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Biocontrol interactions of Pseudomonas in the rhizosphere
Défago Geneviève

ETHZ Plant Pathology IBZ Universitaetstr. 2, LFW C22, CH8092 Zürich, Switzerland

Fluorescent biocontrol pseudomonads can confer disease suppressiveness to certain soils. Whether the focus is put on biocontrol inoculants
or on indigenous biocontrol strains, biogeography, phylogeny and microevolution of biocontrol Pseudomonas are important to understand
their genetic make-up and the development of biocontrol traits. Multiple interactions with the soil, the plant host, the non-pathogenic microor-
ganisms, and the pathogen(s) contribute to their ability to protect plants from diseases. In certain cases, a hierarchy can be proposed to rank
the relative contribution of biocontrol compounds, pointing at the importance of antifungal metabolites such as 2,4-diacetylphloroglucinol.
However, recent discoveries of alternative mechanisms, such as the degradation of virulence factors or the diminution of virulence via type
three secretion or quorum sensing interference based on signal degradation, show that not all biocontrol mechanisms are documented yet.
Understanding biocontrol ability remains a major scientific challenge for various fields of biology ranging from the regulation of secondary
metabolism to mechanisms involved in microbial interactions and in plant defence.
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Rhizobacterial communities in soils suppressive or conducive to black root rot of tobacco analyzed by DGGE
of biocontrol gene phlD and 16S rRNA microarray
Frapolli Michele2, Grundmann Geneviève3, Défago Geneviève2, Moënne-Loccoz Yvan3, Kyselkova Martina13

1 Universite Lyon 1 UMR CNRS 5557 d'Ecologie Microbienne 43 Bd du 11 Novembre 1918 69622 Villeurbanne France
2 Plant Pathology, Institute of Integrative Biology, Swiss Federal Institute of Technology (ETH), 8092 Zurich, Switzerland
3 UMR CNRS 5557 Ecologie Microbienne, IFR 41 Bio-Environnement et Santé, Université

In Morens (Switzerland), certain soils are suppressive to black root rot of tobacco, caused by the fungus Thielaviopsis basicola, whereas
other soils are conducive (i.e. permit the spread of the disease). Suppressiveness to black root rot has been attributed to rhizosphere pseu-
domonads producing 2,4-diacetylphloroglucinol (Phl), but Phl+ Pseudomonas isolates were also found in conducive soils (Ramette et al.
2006 FEMS Microbiol Ecol 55:369-381). Therefore, it has been proposed that the diversity of Phl+ pseudomonads was perhaps an impor-
tant factor determining the plant-protecting ability of this functional group. The objective of this work was to determine whether disease sup-
pressiveness was linked to particular diversity patterns for Phl+ pseudomonads and more generally the rhizobacterial community. First, we
compared by DGGE phlD (a gene implicated in Phl synthesis) profiles of pseudomonads present in the tobacco rhizosphere (inoculated or
not with T. basicola) of two conducive and two suppressive soils from Morens. A higher diversity of phlD alleles was obtained from MPN cul-
tures or rhizosphere extracts than by direct PCR on rhizosphere DNA. Cluster analysis performed on DGGE profiles obtained in 2004 and
2006 showed that (i) communities of Phl+ pseudomonads differed from one individual soil to the other, (ii) distinctions were found between
suppressive and conducive soils, and (iii) the effect of pathogen inoculation was of smaller magnitude. Second, suppressive and conductive
soils are being compared using a 16S rRNA taxonomical microarray targeting a broad spectra of rhizosphere bacteria. The microarray is
derived from the prototype of Sanguin et al. (Appl Environ Microbiol 72:4302-4312). It contains 1300 probes, including probes that target
Pseudomonas populations as well as other biocontrol bacteria and antibiotic-producing bacteria. It is expected that this approach will com-
plement the results obtained from phlD DGGE.
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Structural and functional analysis of antagonistic potential against the root pathogen Phytophthora citricola in
beech (Fagus sylvatica) rhizospheres under elevated CO2 and O3 conditions
Haesler Felix1, Frommberger Moritz2, Hagn Alexandra1, Schmitt-Kopplin Phillipe2, Hertkorn Norbert2, Munch Jean Charles1, Schloter Michael1

