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Rhizosphere Ecology: Multitrophic microbial interactions in the rhizosphere of plants
Bonkowski Michael

Institute of Zoology Ecology Schnittspahnstr. 3 D-64287 Darmstadt Germany

The roots of living plants fuel a complex network of microbial interactions, involving both root-infecting and free-living microorganisms and
connected food-webs of microbial grazers. These microorganisms affect plant growth, and are affected by plant growth, but we currently have
an incomplete understanding of their cumulative and interactive effects on plant performance since our knowledge is mainly based on isola-
ted investigations of single organism groups. 

In recent years, the recognition of bacterial communication networks, the common exchange of microbial signals with roots and the fact that
these signals are used to enhance the efflux of carbon from roots have revolutionized our view of rhizosphere processes. For example, plants
allocate a great portion of their photosynthetically fixed carbon to root-infecting symbionts, such as mycorrhizal fungi; another part is relea-
sed as exudates fuelling mainly free-living rhizobacteria. Rhizobacteria are strongly top-down regulated by microfaunal grazers, particularly
protozoa. Most importantly, effects of rhizobacteria on root architecture seem to be driven in large by protozoan grazers and protozoan effects
on plant root systems stand in sharp contrast to effects of mycorrhizal fungi. We designed experiments to explore the complex multitrophic
interactions between mycorrhiza, bacteria and protozoa. I will present examples how these different microbial systems compete and com-
plement each other, how they are interacting with, and being acted on, by living plants. 

Dissecting the driving mechanisms underlying these multitrophic interactions is a major challenge, spanning combined research efforts
among rather disparate fields - microbiology, (soil) food web ecology, plant physiology and genetics. Our aim must be to integrate approa-
ches from these different disciplines into a new research field: Rhizosphere Ecology. In this sense rhizosphere ecology will become one of
the most multifaceted and challenging frontiers in ecology. 
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The biocontrol effect of mycorrhization on soil-borne fungal pathogens and the autoregulation of the AM sym-
biosis: one mechanism, two effects?
Vierheilig Horst1, Khaosaad T1, García-Garrido JM2, Steinkellner S1

1 Universität für Bodenkultur Wien Institut für Pflanzenschutz Peter-Jordan-Str. 82 A-1190 Wien Austria
2 Department of Microbiology, Estación Experimental del Zaidin (CSIC), Granada, Spain

The establishment of arbuscular mycorrhizal fungi (AMF) in the roots of most landplants is the result of a complex exchange of signals bet-
ween the host plant and AMF. Once the AMF has established in the root a number of physiological and morphological changes occur in the
host plant, resulting between others, in a bioprotective effect against soil-borne fungal pathogens.

Moreover, once plants are colonized by AMF further root colonization by AMF is suppressed. This phenomen has been named “autoregula-
tion of mycorrhization”.

Most recently, it has been suggested that the bioprotective effect of mycorrhization and the autoregulation of mycorrhization possibly are two
sides of the same medal. It seems plausible that an already mycorrhizal plants develops only one mechanism to repulse further colonization
by fungi, not discriminating between AMF and soil-borne pathogenic fungi.

The data accumulated on the mycorrhizal autoregulation and on the bioprotective effect of mycorrhization are discussed.

Oral presentationst
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Mineral weathering by mycorrhizophere bacteria : Linking roots to rocks
Uroz Stéphane1, Calvaruso Christophe2, Turpault Marie-Pierre2, Pierrat Jean-Claude3, Mustin Christian4, Frey-Klett Pascale1

1 INRA/UHP UMR 1136 Interactions Arbres Micro-organismes, Centre INRA de Nancy, 54280 Champenoux, France
2 INRA UR 1138 Biogéochimie des Ecosystèmes Forestiers, Centre INRA de Nancy, 54280 Champenoux, France 
3 INRA-ENGREF, Ecologie Forestière, 54042 Nancy, France 
4 CNRS LIMOS, UHP Nancy 1, Faculté des Sciences, Domaine Victor Grignard, B.P.239, 54506 Vandoeuvre- les-Nancy, France

