of measurements along the
predefined sampling units and over time.

- Estimation of financial aspects of the actuation of the system.

$10.J.05
The estimation of heavy metal mobility in soil
monitoring

S. S. Mandzhieva', T. M. Minkina', O. G. Nazarenko’;

'South Federal University, Rostov-on-Don, Russian Federation,
®Don State Agrarian University, Rostov-on-Don, Russian
Federation.

The system of estimation of heavy metal mobility in soil
monitoring was offered. It allows revealing the mechanisms of
metal compounds transformation in soil under contamination. It
is shown the direction of processes of zinc and lead
transformation in chernozem.

The estimation of heavy metals (HM) mobility system includes
the following stages:

1) HM forms determination and calculation. The mobile forms of
heavy metals were extracted from soil by ammonium acetate
buffer solution NH4;OAc (exchangeable forms), pH 4,8. The
amount of complex-bound forms was calculated as a difference
between the metal contents in the extracts of 1% EDTA in
NH4OAc and NH;OAc. The amount of specifically adsorbed
forms was calculated as a difference between the metal contents
in the extracts of 1IN HCI and NH,OAc. Metal contents in all
solutions were analyzed by AAS.

2) HM forms grouping. The difference between the total HMs
and their weakly bound group demonstrates the amount of
metals within group of strongly bound compounds. Soil
contamination by zinc and lead is accompanied increasing to
their mobility. The share of weakly bound group increased in 2-3
times.

3) Calculation of metal groups ratios are Em indexes. Em
presents a ratio of weakly bound metal compounds (WB) to
strongly bound ones (SB): Em = WB/SB. These ratios as part of
ecological monitoring can be used to give an indication of sail
contamination. In contamination the share of Zn and Pb weakly
bound compounds and mobility indexes Em increase.

4) Calculation of metal forms in percent from group. This
calculation allows to estimate of their contribute in the changing
of total metal mobility. Within present groups of compounds in
forms ratio is happened under HM addition changing. There are
changes of forms ratio within this group: exchangeable and
complex forms increase at reduction their specifically adsorbed
forms.



$10.K.01

Topsoil-structure damages in forest soils - a survey
based on the Level | - soil monitoring in Baden-
Wuerttemberg

J. Schiiffer’, K. v. Wilpert', H. Buberf;

"Forest Research Station Baden-Wuerttemberg, Freiburg,
Germany, 2Geoplan, Biiro fir Umwelttechnik, Freiburg,
Germany.

A lot of soil functions like the gas exchange, the rooting capacity
as well as the habitat function are closely linked to an intact
secondary pore system. In the actual EU-wide and national
monitoring scheme no attention has yet been paid to get an
overview on soil structure damages caused by increasing
machine impact during forest operations.

Numerous investigations showed the long lasting negative
effects of soil structure deformation on soil aeration status and
fine rooting after trafficking with heavy forest machinery. As a
consequence of these findings preservation strategies for forest
soils recommend a strict binding of vehicle movement on regular
skid trail systems.

Until now data on soil disturbances have been gathered in
scientific field experiments. These were cause-effect studies
describing the processes leading to ecological soil damage
through machine impact. No data describing the relevance of
compaction phenomena on higher spatial scale than small
patches of forest stands are available.

During the ongoing soil monitoring survey in Baden-
Wuerttemberg data on the physical status of the top soils are
gained on 308 evenly distributed grid points. At each point 8
satellites located on a circle with a radius of 10 m around a
central soil pit were investigated. Beneath an intense humus
form description soil structure and also the appearance of
hydromorphic phenomena were recorded for the top soil as
indicators for structural disturbance. Further more the samples
were classified into deformation classes reaching from 0 (no
indications of deformation) to 4 (extreme deformation).

Irregular machine passage on unprotected forest soils is still a
widely spread problem in Middle Europe. Representative data on
this item that are collected within regular soil surveys will raise
the awareness for this problem and emphasize the need for soil
protection strategies.

S$10.K.02

Relevance of different soil fauna and microflora
groups in the monitoring of soil biodiversity: RMQS-
Biodiv, a french Pilote area experience

G. Pérés’, D. Cluzeau’, R. Chaussod’, C. Villenave®, J. Cortet’,
N. Ruiz’, M. Fragette®, T. Mateille®, L. Ranjard?, J. Ponge’;
"UMR Ecobio, University Rennes1, CNRS, Paimpont, France,
2INRA-CMSE UMR 1229, Dijon, France, >SeqBio-IRD,
Montpellier, France, 4ENSAIA-INPL, Nancy, France, °IRD UMR
137 Biosol, Bondy, France, *UMR 1062 - CBGP, Montpellier,
France, "Museum UMR 5176, Brunoy, France.

Soil biota play essential roles in delivering key ecosystem goods
and services, and are both directly and indirectly responsible for
acting in many important functions (nutrient release, soil
structure maintain, contribution to water storage). It is thus
essential to characterize both the species diversity and the
biological functions.

In order to monitor soil biodiversity (species and function) in
relation to land use (mainly agricultural practices) and
pedoclimatic parameters, a French program « RMQS-biodiv »
was developed at a wide regional scale (Brittany). An important
national research collaboration (12 research teams) supported
the program, that undertook the study of several biological
parameters such as macrofauna diversity (earthworms, total
macro-invertebrates), mesofauna diversity (acarina and
collembola), microorganisms (nematodes diversity, microbial
biomass, bacterial and fungal diversity), as well as functional

biological parameters (soil respiration, humus index, macrofauna
and mesofauna activity: biogenic structure, feeding activity).

This program was connected to a larger soil monitoring network
developed at national scale (Soil Quality Measurement Network-
RMQS) which monitored soil parameters (chemistry, physic) and
agricultural management using a regular grid (16 X 16 km)
covering the whole national territory. The link between these two
programs allowed the study of biological parameters in the light
of soil and agricultural characteristics, and thus the definition of
biological indicators.

The results obtained from the analysis of 115 sites sampled in
2006 and 2007, will be discussed in terms of relevance of these
biological criteria as indicators, and in fine of their transfer to
field actors (technicians) who are in charge of new tool
implementation on agronomical management assistance.
Furthermore, the results will also be discussed with respect to
propositions and recommendations made by the ENVASSO
project (Environmental Assessment of Soil for Monitoring),
especially the biological criteria proposed by the European
project and the hierarchy of these criteria.

$10.K.03
Comparison of soil organic matter and microbial
respiration measurements at different scale

A. Gdl', G. Arvay’, G. Sz. Kele®, J. Berényi-Uveges®, B. Simon’,
P. Hegymegi', E. Michéli’;

'Szent Istvéan University, G6d6ll6, Hungary, 2pjant Protection
and Soil Conservation Directorate, Pécs, Hungary, *Plant
Protection and Soil Conservation Directorate, Velence, Hungary,
“Central Agricultural Office, Budapest, Hungary.

Decline of soil organic matter and soil biodiversity are among the
eight threats defined in the 2002 Communication ,,Towards a
Thematic Strategy on Soil Protection” by the EC. In the frame of
the ENVASSO (Environmental Assessment of Soil for
Monitoring) Project, that targeted the development of the
principles of a harmonized European monitoring system, organic
matter content, bulk density and microbial respiration were
among the selected and tested indicators to record the temporal
and spatial changes for these two soil threats. Measurement of
these indicators have been in practice in the frame of the
Hungarian Soil Information and Monitoring System (TIM), which
provides basic chemical, physical and biological data, since
1992 on 1237 sampling sites. The testing of the indicators with
the recommended ENVASSO methodology was carried out on
the Szent Istvan University Experimental Farm pilot area. The
pilot area is a catena, representative of the Eastern Central
European loess areas with high organic matter content. It
experienced decline in organic matter content and soil
biodiversity due to natural and tillage erosion. The results of the
field scale measurements with the national ones were
compared. Strong correlation between organic matter content,
soil types and microbial respiration was found on national and
field scale as well. Based on the TIM data national threshold
values were determined. The data from the Hungarian
monitoring system are compatible with ENVASSO suggested
methodology. The TIM data fit to the targeted EU monitoring of
the studied parameters.

S$10.K.04
Perspectives for regional monitoring of soil organic
matter in mineral soils

M. C. Hanegraaf', P. J. Kuikman®;
'Nutrient Management Institute, Wageningen, The Netherlands,
2Alterra - Soil Science Centre, Wageningen, The Netherlands.

The (draft) European Soil Strategy (EUSS), which was rejected
by the EU parlement in december 2007, identified loss of SOM
as a major threat for soil quality. Main arguments against it relate
to aspects of subsidiarity and proportionality, and not the
relevance of a soil policy as such. Several Member States are
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actively developing a national policy for the conservation of
SOM, i.e. the U.K,, France, Germany, and the Netherlands. One
of the major effort is the inclusion of SOM in monitoring schemes
for soil quality. In the Netherlands, major experience on
monitoring SOM had been gained from routine soil analyses
over 30 years and more. For sandy soils it has been shown that
there is no univocal trend in SOM changes within regions and
cropping systems; available evidence suggests a similar result
for clay soils. To improve our understanding of SOM changes at
field level, detailed analysis at field level (as opposed to regional
scale) is required. We present results of an analysis of changes
of SOM with information on SOM quality, geology, hydrology,
weather, soil type at field level. We developed a monitoring
system for SOM in mineral soils in the Netherlands that
combines the economic merits of routine analysis of SOM
(monitoring base) with detailed soil and management data from
a representative selection of fields (benchmark). Features of the
system are i) meets requirements of both monitoring authorities
and stakeholders, ij) enables resources and efforts to be
proportional to the level of risk identified and iij) a scientific
approach for the selection processes involved. Criteria have
been identified for both the monitoring base and the benchmark,
e.g. soil stratification, selection of indicators (early signalling,
sensitivity, individual indicator vs. indicator set, target ranges),
reliability of data (sampling, registration). The added value of
modelling and geostatistics is also discussed.

S11 Management of
Contaminated Soils (1):
practical applications

S11.A.KL

Management of local and diffuse soil contamination
on a heavily contaminated region (seen from the
point of view of the feasibility and possibility of
technical implications of technologies)

A. Worsztynowicz, J. Skowronek;
Institute for Ecology of Industrial Areas, Katowice, Poland.

In the last few decades subsurface contaminations by chemicals
(mostly organic) and heavy metals has become a widespread
problem for soil and groundwater quality. The most severe
contamination problems are due to point sources which
frequently involve organic solvents (chlorinated derivatives of
methane ethane and ethane, aromatic hydrocarbons etc.)
gasoline, diesel oil, lubricants, as well as coal tars from
manufactured gas plants and cookeries, wood preservatives
(e.g. creosote), transformer fluids (polychlorinated biphenyls)
and plasticizers (phthalates). Diffuse sources which causes
usually much lover contaminant concentrations than point
sources, result from the application of pesticides and fertilisers in
agriculture or the deposition of a wide variety of air-borne
anthropogenic compounds.

The proper analysis and identification of the contamination
problem, both its exact nature and extent, should be the first
step in any remediation process.

In general, soil remediation, which is rather a complex process,
consists of several stages including:

§ Preparatory activities including site characterization, health
and environment risk assessment for both workers doing soil
cleaning and further users of the site, selection and design the
most suitable remediation technique,

§ soil cleaning itself

§ conducting aftercare activities.

Remediation procedures and techniques
increasingly more specialized and more costly.

are becoming
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Estimated number of contaminated sites in Europe is app.
300.000 either industrial sites or landfills or other local sources
posing significant risk to human health or to the environment.
The UE spent several billion Euros each year on the remediation
of land affected by contamination. It is rather obvious that total
clean-up of these sites is neither economically nor technically
feasible. However, many of today's remediation costs can be
minimized by gaining a better understanding of remediation
procedures and the various options available at the different
stages in the process.

Generally, a sustainable approaches including e.g. risk based
land management, land use requirements, and/or natural
attenuation, are ones of emerging solutions.

Some of them, dealing with:

§ detection, transport and evaluation of contaminants,

§ accumulation, bioavailability of contaminants

§ phytoremediation

§ remediation and natural attenuation

are presented at the symposium.

S11.A.01

Copper and Zn labile pools changes in intermittently
flooded soils evaluated using isotopic dilution
techniques

M. Biasioli', J. Kirby?, G. Hettiarachchi*®, F. Ajmone-Marsan’,
M. J. McLaughlin®*;

'DIVAPRA - Chimica Agraria, Grugliasco (TO), Italy, 2CSIRO -
Land and Water, Glen Osmond - SA, Australia, *Department of
Agronomy- Kansas State University, Manhattan, KS, United
States, *Soil and Land Systems - University of Adelaide, Glen
Osmond - SA, Australia.