1 GSF Institute of Soil Ecology Ingolstaedter Landstr. 1 85764 Neuherberg Germany
2 GSF, Institute of Ecological Chemistry, Neuherberg, Germany

Phytophthora citricola is a common root pathogen in central Europe. Among its many hosts are important tree species like European beech
(Fagus sylvatica) and European oak (Quercus robur). Interestingly, it has been shown that beech trees grown under elevated CO2 condi-
tions are more susceptible to the pathogen, whereas O3 treatments lead to a reduction of symptoms. However, the reasons for these obser-
vations are still unknown. Besides physiological responses within the plant, which might alter susceptibility, the possibility of changes in the
microbial community of beech rhizospheres is presumed to be the cause of this phenomenon, e.g. fumigation with ozone might lead to a
higher proportion of biocontrol active microbes in the rhizosphere.

In this study we investigated the composition of the microbial community within the rhizosphere of European beeches using culture indepen-
dent and culture dependent methods. Based on an isolation approach a high percentage of microorganisms belonging to the phylum
Actinobacteria were shown to have great antagonistic effects against P. citricola in vitro, thus having the potential to control the disease in
situ. The mechanism of antagonism of the most common group of isolates, belonging to the genus Kitasatospora, was identified using a 12
Tesla Fourier transform ion cyclotron resonance mass spectrometer (FTICR-MS). The bioactive substance had a molar mass of 281.17 g/mol
and was further characterized and identified as the polyketide cycloheximide using 1H-NMR. 

On the basis of these findings a greenhouse experiment was performed to monitor possible changes in diversity and quantity of the actino-
bacterial community on a structural level and polyketide synthases on the functional level of antibiotic production. Beech trees were grown
under elevated CO2, elevated O3 and ambient conditions for two years. Half of the pots were inoculated with P. citricola at the beginning of
the second year. Rhizosphere soil was harvested in spring, summer and autumn of 2006. Changes in diversity were analysed using speci-
fic primers for actinobacterial 16S rRNA genes and the ketosynthase unit of polyketide synthases in combination with terminal restriction frag-
ment length polymorphism (T-RFLP). To quantify gene copies in soil qPCR was utilized. The corresponding data will be presented at the
meeting.
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Comparing the effects of the soil bacterium Streptomyces scabiei on the growth of radish seedlings in diverse
nitrogen conditions: is Streptomyces scabiei strictly a pathogenic agent?
Lerat Sylvain, Nicolas Philippe, Lebel Carl, Beaulieu Carole

Université de Sherbrooke Biologie 2500 blvd de l'université J1K 2R1 Sherbrooke Québec, Canada

Streptomyces scabiei is a soil bacterium (Actinomycetes) distributed worldwide in cultivated fields. It has been identified as the main causal
agent of the common scab disease that affects the quality of potato tubers and other root-vegetables. The pathogenicity of S. scabiei relies
on the production of a phytotoxin called thaxtomin A, a modified dipeptide formed with tryptophan and phenylalanine residues. The synthe-
sis of thaxtomin A was previously shown to be inhibited by increasing concentrations of aromatic amino acids. However, S. scabiei is also
capable of synthesizing the plant growth promoting hormone 3-indoleacetic acid (auxin) from tryptophan. Preliminary work suggested that
the productions of thaxtomin A and auxin are negatively correlated to each other. To test for the effects of such antagonistic molecules on
plant growth in diverse conditions of aromatic amino acids, 2-day old radish seedlings were grown on agar medium supplemented with tryp-
tophan or phenylalanine at concentrations of 0, 2.5, 5.0 and 7.5 mM, in the absence or presence of S. scabiei strain EF35. After a 6-day
growth period, radish seedlings were harvested to determine root and shoot fresh weights. The bacterial effect of S. scabiei on root and shoot
fresh weights of radish seedlings was strongly negative absence of tryptophan (51.7 ± 5.5% and 20.0 ± 8.9%, respectively) but turned posi-
tive with increasing tryptophan concentrations (+28.4 ± 23.3% and +41.5 ± 22.4% at 7.5 mM tryptophan, respectively). The same pattern
was also observed when the nitrogen source was phenylalanine; root and shoot fresh weights were negatively affected by the presence of
S. scabiei at 0 mM phenylalanine (30.4 ± 6.3% and 17.2 ± 5.8%, respectively) and positively or not altered at 7.5 mM phenylalanine (+19.5
± 8.8% and 3.9 ± 11.2%, respectively). When this experiment was repeated with a thaxtomin A-deficient S. scabiei mutant, no negative effect
on plant fresh weight was observed while the positive effect at the highest amino acid concentrations was maintained. The involvement of
bacterial 3-indoleacetic acid on plant growth at the highest tryptophan and phenylalanine concentrations was further investigated. The results
presented here with radish seedlings suggest that S. scabiei can perform either as a pathogenic agent or as a plant growth promoting rhi-
zobacterium depending on the environmental conditions.

