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From the globe to the rhizosphere and back
Hungate Bruce

Northern Arizona University Merriam Powell Center for Environmental Research NAU Box 5640 86011 Flagstaff Arizona, USA

Rhizosphere processes modulate ecosystem responses to global environmental change. For all global environmental changes affecting
plants, and especially for those where the first point of response is the plant, the rhizosphere lies at the interface between the environmen-
tal change pushing aboveground physiological responses and the soil resource environment, often posing elemental constraints on those
responses. In this presentation, I will discuss several examples where rhizosphere processes influence ecosystem responses to and feed-
backs to the climate-atmosphere system. First, given the time scale of most elevated CO2 experiments to date, changes in soil carbon
content are mediated by root responses to CO2. The expected increases in soil carbon are often not realized, in part because of processes
mediated in the rhizosphere. Second, biological nitrogen fixation is also widely expected to increase with elevated CO2, in response to increa-
sed plant photosynthesis and the supply of energy to plant roots and the rhizosphere. But in natural ecosystems rhizosphere processes
appear to weaken this expected response. Third, the production of atmospheric trace gases by ecosystems – one of the key feedback
mechanisms between ecosystems and the climate system – are also strongly sensitive to global environmental change and to processes
mediated in the rhizosphere. These processes influence the response of the ecosystem to global environmental change at all scales, and
they also shape the nature of the feedback between the ecosystem response and the climate system. In these ways, rhizosphere proces-
ses strongly modulate ecosystem responses to global environmental change.
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The hidden truth: impact of global climate change on microbial rhizosphere populations of grassland plants
Gantner Stephan1, Chiariello N. R.2, Field C. B.3, Tiedje J. M.1

1 Michigan State University Center for Microbial Ecology 540 Plant and Soil Sciences Bdg 48824 East Lansing Michigan, USA
2 Jasper Ridge Biological Preserve, Stanford University, Stanford, CA, USA
3 Department of Global Ecology, Carnegie Institution of Washington, Stanford University, Stanford, CA, USA

The effects of global climate change are influencing our daily life in increasing scale; however, many changes remain unnoticed. A good indi-
cator could be the microbial community in the rhizosphere of plants, which is very responsive to environmental changes affecting plant
growth, metabolism and root exudations. In this study, we investigated the microbial diversity in the rhizosphere of the grassland plants Avena
and Geranium in a 10-year old FACE (Free Air CO2 Enrichment) experiment near Stanford, California, where global climate change effects
were simulated by treatments of added nitrogen and carbon dioxide. 

Community analysis studies using t-RFLP revealed strong shifts in the microbial rhizosphere population of treated grassland plants compa-
red to non-treated controls. Those shifts were grass cultivar and treatment dependent. The strongest effects were observed for Geranium
under elevated CO2 and NO3 treatments. Functional Gene Arrays (FGA) allowed the characterization of the functional diversity in the micro-
bial rhizosphere community. The results showed a strong plant-specific influence. 

Besides these total community analysis studies, we were interested in active aromatic- compound-degrading bacteria as a part of the micro-
bial population in the rhizosphere of grassland plants. We applied the Stable Isotope Probing (SIP) technique, enriching aromatic-compound-
degraders in the rhizosphere of plant samples with 13C-labeled benzoate. The labeled substrate was used by aromatic-compound-degraders
as carbon source and allowed to isolate specificly DNA and RNA with incorporated 13C-labeled carbon. Community studies using the 13C-
labeled DNA and RNA confirmed the changes seen in the total community analysis. To detect more directly aromatic compound degraders
in environmental samples, we developed new primers targeting the functional gene sequence of the small subunit of biphenyl and benzoate
dioxygenases (bphA and benA) involved in the first step of oxidizing the aromatic ring structure. 

Our characterization studies demonstrated the strong impact of global climate changes on the diversity of microbial rhizosphere communi-
ties through the plants and reflected thereby the conditions of the plants.
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Using stable isotope techniques to verify links between plant C flow and denitrification
Baggs Elizabeth1, Killham Ken1, Mair Lorna1, Prendergast Miranda1, Paterson Eric2

1 University of Aberdeen School of Biological Sciences St Machar Drive AB24 3UU Aberdeen, United Kingdom
2 Macaulay Institute, Craigiebuckler, Aberdeen, AB15 8QH, United Kingdom

The availability of organic C is considered paramount for the production and reduction of the greenhouse gas nitrous oxide (N2O) during
denitrification in the rhizosphere. Despite this, the role of organic C in the regulation of N2O- and N2-genic enzymes is poorly understood.
Stable isotopes are fundamental in resolving this. Here we will present selected results from experiments in which we have applied stable
isotope techniques to verify the effect of plant C in driving denitrification, and the potential feedbacks of this on climate change. 

Changes in C input to soil, such as under elevated atmospheric CO2, is significant for N2O production and reduction. Following application
of 15N-labelled fertiliser to Lolium perenne swards we showed increased denitrifier-N2O and N2 production under elevated pCO2 (60 Pa) in
the Swiss FACE experiment. This was attributed to greater below ground C allocation providing the energy for denitrification, and emissions
were strongly positively correlated with TOC. The N2-to-N2O ratio was also raised under elevated pCO2, which indicates important feedbacks
effects are occurring with climate change, mediated through plant C flow. 

Little is known about the effect of different C substrates in regulating N2O and N2 production nor their effects on community structure, acti-
vity or species selection of denitrifying bacteria in the rhizosphere. We provide the first evidence for differences in N2O and N2 production
with different C compounds typically present in root exudates, which suggest differences in regulation of the NO and N2O reductases, or pre-
ference for different C compounds in the rhizosphere denitrifier community. Such differences in gaseous N production are being related to
the function and activity of the denitrifier community associated with this root C flow, with the link between C flow and denitrifier activity being
verified by stable isotope probing and nanoSIMS imaging. Further ecophysiological evidence is presented of reporter gene expression by
denitrifiers in response to different substrate classes of rhizosphere C.
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The rhizosphere effect on decomposition: mechanisms and ecological implications
Cheng Weixin

University of California Environmental Studies 1156 High Street 95064 Santa Cruz California, USA