Under reducing conditions soils may release contaminants as a
consequence of the dissolution of iron and manganese oxides
and hydroxides.

An Oxisol and an Inceptisol, either unamended (control) or
amended 5 years previously with soluble Cu (as CuSO4) or
biosolid Cu, were submerged with de-aired 0.001 M CaClI2 and
kept in an anaerobic chamber. They were maintained flooded for
two weeks and then drained, dried and re-submerged. A set of
soils was also maintained at field capacity in an oxic
environment throughout the experiment. Up to three wet & dry
cycles were conducted, and the release of Fe2+, Mn, dissolved
organic carbon, Cu, Zn in the soil solution as well as the trends
of pH and Eh were monitored at the end of each cycle. Labile
pools (E-values) of Cu and Zn were determined at the end of
each cycle using stable (63/65Cu) and radioactive (65Zn)
isotopic dilution techniques, respectively. A resin purification
step was included to avoid colloidal interferences in labile pool
determinations.

Little change in Cu and Zn was detected in the soil solutions at
the end of each wet/dry cycle, but significant changes in the
isotopically exchangeable pools were observed. Zinc E-values
decreased with each wet/dry cycle, while labile Cu generally
increased. The highly Cu-contaminated soil did not show any
changes in pH or Eh after submersion, likely due to lack of
microbial activity as a result of the high Cu concentration. An
increase of colloidal forms of metals in soil solution was
observed with each wet/dry cycle, particularly evident in the case
of Zn, suggesting the importance of colloidal mediated transport
of metals in intermittently flooded soils.

S$11.B.01
Enrichment of Pd, Pt, Au, and Hg from aqua regia soil
digests

M. Sager;
Austrian Agency for Health and Food Safety, Vienna, Austria.

In ICP-MS, direct determination of Pd, Pt, and Au is positively
interfered from oxides of Sr, Y, Hf, and Ta, respectively. As
dissolution and stabilization of Hf and Ta needs hydrofluoric



acid, rapid and reliable separations could be achieved by
selective dissolution of Pt and Au by reverse aqua regia with 20
ul of elemental bromine added. These solutions were stable for
at least 5 months, but unconsumed nitric acid and elemental
bromine in the digests, however destroy organic reagents
needed for appropriate separation techniques. There was still
too much Srand Y in real samples to achieve proper corrections
on Pd in the ICP-MS.

After addition of excess ascorbic acid in 5% aqueous solution,
separation of Pd, Pt, Au, and Hg from the matrix solution has
been successfully achieved by coprecipitation as dithizonates
from strong acid solution (1-2 M) with an excess of reagent, and
sorption upon active carbon. Dithizone addition in dilute
ammonia was preferred over addition in 1+1 acetone. After
filtration, recovery of the analytes from the active carbon was
achieved by microwave -assisted pressure digestion with a
solution of KCIO3 in dilute nitric acid. Digestion with nitric acid
was less satisfactory. The active carbon has to be checked for
blanks, particularly of Pt and Hg, and platinum spatulas should
not be used in the entire procedure.

Whereas Pd, Pt, Au and Hg were recovered at more than 90%,
other common ions and Ir were less than 3%, and Bi was
variable. Removal of the salt matrix improved the performance of
the ICP-MS. The method was checked with Certified Reference
Material BCR-723 (road dust), and applied to soil and road dust
samples.

$11.B.02
Health-based action levels for metals and organic
pollutants in Norwegian soils

R. T. Ottesen’, J. Alexander?, T. Joranger’;

"Geological Survey of Norway, Trondheim, Norway, *Norwegian
Institute of Public Health, Oslo, Norway, 3City of Oslo, Oslo,
Norway.

The Geological Survey of Norway has in collaboration with the
National Institute of Public Health and the City of Oslo prepared
a set of action level concentrations for a selection of pollutants in
soil for different land use. Based on risk assessments of the
possible influence on human health, pollutants such as heavy
metals, PCBs, DDT, PAHs, benzo(a)pyrene, aliphatic
components, dioxins, furans, phenol, benzene, and triclorethene
were classified into five categories of land use. The land uses
are:

1.

All land uses, except agricultural soils

2.

Residential areas, day care centers, playgrounds, parks, and
beaches

3.

Urban areas except residential, including streets, squares,
business areas

4.

Industrial areas, railways, main roads

5.

Active and closed landfills

Considerations regarding residence/occupational time for
humans within the different categories were taken into account.
The exposure from food and drinking water is probably much
more important than the contribution from soils in most cases.
However, to small children harmful substances in soil may
represent a significant but unnecessary source of exposure. In
this study, recommendations on proper use of the action levels
are proposed and how deep into the soils the action levels
should apply. The main use of these action levels is the
development of a simplified system for the management and
disposal of polluted urban soil based on scientific health based
criteria.

$11.B.03
Cr(VI) transport in typical soils of the North of
Portugal

B. Fonseca', A. Schneider’, T. Tavares®:

'IBB-Institute for Biotechnology and Bioengineering, Centre of
Biological Engineering, Braga, Portugal, 2IBB-Institute for
Biotechnology and Bioengineering, Centre for Biological
Engineering,, Braga, Portugal.

Heavy metals are being added to the environment by
atmospheric deposition and by fertilizers, sludge and sewage
sludge application to the soil. The fate and movement of these
contaminants depend on the physical and chemical properties of
the solid and liquid phases that are in contact with each other.
Generally, batch experiments are used to obtain equilibrium
adsorption isotherms and to evaluate the soil sorption capacity
of any given contaminant in an aqueous phase. However, in
addition to adsorption, advection and dispersion may occur in
dynamic systems justifying the need of flow experiments. Due to
its mobility in the environment, its harmful effects on humans
and its large usage among Portuguese industry, the behaviour
and transport of hexavalent chromium, at different pH values of
the aqueous solution, have been the aim of this study. A sample
of a loamy sand soil collected in Oporto, Portugal
(41°25'15.58"N and 8°45'568.27"0), was submitted to batch
experiments and to flow experiments in column tests, at pH
values of 2, 5 and 7. Kinetic, equilibrium adsorption and
hydrodynamic parameters were evaluated and compared
between systems. Sorption of hexavalent chromium was
described using Freundlich and Linear isotherms, whereas
transport was described as a convection - dispersion process,
and characterized by a retardation factor. A nonreactive tracer
was used to evaluate the dispersion coefficient independently.
The kinetic rate coefficient was also evaluated for batch and
dynamic systems. The retardation value, R, showed that
hexavalent chromium is less mobile when the contaminant
solution pH is higher. Moreover it has been found that the R
values obtained by the convective-dispersive equation fitting are
lower than those determined by the linear isotherm and very
similar to those obtained by the Freundlich isotherm.

S11.B.04
The use of earthworms to test the efficiency of
remediation of oil-polluted soil in tropical Mexico

V. Geissen’, P. Gomez', E. Huerta’, R. Bello®, E. Barba’', A.
Trujillo”;

'El Colegio de la Frontera Sur, Villahermosa, Mexico, °El
Colegio de la Frontera Sur, Tapachula, Mexico.

In many countries where petroleum exploration is done, soils are
contaminated with crude oil on a nearly a monthly basis, due to
the use of old exploration technologies. Determining the
efficiency of restoration of soils contaminated with hydrocarbons
has only looked at soil chemical parameters, i.e. hydrocarbon
content after restoration. However, no information has been
required concerning soil restoration as far as soil’s function as a
habitat for fauna and flora.

Therefore, this study focuses on the medium-term effects of soil
bioremediation on mortality and reproduction rates of Eisenia
fetida (laboratory experiment) and of the tropical earthworm
Polypheretima elongata (field experiment) in tropical Mexico. We
compared soils restored with the two bioremediation
technologies landfarming (LF) and compost-bioremediation (BI)
with control soils and with soils contaminated with 1 and 2 % of
petroleum. Control and restored soils both were fertile and
showed low hydrocarbon contents. The mortality of Eisenia
fetida was not influenced by soil restoration and by
contamination with 1% petroleum; it only increased in soils
contaminated with 2 % petroleum. However, the reproduction
rate of Eisenia fetida was significantly lower in the soils restored
with LF and in those contaminated with 1% crude oil and
significantly higher in the soils restored with Bl. .Polyphretima
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elongata showed the same reaction as Eisenia fetida. The
stimulation of the reproduction rates in the soils restored with Bl
was probably due to the fact that allochtonous microorganisms
were introduced which stimulated the earthworms. We conclude
that it is important to include reproduction or other subletal tests
for earthworms when estimating the efficiency of restoration
techniques.

S$11.B.05
Sorption behavior of cadmium on zeolite and
bentonite

M. Hamidpour, M. Kalbasi, M. Afyuni;
Isfahan Unversity of Technology, Isfahan, Iran (Islamic Republic

of).

Sorption and release reactions of metal ions play a key role in
toxicity, bioavailability and mobility of these elements in soils and
sediments. The release of Cd into the environment is a potential
threat to water and soil quality as well as to plant, animal and
human health. Thus, a number of technologies for the removal of
Cd have been developed over the years. Among all the
methods, ion exchange /sorption using clay minerals is highly
effective, easy to adapt and economical. The objectives of this
study were to determine i) Cadmium sorption (removal) capacity
of bentonite and a zeolite minerals ii) sorption kinetics and
mechanisms of Cd** on the clay minerals. Experimental data
obtained from batch equilibrium tests have been analyzed by
Freundlich, Langmuir and Koble-Corrigan isotherm models, and
kinetic models including the pseudo-first order, the pseudo-
second order equations using nonlinear regression technique.
Koble-Corrigan isotherm was the best to describe the
experimental data. Maximum experimental sorption capacity was
found to be 6.5 and 12 mg/g for zeolite and bentonite,
respectively. The time-dependent Cd sorption data were well-
described by pseudo second-order (r = 0.99) kinetic model. The
results also showed that the sorption process was relatively fast
and equilibrium was reached after about 120 min. Uptake of
Cd* ions on the sorbents showed a pH-dependent profile. The
results also show that Cd*'can be adsorbed successfully in
significant amounts on bentonite and zeolite, indicating that the
natural sorbents from Iran are good sorbents for the removal of
Cd* from the aqueous solutions.

S11.B.06
A strategy for efficient surveying and mapping of soil
pollution around a metal smelter

A. Papritz', F. Borer, R. Bono’;

'ETH Zurich, Zurich, Sw:tzerland 2Soil Protectlon Agency of
Canton Solothurn, Solothurn, Switzerland, ®Soil Protection
Agency of Canton Basel-Landschaft, Liestal, Switzerland.

A few kilometres south of Basel, Switzerland, a metal smelter
operates since 1895 and produces alloys for the manufacturing
industries. Until 1972 metal dust containing mainly copper, zinc
and cadmium was emitted into the atmosphere without filtering.
In the 1980s a first survey revealed elevated metal
concentrations over an area of a few square kilometres. The
survey data provided evidence that both the clean-up and trigger
values of the Swiss soil protection ordinance were exceeded.
Therefore, the soil protection agencies of the concerned cantons
started a new survey with to delimit legally binding pollution
zones. To select the sampling locations we analysed the data of
the old surveys geostatistically and predicted the mean topsoil
copper and cadmium content of some 8000 parcels of land by
Gaussian conditional simulations. This gave us the mostly likely
level of contamination of every parcel and a quantitative
description of the uncertainty of the predictions. Based on this
and the restrictions imposed by limited resources, we selected
new sampling sites in that part of the study area where the
pollution was likely to be severe but uncertainty was large. In a
first round, soil was then sampled at some 220 sites, the
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samples were chemically analysed and the new data was
merged with the measurements of the old surveys. These steps
were iterated twice, resulting at the end in data from some 480
new sites. In our presentation we shall sketch the geostatistical
procedure that was used for prediction and selection of the new
sites, we shall discuss in some detail its validity based on the
comparison of the predicted with the measured metal content of
the soil, and we shall show how the uncertainty about the
pollution could be reduced in the most strongly contaminated
part of the study area.

S$11.C.01
Soil and Water Contamination in an Agro Industrial
Region in Tropical Mexico

V. Ge:ssen F. Que Ramos’, L. Ruiz Suarez C. Melgar
Valdes S. Cram A. Jarqum Sanchez’;

'El Coleg/o de la Frontera Sur, Villahermosa, Mexico, 2Instituto
de Geografia, UNAM, D.F. Mexico, Mexico.