To date, several bacterial species have been described as mineral weathering agents, which improve plant nutrition and growth. However,
the possible relationships between mineral weathering potential, taxonomic identity and metabolic abilities have not been investigated thus
far. Here we describe a collection of bacterial strains isolated from Scleroderma citrinum mycorrhizae, mycorrhizosphere and adjacent bulk
soil in an Oak forest stand. The bacterial ability to weather biotite was assessed with a new microplate bioassay that measures the pH and
the quantity of iron released from the mineral. We showed that weathering bacteria were more frequent in the vicinity of S. citrinum than in
the bulk soil. Moreover the weathering efficacy of the mycorrhizosphere bacterial isolates was significantly greater than that of the bulk soil
isolates. All the bacterial isolates were identified by partial 16SrRNA genes sequence analysis, as members of the Burkholderia, Collimonas,
Pseudomonas and Sphingomonas genera, and characterized for their carbon metabolism by the BIOLOG® method. The most efficient iso-
lates belonged to the Burkholderia and Collimonas genera. Multivariate analysis led to the definition of three metabolic groups. One of them
mainly gathered bacterial isolates associated to S. citrinum and harbouring high mineral weathering potential including the strain PML1(12)
which belongs to the Burkholderia glathei species. This strain was tested in controlled experiments with pine seedlings and was proved to
increase mineral weathering of the biotite and to promote plant growth only in poor nutrient solution conditions. All these results therefore
support the hypothesis that , S. citrinum, a non efficient mineral weathering fungus could select in the bulk soil reservoir a bacterial commu-
nity with high weathering ability, and address the question of functional complementation between mycorrhizal fungi and bacteria within the
ectomycorrhizal complex, in the promotion of tree nutrition.

O-578
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Soil nematofauna in the rhizosphere of different crops indicated specificity in soil bio-functionning
Villenave Cécile1, Chotte Jean-Luc1, Masse Dominique2, Youl Sassan3, Manley Raphael J4

1 IRD SupAgro, 2 place Viala, Batiment 12 34060 Montpellier France
2 IRD-Seq Bio / LRI, BP434 101 Antananarivo, Madagascar
3 INERA, Burkina Faso
4 AgroParisTech Engref, GEEFT, BP 7353-34086 Montpllier Cedex 4

In West Burkina Faso, both traditional semi-permanent and recent, continuous cropping systems coexist. We studied soil biological charac-
teristics in the rhizosphere of fallows of different ages and of the different cultivated plants (yam, maize and sorghum in the traditional crop-
ping system; maize and cotton in the continuous cropping system) in a village territory (500 km2). For each crop of the rotations and each
natural ecosystem, five independent fields were sampled at the end of the growing period. 

The absolute and relative abundances of nematode trophic groups and nematode taxa were found to highlight important differences in soil
functioning between the different crops and also between the cropping systems.

Whereas omnivorous and carnivores nematodes allowed to discriminate physically and chemically disturbed situations, microbivorous nema-
todes (bacterial and fungal-feeders) clearly indicated differences in the activity of the microbial compartment in the rhizosphere. The ratio
bacterial-feeders / (bacterial-feeders +fungal-feeders) was lower with yam, maize, and cotton than with sorghum which allowed a high fun-
gal activity comparable to natural fallows. The separation of plant-feeding nematodes between plant parasites and plant root-hair feeders
allowed the quantification of the parasitic pressure on the roots but also indicated the diversity of the plant cover in the fallows and abun-
dance of weed roots under crops.

O-593

Positive effect of protozoa-bacteria interaction on plant growth - is it hormonal or just nutrients?
Mikola Juha1, Saj Stéphane1, Henry Frederic2, Ekelund Flemming2, Bertaux Joanne3, Vestergård Mette2

1 University of Helsinki Department of Ecological and Environmental Science Niemenkatu 73 15140 Lahti Finland
2 University of Copenhagen, Biological Institute, Øster Farimagsgade 2D, 1353 Copenhagen K, Denmark
3 Technische Universität Darmstadt, Department of Biology, Schnittspahnstrasse 3, 64287 Darmstadt, Germany