Rates of soil organic matter decomposition and nitrogen mineralization have been commonly assessed by incubating soil samples in the
absence of live roots with an implicit assumption that rhizosphere processes have little impact on the results. However, results have indica-
ted that this implicit assumption is often invalid. The rate of soil organic matter decomposition in the presence of live roots can be inhibited
by as much as 50% or accelerated by as much as 380%, depending on the kind of plant-soil systems and experimental conditions. This
clearly demonstrates that the rhizosphere effect can no longer be ignored. The rhizosphere effect on decomposition has been investigated
through comparisons of SOM-derived CO2 efflux rates in planted treatments with efflux rates from unplanted treatments under similar tem-
perature and moisture conditions. Carbon isotope methods are essential in these investigations. Our recent results from several experiments
indicate that plant species, soil type, atmospheric CO2 concentrations, plant growth stages, and photosynthetic rates, separately or in
concert, modulate the magnitude of the rhizosphere effect. The level of the rhizosphere effect is positively correlated with either leaf biomass
or the amount of nitrogen in live roots or gross nitrogen mineralization rates. Soil moisture significantly controls the degree of the rhizosphere
effect. The rhizosphere effect is long-lasting and obscures the response of soil organic matter decomposition to warming. What are the
mechanisms responsible for the rhizosphere-dependent soil organic matter decomposition? Our current results suggest that accelerated soil
microbial turnover in the rhizosphere and transpiration-induced drying-rewetting cycle are two of the possible mechanisms behind the rhi-
zosphere effect. The two mechanisms are also connected to each other because drying and rewetting may also accelerate soil microbial tur-
nover. Overall, available data so far point to a much larger role of rhizosphere processes in shaping ecological functions in terrestrial eco-
systems.
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The impact of root presence on the dissolved organic matter (DOM) in soil
Akagi Junko, Zsolnay Adam

GSF - Soil Ecology Ingolstädter Landstr. 1, 85764 Neuherberg bei München, Germany

It is postulated that DOM plays various ecological roles such as influencing xenobiotic availability, substrate delivery to microsites, and car-
bon sequestration. Although DOM may have numerous sources, it is also postulated that one of the chief sources is rhizodeposition. In this
study DOM was obtained from 3 different plots of the Bavarian State Research Center for Agriculture under extremely different rhizoenviron-
ments: (1) meadow, since at least 1953 with no management (M); (2) rotational agricultural plot with oats in 2005 (A); and (3) a bare plot,
which had been kept vegetation free since 1953 with shallow ploughing twice a year and repeated grubbing (B). Sampling was done from
the top 10 cm 5 times from March to May in 2005. The multi sampling placed the results on a sound temporal basis and was at a time of
active root development and minimal shoot input. M had a dense, perennial rhizosphere, while A had modest root development at the times
of sampling. B was permanently devoid of a rhizosphere. Before extraction with 10 mM CaCl2, all visible root material was removed from the
soil.

DOM, or more accurately water extractable organic matter (WEOM), was quantified by its organic carbon (DOC) content and characterised
optically by its UV absorbance (at 254 nm) and by its fluorescence emission (FE, λex = 254 nm, λem = 300-480 nm). The potential amount
of biodegradable DOC (BDOC) was also determined by measuring its decline after a 7 d incubation under optimal conditions. The relatively
stable parameter of total soil organic carbon was quantified only once.

The usual depletion of SOC as a function of root decrease was found. However, the relative decrease in DOC was about twice as strong,
confirming the importance of roots as a primary source of DOM. The absolute amount of potential DOM substrate followed the order M > A
> B, but, surprisingly, the BDOC/DOC ratio was about 50% regardless of the amount of root mass. Both the absorptivity (UV/DOC) and a FE
based humification index showed that M was consistently depleted in chromophores and was less humified, while there were usually no
significant differences for these parameters between A and B. The net conclusion is that DOC and substrate quantity are rhizodeposition dri-
ven, but that other factors (e.g. microbial humus metabolism, release of sequestered material) determine DOM composition when the soil is
not very heavily root dominated such as in a meadow.
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C and N cycling in the rhizosphere and their link to photosynthesis in the experiments with 13C pulse labeling
Yevdokimov Ilya1, Gattinger Andreas2, Buegger Franz3, Munch Jean-Charles3

1 Institute of Physicochemical and Biological Problems in Soil Science, RAS, Pushchino, Moscow region, 142290, Russia
2 Geohumus International GmbH & Co. KG Vilbeler Landstrasse 17-19, D-60386 Frankfurt, Germany
3 Institute of Soil Ecology, GSF- Research Center, Ingolstädter Landstr.1, D-85764 Neuherberg, Germany

The fluxes of 13C assimilated and translocated below ground after pulse labeling in the 13CO2 enriched atmosphere were studied in green-
house experiments with oat and maize in parallel with N dynamics in rhizosphere. 13C and N in roots, soil, pools of microbial biomass, DOC,
DON, soil inorganic N as well as 13CO2 emissions were determined periodically during the first 165 h after the labeling. To isolate rhizosphere
from root-free soil, plant seedlings were placed into special nylon bags made of nylon monofilament screen tissue filled with soil. 

In both greenhouse experiments the dynamics of 13C in rhizosphere microbial C and DOC were opposite to that for CO2 – 13C fluxes imme-
diately after the pulse-labeling (in the first 50 h): minima in microbial C and DOC coincided with the maxima in CO2 emissions, and vice versa.
13C values in the carbon pools oscillated periodically depending on day – night changes. The microbial biomass C accounted up to 33 % of
13C translocated below ground in rhizosphere. Similar diurnal changes were found for dynamics of photo-assimilated 13C in plant organs. Total
13C in ears, roots and steams oscillated following day/night changes while total 13C in leaves decreased sharply in the first day after pulse
labeling, with further slow dilution during days 2 – 3. 13C percentage in pool of water-soluble photo-assimilates decreased gradually after pulse
labeling with weak or even no diurnal fluctuations. In contrast to labeled water-soluble photosynthates, 13C percentage in starch pool demons-
trated day/night oscillations and tended to increase during the first 3 days after labeling. 

Dynamics of N pools had local minima 19 h after labeling followed by prominent maxima in soil microbial N (43 h) and water-extractable N
in plant organs (50 h). Sharp decrease in microbial N 43 h maximum coincided with increase in dissolved N in rhizosphere as well as in roots,
stems and leaves indicating immobilization – mineralization N cycling. The periodicity of N fluctuations in soil pools and plant biomass was
not connected to day/night changes and exceeded 24 h cycles of photosynthetic activity. 

Thus, close inter-relations between the dynamics of 13C in CO2 efflux, microbial biomass, and DOC were revealed in diurnal scale both for
oats and maize plants. N cycling in rhizosphere was connected to N immobilization-mineralization cycles rather than to diurnal dynamics of
photosynthetic activity. 