Pesticide use in agro industrial regions may cause an
accumulation of pesticides and/or their metabolites in the
environment. In tropical Mexico, we studied the effects of a
weekly application of the fungicide Mancozeb against Sigatoca
negra in drained banana plantatlons The yearly application of
the fungicide is about 100 kg ha” carried out since 1995. In
2006, we took soil (0-30 cm), drain sediment (0-10 cm), drain
and well water samples of six banana sites and two control
areas. We analyzed the content of ETU (first metabolite of
Mancozeb) and of Zn and Mn (accompanying heavy metals, 2.6
% Zn, 20 % Mn).

We did not find any accumulation of ETU in soil or sediment
samples The ETU content was near the detection limit of 0.01
mg kg However, we found extremely high ETU concentrat|on
in superficial drain water up to a maximum of 50 ug L” due to its
high water solubility. Furthermore, in some wells the
concentratlon exceeded the EU trigger value for drinking water
of 0.1 pg L™ with maximum values of 8.5 ug L™

We observed an accumulation of Mn in soils and sediments with
values significantly higher than in control soils. In sediments the
accumulation was partly extremely high with a maximum content
of 20,000 mg kg Zn was not accumulated in soil or sediment
due to its lower content in Mancozeb.

We conclude that the actual accumulation of ETU in superficial
and well water causes negative effects on aquatic fauna and
human beings using the well water as drinking water. We
suggest changing the production way of bananas in the region.

$11.C.02
Mine tailings as adsorbent for lead in contaminated
soil

S. Hartikainen;
University of Helsinki, Helsinki, Finland.

Lead (Pb) is toxic to living organisms, and if dissolved to the soil
water it may end up in food chain and harm the ecosystem.
Thus, soils contaminated with lead (Pb), e.g. shooting ranges
and old gas stations, cause a notable environmental risk. In the
late 1990's, there were approximately 2000-2500 open-air
shooting ranges in Finland, with 60% of them still in operation.

Remediation of Pb contaminated sites is complex and costly.
However, biotite, referring here to a mixture of minerals
processed from the tailings produced in apatite ore benefication,
may function as an environmentally sound, cost-effective Pb
sorbent owing to its versatile mineralogical and chemical
properties. The main component of biotite is phlogopite
associated with carbonates and apatite. Phlogopite is a silicate
mineral rich in Al and Fe. Weathering of the mineral generates
reactive Fe and Al (oxy)hydroxides which offer specific sorption
sites for heavy metals. Carbonates, to some extent, function as
Pb sorbents and promote the retention through precipitation or,
in mineral soils, through raising soil pH. Furthermore, poorly



soluble compounds are formed between apatite ore residues
and Pb, which contributes to decreased Pb leaching.

The suitability of biotite to remediation of contaminated sites was
studied in laboratory by incubating Pb-contaminated soil with
and without untreated or artificially weathered biotite of various
particle sizes. The impact of biotite addition on the distribution of
Pb between various pools was examined by sequential chemical
extractions. The results showed that untreated biotite efficiently
decreased bioavailable (i.e. water soluble and exchangeable) Pb
in soil, whereas the low pH of the artificially weathered biotite
promoted Pb dissolution into water. Biotite particles of different
sizes vary in their chemical properties and, thus, they retained
Pb differently. In fact, the unsieved material containing all
particle sizes proved to be the most efficient sorbent.

S$11.C.03

Mass balance and distribution of zinc, lead, and
cadmium in sludge-amended soils developed on
diorite saprolites (Limousin, France)

D Proust’, C. Fontaine’, M. Fialin?, C. Courbe®, N. Dauger”;
HydrASA FRE CNRS 31 14, Un/versn‘e de Pon‘/ers Poitiers,
France, *Centre de Microanalyse Camparis, Université Pierre et
Marie Curie, Paris, France 3Chambre d’Agriculture de la Haute-
Vienne, Limoges, France, *(1) HydrASA FRE CNRS 3114,
Poitiers, France.

Two main sources of Metallic Trace Elements (MTE) are
currently recognized in the soil: (i) the natural pedo-geochemical
background and (ii) the anthropogenic contamination by sludge
spreading and/or diffuse atmospheric deposition. Concentrations
as well as solubility and mobility of MTE contaminants in soils
depend on the chemical reactions during weathering processes.
Recent studies demonstrated that these chemical changes and
their associated metal release operated in specific soil
microsystems with their own solid and solution chemical
properties. Consequently, the budget and the fate of a given
contaminant in a soil needs bulk analyses of soil and
microsystems. This dual analytical approach was planned to
estimate the effects of long-term sewage sludge application
upon Zn, Pb, and Cd distribution and movement in two
inceptisols (control and amended soil) from Limousin (France),
composed of the typical A, Bw, and C horizon sequence and
developed on dioritic parent-rock The clay minerals occur both
as weathering of primary minerals (amphibole, plagioclase and
biotite) or as fissure infillings throughout the soil profile. The bulk
clayey fraction is a mixture of smectite, kaolinite and
kaolinte/smectite mixed layer. The bulk Cd content in the control
soil is under the detection limit, whereas Zn and Pb are
respectively depleted or accumulated in the upper horizons.
Same behaviour is observed in the amended soil, except for
cadmium that shows significant concentrations ranging from
0.13 to 0.33 mg.kg™, well below the contamination threshold (2
mg.kg ) However, m|cr03|tes analyses indicate that high local
Cd concentrations exist and are located in clayey plasma of A
and Bw horizons and in fissural clayey infillings of C horizon.
This analytical approach demonstrates that, although bulk soil
could be considered as unpolluted, local high concentrations
exist and are associated with clay minerals, the most active
phases in the plant-soil reactions.

S$11.C.04
Accumulation of some heavy metals in wheat grown
on sludge treated on sandy soil

R. Youssef;
National Research Center, Eqypt, Egypt.

Disposal of sewage sludge has been practical in Egypt for
100years and longer. Sludge compost application to agriculture
in Egypt became a vital issue particularly, in the new cultivated
areas in the desert (approx...96%ftotal area of Egypt) . However,
the potential for excessive uptake of heavy metal by plant corps

continues to be of concern. A number of principal issues or
questions about the environmental acceptability of sewage
sludge compost and its use on cropland have been raised.
Recently, in Egypt, research has concentrated in the
conditioning effect of sludge in sandy soil with respect to their
physical and hydrological properties in addition to its productivity
where as the fate of heavy metals and their availability to the
growing plants have found little attention. The object of the
present study was to evaluate the effect of sewage sludge
application to sandy soil on dry matter, seed production and
heavy metals distribution of wheat plant part (Triticum valgare)
cv skha8. Results indicated that sewage sludge is available
organic fertilizer particularly for poor sandy soil. As expected the
accumulation of heavy metals in wheat leaves, stem, and seed
was recoded. Stems tend to accumulate Fe, Mn and Co than
leaves.

Surprisingly, seed samples accumulated Zn, Cu, Cd and Ni
more than samples of other plant parts, which may suggest a
potential hazard through food chain at high sewage sludge
application. It could be concluded that the application of sludge
to Egyptian sandy soil has beneficial effect on the growing crops.
However, the elevated concentration of heavy metals in sludge
amended soil should be considered to avoid potential impact on
human health through the food chain.

$11.D.01
Binding of organochlorine pesticides in agricultural
soils and a phytoavailability assessment

I Hilber', G. Wyss P. Méder, L. Vogt2 R. Schulin’;
Research Institute of Organic Agrlcu/ture Frick, SW/tzerland
Institute of Terrestrial Ecosystems, ETH, Ziirich, Switzerland.

Organochlorine pesticides (OCP) were once applied world wide
but are banned nowadays in most countries because of their
ecotoxicity, bioaccumulation and persistence. However, residues
can still be present in soils and taken up by Cucurbitaceae
plants (cucumbers, pumpkin etc.), even many years after
applications have been stopped. In order to address the
problem, we proposed to test the binding of OCP residues in
soils by activated charcoal (AC) to prevent further uptake in
plants. The sorption of OCP was assessed by Tenax® beads
added to soil samples as a predictor for the phytoavailability to a
target plant.

We performed two pot experiments growing cucumber (Cucumis
sativus L.) in soil with bound residues of dieldrin (67 pg/kg). In
the first experiment, cucumbers were grown for 13 weeks in soil
into which AC had been mixed at concentrations of 200, 400,
and 800 mg/kg and in untreated controls. In the second
experiment, Tenax® beads were added to the soil and
cucumbers, grown with and without AC amendment (800 mg/kg
soil), were harvested after 4, 8, 10, 11, 12, and 13 weeks.
Dieldrin concentrations in cucumber fruits were significantly
reduced in all AC treatments. Also significantly less dieldrin was
sorbed by Tenax from the soil amended with 800 mg/kg AC over
time sections than from the untreated control soil. More dieldrin
was found to be sorbed by Tenax in the last 3-4 weeks of the
experiment, particularly in the control soil, but this trend was not
significant. The correlation between the amounts of Tenax-
sorbed dieldrin and dieldrin accumulation in the cucumbers was
not significant.

Hence, charcoal amended to soil can reduce the accumulation
of dieldrin in cucumbers. Further, Tenax appeared to be suited
for the assessment of dieldrin solubility in soil and to become a
valuable tool to assess the phytoavailability to cucumbers.

$11.D.02
Growing of Crops on Contaminated Soils

1. Kisic’, S Mesic?, F Basic', V. Brkic®, H. Mesic®, K. Sajko’, Z.
Zgorelec A. JUI’ISIC

"Faculty ongrlculture Zagreb, Croatia, 2INA-NAFTAPLIN,
Zagreb, Croatia, 3Croatian Environment Agency, Zagreb,
Croatia.
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The man’s activity has caused environmental changes ever
since his beginnings on the earth. Over millions of years of
development of mankind these changes have been slow and
slight, however, after industrialisation, such changes have
become more adverse. One of the most environmentally harmful
products of men’s activity is waste. What is waste? The answer
to this question varies depending on who gives the answer.
Waste can be considered as a fundamental issue for the survival
of civilization on this planet. As defined in the Framework waste
legislation of European Union it means substances and items
categorized under the said Framework implementing
regulations, which the owner disposes of, intends to or has to
dispose of. One of the outcomes of drilling for oil is waste i.e. oll
contaminated solid consisting of cuttings and a number of waste
fluids used in the drilling process. The said solid contains various
chemical compounds, including those that can be classified as
environmentally harmful or toxic substances. In order to
determine the environmental harmfulness of this matter, in
particular potential harmfulness for the soil and water, and also
crops, knowing that contaminants - pollutants enter animal and
human food chain via soil, this issue has been addressed. In
spring 2006 a stationary field experiment was set up. Trial
variants are: control; soil contaminated by petroleum
hydrocarbons at three levels (8; 4 and 2 | m? and soil
contaminated by oil solidificate, also at three levels (30; 20 and
10 kg m™). During research in chemical compositions of the soil
changes are recorded (soil reaction, organic matter content, total
petroleum hydrocarbons, heavy metals, polycyclic aromatic
hydrocarbon), also achieved crop yield, crop establishment, and
the ratio of heavy metal transport from the soil via the plant and
to the grain.

S$11.D.03
Comparing Kd, repetitive extractions and DGT as
means of assessing heavy metal bioavailability

F. Wittstock', W. Friesl-Hanl, M. Puschenreiter’, W. Wenzel*;
'ARC Seibersdorf research GmbH, Seibersdorf, Austria,
2University of Natural Resources and Applied Life Sciences,
Vienna, Austria.

In recent years, considerable efforts have been made to reduce
the effect of heavy metals in soils in regard of their availability to
living organisms. Especially plants have been the target of
experiments to limit HM uptake due to their role in the food
chain. However, to infer the actual HM bioavailability from their
concentration in soil extracts has been shown to be inaccurate.
Relatively new approaches - Sequential Extractions and DGT -
are combined with Kd and used to more accurately assess the
bioavailability and therefore the imminent danger to biota. 10
different soils varying in HM contamination were used. The
experiments are being aimed at providing sufficient information
to apply suitable remediation techniques.