More than 20 years ago, it was found that addition of glucose into soil in the presence of bacteria and protozoa can lead to an increase in
plant N uptake. It was therefore proposed that plant root exudates, which contain a lot of labile C and which continuously leak out of the
roots, could also function as an enhancement of plant N uptake. However, recent results indicate that protozoan grazing selects for auxin
producing bacteria and that the positive impact of protozoa on plant growth and N uptake could also be due to hormonal effects. The objec-
tive of our work was to assess: (1) the role of protozoan grazing and labile C input (simulating root exudation) in plant N acquisition; and (2)
the potential existence of a hormonal effect on plant development resulting from the protozoa-bacteria interaction. We performed a micro-
cosm experiment with Holcus lanatus seedlings growing in sterilized soil. The soil was re-inoculated with a bacterial suspension devoid of
protozoa and amended with 15N-labeled plant litter. The experiment had two treatments; (a) with and without protozoa (flagellates) and (b)
with and without glucose addition, in a full factorial design. Flagellates were introduced before planting of seedlings and glucose was added
four weeks after planting. The microcosms were sampled destructively 1, 3, 9 and 32 days after glucose addition. Soil N dynamics were fol-
lowed by measuring the transfer of 15N from the litter to the plant and by measuring enzyme activities and net N mineralization in the soil.
Plant growth, root morphology and the proportion of auxin producers within the cultivable bacterial community were also measured. We found
that protozoa increased plant growth, plant 15N uptake and plant total N uptake, which indicates that protozoa accelerated soil N cycling and
enhanced plant N availability in soil. In contrast, glucose addition had no effect on plant growth or N uptake. This indicates that releasing C
from roots does not necessarily benefit a plant in terms of enhanced N uptake, regardless of whether protozoa are present or not. Moreover,
the auxin producing bacteria were not affected by protozoa, which suggests that the positive effects of protozoa on plant parameters in our
study were due to enhanced N availability rather than due to hormonal effects caused by changes in the bacterial community structure.

O-919



Genome-genome interactions in tri- and tetratrophic rhizobacteria-plant-insect systems
Kertesz Michael, Kertesz Nichael, Palanisamy Rajasekaran, Tetard-Jones Catherine, Fleming Sarah, Zytynska Sharon, Preziosi Richard

University of Manchester Life Sciences Oxford Rd M13 9PT Manchester United Kingdom

The interactions between species in an ecosystem have an important influence on the dynamics and evolution of that ecosystem, with both
direct and indirect interactions playing a part. We used a 3-way factorial approach to examine the transcriptomic and fitness effects of foliar
plant stress (aphid, caterpillar, or UV) on interactions between Arabidopsis and Pseudomonas aeruginosa colonizing the rhizosphere. The
main effects on Arabidopsis gene expression were caused by insect attack by caterpillar or aphid, with the two insects inducing specific plant
defence responses. However, within each of the insect treatments there were also significant effects of UV-B and Pseudomonas on plant
gene expression Gene expression by the rhizosphere Pseudomonas, by contrast, responded most strongly to UV-treatment of the host
plants, and less to insect herbivory. The environmental stresses that have the greatest influence on the rhizosphere community may there-
fore be distinct from those having the largest effect on the plant, despite the fact that the plant transmits the stress signal to the rhizosphere
community. 

The study was extended to a fourth trophic level using a rhizobacteria – barley - aphid - parasitoid wasp system (P. aeruginosa – barley –
Sitobium avenae – Aphidius rhopalosiphi), examining the effect of rhizosphere inoculation on fitness parameters in the higher trophic levels.
Inoculation of several different barley genotypes with P. aeruginosa 7NSK2 had significant effects on barley fitness (height), aphid fitness
(population growth rate) and wasp fitness (wing size), revealing the importance of indirect effects on community fitness in this ecosystem.
However, the direction and magnitude of these effects was not uniform, and varied significantly with both the barley genotype and the aphid
genotype chosen. This highlights the complexity of interspecific interactions in a multitrophic system, since although the rhizosphere bacte-
ria have important direct and indirect effects on community fitness, these are significantly influenced by community level genotypic interac-
tions between individual species.
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Is plant growth promotion by soil amoeba based on down-regulation of bacteria-induced plant defence?
Krome Kristin1, Rosenberg Katja1, Scheu Stefan1, Bonkowski Michael1, Schäffner Anton2