P-729

Dissolved organic nitrogen cycling in the rhizosphere
Jones Davey

University of Wales, Bangor SENR Deiniol Road LL57 2UW Bangor Gwynedd, United Kingdom

The release of dissolved organic nitrogen (DON) from roots into the surrounding soil (exudation) is a ubiquitous phenomenon but the factors
which regulate this C and N flow are poorly understood and in most cases their mechanistic basis remains unknown. Further, DON in the
form of amino acids represents a readily available source of nitrogen and carbon for both plants and soil microorganisms. In the case of
plants, both mycorrhizal and non-mycorrhizal roots, from a broad range of ecosystem types, appear to possess the capability to take up signi-
ficant quantities of proteinaceous amino acids. The importance of this inwardly directed DON flux in comparison to NO3

- and NH4
+ remains

poorly understood. We will present information for cereals (Triticum aestivum) which demonstrate that while plants can take up DON, its signi-
ficance is probably limited in comparison to inorganic N especially in high input agricultural systems which use inorganic fertilizers. We also
present evidence to suggest that this is a result of the higher concentrations of NO3

- in agricultural soil solutions, the slow movement of amino
acids in soil relative to NO3

-, the rapid turnover of amino acids by soil microorganisms, and the poor competitive ability of plant roots to cap-
ture amino acids from the soil solution. 
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Distribution, evolution and structure of microbial family 18 glycoside hydrolases (chitinases)
Karlsson Magnus, Lindahl Björn, Stenlid Jan

Swedish University of Agricultural Sciences Forest Mycology & Plant Pathology P.O. 7026 SE-75007 Uppsala, Sweden

Chitin consist of monomers of N-acetylglucosamine, linked by β-1,4-glucosidic bonds, and is a constituent of the exoskeleton of invertebra-
tes, of zooplankton and of fungal cell walls. The vast annual biological production of chitin, in combination with the fact that chitin contains
nitrogen, indicate that its synthesis and degradation is important for nutrient cycling in many ecosystems, marine as well as terrestrial.
Degradation of chitin is primarily a microbial process and as chitin is insoluble, microbes must use extracellular enzymes, chitinases, to
convert the polysaccharide into soluble products that can be transported into the cell. Chitinases are also important in mechanisms of bio-
control.

We have identified family 18 chitinase (GH18) genes in genome sequences of bacteria, archaea, viruses, fungi, Arabidopsis thaliana,
Drosophila melanogaster and Caenorhabditis elegans, and used the deduced protein sequence of the resulting 400 catalytic domains in a
phylogenetic analysis of the evolution of this important group of proteins. We have also analysed the domain-structure of the resulting sub-
divisions. GH18 were detected in 134 bacterial genomes, out of the 633 analysed. They were distributed among eight different phyla. With
the exception of two microsporidial species, all 23 investigated fungal genomes contained GH18, ranging from one in Schizosaccharomyces
pombe to 20 in Hypocrea jecorina and Emericella nidulans. Only three out of the 32 investigated archaean genomes contained GH18.
Microbial GH18 catalytic domains cluster in three main groups, A, B and C, independently from the organism’s taxonomic affiliation. The
GH18 domains within each group cluster according to taxonomy. Bacteria, fungi and plants all have their own GH18 nomenclatures based
on sequence similarity and phylogeny, but all described groups could be placed into the current phylogeny. Enzyme assays in combination
with gene expression measurements in the wood-degrading fungus Phanerochaete chrysosporium are used to dissect the functional cha-
racteristics of the different subdivisions of GH18 in this species.

P-745

Towards a rhizo-centric climate change view: tracking carbon from the atmosphere to the rhizosphere micro-
bial communities under elevated CO2
Drigo Barbara1, van Veen Johannes A.1, Boschker Henricus T. S.2, Bodelier Paul L. E.3, Kowalchuk George A.1

1 Department of Terrestrial Microbial Ecology, Netherlands Institute of Ecology (NIOO-KNAW), Centre for Terrestrial Ecology, Heteren, the Netherlands 
2 Department of Marine Microbiology, Netherlands Institute of Ecology (NIOO-KNAW), Centre for Marine Ecology, Yerseke, the Netherlands
3 Department of Microbial Wetland Ecology, Netherlands Institute of Ecology (NIOO-KNAW), Centre for Limnology, Nieuwersluis, the Netherlands

Soil community responses to increased atmospheric CO2 concentrations are expected to occur mostly via interactions with changing vege-
tation patterns and plant physiology. To gain insight into the effects of elevated atmospheric CO2 on the composition and functioning of micro-
and mesofaunal communities in the rhizosphere, Carex arenaria and Festuca rubra were grown under defined atmospheric conditions with
either ambient (350 ppm) or elevated (700 ppm) CO2 concentrations. PCR-DGGE, quantitative-PCR and lipid biomarker strategies were
employed to assess microbial and nematode community structures, including specific analyses dedicated to actinomycetes, all fungi,
Bacillus, Burkholderia, Pseudomonas, and Arbuscular Mycorrhizal Fungi (AMF). Effects on soil conditions were also examined. Multivariate
analysis of the DGGE community profiles showed that the response of soil-borne communities to elevated CO2 was different for bacteria,
fungi and nematode and dependent on the plant type and soil nutrient availability. Interestingly, within the bacteria community, the genera
Burkholderia and Pseudomonas, which are successful colonizers of the rhizosphere, were strongly influenced by elevated CO2, whereas the
genus Bacillus and actinomycetes, which are more dominant in bulk soil, were not. 13C labeling experiments using RNA-based Stable Isotope
Probing (SIP) were performed by subjecting F. rubra plants to 13C-labeled CO2 to identify directly microorganisms that respond to plant-deri-
ved C substrates in the rhizosphere. The combination of RNA-SIP and 13C measurements in biomarkers allowed us to put forth a model for
plant-microbe interactions under elevated CO2 conditions. We observed a significant increased of initial rapid transfer of plant assimilates to
AMF and a subsequently slowly released from AMF to the resident bacterial and fungal communities. This resulted in a dramatic plant-dri-
ven impact of elevated CO2 concentrations on shifts within the microbial populations actively responding to labeled C assimilated.

P-791

The mycorhizosphere as a dynamic interface for biotic weathering and turnover of labile carbon
Van Hees Patrick

Örebro University Man-Technology-Environment Fakultetsgatan 1 701 82 Örebro, Sweden

Nutrient mobilization, mineral dissolution and cycling of labile C are of importance for ecosystem functioning and sustainability. The presence
of roots and symbiotic mycorrhizal fungi is believed to have a substantial impact on these processes. Although our knowledge is rapidly gro-
wing, there are numerous issues that still need to be elucidated. For example, one basic question, still unanswered, is how important the bio-
tic weathering is as compared to abiotic processes. In this regard the production rates of root and mycorrhizal exudates such as organic
acids in the mycorhizosphere become of great importance. These compounds have a dual role and can act as both weathering agents as
well as a substantial C flow. Most of this rhizodeposition is rapidly transformed into CO2, and may correspond to a significant part of the total
soil respiration. Consequently the mechanisms controlling exudation become of key importance not only for the quantification of the proces-
ses, but also the mechanistic understanding. In addition to gaining knowledge about “basal” conditions, anthropogenic impacts e.g. climate
change and acidification deserve to be investigated. The presentation will summarize some of the author and co-workers’ work in the field.
Focus will be element mobilization and C dynamics in soil column experiments with/without pine seedlings and ectomycorrhiza. Results
concerning production of exudates, in particular oxalate as well as estimates of their mineralization rates will also be presented. The possi-
bility and validity of a holistic approach linking soil C dynamics, nutrient demands and mineral dissolution will be discussed. The necessity
of assessing these processes on a (myco)rhizosphere scale is obvious.