For Kd experiments, concentrations of Cd and Zn in Ca(NO3)2
extracts (soil:solution ratio 1:5) and EDTA (0,1 M) extracts were
assessed in relation to their total (aqua regia digestion)
concentrations. Concentrations and equilibration times for
Ca(NO3)2 extracts were adjusted to the individual soils. Two
different kinds of Kd were defined, one reflecting the labile pool
(EDTA), the other a mobile pool (Ca(NO3)2). Diffusive Gradient
in Thin Films (DGT) was used and as a third approach, 20
repeated extractions (0,1 M CaCl2) were carried out for each soil
to simulate long term behavior.

Results for Kd show that the various soils differed greatly in their
total HM concentrations, as well as their mobile and labile pools.
For example, one soil (PR1) showed a low (18) mobile Kd for Cd
with a high total concentration (49.16 mg/kg), another soil (CZ)
showed the opposite (Kd: 413; concentration: 4.93 mg/kg).
Hence, CZ is assumed to release lower concentrations of Cd
than PR1. Ongoing research will show if the other methods will
show similar pictures and will be available at the conference.
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S$11.D.04

Simulation of the pytoextraction process by repeated
extraction of soil with neutral salt solution and
determination of resupply processes

S. Prahastuti’, M. Puschenreiter’, G. Wieshammer?, W. W.
Wenzel*;

"Institute of Soil Science, Vienna, Austria, Institute of Soil
Science, A-1190 Vienna, Austria.

Several investigations have been conducted in the past to
predict the phytoextraction of heavy metals from contaminated
soils by using single extraction with neutral solution but no
method could successfully predict the metal removal efficiency
and/or explain the effects of resupply of metals to the
bioavailable metal pool. Therefore, the total amount of
extractable Zn and Cd, a surrogate for the target fraction to be
removed by phytoextraction, was determined by repeated
removal of extractable metals of four contaminated soils.
Additionally, the resupply of metals was determined in a parallel
experiment where two extractions of the same soil sample were
done with one week interval. Among the four selected soils, two
were calcareous and two were non-calcareous. In this study, we
used two neutral salt solutions (NH4NO3 and CaCl2) as single
extracting agents which are generally used for extraction of
metals from soils. 25 ml of the extractants were added to 0.5 g of
air dried soils and shaken for one hour. After centrifugation for
10 minutes, the supernatant was filtered through 0.45um filter.
The process was repeated for 20 times for each soil. The
amount of extractable Zn and Cd rapidly decreased until the
10th extraction steps, afterwards a very slow depletion was
found for non- calcareous soils. In contrast, the amount of
extractable Zn and Cd decreased slowly until the 20th extraction
step in calcareous soils. The more pronounced decrease in non
calcareous soil corresponded to low Kd values. The resupply
was determined by two extraction steps with 1 week time
inbetween. Very different rates of resupply were found, ranging
from O - 44 %. A relation between known soil parameters and
amount of resupply was not found so far. It is assumed, that a
high amount of resupply supports a fast phytoremediation
process.

$11.D.05
Minimizing the environmental risks of Lettuce
cultivated in heavy metals affected Soils

A. M. Zaghloul, N. Gad;
National Research Centre, Cairo, Egypt.

1. abstract

Heavy metal HM cations can be introduced into agricultural soils
by application of fertilizers, conditioner materials, sewage
sludge, composts, and other industrial and urban waste
materials. Therefore, heavy metal adsorption reactions, in a
competitive system, are important to determine heavy metal
availability to plants and their mobility throughout the soil. This
study was conducted to evaluate the selectivity sequence and to
estimate the competitive bioavailability of several heavy metals
Lead (Pb), Cadmium (Cd), Nickel (Ni), and Iron (Fe) as affected
by Cobalt (Co) applied at different rates. The uptake of these
metals by Lettuce plant (Lactuca Sativa) as an indicator grown in
two light texture soils having different chemical and
mineralogical characteristics as affected by these conditions was
investigated.

The obtained results indicated that addition of Co in the studied
soils, led to increase both fresh (FW) and dry weight (DW) of
lettuce until 125 ppm Co application rate, where both
parameters were decreased in higher concentrations applied. In
addition, all Macronutrients (N, P and K) contents were
increased by applying the same abovementioned Co
concentration. In some cases, however, increasing of Co
concentration, led to extra increase in nutrient content like P.
Concerning the HM content, results indicated that Pb, Cd, Ni and
even Fe contents were decreased by increasing Co at any



concentration applied without any exceptions. However, a
reverse trend was observed for other nutritive HM like Co. From
the obtained results we assumed that application of 10 to 12.5
ppm Co for contaminated soils are the best concentrations to
have healthy plants and elevate HM hazardous, the remediation
effects of Co through competition phenomenon takes place were
discussed.

S11.D.06
Bioremediation and phytoremediation of copper and
herbicides coming from vineyard soil

D. Huguenot, P. Bois, M. Norini, K. Jézéquel, J. Cornu, T.
Lebeau;
EDBS, Colmar, France.

Despite more sustainable practices in agriculture, it seems
illusory, however, to expect that such practices will quantitatively
prevent pesticide leakage from agrosystems. Significant
quantities escape agrosystems at the outlet of watersheds. In
vineyards in particular, runoff may cause erosion during storm
events accompanied by leakage of pesticides via both water and
soil particles. One part of contaminants accumulates in
sediments of storm basins, the other part only passes in transit.
Biological pesticide mitigation has been observed and related to
the role of natural macrophyte colonizers together with their
associated microflora. Nevertheless, pesticide mitigation
requires optimization in most cases since pesticide
concentrations at the outlet of storm basins, including copper,
usually exceeds legal threshold limits for natural water. In
addition, storm basins flow rates can change very quickly, i.e.,
close to zero in a few hours after a storm event while they are
very high during storm events with lower hydraulic retention
times than the time needed for biological treatment.

In this study performed in laboratory conditions, adsorbing
materials like vermiculite, beet pulp, were selected for their
ability to both increase the retention time of copper and
herbicides, i.e., diuron, glyphosate and to serve as carriers for a
bacterial consortium. Besides 208 clones out of 563 isolated
from sediment accumulated in a storm basin at the outlet of a
vineyard were selected first on the basis of (i) their resistance to
contaminants, (ii) their genetic differences by using Ribosomal
Intergenic Spacer Analysis (RISA) and then Restriction
Fragment Length Polymorphism (RFLP), and (iii) their ability to
either mineralize glyphosate or diuron, or to enhance copper
availability for macrophyte extraction. Results of batch and
continuous experiments associating together adsorbing
materials and bacterial consortia will be presented.

S11.E.01

Variability of edaphic conditions in metal-
contaminated sites at multiple scales. A temperate
and a tropical situations.

G. Colinet', J. Leclercq’, M. P. Faucon® L. Bock', G. Mahy', P.
Meerts®;

'Gembloux agricultural University, Gembloux, Belgium,
2Universite libre de Bruxelles, Bruxelles, Belgium.

In numerous places, mining and ore treatment activities have
generated environmental contaminations which endanger
ecosystem viability and/or human health. In some places, the
ecological pressure induced by the metal contaminations
allowed the development a specific flora, fromwhich candidates
for phytoremediation may be selected. A survey of edaphic
conditions prevailing for plant growing in contaminated areas
around metal smelters has been conducted in belgian
calaminary sites (Zn, Pb, Cd contaminations) and in the Katanga
province of RDC (Cu contaminations).

As the processes generated by the modifications of the soil
environment may affect the form of a trace element, that is its
distribution through various pools, we investigated physical and
chemical fractionation of some metallic trace elements (Cu, Zn,

Pb, and Cd) in soils and compared temperate and tropical
cases.

The results stress the need of a typology of the contaminations
that takes into account the classical pedological parameters,
even if contaminated sites are far from classical soil
environment. The variability of edaphic properties that can occur
within small distances is also an important point to consider
when planning rehabilitation operations.

S$11.E.02

Remediation of total petroleum hydrocarbons (TPHS)
in a long-term contaminated soil using
phytostimulation technique

A. Besalatpour, M. Hajabbasi, A. Khoshgoftarmanesh, M.
Afyuni;

Isfahan University of Technology, Isfahan, Iran, Islamic Republic
of.

Total petroleum hydrocarbons (TPHSs) are important sources of
environmental pollution especially around oil refineries. The
presence of these pollutants in soil can contaminate ground
waters and food chine thus, its remediation is vital. In order to
find environmentally and economically acceptable options,
biological methods such as phytostimulation have been
investigated. In this study, first the germination and subsequent
growth of seven plants was tested in three soils with different
petroleum contamination levels. Contamination treatments
consisted of Cy (uncontaminated soil), C1 and C2(1:1 and 1:3
w/w, uncontaminated: contaminated soil, respectively). Then, the
best plant genotypes were selected for phytoremediation trails.
The results showed the presence of TPHs in soil had no effect
on seed germination of agropyron, white clover, sunflower and
safflower. In contrast, there were 52 and 56% decrease in
germination of tall fescue and puccinellia seeds in C, treatment,
respectively. Canola and white clover seedlings were sensitive
to petroleum contaminations and failed to produce dry yield
matter (DYM) at the end of trial period. Thus, tall fescue,
agropyron, safflower and sunflower were selected for
phytoremediation trails. In the phytoremediation studies, DYM
was significantly reduced by the presence of TPHs at all the
contamination levels. Microbial respiration in the rhizosphere of
agropyron was more than tall fescue in C, treatment. However,
there were no significant differences in microbial respiration in
the rhizosphere of sunflower and safflower with control. TPHs
concentration decreased 71 and 69% in C; treatment, and 45
and 42% in C, treatment using agropyron and tall fescue,
respectively. Sunflower had no effect on TPHs concentration
reduction at the end of the trail period. Although, advanced
studies for assessing the suitability of plant species and
improving phytoremediation efficiency is necessary, some
species like agropyron showed to be a suitable choice for
phytoremediation of the investigated long-term petroleum
contaminated soils.

S11.E.03
Phytomanagement of metal-contaminated
agricultural land using crop species

E. Féssler', B. H. Robinson’, R. Schulin’, W. Stauffer’, S. K.
Gupta®;

'Institute of Terrestrial Ecosystems, Ziirich, Switzerland,
2Agroscope Reckenholz-Ténikon Research Station, Ziirich,
Switzerland.

In Witzwil, Switzerland, high levels of heavy metals occur in
agricultural land because of previous city waste disposal. The
contamination limits the use of the land for crop production.
Phytomanagement uses plants to reduce the negative
environmental effects of contamination. Phytomanagement aims
to combine the reduction of risks arising from the pollution with
the utilization of the soil for the production of crops with
economic value.
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In a long term field experiment over six years, we investigated
the use of high biomass plants (maize, tobacco, sunflower)
combined with soil conditioners, which enhance plant heavy
metal uptake, to produce valuable biomass and simultaneously
extract metal contaminants. Our treatments were: elemental
sulphur, nitrolotriacetic acid (NTA), ammonium sulphate fertilizer,
and a control treatment.

Managing the soil pH by the elemental sulphur treatment was an
effective means of controlling metal uptake by crop plants.
Sulphur is a low-cost soil amendment that, in this study,
increased the Cd and Zn content of some crops by up to 25%. It
would still take unacceptably long time for exclusive remediation
operations. However, the combination of phytoremediation with
the production of biomass that could be used for biofuel or other
purposes and thus produces a profit would render the cleanup
time less important. Sunflower and maize could be used as
fodder crops, since their heavy metal content was low enough
not to harm any ruminant animal. On the contrary, the sulphur
treatment increased the nutritional quality by increasing the Zn-
to-Cd ratio of both crops and also increased the concentrations
of other essential trace elements. We could thus phytomanage
our experimental site to reduce risk of metals spreading into
surrounding areas and metal leaching into deeper layers of soil
profiles or into ground water. Repeated cropping would, over the
long term, reduce the soil metal burden.

S11.E.04
Remediation of soils polluted with heavy metals by
using of biosolid and supported zeolite

B. Lixandru’, S. Masu?, C. N. Bogatu®, V. Rus®, A. Pricop®;
"Banat University of Agricultural Science and Veterinary
Medicine - USAMVB, Timisoara, Romania, *National Research
and Development Intitute for Industrial Ecology - INCD ECOIND,
Timisoara, Romania, *Banat University of Agricultural Science
and Veterinay Medicine - USAMVB, Timisoara, Romania.

In order to evaluate remediation possibilities of soils polluted
with heavy metals, two materials were used: a biosolid, prepared
by treatment of sludge from municipal waste water treatment of
Timisoara, and a clinoptilolitic zeolite supported with polynuclear
aluminium salts. An experimental zone of agricultural soil
(cernozem) was polluted with mining waste, 20 kg/mz, from a
copper ore processing, having the following composition: Cu =
669 mg/kg d.s., Zn= 610 mg/kg d.s., Mn = 676 mg/Kg s.u., Pb
=110 mg/Kg d.s.