1 Institute of Zoology Biology Schnittspahnstraße 3 64287 Darmstadt Germany
2 GSF Research Centre for Environment and Health, Institute of Biochemical Plant Pathology, 85764 Neuherberg/München, Germany

Increased plant growth due to protozoa-bacteria interactions in the rhizosphere is well documented and generally has been assigned to
nutrient release from consumed bacterial biomass. However, protozoa are highly selective grazers on bacteria and more recent investiga-
tions indicate that protozoa-induced changes in bacterial community composition, rather than nutrient effects may be responsible for plant
growth promotion in presence of protozoa. 

In order to gain a better understanding of the underlying mechanisms in protozoa-bacteria-plant interactions, we established a sand system
with Arabidopsis thaliana grown either completely sterile, in presence of soil bacteria or bacteria plus the naked amoeba Acanthamoeba cas-
tellanii, an abundant bacterivorous protozoan predator in soil. 

Compared to sterile treatments, plant rosette diameter, shoot biomass and seed production increased in presence of bacteria, but was fur-
ther increased in presence of amoebae. DGGE analyses demonstrated significant shifts in bacterial species composition due to grazing of
amoebae. Measurements of the amount of plant-available nitrogen in soil indicate that the increase in plant growth by amoebae was not cau-
sed by enhanced nutrient availability.

Initial results on the plant transcriptome level reveal that a number of genes involved in secondary metabolism, which were up-regulated by
soil bacteria, were down-regulated in presence of amoebae. In addition, several growth associated genes were up-regulated in presence of
amoebae.

We hypothesize that strong grazing-induced shifts in bacterial community composition most likely ameliorated the plant defense-response
to bacteria by down-regulation of plant defence genes and genes involved in the production of plant secondary metabolites, resulting in a
plant growth promoting effect of protozoa.

Poster presentationst
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Do different plant species promote dissimilar soil decomposer communities?
Witt Christina, Setälä Heikki

University of Helsinki Department of Ecological and Environmental Science Niemenkatu 73 15140 Lahti Finland

One basal energy source for soil decomposers is plant litter, which can be of different quality due to its physico-chemical properties, depen-
ding on the plant species. Fast growing plants like herbs and grasses produce chemically simple structured litter (labile), which can easily
be degraded by bacteria. In contrast litter of slow growing trees and shrubs is very complex (recalcitrant), and only fungi have the enzyma-
tic tools to break down these structures. According to the ‘energy channel theory’ by Moore and Hunt (1988) the quality of basal recourses
is the reason why different soil decomposer communities are found under different plants. 

In a laboratory macrocosm experiment we tested the influence of different plants on the composition of the decomposer community. Our
hypotheses were that (i) a fast growing grass (Holcus lanatus) and a herb (Lotus corniculatus) promote a bacterial based energy channel by
producing labile litter, and (ii) that a conifer (Picea abies) and a dwarf shrub (Calluna vulgaris) promote a fungal based energy channel by
producing recalcitrant litter. The bacterial based energy channel consists of bacteria as the predominating microorganism, bacterial feeding
protozoa and nematodes, and their antagonists (predatory nematodes, predatory mites). In the fungal based energy channel fungi as the
dominating microorganism, fungal feeding microarthropods (Collembola, oribatid mites) and their antagonists (predatory mites) can be found.
The experiment lasted for 20 month with three artificial growth periods and three samplings, which gives us an idea of how long it takes for
the decomposers to adapt to changing conditions. 

Preliminary results of respiration analyses showed that Lotus promotes a higher microbial activity and biomass in comparison to the other
plants. Phospholipid fatty acid analyses gave us a more precise picture of the composition of these microorganisms. In addition we found
more nematodes under Lotus, but further identification of trophic groups (bacterial, fungal feeder) needs to be done. Numbers of Protozoa
and Collembola did not confirm the theory of a separation in two different energy channels after12 month.