P-436



Does carbon partitioning and nitrogen uptake and transfer in ectomycorrhizal pine seedlings under elevated
CO2 vary with fungal species?
Fransson Petra1, Anderson Ian C2, Alexander Ian J3

1 SLU Dept. of Forest Mycology and Pathology Ulls vag 26A SE-75007 Uppsala, Sweden
2 The Macaulay Institute, Craigiebuckler, Aberdeen AB15 8QH, Scotland
3 Department of Plant and Soil Science, School of Biological Sciences, University of Aberdeen, Cruickshank Building, Aberdeen AB24 3UU, Scotland

In recent years the potential for ectomycorrhizal (ECM) fungi to influence forest carbon and nutrient cycles has become increasingly evident.
Although a strong response of ECM fungi to elevated CO2 has been shown, little is still known about the functional diversity among fungal
species. 

We studied carbon (C) partitioning and nitrogen (N) uptake in mycorrhizal Scots pine seedlings in response to short-term CO2 enrichment
(15 days), using several ECM species with different ecological strategies. For the C partitioning experiment mycorrhizal seedlings were grown
in large Petri dishes systems, and half of the microcosms were exposed to elevated CO2 treatment (710 µmol mol-1). Partitioning of C was
quantified by pulse labelling the seedlings with 14CO2 and examining the distribution of labelled assimilates in shoot, root and extraradical
mycelium. Fungal biomass was determined with PLFA analysis. For the N uptake experiment seedlings were dipped for 30 minutes in nutrient
solutions containing either 15NH4 or 15N-glycine directly after elevated CO2 exposure. 

We demonstrated that different ECM fungal isolates respond differently in C partitioning and N uptake and transfer in response to CO2 enrich-
ment. The respiratory loss of 14CO2 was on average greater in the elevated CO2 treatment for most species. More label was retrieved in the
shoots in the ambient CO2 treatment. Greater amounts of label were found in the extraradical mycelial compartment in all species except
one in elevated CO2. These results suggest that under certain growth conditions ECM fungi respond rapidly to increasing C-availability,
through changed biomass production and respiration. Results are discussed in relation to the role of ECM fungi in nutrient cycling at eleva-
ted CO2.
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Evidences for a temporary higher C availability in the rhizosphere following plant defoliation
Henry Frederic, Vestergård Mette, Christensen Søren

Copenhagen University Øster farimagsgade 2D 1650 Copenhagen K Denmark

It has been shown that shoot herbivory can enhance soil nutrient availability by different mechanisms. It has thus been hypothesized that
defoliation stimulated rhizodeposition and consequently the availability of recently assimilated C and activities of micro-organisms living in
the rhizosphere. In sterile conditions a peak of rhizodeposition has been reported within 2 days following the defoliation, but experiments
conducted in soil are much more unclear reporting, either a positive, a neutral or a negative effect on rhizodeposition. Conclusions in those
studies were based on the release by roots of C isotopes after a pulse labeling of the plant. However, pulse labeling may be not the best tool
to follow the presumably fast and short modifications of rhizodeposition after a defoliation event. Our objective was to asses if rhizodeposi-
tion was indeed increased following defoliation by measuring microbial activities and C pools in the soil.

We performed a growth chamber experiment in Plantago arenaria individuals in microcosms. After 45 days of growth, approximately 60% of
the aboveground biomass was clipped in half of the microcosms. Plants were harvested 1.5 and 9 days after the defoliation event and the
soil adhering to the root was collected. At the first harvest, microbial biomass was increased by defoliation, its activity appeared to be more
limited by C than for non defoliated plants, and soil soluble C content was decreased by defoliation. At the second harvest none of these
parameters were affected. Finally for both harvests, neither the basal respiration, the argininase and glucosidase activities were affected.

Those results suggest that there is indeed a peak of rhizodeposition in a very short time after the defoliation which explains that the rhizos-
phere microbial biomass was higher in the rhizosphere of the defoliated plants 1.5 days after the defoliation. However this peak of C release
must be short and rapidly mineralized since the quantity of soil soluble C already decreased at that time and became a limiting factor of the
microbial activities and nothing significant was recorded 9 days after the defoliation.

P-650

The influence of roots and ectomycorrhizae to carbon sequestration under two management conditions
Grebenc Tine, Tupar Barbara, Kraigher Hojka

Slovenian Forestry Institute Department for Forest Physiology and Genetics Vecna pot 2 SI-1000 Ljubljana Slovenia

Forest soils are the major stocks of carbon in terrestrial ecosystems. Among different components of highly heterogeneous forest soils mycorrhizal
fungi represent the main element, linking different sinks and sources of carbon, influencing transfer of carbon belowground, soil respiration, and trans-
location to or out of the above ground biomass. 

We have studied diversity of ectomycorrhizal types and decomposition rates of different litter components (unbleached beech cellulose, leaves, twigs
and roots of two size classes (0 – 2 mm, 2 - 5 mm) in a closed canopy, regenerating gap and in a forest gap (clear-cut) in a mixed silver fir – beech
forest stand from the Kocevsko region. Types of ectomycorrhizae were identified after the anatomical and molecular method and quantified by coun-
ting in equal soil core volumes with sequential coring in two consecutive vegetation seasons. Decomposition was analysed by the loss of dry weight
sampled at monthly intervals in three repetitions in two consecutive vegetation seasons. The decomposition was two times faster in a clear-cut gap
than under the closed canopy or regenerating gap. The fastest decomposing material was cellulose, followed by fine roots. The slowest was the
decomposition of coarser roots. Also the ectomycorrhizal community structure was different; only two types were present both in the clear-cut and in
the closed canopy research plot. The dominant species in the clear-cut gap was Cenococcum geophilum, a species that has been reported in other
studies as tolerant to different stresses, especially to drought. The role of common mycorrhizal / mycelial networks for carbon, water and nutrient
cycling in time and space in forest ecosystems is discussed.