To establish the efficiency of metals immobilization, the
experimental zone was cultivated with 2 plants, Medicago sativa
and Festuca arundinaceea, 4 parcels for each plant: blank
parcel (1), polluted parcel with mining waste (2), polluted parcel
with mining waste and treated with biosolid (3), polluted parcel
with mining waste, treated with biosolid and supported zeolite
(4). The surface of one parcel was 3 m?, and the (luantities of
used materials were 8 kg/m2 biosolid and 1 Kg/m“ supported
zeolite.

Both plants had a well growing and development, with a good
covering of cultivated soil. The greatest quantity of total
phytomass was produced in polluted parcels, amended with
biosolid and supported zeolite. Metal concentrations in the aerial
part of plants cultivated on polluted parcels with mining waste,
from the second harvesting, had the greatest values: Zn = 63.7
and 74.5 mg/Kg d.s., Cu = 56.3 and 65.7 mg/Kg d.s., Mn= 59.8
and 137.4 mg/kg d.s., Pb = 63.7 and 49.6 mg/kg d.s., for
Festuca arundinaceea and Medicago sativa, respectively.

These values were about 2-5 times greater than those
determined in plants harvested from blank parcels or polluted
parcels amended with biosolid and supported zeolite. By
combined using of the two prepared materials, a synergic effect
on heavy metals immobilization from soil, was recorded.
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Remediation of PAH-polluted soils by in-situ-
injection of vegetable oil

G. Soja’, K. Alef’, M. Gerzabek®, C. Delgado’, A. P. Loibner’, K.

Putz, T. G. Reichenauer’, A. Watzinger’, B. M. Wilke®, B.
Wimmer';

"Austrian Research Centers GmbH - ARC, Seibersdorf, Austria,
Technical University, Berlin, Germany, 3University of Natural

Resources and Applied Life Sciences, Vienna, Austria,

*Ziviltechnikerbuero Dr. Putz Z T-KEG, Schéffern, Austria.

This contribution gives an overview about a project that was
started with the objective to develop an in-situ-remediation
method for soils polluted by organic contaminants, especially
polycyclic aromatic hydrocarbons (PAH). Soils from former
gasworks locations or tar oil production sites may be
contaminated with hydrocarbons from spills, leaky storage
containers or transport lines. PAH may occur in such soils at
concentrations exceeding 1 g.kg-1. To avoid the necessity of
extensive soil excavation, an innovative in-situ-treatment method
is being developed that deploys subsurface injections of
vegetable oil as solvent for PAH with subsequent recovery by
skimming migrated vegetable oil from groundwater. The
recovered oil may be cleaned by active charcoal-filtration and
can be used for further re-injections. Remaining vegetable oil
and not-desorbed PAH will be degraded microbiologically. The
method can be used for contaminations beneath buildings or
sealed surfaces because the injection probe will allow for lateral
or three-dimensional oil injection. In the case of open surfaces a
plant cover may support the microbial degradation of residual oil
or pollutants.

Column experiments at lab scale have analysed the PAH-
removal capacity of vegetable oil in soils of different water
content and different soil compaction levels. After the application
and gravitational oil recovery up to 30 % (w/w) of vegetable oil
remained in the soil, with the higher residual concentrations in
drier material.

Lysimeter experiments were started with materials of different
textures and PAH-concentrations to test the injection technique,
injection probes, the distribution of vegetable oil and to calculate
lysimeter-scale oil budgets. Soils from original contaminated
sites are being used to study the extraction efficiency as
preparation for field pilot-scale tests.

Complementary studies have analysed the development of
bacterial communities, degradation and ecotoxicological
characteristics during the remediation process and will be
presented in separate contributions.

S11.F.02
The possible use of soluble humic substances for
remediation of heavy metal polluted soils

O. K. Borggaard, J. K. Jensen, P. E. Holm, B. W. Strobel, H. B.
Hansen;

Department of Natural Sciences, University of Copenhagen,
Frederiksberg, Denmark.

Polluted soil is a common and serious environmental problem.
While reliable methods exist for cleaning soil contaminated by
organic compounds through degradation, remediation of heavy
metal polluted soils awaits an appropriate solution. This is
because heavy metals are nondegradable and generally strongly
bonded in soils. Consequently, removal of heavy metals by
extraction is difficult and requires harsh chemicals such as
ethylenediaminetetraacetic acid (EDTA) and acids. However,
use of EDTA is environmentally problematic because of
persistence, toxicity and deterioration of soil structure.
Therefore, the potential of soluble natural humic substances
(HS) to extract heavy metals from contaminated soils is tested
as an environmental friendly substitute for EDTA. A strongly
polluted urban soil and a moderately polluted agricultural soil
were extracted at neutral pH in batch mode by three HS
solutions from beech and Norway spruce litter and processed



cow slurry, all containing 25 mM dissolved organic carbon
(DOC). After 10 weeks, 8 % to 39 % of the total Cd, Cu, Ni and
Pb soil contents were extracted. Increasing the DOC
concentration to 100 mM resulted in markedly increased heavy
metals extraction. Heavy metal extraction with dissolved HS is
compared with EDTA at the same concentration and sequential
extraction has been performed to identify extracted pools. The
results indicate a clear potential of using HS solutions for
remediation of heavy metal polluted soils, which is fortunate,
especially if organic waste products such as sewage sludge and
animal slurry after proper processing can be turned into soluble
HS as preliminary investigations indicate.

S11.F.03

The effect of biotic and abiotic factors on Pb, Zn and
Cd accessibility and mobility in soil after remediation
with EDTA soil leaching

M. Udovic, D. Lestan;

Centre for Soil and Environmental Science, Department of
Agronomy, Biotechnical Faculty, University of Ljubljana,
Ljubljana, Slovenia.

Soil washing remediation techniques remove only the labile
heavy metal (HM) species from the soil, leaving the residual
ones in less accessible/mobile forms. Remediation processes
thus disturb the chemical equilibrium among different species of
HM in the soil. Re-establishing of such equilibrium and shifting
HM back to more accessible/mobile chemical forms should be
expected after exposing the remediated soil to environmental
biotic and  abiotic factors. @ Earthworms and  soil
temperature/moisture changes affect the soil characteristics in
time, leading to possible changes in HM accessibility/mobility.
They were used as model biotic and abiotic factors acting on
residual HM after chelant leaching remediation.

Contaminated soil from a smelter site (Pb 4600 mg/kg, Zn 1800
mg/kg, Cd 30 mg/kg) was washed with increasing EDTA
concentrations (2.5, 5.0, 10.0, 20.0, 40.0 and 4-times with 40.0
mmol kg-1 EDTA). Fractionation with a 6-step sequential
extraction, mobility, plant accessibility of Pb, Zn and Cd and Pb
oral bioavailability were determined for the soil, for sail
processed by earthworms (Eisenia fetida) and for soil exposed
to different temperature and moisture regimes.

A gradient of removed HM was reached: from 6 to 73% of initial
Pb, from 3 to 23% of initial Zn and from 17 to 74% of initial Cd
were removed. Temperature and moisture consistently lowered
HM accessibility in original (non-washed) and all treated
(chelant-washed) soils. Earthworm activity increased Pb, Zn and
Cd mobility in all soil treatments, while temperature and moisture
increased Pb, but decreased Cd mobility.

Results indicate that both biotic and abiotic processes change
the accessibility/mobility of residual HM in all leaching
treatments and should thus be considered in remediation
successfulness evaluation.

S11.F.04
Soil redox changes enhance metal fixation into Fe
(hydr)oxides

M. Contin’, S. Hurtrel’, B. Aldo’, A. Cudini’, V. Bruini’, M. De
Nobili';

"University of Udine, Udine, Italy, *Institut Universitaire
Technologie A de Lille, Lille, France.

In-situ remediation, based on fixation of metals by iron rich co-
products, represents a low-impact and low-cost alternative for
soils contaminated by toxic elements. It is well known and
established that Fe (hydr)oxides have the capacity to adsorb
metals and other elements, but in order to reduce remobilization
risks, an occlusion of sorbed metals into the oxide structure
would be desirable. This could be obtained trough
solubilization/precipitation cycles of Fe induced by redox

fluctuations of soil, similarly to what normally happens in paddy
fields.

This treatment was tested on a grassland soil, from Carpiano
(Milan, ltaly), highly contaminated with toxic trace elements by
prolonged irrigation with polluted water. The soil was incubated
waterlogged for 40 days, under anaerobic conditions, with and
without addition of Fe oxides and Fe oxides plus fresh organic
matter to accelerate and intensify the reduction processes.
Then, the soil was drained and air-dried. This treatment was
repeated for 3 successive cycles. Phyto-availability was
evaluated by Ca(NO;), and DTPA extraction, whereas human
hazard from direct soil ingestion was tested by the
physiologically based extraction test (PBET). Metals were
chemically speciated by a 7-steps sequential selective extraction
procedure.

Results showed that redox fluctuations alone were unable to
reduce metal mobility of most elements in this soil, but when Fe,
or Fe plus organic matter had been added before incubation
significant reductions in Ca(NOs), and DTPA-extractable metals
were observed. The sequential extraction showed a marked
decrease of metals concentration into the exchangeable,
carbonate and Mn oxide fractions, with a corresponding increase
into amorphous Fe oxides fraction, and in crystalline Fe oxide
fraction for Cd, Pb and Zn. As expected the most relevant
changes were observed after addition of Fe oxides, whereas
only small changes were evident in control soil.

S11.F.05
Monitored Natural Attenuation of nutrients at river
basin scale - the case of Evrotas river basin

K. Valta, F. Stamati, D. Moraetis, M. Andrianaki, O. A. Tzoraki,
N. P. Nikolaidis;
Technical University of Crete, chania, Greece.

Monitored Natural Attenuation (MNA) is a remediation
technology based on understanding and quantitatively
documenting naturally occurring processes that “destroy” or
immobilize contaminants at a contaminated site in order to
protect humans and ecological receptors from unacceptable
risks of exposure to hazardous contaminants. Although
uncertainty existed regarding its application, MNA is now widely
accepted as a viable remedial option for the remediation of
contaminated soils and groundwater at a plume scale.

This paper presents an approach of applying MNA at a river
basin scale. The study area is Evrotas river basin, located on the
south-east of Peloponnesus of Laconia Prefecture, Greece. The
pollutants studied are nutrients, organic load and total phenols
due to the main activities (intense agriculture, olive oil mills and
orange juices factories) undertaken at the area. To this end, a
methodology was developed based on the three ‘“lines of
evidences” approach as proposed by EPA. The three lines of
evidence are documented loss of contaminants, documented
Natural Attenuation process and documented microbial activity.
The methodology is comprised of three basic steps each of
which includes specific actions.

Up to now the first step has been completed providing sufficient
and documented evidence that mechanisms of natural
attenuation exist. This paper is mainly focused on the application
of the first step which includes evaluation of the site
characteristics, analysis of historical data, analysis of data from
five field campaigns conducted in the study area and modeling
with MONERIS for the estimation of nutrient fate and transport
through various diffuse pathways.
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S11.F.06

An innovative, biologically based in situ remediation
procedure for chlorinated solvent-contaminated
sites: first steps of establishment in Austria

K. E. Scherr', M. Nahold’, A. P. Loibner’;
"University of Natural Resources and Applied Life Sciences,
Vienna, Austria, °G.U.T Gruppe Umwelt + Technik, Linz, Austria.

Chlorinated solvents are amongst the most widespread organic
soil and groundwater pollutants in Austria. As opposed to
conventional decontamination measures such as excavation or
hydraulic containment, biological treatment of contaminated sites
offers a number of advantages such as sustainability, efficiency
and minor effort in terms of finance and construction. Presently,
bioremediation of chlorinated solvents contaminated sites is not
being implemented in Austria.