P-616

Plant-microbe interactions in the rhizosphere of invasive exotic plants
Meisner Annelein1, Morriën Elly2, De Boer Wietse3, Kowalchuk George3, Van der Putten Wim2

1 NIOO-KNAW CTE-MTI P.O. Box 40 6666 ZG Heteren, The Netherlands
2 NIOO-KNAW, Centre for Terrestrial ecology, Multitrophic Interactions, P.O.Box 40, 6666 ZG Heteren, The Netherlands
3 NIOO-KNAW, Centre for Terrestrial ecology, Terrestrial Microbial Ecology, P.O.Box 40, 6666 ZG Heteren, The Netherlands

Temperature is expected to increase due to climate change, especially at higher latitudes. Therefore, thermophilic plant species are expec-
ted to extend their ranges from southern Europe towards the pole. The question is whether these exotic plant species can become invasive
in their new habitats and how they influence the composition of the soil microorganisms and processes as compared to the native plants.
Different interactions between roots and microorganisms might make that exotic plants alter nutrient cycling in their non-native ranges. Exotic
plant species can also be influenced differently by the belowground microorganisms in their non-native ranges compared to their native ran-
ges, because the non-native microbial communities might have a different composition in the non-native ranges as compared to native range. 

We will study the effects of exotic thermophilic plant species on the functioning of soil processes using molecular and classical techniques
in a series of field and greenhouse experiments. We will examine the influence of invasive exotic plants compared to native plants on various
functional groups of microorganisms in the rhizosphere and soil using Q-PCR, 16S rRNA based community profiling, community level phy-
siology profiling and different assays related to nutrient cycling in soil. Our approach will be outlined on the poster.

P-1176
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Olfactory response of the predatory soil mite Hypoaspis aculeifer towards fungivore induced changes in odour
pattern of soil fungi
Pfeffer Susanne, Ruf Andrea

Universitiy of Bremen General and Theoretical Ecology Leobener Strasse 28359 Bremen Germany

Nowadays it is well established that indirect plant defence can be mediated by the release of herbivore induced plant volatiles. These cues
may serve as alarm chemicals and attract natural enemies of the herbivores, such as carnivorous arthropods and parasitoids. While it is
known that induced indirect plant defence is widespread in above-ground systems, information about comparable processes below-ground
is scarce. Even though chemical signalling plays an important role for food and prey location of soil dwelling organisms, so far only few stu-
dies concentrate on indirect induced plant defence in the soil system.

In our study we focused on induced indirect defence in the tritrophic interaction between soil fungi, fungivores and their predators. Therefore,
we set up dual choice experiments with the predatory mite Hypoaspis aculeifer, the fungivorous collembola Folsomia candida and six fun-
gal species with different life history strategies. Three ectomycorrhizal fungi (Suillus bovinus, Paxillus involutus, Pisolithus tinctorius), two
Dematiacea species (Alternaria alternata, Cladosporium spec.) and the white rot pathogen Heterobasidion annosum. For each fungi four
treatments (pure fungus, collembolan grazed fungus, collembolans, control) were compared pairwise. The experimental set up allowed mites
to use only volatile cues for choice decision. An additional analysis and characterization of the involved chemical compounds where carried
out by gas chromatography and mass spectroscopy.

We were able to demonstrate that grazing by collembolans lead to changes in the fungus specific volatile pattern and that these changes
can play a role in the defence strategies of several soil fungi. Predatory mites showed a clear preference toward volatiles emitted by grazed
mycelium of S. bovinus and A. alternata. Yet they were not significantly attracted towards collembolan cues or the pure fungus. However H.
aculeifer was neither able to discriminate between cues originated from the grazed mycelium of P. involutus, P. tinctorius and Cladosporium
spec. nor the prey nor the ungrazed fungi. In the white rot pathogen even, toxicity was induced by grazing. 

Thus it seems, that life history strategy is not a good predictor for the occurrence of induced indirect defence in soil fungi and that chemical
communication in the rhizosphere food web is complex.