Work was financed through 5th FP EU NATMAN (QLK5-CT-1999-01349) and CASIROZ (EVK2-2002-00165) and co-financed through
Ministry of higher education, science and technology RS Research programme P4-0107, young researchers scheme (for TG), postdoctoral
project Z4-7578 (TG) and applicative projects L1-6706 and L4-6232.
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Spatial variability and stability of soil microbial functioning in tropical rainforest
Porte Benjamin1, Roggy Jean-Christophe2, Domenach Anne-Marie2, Hamelin Jérôme3, Brunet Didier4, Barthes Bernard4, Alemras Tancrède2, Lensi
Robert1, Fromin Nathalie1

1 CNRS CEFE, UMR 5175 1919 route de Mende 34293 Montpellier cedex 5 France
2 UMR EcoFoG, BP 709, 97387 Kourou (French Guyana)
3 LBE, INRA , Avenue des étangs, 11100 Narbonne (France)
4 IRD UR SeqBio, 2 place Viala, 34060 Montpellier cedex 2 (France)

Understanding the impact of human or natural disturbances (gold mining, deforestation, …) on tropical forests is difficult because of the high
heterogeneity of the microbial-driven soil functioning, which is itself related to the huge diversity of tree species in these forests (up to 200
species per ha). We therefore need an accurate description of microbial soil functioning in the reference system (undisturbed forest), i.e. of
the spatial variability, in order to explain its determinants and the range of potential responses to disturbances. During this study, we inves-
tigated the spatial variability of two main microbial functions of soils (aerobic respiration and denitrification) in a 1 ha forest plot. 412 soil sam-
ples were characterized by substrate induced respiration (SIR), denitrification enzyme activity, C and N content using Near InfraRed
Spectroscopy. The data were analysed by geo-statistical approaches in order (i) to determine if this variability has a predictable spatial struc-
ture at various scales, and (ii) to identify the factors that could drive the spatial heterogeneity (e.g. tree positioning, differences in soil orga-
nic matter quality…). We also determined, under controlled conditions, the stability of the soil respiration process after a disturbance: SIR
was measured before, 1 day, 14 days and 28 days after a heat shock. We determined whether the variability of the stability of respiration
process was related to the variability of initial respiration (before disturbance). Finally, the structure and diversity of soil bacterial community
were characterized and relationships between soil functioning – diversity and soil function stability – diversity were considered.

P-629

Functional diversity and dynamics of nitrogen cycling bacteria in rhizosphere vs. mycorrhizospheres of
Plantago lanceolata
Veresoglou Stavros1, Sen Robin1, Shaw Liz. J.2, Hooker John. E.1

1 Manchester Metropolitan University Environmental and Geographical Sciences, Manchester, United Kingdom
2 Department of Soil Science, The University of Reading, Whiteknights, P. O. Box 233, Reading, RG6 6DW, U.K

The majority of plants enter into root symbiotic associations with arbuscular mycorrhizal fungi (AMF) of the genus Glomeromycota. Plant
mycorrhizal status alters carbon dynamics in soil, both directly as a result of the activity and turnover of extraradical hyphae and indirectly,
as a result of mycorrhizal impacts on root exudation, root architecture and root senescence. It is considered that mycorrhizosphere carbon
flow drives differentiation in the mycorrhizosphere associated microbial community. The functional importance of mycorrhizosphere associa-
ted bacterial communities is still poorly understood, especially in relation to nitrogen cycling and plant N uptake. The aim here was to cha-
racterise AMF species-specific impacts on nitrogen cycling communities in the highly mycotrophic plant species Plantago lanceolata. Non-
mycorrhizal and mycorrhizal P. lanceolata (Glomus intraradices or Gigaspora margarita) were grown in a low nutrient dune soil in both non-
sterile and sterile re-inoculated treatments under controlled conditions. Sequential harvesting 2, 3, 5, 7 and 10 weeks after planting allowed
identification of 1) rhizosphere vs. mycorrhizosphere and 2) AMF species-dependent shifts in culturable communities of nitrogen fixing
Azospirillum spp. and nitrite and ammonium oxidizers. In the final harvest, the mean azospirilla, ammonia and nitrite oxidizer counts were
4.4 x 104, 65.7 x 104 and 158.2 x 104 bacteria/g, respectively, for the non-mycorhizal treatment while in the sterile re-inoculated mycorrhizal
treatments counts were 7.4 x 104, 90.1 x 104 and 135.8 x 104 for G. intraradices and 7.0 x 104, 103.5 x 104, 111 x 104 bacteria/g for Gi. mar-
garita, results significant (p<0.05) for at least one fungus. Data targeting bacterial 16S diversity and functional N cycling genes, nifH (nitro-
genase reductase), amoA (ammonia monooxygenase) and nirK and nirS (nitrite reductase) genes, to provide a more global community view
will be presented and discussed.

P-958

Effects of several components of global change and their interactions on nitrification and denitrification in a
grassland ecosystem
Niboyet Audrey1, Ambroise Annick1, Barthes Laure1, Field Chris2, Fontaine Sandrine1, Hungate Bruce3, Le Roux Xavier4, Leadley Paul1

1 Laboratoire ESE, UMR 8079 Bâtiment 362 91405 Orsay France
2 Carnegie Institution of Washington, Department of Global Ecology, USA
3 Colorado Plateau Stable Isotope Laboratory, Northern Arizona University, USA
4 Microbial Ecology Laboratory, CNRS, University of Lyon I, INRA, France

The impact of four main global change factors (atmospheric CO2 concentration, temperature, precipitation and N deposition) and their full
set of interactions were assessed on potential nitrification and denitrification in a long-term, in situ study of an annual grassland ecosystem
at the Jasper Ridge Global Change Experiment, California. Understanding the responses of these two processes is a priority since nitrifica-
tion and denitrification play key roles in the Nitrogen cycle and regulate the production of Nitrogen oxides. Nitrifying and denitrifying enzyme
activities were measured for three dates during the growing season 2004-2005 (October, February, April) to describe the within season dyna-
mics of their responses to global change factors and at the end of the following growing season in April 2006 to examine interannual varia-
tion. For nitrification, the responses of the two intermediate steps, ammonia oxidation and nitrite oxidation, were measured.

N addition (as NO3
-) had a significant positive effect on ammonia oxidation and denitrifying enzyme activity, but surprisingly no effect on

enzyme activity for nitrite oxidation. The precipitation treatment decreased the nitrite oxidation enzyme activity and increased denitrifying
enzyme activity, but had no effect on ammonia oxidation enzyme activity. The evolution of these responses over the growing season is clear:
treatment effects became much more pronounced as the growing season progressed. The enzyme activities showed no significant respon-
ses to elevated CO2 or increased temperature as single global change factor. Nevertheless the interactive effects between global change
factors may be strong.

The positive effect of N addition most likely resulted from the increase of substrate availability for ammonia oxidation (NH4
+) and denitrifica-

tion (NO3
-). The effect of precipitation may have been due to decreased oxygen content of the soil because of the increase of soil water

content: this should favor the denitrification which is an anaerobic process and be negative for the nitrification which is an aerobic process.
Treatment effects may also be mediated by changes in the microbial community. This work highlights the need to describe the impact of glo-
bal change factors on community composition for ammonia oxidizers, nitrite oxidizers and denitrifiers and study the relationship between
these changes and community function.