Although the principles of biodegradation of chlorinates have
been elucidated in the recent years, research need exists to deal
with a number of difficulties in order to establish an
environmentally, economically and legally acceptable
microbiological remediation method. In the present project,
technology development has been focused on a hands-on,
genuinely applicable bioremediation procedure that will be well-
documented and publicly available to stakeholders in Austria.
The procedure is based on the addition of non-toxic,
biodegradable hydrogen sources that exert a minimum influence
on soil and groundwater chemistry, porosity and other relevant
aquifer parameters. Such an amendment was specially
developed and optimized according to these premises using
small- to medium-scale laboratory experiments. The assessment
of issues such as subsurface distribution, amendment and
pollutant degradation rates, release of intermediate products and
groundwater well grid was performed using hydro-geologic data
collected from the two hydraulically contained test sites in Upper
Austria. Based on these findings, the procedure was
implemented, validated and optimized in situ in two variants.
Certain issues of Austrian law to be considered before and in the
course of field validation were found to exert major influence on
the process design and implementation, such as specific
easements as well as certain environmental regulations.

First results from in situ validation are indicating the great
potential of in situ bioremediation of chlorinated solvents, aside a
range of impediments, and allow for the prediction of the future
success of such remediation technologies.

S$11.G.01
Soil solution composition as a criterion of soil
remediation

I. Smirnova, G. Koptsik;
Moscow State University, Moscow, Russian Federation.

Soil solution analysis allows us to understand metal migration, to
predict toxic effect on plants and biota and possibilities of
groundwater pollution. Thus it enables easily testify
effectiveness of different sorbents in heavy metal immobilization
and can be helpful in soil remediation control. The aim is
evaluation of Cleansoil technology in remediation of
contaminated soils under existing infrastructure in the
surroundings of a copper-nickel smelter in the Kola Peninsula,
north-western Russia. Sorbent (vermiculite) was located in
perforated horizontal pipes and as an entire layer at 0.5 m depth.
Water, hydrochloric and citric acid additions were applied in
order to mobilize heavy metals in topsoil and increase their flow
to sorbent. Soil solutions were extracted with Rhizon samplers
tested already in the polluted soils in the Kola region. Data
indicate that both acids were highly effective in mobilizing the
heavy metals studied, but the potential of soil acidification and
nutrient leaching was extremely higher in HCI treatment. Water
as a mobilizing agent was less effective. A considerable part of
metals remained in solution and did not adsorb to vermiculite,
even if the entire layer of it was placed in soil. This increases the
risk of metal leaching to the groundwaters. Therefore, careful
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management of remediation process and exact evaluation of soil
and soil solution parameters seems highly desirable to
determine whether chelate- or acid-enhanced remediation can
be used safely without creating new problems related to
groundwater pollution and ecosystem disturbance.
Acknowledgments: The study was supported by FP6 EC (INCO-
CT-2005-013420) and Russian Foundation of Basic Research
(05-04-48460).

$11.G.02

Anaerobic biodegradation of organic pollutants in
groundwater: a novel, low-cost in-situ bioremediation
approach

D. Todorovic, K. Scherr, A. P. Loibner;
Institute for Environmental Biotechnology, Tulln, Austria.

Organic compounds such as polycyclic aromatic (PAH) and
petroleum hydrocarbons (TPH) are widespread contaminants in
the environment, posing a serious risk to the ecosystem via
contamination of soil and groundwater. Biological in-situ
remediation methods are innovative, promising alternatives to
conventional management methods (extraction, excavation) of
contaminated soil and groundwater. However, the amount of
oxygen required for the aerobic, microbial contaminant
breakdown exceeds its solubility in groundwater (10mgl-1). The
deficit in oxygen supply in the saturated zone thus states an
essential limitation for the efficient biological turnover of organic
compounds.

By contrast, supporting anaerobic biodegradation processes
offers the possibility to circumvent this limitation. Biodegradation
of organic contaminants without oxygen is the result of
anaerobic bacterial respiration, occurring at a slightly to strongly
negative redox potential. Therefore, a substitute of oxygen, an
alternative electron acceptor (AEA) is required. Several naturally
occurring substances qualify as AEA, and their application offers
the potential of promoting and enhancing natural degradation
processes.

However, despite the fact that the ability of some bacteria to
metabolise hydrocarbons in the absence of molecular oxygen
was recently recognised, the need for in-depth investigations on
the fate of organic contaminants under anaerobic conditions
remains.

The aim of this work is to characterise the conditions favouring
the anaerobic biodegradation of organic hydrocarbons. Special
focus is given towards the assessment of the efficiency of
various AEAs, the characterisation of degradation performance
and rates under different redox conditions as well as toxicity
monitoring. Consequently, a series of investigations to prove
applicability and predict remediation performance are being
performed. Various preliminary tests include degradation
experiments in shaking flasks and soil columns, followed by in-
situ validation.

Based on these results, an estimation of applicability, duration
and success of low-cost anaerobic bioremediation approaches
at field conditions will be given.

$11.G.03

Effect of Canola Oil addition on the degradation
behaviour of polycyclic aromatic hydrocarbons in
soil

M. Hasinger', F. Castaldin?, K. Scherr’, A. P. Loibner’;
!Institute for Environmental Biotechnology, Tulln, Austria,
2University of Bologna, Bologna, Italy.

Polycyclic aromatic hydrocarbons (PAH) are environmental
contaminants of great interest due to their toxicity, carcinogenic
potential and world wide occurrence. Under natural conditions
many PAHs are microbially biodegradable in the subsurface.
Well-bioavailable compounds are degraded preferentially, a
process associated with the relative enrichment of less



degradable and available compounds over time. The potential of
canola oil as an in situ extracting agent for less available PAH as
well as a facilitator for microbial degradation was investigated in
the present study.

A historically contaminated soil from a former gas plant was
used for PAH biodegradation and bioavailability assessment.
Contamination was approximately 300 ppm (16 EPA PAHSs), with
about 50% the sum of Naphthalene, Phenanthrene,
Fluoranthene and Pyrene.

Biodegradation experiments (2 months) revealed no significant
biologically related contaminant depletion both with and without
canola oil (0,1%) amendment. In accordance, PAH bioavailability
from soil was determined to be nil from parallel experiments
using specially designed, matrix-coated containers. However,
canola oil was biodegraded from day 4 on, with 98% degradation
at the end of the experiment. This was correlated in time and
extent with a slight but significant increase of PAH in the water
phase in the same, biologically active and canola oil amended
microcosms. On that account the observed mobilization of PAH
to the water phase is attributed to microbial processes related to
canola oil degradation.

The present study gives evidence on the positive influence of
canola oil on PAH mobilization from soil to water phase.
Presently, this effect was limited to a relatively low amount of
PAH. Presumably this can be attributed to the low concentration
of oil applied (0,1%). From these results an increase in
biodegradability of PAH due to an elevated bioavailable
contaminant fraction can be expected, provided an excess
canola oil dose is applied.

$11.G.04
Effectiveness of CLEANSOIL system in remediation
of heavy metal polluted soils

G. N. Koptsik', S. V. Koptsik®, N. V. Lukina®, L. G. Isaeva®, I. E.
Smirnova’, I. V. ErmakoV’, S. Y. Livantsova';

"Soil Science Faculty, Moscow State University, Moscow,
Russian Federation, 2Physics Faculty, Moscow State University,
Moscow, Russian Federation, *Centre for the Problems of Forest
Ecology and Productivity, RAS, Moscow, Russian Federation,
*Institute of North Industrial Ecology Problems, RAS, Apatity,
Russian Federation.

Remediation of contaminated soils beneath infrastructures has
numerous problems and identifies limitations in the use of
current cleaning tools and technologies. The CLEANSOIL
method consists on the insertion of several chords connecting a
multitude of sockets inside parallel horizontal holes drilled in the
ground. The sockets serve as holders for appropriate sorbents
that absorb the pollutants. After a period of time sufficient to
attain the desired decontamination effect, the system is removed
and the sorbent regenerated for further application. Performance
of the CLEANSOIL system for remediation of heavy metal
polluted soils was assessed in the field-scale experiments in
surroundings of a large copper-nickel smelter in the Kola
Peninsula, Russia. Test monitoring programme included
analysis of soil, soil solution, lysimeter water, and sorbent state.
Effectiveness of the system in soil remediation was assessed
with the developed empirical model describing the cleaning
process in result of release of heavy metals from soil.

Addition of dilute acid and chelating agents had significant effect
on solubility of nickel and copper; however, fractions of metals
released from topsoil under enhancing treatments were not very
high. Though hydrochloric acid was effective in mobilization and
redistribution of heavy metals, the potential of soil acidification
and nutrients leaching was extremely high. Citric acid can be
recommended as a more environmentally-friendly extractant for
removal of heavy metals from contaminated soils. Vermiculite
was found to be appropriate for binding of heavy metals. The
CLEANSOIL system should work more efficiently in situations
when simultaneously concentrations of pollutants at pipe
locations are high and when transport of pollutants with water is
minor, so that diffusion mechanism of pollutant movement will
come on first place. Effective application requires a sound

understanding of soil chemistry and hydrogeology at a site.The
study was supported by FP6 EC (INCO-CT-2005-013420) and
RFBR (05-04-48460).

S12 Management of
Contaminated Soils (2):
concepts and policy
developement

S12.L.KL
European policy developments for the management
of contaminated land

J. Vegter;
Vegter Advies, Common Forum, Amstelveen, Netherlands.

Introduction

The Millennium Ecosystem assessment (2005) stated that over
the past 50 years, humans have changed ecosystems more
rapidly and extensively than in any comparable period of time in
human history. The services these ecosystems provide are likely
to decline with direct and indirect effects on human health and
welfare. Soil does play a central role in ecosystem services, soil
formation is mentioned as a most important support function for
many them.

Many threats to soil have been identified. In the EU Soil
communication (2002) eight threats were considered important
enough to undertake action: Erosion, Organic matter decline,
Soil biodiversity loss, Contamination, Soil sealing, Soll
compaction, Salinization and Floods and landslides. The soail
communication was followed by a well-organized discussion with
experts from the EU member states and stakeholder
organisations. The reports of this discussion have now resulted
in a new EU soil communication, a proposal for a Soil
Framework Directive and an extended impact assessment of
various policy options. Soil is now high on the political agenda of
the EU and ought to be so in the rest of the world according to
the Millennium ecosystem assessment. However compared to
other areas of environmental policy soil protection policy has
been developed only recently, much later in most countries than
policies for water and air.

The status of soil and soil contamination

Contamination refers to the present or past introduction (either
direct through leakages, spills and applications of contaminated
products or indirect through atmospheric deposition or
contaminated surface waters) of chemical substances in the soil
system by human activities that may lead to adverse effects on
soil uses and functions and/or adverse effects in other parts of
the environment. Older publications used to make distinctions
between contamination (concentration above background value)
and pollution (concentration above background value with
adverse effects on soil uses and functions or on other parts of
the environment). Contamination and pollution are nowadays
used more or less as synonyms.

The invisibility of soil contamination, the heterogeneity of soils,
and the fact that land is often privately owned makes it very
difficult to make systematic quantitative assessments of the
status of contamination in soils in Europe or worldwide. Real
spatially representative information is lacking. Even in countries
were a contaminated site remediation program is in place, only
rough estimates exist about the number of sites that may need
remediation. In view of the differences in national approaches
even these data cannot be compared. The Working group
contamination, one of the technical working groups established
under the EU Thematic strategy for soil protection, considered
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that a general qualitative description of the status of soil
contamination is possible, which is good enough to serve as a
starting point for policy making.

The general picture that emerges from the characterisations
above is that soils in agricultural and natural areas are still in an
acceptable state with respect to contamination but are under
pressure. Taking into account average land use distributions in
EU, it may be generally concluded that approximately 70% of EU
soils are still in reasonable shape, with the exclusion of problems
occurring in localised areas. However if pressures continue at
the current level, as it is already evident in some problem areas,
impacts will start to occur on a larger scale. Because the
negative effects on the quality of soils are hard to remediate,
these pressures should be addressed in time. On the other hand
many urban soils and sediments are already heavily affected.
Prevention should stop further deterioration and the risks of the
currently contaminated land should be adequately managed.
There is enough sound scientific information about the socio-
economic drivers, the pressures on landuse by human activities
and the impacts of a bad soil status to justify the development of
a soil protection policy.

In view of the consideration mentioned above the working group
proposed four specific policy strategies concerning respectively:

®  |ocal sources of contamination,

®  Agricultural soil uses,

®  Management of contaminated land
®  Large-scale diffuse pollution.

The strategies are related to the way the land is used and
identify the owner/user of the land as the primarily responsible
party for soil protection, recognizing of course that large-scale
contamination from diffuse sources is beyond the control of the
individual owner of the land. These must be brought under
control at larger special scale by regional of national resource
management policies.