P-843

Protozoa increase N-uptake of mycorrhizal plants via extra radical mycelium
Koller Robert1, Rodriguez Alia2, Robin Christophe1, Rosenberg Katja3, Scheu Stefan3, Bonkowski Michael3

1 UMR INPL- INRA Nancy Laboratoire Agronomie et Environnement 2, Avenue de la Forêt de Haye 54505 Vandoeuvre les Nancy France
2 Department of Soil Microbiology and Symbiotic Systems Estación Experimental del Zaidín CSIC, Profesor Albareda 1 E-18008 Granada, Spain
3 Institut für Zoologie, Technische Universität Darmstadt, Schnittspahnstr. 3, D-64287 Darmstadt, Germany

The roots of living plants fuel a complex network of microbial interactions, involving both root-infecting and free-living microorganisms. About
80% of all land plants live in symbiosis with arbuscular mycorrhiza (AM) fungi that provide the host plant with mineral nutrients in exchange
for photosynthates. Microfaunal interactions with mycorrhiza provide an ideal model system to study the interplay of plants with multiple
microbial root associations. Bacterivorous protozoa release nutrients from consumed bacterial biomass (microbial loop), which may be trans-
located by AM mycelium to plant roots. Bacteria-protozoa interactions induce the development of an extensive and highly branched root sys-
tem and this likely affects plant AM-symbiosis. 

The response of plants to these direct and indirect microbial interactions was investigated in a two-compartment microcosm system. Both
soil compartments were inoculated with a diverse community of soil bacteria. The forb Plantago lanceolata colonized by the arbuscular
mycorrhizal (AM) fungus Glomus intraradices was grown in one compartment, spatially separated from a 15N labelled patch of grass litter in
another soil compartment. Both compartments were separated by either a 0.45 µm membrane (no AM access) or a 20 µm mesh (AM-access
to the patch). The latter treatment was set up either only with mycorrhiza, or with protozoa inoculated in the patch, or with protozoa inocula-
ted on both sides. 

Mycorrhiza alone was not able to compete with bacteria for mineral N in the litter patch, it rather acted as a parasite for plant nitrogen. In
contrast, protozoa in the litter patch increased N-mineralization and the N-transfer via VA-mycelia to the plant host, thus rendering the plant-
AM symbiosis mutualistic. The most remarkable plant growth response occurred when protozoa were inoculated in the plant rhizosphere:
Protozoa strongly increased plant net CO2 assimilation and root growth, leading to increased total root mycorrhization and C-transfer into the
litter patch. As a consequence, N-mineralization in the patch and N-transfer to the plants increased. Remarkably, Protozoa-mycorrhiza-plant
interactions resulted in a win-win situation for each of the partners, suggesting that for the full exploitation of the mutualistic potential of rhi-
zosphere organisms more than two partners are necessary. 

P-758
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Interactions between bacterial-feeding nematodes and the arbuscular mycorrhizal fungus Glomus aggregatum
in the rhizosphere of three plants
Djigal Djibril1, Chotte Jean Luc1, Villenave Cécile1, Diop Tahir Abdoulaye2

1 IRD UR Seqbio 2 place Pierre Viala 34060 Montpellier cedex 2, France
2 Université Cheikh Anta Diop, Département de Biologie Végétale, Dakar, Sénégal

Four bacterial-feeding nematodes (Cephalobus pseudoparvus, Zeldia punctata, two populations of Acrobeloides nanus) and one arbuscular
mycorrhizal (AM) fungus (Glomus aggregatum) were inoculated in the rhizosphere of trees and plants frequently met in Senegalese agro-
ecosystems: maize (Zea mays), aubergine (Solanum aethiopicum) and an Acacia species (Acacia seyal), to determine the relations between
these two types of organisms which are found in the plant rhizosphere. 

Nematode density and mycorrhizal colonisation were measured 75 days after inoculation. We studied the effects of nematodes on the micro-
bial compartment, plant growth and mycorrhizal colonisation. We also studied the effects of mycorrhizal symbiosis on nematode multiplica-
tion and plant growth and the interactions between nematodes and AM fungi on these parameters. Nematodes tended to increase the inten-
sity of mycorrhization whatever the plant. In contrast, the presence of AM fungi did not significantly influence the multiplication of nemato-
des, except in the aubergine rhizosphere, where multiplication of nematodes decreased in the presence of AM fungi. In addition, the pre-
sence of maize and aubergine led to an increase in the multiplication rate of nematodes compared to bare soil and to the acacia rhizosphere. 