O-818

Quorum sensing as a target for novel biocontrol strategies directed at Pectobacterium
Dessaux Yves, Cirou Amélie, Uroz Stéphane, Chapelle Emilie, Latour Xavier, Faure Denis

CNRS ISV Avenue de la terrasse 91198 Gif-sur-Yvette, France

In bacteria, quorum-sensing (QS) permits a synchronous and cell density-dependant expression of target genes. In the plant pathogen
Pectobacterium, the production of the maceration enzymes and toxic peptide harpin are under the control of QS with N-acyl-homoserine lac-
tones (AHL) as essential signals. Aside, several organisms have evolved the possibility to inactivate AHL, via the production of degradative
enzymes (AHLases). We and other have identified several bacteria with AHLase activity. Amongst these, Rhodococcus erythropolis strain
W2 exhibited very active AHLase capability due to the production of an AHL lactonase, an amidohydrolase and an oxido-reductase (Uroz et
al., 2003; 2005). Recently, we have characterized the lactonase genetic determinant that codes for a phosphotriesterase-like enzyme, unre-
lated to known AHL lactonase (Uroz et al., submitted). Strain W2 actively reduces or suppresses the virulence of Pectobacterium carotovo-
rum in potato tuber assays demonstrating the value of this quorum quenching strategy. Further experiments were undertaken to promote the
bacterial community naturally degrading AHL in a plant environment (Cirou et al., Env. Microbiol., in press). Based on their structural related-
ness with AHL, biochemicals were assayed for their possible role in favoring the growth of this functional community. One compound was
identified that indeed promoted the AHL degradative potential of the rhizobacterial community, via the selection of AHL-degrading bacteria.
Preliminary experiments using a potato tuber assay revealed that the community selected by this compound actively protected the plant from
Pectobacterium induced disease, opening a path for a novel biocontol approaches. 
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Influence of arbuscular mycorrhiza on Pythium-host plant interactions
Ravnskov Sabine, Carlsen Sandra C.K., Fomsgaard Inge S., Larsen John

University of Aarhus, The Faculty of Agricultural Institute of Integrated Pest Management Research Centre Flakkebjerg, Flakkebjerg DK-4200
Slagelse Denmark