For contaminated land the owner of the land should be made
responsible for managing and improving the situation, in the
case that the polluter cannot be legally addressed. In many
contaminated land situations resulting from past industrial
activities it may be impossible to apply the “polluters pay
principle”. Management and remediation of contaminated land
can be based on risk-assessment and risk-management
approaches described in the reports of the CARACAS and
CLARINET concerted actions. These concerted actions showed
the benefits of the long tradition of European and international
networks of national policy makers and scientific advisors. In
good cooperative discussions with industry led networks like
NICOLE a state of the art contaminated land management
practice has now evolved.

Current developments in EU soil policy

A new policy package has been proposed in 2006 which
consists of:

® A proposal for a Framework Directive for the
protection of soil (SFD).

® A Communication laying down the way forward and
addressing issues not tackled in the SFD

®  An Extended Impact assessment (economic and
environmental) based on the recommendations of the
working groups

The proposed Soil Framework Directive tries to establish a
common systematic approach for assessment and remediation
of contaminated sites in EU. Harmonisation of some natural
scientific aspects of contaminated land risk assessment in EU
may be possible, but a uniform contaminated land policy will be
much harder to achieve, given the different national situations in
the Member states and the different evolution of national
contaminated land approaches. Most national approaches have
already evolved from sectoral soil-oriented and chemical
substances-oriented policies to more system-oriented and
adaptive management approaches under headings like
“revitalisation of brownfields” “sustainable urban development”
and “Riverbasin management”. These integrated approaches
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are supported by results of many EU funded research projects.
Integration means that “pollution” is only one of the many
aspects that have to be addressed. Integrated approaches are
more complex, but this can be an advantage because more
stakeholders are involved that can contribute to the solution and
gain benefits from it, and different policy goals, like attractive
urban landscapes and job creation, can be reached
simultaneously.

The main elements of the policy regime concerning
contaminated land imposed by the proposed Soil Framework
Directive are:

1] A systematic inventory of contaminated sites

2] A remediation program for those sites according to (risk
based) priorities

3] A soil status report has to be produced when a suspect site is
sold. The report is made available to the other parties (buyer or
seller) and the public authorities.

The way the contaminated sites problem is presented in the draft
Soil Framework Directive does reflect a classical sectoral soil
oriented contaminated land policy approach. This is
understandable because it is a directive aiming to protect the soil
environment. It is quite difficult to make regulations that need to
integrate with many other policies and regulations already in
place, in a directive, which deals exclusively with the
environmental aspects of Soil. The classical soil oriented
approach may be a good starting point for those countries which
still have to start a national policy. However in other countries,
which have dealt with contaminated land for thirty years, political
attention has shifted from command and control regulation to
policies facilitating and stimulating brownfield regeneration.
Many INTERREG (EU funded regional development) projects
have put this integrated approach into practice. Trying to solve a
soil contamination problem first without addressing the wider
socio-economic context may lead to conflicts with other wishes
of society and tends to be very expensive, as several
experiences have shown. Replacing an integrated national
approach which is adapted to the national situation by some “EU
averaged approach for soil contamination only” is likely to lead to
less effective ways of dealing with contaminated land problems.
This is the dilemma the current discussion about the
contaminated land part of the proposed a Soil Framework
Directive has to face: How to promote a common approach
which integrates soil protection, spatial planning, management of
water resources and sustainable socio-economic development
with sectoral soil oriented regulation.

S$12.L.01
Management of contaminated soils in Turkey: Legal
framework and national programme development

B. E. Ozkaraova Giingér;
Ondokuz Mayis University, Samsun, Turkey.

Contaminated land management in Turkey is regulated by the
Soil Pollution Control Regulation. The regulation covers
indicative and target values for some inorganic and organic
pollutants. However, there is no specific document, which
establishes principles and standard procedures for the
identification, investigation, monitoring and remediation of
contaminated sites. Consequently, contaminated land
management in Turkey is not based on a systematic approach.
Sites are mostly identified after some potential problems become
obvious and public, like the toxic barrels found in Tuzla Orhanli
and the BOTAS pipeline leakage near Atatirk Dam. lllegal
dumping, temporal disposal of industrial wastes and metal ore
processing residues, oil leakage from pipelines and storage
tanks are the main sources of soil contamination. An inventory
for contaminated sites does not exist. However, the expected
number of contaminated sites is reported to be in the range of
1000-1500, of which 5-10 % is believed to require remediation.
Remedial measures taken are generally based on removal of
contaminated soil from area followed by incineration or sanitary
landfilling. Soil contaminated by hazardous substances is mostly



incinerated at the IZAYDAS incineration plant. For the
remediation of petroleum contaminated soil, bioremediation is
also considered.

The development of a national programme for the management
of contaminated soils is in the planning phase. This programme
will enable the development of methods and techniques for the
identification, investigation, classification and remediation of
contaminated soil. Another project on “The Development of a
Management System for Point Source Contaminated Sites,” is
currently carried out by the Ministry of Environment and Forestry
together with the Middle East Technical University. The project
aims to adopt specific soil quality standards based on land use,
to develop a contaminated sites identification and registration
system, an evaluation system, a computer software for the
contaminated sites information system and several technical
guidelines.

S$12.L.02
Development of a decision making tool for
remediation of contaminated sites in Austria

T. G. Reichenauer’, A. P. Loibner’, F. Strebl’, I. Rachor?, B.
Wimmer', W. Friesl-Hanl", H. M. Gerzabek®;

!Austrian Research Center GmbH — ARC, Seibersdorf, Austria,
2University of Natural Resources and Applied Life Sciences,
Vienna, Austria.

In Austria remediation of contaminated sites is currently based
on a number of laws that were not originally created for the
management of contaminated sites. In the past and even today
protection of the groundwater is the major rationale for
performance of remediation actions. Considerations regarding
protection of the soil (and the vadose zone) and the current and
future use of a site still remain to a big part in the responsibility
of the experts at the responsible authority.

On this background a group of scientists from the Austrian
Research Centers Seibersdorf and the University of Natural
Resources and Applied Life Sciences, Vienna performed a study
supported by the Austrian Environmental Protection Agency
leading into a concept paper for the Austrian Federal Ministry of
Agriculture, Forestry, Environment and Water Management. This
concept paper shall provide a possible frame for an amendment
of the so called ALSAG (= Altlastensanierungs[[Unsupported
Character - Codename &shy;]lgesetz = law for remediation of
contaminated sites). This law currently regulates mainly the
governmental funding of remediation actions, whereas the basis
for a decision about (remediation)-measures is scattered among
a number of other laws.

In the concept paper the authors suggest a tiered approach, with
refined risk assessment in every step based on additional
investigations. The risk assessment should be receptor specific
and should depend on the site use (“fitness for use”). Based on
the investigations and risk assessment in every tier a decision
can be made, if measures (including various remediation
measures, but also access restrictions etc.) shall be taken, or if
proceeding to the next step makes sense.

The content of the concept paper and ongoing activities will be
presented.

S$12.L.03
Sustainable management of trace element
contaminated soils - The SUMATECS project

M. Puschenrelter A. Ruttens?, J. Kumplene I Miiller”, M
Mench A. Cundy®, W. Friesl- Hanl G. Renella®, P. Tlustos V.
Bert

Insttute of Soil Sctence Vienna, Austria, *Hasselt University,
Hasselt, Belg/um Lulea University of Technology, Lulea,
Sweden, *Saxon State Agency for Enwronment and Geology,
Dresden, Germany, °INRA, Bordeaux France, Umvers:ty of
Brighton, Brighton, United ngdom "Austrian Research Centers
GmbH, Seibersdorf, Austria, UmverS/ty of Florence, Florence,

Italy, °Czech University of Life Sciences, Prague, Czech
Republic, "’INERIS, Douai, France.

The development of “gentle”, in-situ remediation technologies
(i.e. phytoremediation, in situ immobilisation, etc.) has been
under intensive research over the last few decades (see Figure
1). A great deal of progress has been achieved at the
experimental level, but the application of these technologies as
practical solutions is still at its early stage. On the one hand,
methods for determination of the trace element (metals and non-
metals) fractions relevant for their ecotoxicology (i.e., the
bioavailable fraction) still have their limitations since they may
insufficiently reflect the potential risks. On the other hand, a
number of in-situ remediation options are available and thus a
decision tool system has to be developed allowing to choose the
most suitable technique. TECS (trace element contaminated
soils) management moved into a new century where
environmental decisions must be ‘socially-robust’ within a
context of sustainable development & is a part of the conceptual
framework “Risk-based land management”. All efforts need to
ensure management and/or remediation is affordable, feasible,
effective & sustainable.

The aim of this project is to make a literature and project-based
review (including country specific state of the art and current
procedures) to identify the current status of research and
application in Europe and to (i) derive decision tool systems,
remediation scenarios including the potential impacts on the
local environment and (ii) define further research needs.

This project was launched under the umbrella of SNOWMAN,
which is a network of national funding organisations and
administrations providing the research funding platform for soil
and groundwater bridging the gap between knowledge demand
and supply. SNOWMAN is one amongst more than 70 ERA-Nets
(European Research Area - Networks) being funded by the
European Commission’s 6th Framework Programme for
Research and Technological development. Further information is
available at http://www.snowman-era.net and
http://www.rhizo.at/Sumatecs.

S12.L.04

The detection of outliers in trace element content in
soils based on the French Soil Quality Monitoring
Network

V. Antom . C. Perly-Glraud3 E. Villanneau®, C. Jolivet’, N.
Saby B. Toutam D. Arrouays

"IFEN, 45061 orleans cedex 2, France, 2INRA US 1106 Infosol,
Olivet, France, *INRA US 1106 Infosol, 45160 olivet, France.

Knowledge about natural pedogeochimical background and
diffuse contamination of the soil is essential to soil remediation
stakeholders to manage soil pollution at best. Our study tends to
overcome the lack of information concerning these two issues in
France.

Thus we measured the content of nine trace elements (Cd, Co,
Cr, Cu, Mo, Ni, Pb, Tl, Zn) in the French topsoil (0 to 30 cm) and
subsoil (30 to 50 cm) from the Soil Quality Monitoring Net-work
(RMQS) programme. The network is based on a 16 km x 16 km
systematic grid covering the whole French territory (about 2,140
sampling sites) and has several goals: (1) to set up a na-tional
assessment of the soil quality, (2) to detect evolutions and (3) to
show gradients in the French territory.

For each trace element, we computed a statistical indicator
taking into account the distribution of the trace element content
in order to define and map regional threshold for outlier values:
the fences are defined in terms of the hinges. To aggregate the
data considering the local distribution, we calculated for each
cell of the 16 km x 16 km grid the value of the upper fence from
the data located in a 50 km radius

The maps of the threshold values highlight some areas of high
contamination due to urban or in-dustrial activities or due to
agricultural spreading like the copper contaminations in the
French vineyards. Some areas of high natural geochemical
background content are also pointed out.
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The maps will be published soon and they will be available to
remediation stakeholders but also to the general public via the
Internet. For this purpose, the maps will be added to the
INDIQUASOL (Soil Quality Indicators Database) map server,
which gathers more than a hundred environmental indicators for
the French soil quality.

S$12.M.01
Advancing Innovative Remediation Technologies in
Europe through Networking

D. Miiller, Y. Spira;
Federal Environment Agency, Vienna, Austria.

Market uptake of innovative soil and groundwater remediation
technologies is disappointingly low throughout Europe because
of stakeholder confidence issues. Technology demonstration is a
vital component to improve confidence levels and therewith to
provide better access to European or global markets.

To address this issue, the European Commission has launched
the Coordination Action EURODEMO within the 6th Framework
Program for Research and Technology Development, and in
accompanying support to the Environmental Technologies
Action plan (ETAP).

Between 2005 and 2007, EURODEMO has supported innovative
remediation  technologies by providing comprehensive
information through reports, databases and promotional
workshops. The information provided has been targeted on the
defined needs of end-users who have been involved in an
influential role since 2005. Within the project the first European
network for demonstrating innovative remediation technologies
has been established, and interesting national developments
and knowledge sources for individual technologies, applications
and processes have been identified and generated.

A continuation of these activities is a vital component of the
multi-strand approach that is needed to challenge entrenched
market barriers and to support the expansion of field
implementation of technology innovation throughout Europe. An
ongoing and dynamic European technology demonstration
platform can actively and specifically support national
remediation activities as well as pan-European co-operations for
transferring innovative remediation technologies towards field
application and routine use. Thereby, a shift to sustainable
approaches for contaminated site remediation projects can be
triggered.