In this experiment, inoculation of AM fungi limited the development of aubergine and reduced the microbial biomass. However in the pre-
sence of nematodes, these negative effects were reduced or cancelled. In the presence of A. nanus 2, and C. pseudoparvus, Acacia bio-
mass was greater than in controls without nematodes. Moreover, the four nematodes induced an increase in the phosphatase activity which
characterizes bacterial activity.

P-752

Soil protozoa and nematode abundance differ between soil taken under Calluna and Deschampsia in a heath
land ecosystem
Andersen Karen Stevnbak, Christensen Søren

University of Copenhagen Terrestrial Ecology Øster Farimagsgade 2D DK1353 Copenhagen K Cuba

To investigate the rhizosphere fauna of different plant species soil samples was taken under Calluna vulgaris and Deschampsia flexuosa,
the dominating plant species in a temperate heath land of Denmark. The soil was a sandy soil, with low pH. The samples were split into two
parts, the O-horizon, which is the dark organic rich top soil layer, and the rhizosphere soil from roots under the O-horizon and down to 5 cm. 

There were no differences between the plant species in the rhizosphere samples, but in the O-horizon both the number of nematodes and
protozoa was higher in samples taken under the Deschampsia than under the Calluna. At another site with similar vegetation mixed sam-
ples (O-horizon plus soil down to 8 cm) revealed higher respiration activity under Deschampsia compared to Calluna. Taken together this
indicates that the Calluna plants had a lower rhizodeposition than the Deschampsia plants.

P-1037

Ectomycorrhizal carbon and its role in denitrification in boreal forest soils
Prendergast Miranda, Baggs Elizabeth M., Johnson David

University of Aberdeen Plant and Soil Science School of Biological Sciences, AB24 3UU Aberdeen United Kingdom

Nitrous oxide (N2O) is an important greenhouse gas, which has a significant contribution to global warming. The atmospheric concentration
of N2O increases annually by 0.3% and most emissions are generated by soils. Although many studies have focused on N2O emissions from
agriculture, due to high fertiliser input, it is important for efficient mitigation to develop an understanding of emissions from different land-uses,
including semi-natural and natural ecosystems such as the boreal forest. There are several soil processes that produce N2O, but denitrifica-
tion is the most significant process. In denitrification, soil nitrate is reduced to N2O and di-nitrogen (N2), in a series of step-wise reactions,
usually at near-anaerobic conditions. Of the many factors controlling this process, carbon availability is often regarded as the most impor-
tant, particularly for the final reduction step to the environmentally benign N2. However, it is unknown whether it is the quality or quantity of
this carbon which is the more important in driving this final reduction step in denitrification. 

Ectomycorrhizal (EcM) fungi form a mutualistic symbiotic relationship with tree root tips and they are the dominant microbes in Northern
hemisphere boreal forest systems. The extensive mycelial network that emanates from the mycorrhizal roots allows a rapid transfer of pho-
tosynthetically-derived carbon from the host tree into the soil. Low molecular weight (LMW) carbon is readily metabolised by soil bacteria,
and LMW exudates from EcM fungi may therefore provide an important carbon source to denitrifying bacteria in the boreal forest, and so
affect the N2O:N2 ratio. The effect of EcM carbon on denitrifier-N2O and -N2 production can be quantified using stable isotopes techniques.
We report the results from two experiments. In the first, we investigate the effect of the quality of carbon compounds (such as glucose, man-
nitol and oxalic acid) typically exuded by EcM fungi, and N2O and N2 from denitrification. In the second experiment, we measure N2O pro-
duction from the surface of cores that either permit or prevent in-growth of EcM mycelium from surrounding trees. The results demonstrate
that EcM fungal carbon may affect denitrification and forest N2O emissions.