The symbiosis between plants and Glomalean fungi, arbuscular mycorrhiza (AM), have been shown to increase plant health with respect to
growth, nutritional status and resistance/tolerance to pathogens. In previous studies, we have shown that inoculation of cucumber plants with
AM fungi can decrease growth of Pythium in soil and counteract plant growth suppression caused by Pythium. Moreover, we have in one
set of experiments shown, that interactions between AM and Pythium depends on the isolate of the AM fungus, and in another set of expe-
riments that the effect of AM on Pythium also varied depending on host-plant cultivar. In a recent project, we focused on the mechanism of
the varying effects of AMF on Pythium –hostplant interactions. The effects of two AM fungi and Pythium ultimum on the production of selec-
ted flavonoids from two cultivars of white clover were evaluated. Eight identified flavonoids and 14 unidentified flavonoids in clover roots were
determined by LC-MS/MS analysis. The production of flavonoids in clover roots varied both as a result of presence of AM fungi and/or
Pythium ultimum, but also depending on AM fungal isolate or plant cultivar. P. ultimum infection affected the concentrations of a number of
hitherto unidentified flavonoids. The flavonoids that showed increased concentrations in clover roots in response to infection with P. ultimum
are supposedly stress metabolites, synthesized, or produced from glycosides in response to the pathogen infection. However, the presence
of AM fungi resulted in most cases in a suppression of the concentration of the same flavonoids that overruled the induction by the patho-
gen. So, the antagonistic potential of the AM fungi against the pathogen seems therefore to be through another mechanism.
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Identification of fluorescent pseudomonads isolated from potato rhizosphere and assessment of their antago-
nistic activity towards Pectobacterium carotovorum under field conditions
Khodakaramian Gholam

University Plant pathology Iran 13392 Tehran, Iran

Potato soil and tubers were collected from Hamadan, Damavand and Qasere-Shrin and a total of 96 fluorescent pseudomonads strains were
isolated on Pseudomonas agar F. Results of phenotypic features characterization from 40 representatives showed three species including
Pseudomonas aeruginosa, P. Putida and P. fluorescens (bv. II, III & IV). Assessment of antagonistic activity of 20 representatives strains of
these species toward Pectobacterium carotovorum the causal agent of potato rot disease indicated that they could inhibited growth of patho-
gen and siginificant differences among the strains were observed. Application of six selected strains based on the laboratory results in two
concentration under field condition showed significant differences among the strains but not between two applied concentrations. Tested
strains could reduced the potato rot disease caused by P. c. subsp. carotovorum between 2.5 to 38.75 %.

Poster presentationst
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Growth promotion of quorum-quenching bacteria in the rhizosphere of Solanum tuberosum
Cirou Amélie1, Diallo Stéphanie2, Latour Xavier3, Faure Denis1

1 CNRS Institut des sciences du Végétal, 1 avenue de la terrasse 91198 Gif-sur-Yvette, France
2 Comité Nord Plants de pommes de terre, Bretteville-du-grand-Caux, France
3 Laboratoire de Microbiologie du Froid, Université de Rouen, Evreux, France

N-acylhomoserine lactones (NAHL) are quorum-sensing (QS) signal molecules in several phytopathogenic bacteria. In Pectobacterium caro-
tovorum, the virulence on potato plants and tubers is modulated by QS. Several antivirulence strategies targeting QS were investigated in
our laboratory. One of them is the stimulation of the growth of bacteria that naturally degrade NAHL. We found some molecules, structurally
related to NAHL, that show such activity. The implicated bacteria belong to the Rhodococcus and Delftia genera. We confirmed that the trea-
ted bacterial consortia showed a biocontrol activity against P. carotovorum in maceration assay of Solanum tuberosum tubers. When this
treatment was applied to hydroponic cultures of S. tuberosum in greenhouses for tuber production (Comité Nord, Bretteville-du-grand-Caux),
a significant increase of the ratio of NAHL-degrading bacteria among total cultivable bacteria was observed in several independent experi-
ments in 2005 and 2006. This work highlights the opportunity to manage the NAHL-degrading bacteria in a complex environment such as
the rhizosphere (Cirou et al. 2007 Env. Microbiol. in press).

P-526

Microbial antagonists as biological control agents against Rhizoctonia diseases
Zachow Christin1, Grosch Rita2, Lottmann Jana3, Scherwinski Katja4, Tilcher Ralf5, Berg Gabriele1

1 Graz Technical University, Institute of Environmental Biotechnology, Petersgasse 12, A-8010 Graz, Austria
2 Institute of Vegetable and Ornamental Crops (IGZ) Großbeeren/Erfurt e.V., Echter-meyer Weg 1, D-14979 Großbeeren, Germany 
3 AgResearch, PO Box 60, Lincoln, Canterbury, New Zealand
4 University of Rostock, Institute of Life Sciences, Microbiology, Albert-Einstein-Str. 3, D-18051 Rostock, Germany
5 KWS SAAT AG, Grimsehlstraße 31, 37555 Einbeck, Germany