In this presentation, some results of EURODEMO shall be
illustrated, and the new technology platform EURODEMO+ shall
be introduced.

S$12.M.02

Feasibility in Application of Different Remediation
Methods of Petroleum Pollutants in soil and its
Algorithm in Industrial Case

S. Ebrahimi’, M. Ghorbanian®, S. Alikhani®, S. Khatibi®, M. J.
Malakouti’;

"Tarbiat Modares University, Tehran, Iran, Islamic Republic of,
2petroleum University of Technology, Abadan, Iran, Islamic
Republic of, Islamic Azad University, Karaj, Iran, Islamic
Republic of.

Pollution of soil and water resources with petroleum
compositions is potent to damage our Environment. Petroleum
Hydrocarbons which have solubility, volatility and ability to harm
environment by releasing from refineries, streams or leakage
from underground storage tanks (USTs) will penetrate into soil
and underground water and negatively affect on their quality, as
a result human health will be threatened. In a country like Iran
which has many petroleum resources, soil pollution with
petroleum components is not a new matter. After production of
crude oil in last century, unfortunately this problem wasn't seen
seriously, until by the passage of time, pollution has caused
changes in balanced condition of basic resources, specially soil
and water, reducing in production, and making critical situation
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for environment. Hence, now more than any other time, it feels
the necessity of enacting compatible policies and rational
solutions for cleaning environment in a course which is
adaptable to environmental limitations. In this research, first
environmental standards and acceptable ranges, which were
announced by Environmental Protection Agency, were
considered. Afterwards, various methods of remediation
(Physical, Chemical, and Biological), which will be used in the
world, were investigated and its algorithm was offered. The
suitable method of cleaning, that is function of cleaning rate,
investigation of in-situ remediation possibility, time, how to affect
on close regions, and mixed application of remediation methods
possibility, is necessary for optimization of efficiency and
economic. Therefore, Feasibility of different cleaning methods
and finally applying the proper method was advised. However, to
apply that in industrial case, it should be considered
economically. Results have shown that biological regeneration
methods although have ability to compete with other methods,
they also include lower cost than others and is compatible with
universal environmental protection evaluation.

$12.M.03
Former/present and future risks of excess heavy
metal input to terrestrial ecosystems

S. V. Koptsik', G. N. Koptsik', W. de Vries?, J. E. Groenenberg’,
S. Lofts®, J. C. Voogd?’;

"Moscow State University, Moscow, Russian Federation,
2Alterra, Wageningen, The Netherlands, 3CEH, Lancaster
Environment Centre, Lancaster, United Kingdom.

Long-term deposition of heavy metals and sulphur due to
emissions of the nickel processing industry in the Kola
Peninsula, Russia, has caused a severe damage to terrestrial
ecosystems. To evaluate ecotoxicological effects, a recently
developed methodology to calculate critical loads for heavy
metals was applied. To estimate former/present risks, critical
metal contents in soil solid phase can be calculated and
compared with the observed metal contents. For management of
contaminated soils future risks are to be calculated; the latter
can be expressed as long-term acceptable deposition loads, or
critical loads of metals. The critical limit for ecosystem was
defined as a critical free metal ion concentration in soil solution.
To assess the critical leaching the total metal concentration in
solution was calculated from the critical free metal ion
concentration using a chemical speciation model. The results do
indicate current and potential threats to soil functioning from high
heavy metal depositions in the surroundings of the smelters.
Critical contents for Ni and Cu are exceeded (for more than 30x
for Cu in organic layer) over large areas around the smelters
showing the necessity of soil remediation measures. Despite
notable recent decreases in emissions, critical loads of heavy
metals are still exceeded in the vicinity of the smelters,
especially for Cu (>10x for organic layers and 100x for illuvial
layers). The patchiness and relatively high Ni and Cu contents
even in the background regions leads to the conclusion that
combined effects of simultaneous heavy metal and sulphur

depositions in combination with severe climatic stress is
necessary to consider.
Acknowledgments: The study was supported by NWO

(047.014.002), RFBR (05-04-48460).

S12.M.04

Effect of endophytic fungi on Cd tolerance of Festuca
arundinacea and Festuca Peratensis grown in a
hydroponic system

M. Soleimani, M. Hajabbasi, M. Afyuni, A. Mirlohi, M. Sabzalian;
Isfahan University of Technology, Isfahan, Iran, Islamic Republic
of.

Fungal endophytes are world wide distributed in graminoid
species of Poaceae family. Endophytic fungi from genus



Neotyphodium have been found in many cool-season grasses
such as Festuca species. The presence of the fungi has been
associated with superior qualities in the host plant such as
various biotic and abiotic stresses tolerance which may help
using the plants in phytoremediation of heavey metal
contaminated soils. . A greenhouse study was established to test
the hypothesis that plants infected with endophytic fungi may be
able to tolerate high concentrations of cadmium. Two infected
and non-infected with endophytic fungi species (Festuca
arundinacea and Festuca Peratensis) were grown in a
hydroponic system with different levels of cd* (0, 5, 10 and 20
mg L") for 2 months. Metal-toxicity symptoms were only
observed at 20 mg L™ Cd* level. Festuca Peratensis had more
biomass and Cd uptake in all treatments in comparison with
Festuca arundinacea. Results showed that endophytic fungi can
help the plant to tolerate high concentration of Cd and this
depends on plant species.

S13 Buffering Function of
Soils

S$13.D.KL
From Atom to Pedon: Linking Processes to
Phenomena and Function

K. Totsche;
LS Hydrogeologie, Institut fiir Geowissenschaften, FSU Jena,
Jena, Germany.

Soil is vital for the production of food and fibre for the provision
of the Earth’s primary renewable resources. It is the focal and
connecting link between the information, matter and energy
cycles of the hydrogeosphere and the atmosphere and plays a
central role as a transformer, buffer, accumulator and filter of
water, dissolved and dispersed particles. Its unique ability to
process and accumulate inputs of energy and matter is the direct
consequence of the interplay and interaction of the diverse
organic, inorganic and biological components which define a
complex and hierarchically structured and extremely large
biogeochemical interface. Organic chemicals enter soil as
dissolved species, attached to colloidal and suspended particles,
and might be transported to deeper soil horizons, the vadose
zone or even to the aquifer. The major amount, however, will
react and interact with the biogeochemical interfaces, the
ultimate causes of the phenomena of dispersion, retardation and
elimination. Until recently, soils opaque nature limited our ability
to explicitly characterize soils architecture and made impossible
to explore in-situ the processes and properties which control
bioavailability, bioaccessability and finally biodegradation,
metabolisation and effect. Yet, the utilization of novel spectro-
microscopic and spectro-tomographic characterisation and
probing techniques in combination with advanced approaches in
computational chemistry allows unravelling soils “interior”. The
joint application of those with sophisticated experiments and
techniques from molecular biology and analytical-chemistry
delivers insight into the reactions and interactions at
biogeochemical interfaces, both in situ and in real-time over
ranges of concentration, composition and environmental
conditions. This ultimately holds the promise to link phenomena
in and functioning of soils at the pedon scale to processes at the
local “atomic” scale within a general mechanistic framework. The
application of this approach, which is fundamental to the priority
program “Biogeochemical Interfaces in Soil”, will be
demonstrated by the example of hydrophobic organic
contaminants in soils.

$13.D.01
Fate of pesticides in soil porosity using Lattice
Boltzmann and X-ray computed tomography

N. Elyeznasni’, V. Pot', I. Ginzburg?, F. Sellami’, P. Benoit', A.
Genty*;

"INRA - AgroParisTech, Thiverval-Grignon, France, ZCemagref,
Antony, France, *INRAP, Pessac, France, ‘CEA Saclay, Gif sur
Yvette, France.

Retention of pesticides in cultivated soils is mainly influenced by
soil organic carbon content. In some cases, clay content can
also affect sorption of pesticides. Heterogeneities of physical
(structure of soil), physico-chemical (adsorption/desorption) and
biological origins contribute to the fate of pesticides in soil.
Heterogeneities are implicitly described in macroscopic transport
models of solutes in soils by the use of non-equilibrium transport
models: two-porosity, multiple-permeability, kinetic sorption. In
this work, we used the discrete Lattice Boltzmann modeling
approach to explicitly describe the flow and transport in the
presence of real soil heterogeneities. Structure of soil was
obtained by 3D X-ray computed tomographic images of a clay-
loam soil (68 microns resolution). The soil samples contained
fresh organic matter residues (wheat straws). Resolution of the
images was of 68 microns. The tomograms were studied to
detect different levels of density indicating different nature of soil
constituents such as particulate organic matter, organo-mineral
phase and void. The high quality of the tomographic images
allowed to distinguish particulate organic matter from porosity
and organo-mineral phases. Reactive sites governing retention
of pesticides were thus localized in the 3D pore space and
introduced in the model. Heterogeneity of reactivity of pesticides
was further modeled by ascribing different reaction kinetic laws
(adsorption/desorption and degradation of pesticides by laws of
first-order) to the particulate organic matter and organo-mineral
phase. The impact of adsorption/desorption heterogeneities has
been tested by simulation of advection-diffusion, retention and
degradation processes in Stokes flow in the 3D soil images.

S$13.D.02
Surface properties of hydrous iron oxides: a model
study

D. Tunega’, A. J. A. Aquino’, G. Haberhauer’, M. H. Gerzabek’,
H. Lischka®;

'Institute of Soil Research, University of Natural Resources and
Applied Life Sciences, Vienna, Austria, *Austrian Research
Centers Seibersdorf, Seibersdorf, Austria, °Institute for
Theoretical Chemistry, University of Vienna, Vienna, Austria.

Hydrous iron oxides like goethite, ferrihydrite or lepidocrocite
represent a large class of minerals with a considerable
geochemical relevance. They are common minerals found as
weathering products in soils. They are characteristic by a high
specific surface area what determines their large sorption
capacities and their importance in sorption processes in soils.
Their composition and surface structure have a crucial
importance for their chemical behavior in aqueous systems,
driving sorption, dissolution and precipitation processes as well
as redox reactions. Therefore, it is of great interest to
understand the surface structure and related properties of these
minerals at an atomic level.

In this work a model study of the mineral goethite is presented
using a density functional theory. Acid-base properties of
different surface sites of the (110) goethite surface represented
by hydroxyl groups (-OH, p-OH, u3-OH) are calculated. Obtained
proton affinity constants, pKj,, are compared with results from the
multisite complexation model (MUSIC). The computed pK,
values for all sites of the modeled goethite surface were used in
the prediction of the pristine point of zero charge, pHppzn. The
obtained value of 9.1 fits well with published experimental values
of 7.0-9.5.

Several experiments have shown that goethite plays an
important role in the sorption of polycyclic aromatic
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hydrocarbons (PAHSs) in soils. Benzene, naphthalene and three
PAHs (anthracene, phenanthrene and pyrene) are used in the
systematic theoretical study of their interaction with the (110)
goethite surface. The highest sorption affinity has anthracene
since its linear structure better fits with the arrangement of the
surface OH groups than in case of phenanthrene and pyrene.

$13.D.03
Estimation of heavy metal sorption in German soils
using artificial neural networks

I. N. Anagu’, J. Ingwersen’, J. Utermann?, T. Streck’;
"University of Hohenheim, Stuttgart, Germany, *Federal Institute
for Geosciences and Natural Resources, Hannover, Germany.

Over the last decades, there has been a continuous increase in
heavy metal concentrations in the environment as a result of
human activities. The soil has been known to be the most
important sink for heavy metals, while sorption is a major
buffering process in soil. A reliable prediction of sorption of
heavy metals in soil is therefore needed to understand the fate
of heavy metals in the environment and properly assess the
risks associated with their occurrence. The present study was
conducted to parameterize an extended Freundlich isotherm as
a function of basic soil properties using artificial neural networks
(ANN). In the study we used soil data collected from 133
agricultural sites across Germany. Results were compared with
those based on multiple linear regression (MLR). Atrtificial neural
network models were derived for 9 heavy metals (Cd, Cr, Cu,
Mo, Ni, Pb, Sn, Tl, and Zn) using between 9 and 11 soil
properties as well as solution phase concentrations as inputs
and sorbed phase concentrations as output. The performance of
the models was assessed by the root mean square error
(RMSE) and modeling efficiency (EF). Comparisons were made
based on EF. For the ANN model, RMSE ranged from 0.04 (Cd)
to 0.1 (Cr) while EF ranged from 0.80 (Cr) to 0.95 (Cd). The ANN
models out