P-907



Root exudates of plants in the water-fluctuation-zone of the Three Gorges reservoir
Schreiber Christina1, Kuhn Arnd J.1, Zeng Bo2, Thiele Björn1, Höltkemeier Agnes1, Schurr Ulrich1

1 Research Centre Juelich ICG-3/Phytosphere Leo-Brandt-Str. 52425 Juelich Germany
2 Southwest China University Chongqing-Beibei (SWCU), PR China

The construction of the dam at Three Gorges (Yangtze River, PR China) creates a water-fluctuation-zone in Three Gorges reservoir of 600
km length, ca. 350 km2 area and 30 m fluctuation. A major concern of Chinese authorities is how to stabilize the banks, control the soil ero-
sion, and improve the eco-environmental quality of the water-fluctuation-zone (WFZ). To tackle these questions, one important option is to
select appropriate plant species and use them to revegetate the WFZ. The selection of suitable plant species, the submergence tolerance
with regard to the inverted flood pulse and the mechanisms for differences between plant species will be studied in a comprehensive coope-
ration project. 

The hypothesis underlying this presented sub-project is that the survival of plants in the WFZ, with its special demands on the plants' survi-
val strategies, is particularly influenced by interactions in the system of plant roots – root exudates – microbial communities in the rhizos-
phere. Root-induced chemical changes in the rhizosphere are studied by means of microsuction cups in the plant-soil system. Recently deve-
loped microsuction cups (diameter 1 mm) enable samples of soil solution to be obtained without microorganisms affecting the samples. The
use of microsuction cups allow to probe soil solutions in a spatially resolved manner, which can then be analysed in the laboratory or in the
field for inorganic and organic components characteristic for the root exudation activity. Due to the small quantities of solution (µl range) spe-
cial microanalytical techniques such as capillary electrophoresis (CE) are required for the determination of e.g. organic acids. Besides the
identification and quantification of the components of the soil solutions, the dynamics of root exudation will also be considered since this pro-
vides information on the impact of the inundation scenarios on the supply for microorganisms in the rhizosphere. First results from two plant
species Salix variegata and Arundinella anomala originating from the WFZ are shown.
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High atmospheric carbon dioxide does not lead to nutrient depletion in trees.
Khan Faisal, Lukac Martin , Miglietta Franco, Godbold Douglas

University of Wales Bangor School of Environment Deniol Road LL572UW Bangor United Kingdom

Future high levels of atmospheric carbon dioxide will increase biomass production of terrestrial plants, and hence plant requirements for soil
mineral nutrients to sustain this greater biomass production. While a large part of the world’s terrestrial ecosystems is phosphorus limited,
elevated levels of atmospheric CO2 have been postulated to further increase phosphorus deficiency. To find out whether this is the case, we
have grown poplar under field conditions at ambient and elevated atmospheric CO2 for 5 years. Here we present an ecosystem phosphorus
budget for three different poplar species, calculated from P pools in biomass (leaves, wood, coarse and fine roots) and the soil P pool to a
depth of 60 cm. The soil P pool was fractionated into pools of differing availability. We show that the amount of P taken up by the trees is
significantly greater under elevated CO2 than ambient conditions. However, contrary to the hypothesis that soil P reserves would decrease
to meet increased tree demand, the plant available P pool in the soil also increased. The greatest increase in the soil P was found in an acid
soluble P fraction. The data suggest that the formation of the P fraction is biogenically driven and that the additional P probably originates
from weathering of mineral pools.

P-953

Influences of seasonal drought and canopy photosynthesis on root dynamics and respiration patterns in a
broadleaved evergreen Mediterranean ecosystem
Misson Laurent, Ourcival Jean-Marc, Joffre Richard, Rambal Serge

CNRS-CEFE 1919 route de Mende 39293 Montpellier, France

After gross photosynthesis, CO2 flux from soil is the second largest carbon flux in most ecosystems, amounting to 60%–90% of total ecosys-
tem respiration. On a global scale, soil respiration produces more than 11 times the current rate of industrial CO2 emissions produced by fos-
sil-fuel combustion. On average, the contribution of rhizosphere respiration to total soil respiration of forests is ~50%, with values ranging
between 10 and 90%. The first objective of this research was to document the link between the seasonality of fine root dynamics (initiation,
growth and mortality) and the carbon balance of the ecosystem in a seasonally dry Mediterranean ecosystem dominated by Quercus ilex in
the south of France. We tested the hypothesis that fine root dynamics exert a major control over the seasonal pattern of soil respiration, and
that such control is most apparent when roots are actively growing. Our second objective was to improve our understanding of how environ-
mental factors and canopy photosynthesis influences fine root initiation, growth and mortality. Because our site is characterized by very low
soil water content during the summer, we predicted that fine root development would be a high priority and therefore, would be tightly cou-
pled to canopy photosynthesis and available soil water. To test these hypotheses, we combined CO2 flux measurements (at ecosystem, soil
and leaf levels) with aboveground (shoot, leaf, stem) and belowground (fine roots) growth dynamics. Plant contribution to soil respiration can
be separated into maintenance and a growth component. Growth respiration can be separated from total respiration by calculating the diffe-
rence between modeled respiration calibrated during period without growth, from measured respiration during period when growth is occur-
ring, both at soil and ecosystem levels (Rambal et al. 2004). The time course of temperature plays a key role in determining the pattern of
the maintenance component. Phenology and growth patterns determine the period during which the growth component is significant. By tea-
sing apart growth respiration from other respiration components, the approach used here allows an easier mechanistic interpretation of how
growth and ecosystem respiration respond to climatic changes, disturbances and management practices.

P-1245
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How do components of climate change and their interactions affect soil nitrite-oxidizers in grasslands?
Le Roux Xavier1, Henry Camille1, Niboyet Audrey2, Attard Eléonore1, Commeaux Claire1, Guillaumaud Nadine1, Leadley Paul2, Field Chris3, Barthes
Laure2, Poly Franck1

1 CNRS - Université Lyon 1 - INRA Ecologie Microbienne 43 bd du 11 nov 1918 69622 Villeurbanne, France
2 Ecology laboratory ESE (CNRS, University of Paris 11), Orsay, France 
3 Carnegie Institution, Department of Global Ecology, Stanford, USA

Previous studies have shown that climate change factors such as elevated CO2, increased temperature and altered rainfall can modify the
structure and functioning of terrestrial ecosystems, including microbial communities. However, very few studies have examined the interac-
tions between multiple climate change factors so far. We studied the interactive effects of several climate change factors on the activity, size
and diversity of the soil nitrite-oxidizing community in a grassland site (Jasper Ridge Global Change Experiment, JRGCE, in California). The
JRGCE includes four main treatments: atmospheric CO2 concentration, temperature, precipitation and N deposition, and all of their factorial
combinations (i.e. a total of 16 treatments, with 6 replicates per treatment). There are two levels of each treatment based on future atmos-
pheric and climatic change scenarios for central California. We measured the activity (enzyme activity assays), size (quatitative PCR targe-
ting nxrA gene), and diversity (clone screening by DGGE and sequencing) of the nitrite-oxidizing community in soil sampled on each JRGCE
plot at different dates to account for possible seasonal and inter-annual effects. Key soil environmental factors (soil moisture, mineral N and
organic carbon availability...) were also measured. Our results demonstrate that (1) the interaction effects between multiple climate change
factors on microbial communities can be strong, nitrite oxidizing activity being enhanced by CO2 doubling under ambient temperature at the
dates studied and a clear interaction effect being observed between CO2 and temperature treatments, and (2) climate change-induced modi-
fications of the nitrite oxidizing activity in soil can be explained by changes in the size and diversity of the nitrite oxidizing community.