Rhizoctonia solani Kühn is one of the most important soil-borne pathogens responsible for high yield losses in many crops worldwide. The
control of the pathogen is difficult because of its saprophytic activity and the ability to survive under adverse environmental conditions for
many years by forming sclerotia. Innovative biological control methods using naturally antagonistic bacteria can supply new strategies and
serve as an environmentally friendly alternative to chemical pesticides. Fungal and bacterial strains isolated from Rhizoctonia host plants
were chosen by a hierarchical combination of molecular, biochemical and ad planta assays. In field experiments, selected fungal strains of
Trichoderma reesei and T. viride, and especially endophytic bacteria (Serratia plymuthica, Pseudomonas fluorescens, P. trivialis) were
applied alone or as cocktail on lettuce, potato and on sugar beet seeds. A pathosystem-specific biocontrol effect was found. Statistically signi-
ficant increases of the dry weight and significant decreases of the disease severity could be shown. In addition, the culture-independent
method of PCR-single-strand conformation polymorphism (SSCP) analysis was used to examine the microbial communities of the rhizos-
phere, the endorhiza and the endophyllosphere of the crops. Comparison of SSCP fingerprints revealed a high dependence of community
composition on field site, plant growth stage and microenvironment, while no long-term impact could be found due to the bacterial treatments.
In contrast to the sustainable biocontrol effect only transient changes in the composition of the bacterial communities were found. Now our
research focuses on the integration of these antagonists into plant health management strategies against Rhizoctonia diseases.
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How does mycorrhization affect take-all disease in barley plants?
Khaosaad Thanasan1, García-Garrido JM2, Steinkellner S1, Vierheilig H1

1 Institut für Pflanzenschutz Department für Angewandte Pflanzenwissenschaften u Peter-Jordan-Strasse 82 1190 Vienna Vienna Austria
2 Department of Microbiology, Estación Experimental del Zaidin (CSIC), Granada, Spain

Take-all disease, which is caused by Gaeumannomyces graminis var. tritici (Ggt), is the most important soil-borne root disease of cereal
plants such as wheat, barley and rye. Mycorrhization has been reported to provide a certain protective effect against fungal soil-borne patho-
gens. We tested a possible bioprotective effect of mycorrhization against Ggt in barley. Our results indicate a local and systemic protective
effect in mycorrhizal plants.
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Inhibition of the spore germination of Plasmodiophora brassicae in the rhizosphere is the primary cause of the
suppression of clubroot disease under neutral pH
Niwa Rieko, Osaki Mitsuru, Ezawa Tatsuhiro

Graduate School of Agriculture, Hokkaido University, Kita 9 Nishi 9 060-8589 Sapporo, Japan

Clubroot disease of cruciferous plants caused by the soil-borne pathogen Plasmodiophora brassicae is difficult to control because the patho-
gen survives for a long time in soil as resting spores. It has been demonstrated that soil neutralization due to application of lime or Ca-rich
organic matter suppressed the disease. The objective of the present study is to understand the mechanism of disease suppression by soil
neutralization at the level of spore germination. We designed the highly reproducible germination assay system under soil culture conditions
based on the idea that the germinated spores can theoretically be identified by the absence of nucleus. Brassica campestris was inoculated
with the spore suspension of P. brassicae at a rate of 2.0 x 106 spore g-1 soil and grown in a growth chamber for 7 d. The spores were reco-
vered from the rhizosphere and non-rhizosphere soils using a high-density centrifugation medium and stained with Fluorescent brightener
28 (cell wall-specific stain) and SYTO82 Orange Fluorescent Nucleic Acid Stain (nucleus-specific stain). Total number of the spores and the
number of spores with nucleus were counted under UV- and G-excitations, respectively, in the same field using a fluorescent microscope,
then the number of spores without nucleus was calculated. The root hair infection was assessed after staining with aniline blue. The validity
of the assay system was confirmed by the co-occurrence of the significant increase in the percentages of the spores without nucleus in the
rhizosphere soil compared with those in the non-rhizosphere soil and the root hair infection. Application of Ca-rich organic matter or CaCO3
to soil increased the pH and decreased the number of root hair infection significantly. The percentages of the spore without nucleus in the
rhizosphere were significantly decreased to the same levels of those in the non-rhizosphere by the applications. The present study provides
direct evidence that the inhibition of the spore germination in the rhizosphere is the primary cause of the disease suppression by soil neu-
tralization.