P-1003
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Climate change, plant invasions and belowground interactions
Morrien Elly, Engelkes Tim, Van der Putten Wim

Netherlands Institute of Ecology Multitrophic Interactions Boterhoeksestraat 48 6666 ZG Heteren, The Netherlands

In the last decades, in Europe, many plant species expand their ranges northwards and westwards. This spread into former cold regions has
been related to climate warming. The aim of our project is to determine how plant species originating from southern latitudes that expand
their ranges towards more temperate zones in Europe perform in their new environment. In particular we focus on the soil community and
its relation with plant performance. Soil microbes attracted or stimulated in the rhizosphere affect plants either positively or negatively. Exotic
plant species might have lost part of their native soil community when dispersing into their new range. If they lost negative plant microbes or
pathogens, exotic plants could have an advantage over native plant species in their new environment. To test this we conducted a phyloge-
netically controlled experiment with cross comparison of plants grown in soil conditioned by their own species and soil conditioned by other
species. We measured the above- and belowground biomass, and calculated soil feedback. We expected, in the case of a relaxed patho-
gen exposure, that exotic plants would perform better on their self conditioned soil than on soil conditioned by other species compared to
their native congeners. Within both groups of exotics and natives we observed large amounts of variation in feedback. Nevertheless, on ave-
rage native plants had a significant negative soil feedback, whereas the exotic plants had a more neutral soil feedback. This implies that
beside a relaxation in net pathogen pressure there are also other factors involved in the successful integration of a plant species in its new
range. Currently, we are profiling the belowground community of fungi, mycorrhizal fungi and bacteria, as well as the nematode community
to be able to link their presence to the soil feedback results.
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The BIORHIZ project: biotic interactions in the rhizosphere as structuring forces for plant communities
Medina Penafiel Almudena1, Almudena Medina2, Joanne Bertaux3, Frederic Henry4, Merijn Kant5, Robert Koller6, Natalia Ladygina7, Arnaud Lanoue8,
Stefan Reidinger9, Alia Rodriguez10, Stephane Saj11, Ilja Sonnemann12, Christina Witt11, Susanne Wurst13
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7 Department of Ecology, Lund University, Sweden
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11 Department of Ecological and Environmental Sciences, University of Helsinki, Finland
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13 The Netherlands Institute of Ecology, Centre for Terrestrial Ecology (NIOO-KNAW), Heteren

Productivity and composition of plant communities are influenced by numerous factors including climate, soil type, regional species pools
and aboveground herbivores. Moreover, there is growing evidence that biotic interactions in the rhizosphere also play an important role in
shaping plant communities. However, our knowledge of the mechanisms underlying these belowground processes is still sparse. The BIOR-
HIZ research training-network takes a major step forward by integrating different scientific approaches of studying rhizosphere interactions
to better understand their impact on plant community composition.

Within the BIORHIZ project we investigate biotic processes in the rhizosphere, including direct interactions that take place directly on or in
the living plant root (e.g. with root herbivores or root symbionts) and indirect interactions occurring in the surroundings of the root (e.g. decom-
position of dead organic matter). The BIORHIZ project aims at elucidating how these rhizosphere interactions modify plant growth and com-
munity structure. This goal is reached through four different approaches:

1/ The investigation of the mechanisms of direct interactions with focus on plant-mycorrhiza and plant-herbivore/pathogen interactions.

2/ The investigation of the mechanisms of indirect interactions with focus on bacteria, fungi and herbivores involved in soil food webs.

3/ Evaluation of changes in plant growth and physiology in response to interactions in the rhizosphere interactions. 

4/ Analysis of (1) consequences for plant susceptibility to herbivore/pathogen attacks, with focus on modifications in food quality of plant tis-
sues and alterations in plant defence compounds and (2) consequences for plant community composition.

The BIORHIZ project is a Marie Curie Research Training Network funded under FP6 and comprises 12 European scientific institutions, in
which each partner investigates certain aspects of the biotic interactions in the rhizosphere. For further information please visit:
http://www.zi.ku.dk/biorhiz or visit our next symposium “Rhizosphere impact on plant communities: Synthesis and recommendations for EU
environmental policy" (last week of October in Darmstadt, Germany). 
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