P-809

Nitrogen and phosphorus limitations of the soil microflora
Strömmer Rauni

University of Helsinki Ecological and Environmental Sciences Niemenkatu 73 15140 Lahti, Finland

An experiment with natural forest soil from three separate Scots pine sites was performed under controlled conditions to test how the soil
microbial community responds to carbon and nutrient application, and further, for evaluating the limiting factors for microbial functions and
decomposition in these extremely nutrient poor, dry lichen dominated heaths in the Northern Finland. 

Four independent soil samples from each site were randomly collected with a stainless steel auger. Moisture and organic matter (OM) content
were determined, after which samples were moistened to a water content of 2.5 g/g OM. Each bulk sample was then divided to several repli-
cate samples, which were treated with glucose (200 mg/g OM) and various amounts of nutrients (nitrogen or phosphorus/both) as three repli-
cates for each amendment. 

Responses of the soil microflora on the treatments were studied as hourly CO2 emissions from the samples during incubation at constant
temperature (20ºC). Immediately after amendments, substrate-induced-respiration (SIR) values were recorded, after which the capacity of
microbial communities to use extra carbon and nutrient resources were monitored for 50 hours. The response curves could be divided to two
stages: delay until the growth of the microbial community starts (LAG) and the exponential growth stage (µCO2). The response curve rea-
ches its maximum when extra resources are utilized, and the CO2 emission at this point was also recorded (MAX).

Firstly, effects of single nutrient additions, 22 mg of nitrogen as ammonium sulphate or 2.3 mg of phosphorus as potassium phosphate per
g OM of soil were tested. Nitrogen prolonged LAG and increased µCO2 and MAX but phosphorus had no effect. Secondly, a constant amount
of nitrogen or phosphorus together with increasing amount of phosphorus or nitrogen, respectively, were added. Again, the measured para-
meters showed increasing values relative to the amount of added nitrogen. Increasing phosphorus amendment only slightly affected the
parameters. The results show that the soil microbial community benefits from the extra nitrogen surplus but does not respond to the extra
phosphorus until nitrogen demands are fulfilled. This conclusion is however restricted to the zymogenous microflora (bacteria and microfungi)
and may not fit to the whole microbial community.

P-600

Mycorrhizal C allocation in acid and alkaline grassland soils
Mårtensson Linda-Maria, Olsson Pål Axel 

Plant Ecology and Systematics Department of Ecology Ecology building S-223 62 Lund, Sweden

Calcareous sandy grasslands in south-eastern Sweden are exposed to acidification and lime depletion. These processes result in pH chan-
ges from above 8 to below 5. When soil pH decreases, the plant availability of phosphate increases, which in turn possibly decreases the
need of mycorrhizal symbiosis. We investigated C allocation in a natural pH gradient in a sandy grassland site in order to test the hypothe-
sis that mycorrhizal allocation decreases due to acidification in grasslands.

The sandy grassland vegetation was pulse-labelled with 13CO2 to be able to estimate the C allocation to roots, mycorrhizal fungi, and bacte-
ria. Phospholipid and neutral lipid fatty acid composition in soil and roots were analysed in order to detect changes in the microbial commu-
nity. 

Preliminary results from five tussocks of Koeleria glauca, and five tussocks of Corynephorus canescens, show tendencies in roots of plants
of increasing NLFA 16:1ω5 (indicating biomass of AM) with increasing pH. NLFA 16:1ω5 in soil tended to decrease with increasing pH. PLFA
18:2ω6,9 in soils (indicating biomass of saprophytic fungi) did not change with changing pH. 

The allocation of C tended to increase to AM in roots with increasing pH. The maximum value (delta PDB) was found to reach 976.9 (at pH
8.8) and the minimum value reached -23.8 (at pH 5.5). Allocation of C to AM in soil did not change with changing pH. 

P-496



Microbial CO2 fixation under different CO2 concentrations in grassland soil
Videmsek Urska1, Hagn Alexandra2, Schloter Michael2, Suhadolc Marjetka3, Vodnik Dominik3

1 University of Ljubljana, Biotechnical faculty Agronomy department Jamnikarjeva 101 SI-1000 Ljubljana, Slovenia
2 GSF-National Research Center For Environment and Health, Institute of Soil Ecology, Ingolstaedter Landstr.1, Neuherberg 85764, Germany
3 University of Ljubljana, Biotechnical Faculty, Jamnikarjeva 101, Ljubljana 1000, Slovenia

Natural carbon dioxide springs or mofettes are known for unique gaseous conditions influencing ecosystem processes at different levels.
While there have been many reports on plant performance at mofettes, surprisingly little is known about belowground processes at these
sites. Soil CO2 concentration can reach ten-percentages values in the most exposed mofette soils. It is tempting to speculate about charac-
teristics of microbial CO2 assimilation under such conditions. 

In our study autotrophic microbial CO2 fixation was followed in rhizospheric and non-rhizospheric soils sampled from a meadow mofette
Stavesinci (NE Slovenia). This CO2 spring is known for very pure CO2 exhalations, without traces of sulphurous compounds. Thorough stu-
dies of temporal and spatial variability of CO2 degasing were performed over the last years. Data from these studies and targeted CO2 flux
measurements enabled an effective selective sampling from the locations with high-, medium- or no geogenic CO2 enrichment. For these
samples molecular analyses of cbbL gene encoding the large subunit of the Ribulose 1,5 Bisphosphate Carboxylase/Oxygenase (Rubisco)
were performed.

Non-rhizospheric soil samples were taken in autumn 2005 in the upper 1 cm of bare soil exposed to CO2 at high, and low soil CO2 concen-
tration. Rhizospheric soil samples were taken in late spring 2006 in the rooting horizon (0-10 cm depth) of Timothy grass (Phleum pratense),
growing at high, medium and low CO2 concentration. From extracted soil DNA fragments of cbbL genes (cbbLR1F, cbbLR1R (red-like);
cbbLG1F, cbbLG1R (green-like)) were amplified. PCR products were screened by restriction fragment lenght polymorphism analysis (RFLP).
DNA fingerprints were clustered using the Dice correlation and the unweighted pair group method using arithmetic averages (UPGMA).
Fragments of cbbL red-like genes (used primers: cbbLR1F, cbbLR1int-R, cbbLRpro) were quantified with TaqMan approach of real-time PCR.

The most pronounced influence on the diversity of red-like cbbL genes was soil CO2 enrichment. However, comparing non-rhizospheric and
rhizospheric soil with similar gaseous conditions also a plant-driven effect could be seen.
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Effect of different soil management on the bacterial N turnover in tropical agro-ecosystems 
Hai Brigitte1, Sall Saidou2, Diallo Hélène2, Bonzi Moussa3, Brauman Alain4, Chotte Jean Luc4, Munch Jean Charles1, Schloter Michael1

1 GSF-National Research Centre for Environment and H Chair of Soil Ecology Ingolstaedter Landstr. 1 85764 Neuherberg Bavaria, Germany
2 Centre de recherche IRD-ISRA de Bel Air, Laboratoire d’Ecologie Microbienne des Sols et Agrosystèmes Tropicaux, Route des Hydrocarbures, BP
1386, CP 18524-Dakar, Sénégal
3 Institut de l’Environnement et de Recherches Agricoles (INERA), Burkina Faso
4 SeqBio-IRD Montpellier SupAgro, 2 Place Viala, Bâtiment 12, 34060 Montpellier Cedex 2, France

Due to climatic and edaphic factors tropical agro-ecosystems are confronted with lack of water, nutrient depletion and losses in soil carbon,
which leads to a reduction of soil fertility. Improved nutrient management might reverse this trend. The aim of our investigation was to study
the effect of different nitrogen fertilizing treatments (Control, Control + Urea [60kg N/ha], Straw residue, Straw residue + Urea, Manure
[10t/ha], Manure + Urea) on the abundance and activity of functional genes involved in the N cycle. Thus, rhizosphere and bulk soil samples
were taken at the early leaf development (EC30), the flowering (EC60) and the senescence stage (EC90) of Sorghum plants from a long
term observatory field located in the south of Burkina Faso. Quantification of genes and transcripts encoding for important steps in denitrifi-
cation (nirK and nirS, nosZ), the ammonia monooxygenase (amoA), and the nitrogenase (nifH) was performed by real time PCR. Overall,
plots amended with nitrogen show higher abundance of all genes investigated in comparison to the control plots. A direct correlation between
plant growth and number of genes involved in N-turnover will be presented.

P-1192

Effects of climate change on root function and below ground carbon input
Arndal Marie, Schmidt Inger Kappel, Beier Claus

University of Copenhagen, faculty of life sciences Danish Centre for Forest, Landscape and Planning Hoersholm kongevej 11 DK-2970 Hoersholm,
Denmark

Temperature and precipitation are key factors for biological processes and climate change is therefore expected to change ecosystem pro-
cesses and functioning. One of the main questions is if ecosystems respond as a sink or a source of atmospheric carbon. A substantial
amount of carbon assimilated by plants is transported below-ground and transferred to the soil as root exudates, or used for production of
roots. The flux of carbon to the soil is difficult to measure and thus root production, root litter production, root exudates and root litter turn-
over is a key constraint regarding assessment of ecosystem carbon balance in a changing climate. 

In this study we want to investigate below-ground root production, input of root litter to the soil and root litter decay rate in response to simul-
taneous changes of temperature, precipitation and CO2 in a mixed heath- and grassland. The study is conducted in a Danish large-scale
field experiment, called CLIMAITE (CLIMAte change effects on biological processes In Terrestrial Ecosystems). The aim of CLIMAITE is to
develop a conceptual understanding of how climatic and environmental changes in concert will affect biological processes in terrestrial eco-
systems. 

To investigate root dynamics, function, biomass, and turn-over rate we use minirhizotrons, root in-growth method, sequential soil sampling
and root litterbags. Minirhizotrons can be used to examine the distribution and dynamic of fine roots <2mm and will be used to study fine root
length, production and root turnover/survival. With this poster, the CLIMAITE project is described as well as the methods we are going to use
in studying belowground plant dynamics in a heath land with climate manipulations. The poster will further show some preliminary results of
below-ground responses to climate manipulations 

P-940



RRhhiizz    sspphheerree 22

243

Session 15 - Climate change, carbon and nitrogen cycling

I n t e r n a t i o n a l  C o n f e r e n c e  M o n t p e l l i e r  -  F r a n c e  2 6 - 3 1  A u g u s t  2 0 0 7

Qualitative difference in leaf litter tannin concentration revealed by thin layer chromatography
Coq Sylvain, Fons Françoise, Rapior Sylvie, Gargadennec Annick, Hättenschwiler Stephan

CNRS (CEFE) Ecosystem functioning Centre d’Ecologie Fonctionnelle et Evolutive (UMR 34 293 1919, Route de Mende Montpellier Cedex 05
,France

Tannins can have various functions in living plants such as antiherbivore defense (Bernays et al., 1989) or photoprotection (Close and
McArthur, 2002). There is increasing evidence that tannins returned to the soil within plant litter do also play a major role during decomposi-
tion and nutrient cycling (Hättenschwiler and Vitousek, 2000). In particular, when litter from different plant species are mixed, the decompo-
sition of the mixture sometimes is slower than that expected from the decomposition of individual species (Hättenschwiler, 2005). Negative
effects of tannins on soil micro-organisms or soil fauna, could potentially contribute to a mechanistic understanding of slower than expected
rates of decomposition. However, the influence of plant species specific tannins on decomposition processes have hardly been and are not
well understood. Thus, in litter mixture experiments, it is crucial to accurately measure litter tannin concentration. As an explanatory element
for two litter mixture decomposition experiments, thin layer chromatography from litter leaves from Mediterranean [Alnus glutinosa
(Betulaceae), Fraxinus angustifolia (Oleaceae), Quercus ilex (Fagaceae), Pistacia terebinthus (Anacardiaceae)] and tropical [Diplotropis sp.
(Fabaceae), Eperua sp. (Cesalpinaceae), Platonia sp. (Clusiaceae), Qualea sp. (Vochysiaceae), Vochysia sp. (Vochysiacea)] species were
carried out. Chemical markers as hydrolysable tannins (ellagic acid, gallic acid, tannic acid) and condensed tannins (catechin, epigallocate-
chin gallate) were assayed. We found strong differences between the litter species, in quality, diversity of molecules and concentration. The
data may provide elements for better understanding the results of the litter mixing experiment. 

Bernays EA, Driver GC, Bilgener M, 1989. Herbivores and plant tannins. In: Advances in Ecological Research, Vol. 19 (Begon, M. et al., eds),
pp. 263–302, Academic Press.

Close DC, McArthur C, 2002. Rethinking the role of many plant phenolics - protection from photodamage not herbivores? Oikos, 99, 166-172.

Hattenschwiler S, Vitousek PM, 2000. The role of polyphenols in terrestrial ecosystem nutrient cycling. TREE, 15 (6), 238-243. 

Hättenschwiler S, 2005. Effects of tree species diversity on litter quality and decomposition. In: Forest diversity and function: temperate and
boreal systems. Ecological Studies, Vol. 176 (Scherer-Lorenzen M et al, eds), pp. 149-164, Springer.
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