P-566

A new primer set for monitoring and quantification of Trichoderma populations in soil
Hagn Alexandra, Wallisch Stefanie, Radl Viviane, Munch Jean Charles, Schloter Michael

GSF-National Research Center for Environment and Health, Institute of Soil Ecology, Ingolstädter Landstraße 1, 85758 Oberschleißheim, Germany

Trichoderma spp. has long been known to comprise species extraordinarily effective in controlling phytopathogens and has such been used
in commercially available formulations. However, efficiency of biological control is depending on a lot of different abiotic and biotic parame-
ters, particularly, crop history. For optimization of biocontrol processes more basic knowledge about Trichoderma population structures and
dynamics and, of course, interactions with their environment is needed. As a consequence, in the future it should be feasible to stimulate
indigenous, potential biocontrol agents.

To overcome biases arising by the use of cultivation dependent techniques for studies on growth promotion and population dynamics of
Trichoderma communities a new primer system (uTf/uTr) has been developed. This, on the basis of ITS1 and ITS2, enables molecular detec-
tion of Trichoderma species of all Clades in environmental samples. Application of the primer set to common strains from agricultural and
forest soil showed that all Trichoderma isolates were amplified and none of non-Trichoderma origin. Also PCR with community DNA from an
agricultural as well as from a forest site produced fragments of the expected size. 

Analysis of a clone library for the arable site yielded sequences belonging to the Clades Hamatum, Harzianum and Pachybasioides and inclu-
ded most of the species known for their biocontrol potential. Subsequently uTf/uTr has successfully been used in a RFLP analysis of
Trichoderma populations under different management systems and a realtime PCR approach and proved its suitability to monitor and quan-
tify Trichoderma spp. DNA in soils.
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Biocontrol of the phytopathogenic fungus Gaeumannomyces graminis var. tritici: Identification of bacterial
antagonists and metabolites responsible for take-all decline
Schreiner Karin1, Hagn Alexandra1, Schmitt-Kopplin Philippe2, Frommberger Moritz2, Moënne-Loccoz Yvan3, Munch Jean Charles1, Schloter Michael1

1 GSF - National Research Center for Environment and Institute of Soil Ecology Ingolstaedter Landstrasse 1 85764 Neuherberg, Germany
2 Institute of Ecological Chemistry, GSF - National Research Center for Environment and Health, Neuherberg, Germany
3 UMR CNRS 5557 Ecologie Microbienne, Université Lyon 1, Villeurbanne, France

The root disease take-all, caused by Gaeumannomyces graminis var. tritici (Ggt), can be managed by growing susceptible crops in mono-
culture. After some seasons of severe infection, a spontaneous reduction of disease severity, referred to as “take-all decline” (TAD) can be
observed. It is speculated that this natural biocontrol is due to the development of highly active antagonistic populations against the patho-
gen in the suppressive soils.

Starting in 2005, we have conducted a greenhouse experiment, where spring barley (Hordeum vulgare) has been grown continuously under
pathogen pressure to stimulate the development of a Ggt suppressive soil. After five cycles, we could clearly identify the development of a
suppressive state. During the first vegetation cycle, we obtained 711 bacterial isolates from rhizosphere soil, which were tested for antago-
nism against Ggt in dual culture tests. 17 % of the bacterial isolates showed weak and 10 % strong inhibition of pathogen growth.
Phylogenetically, most of the bacterial antagonists belonged to the different Pseudomonas and Bacillus species. Culture filtrates of two selec-
ted bacterial isolates showing especially strong antagonism (Bacillus subtilis 171 and Pseudomonas sp. 39) were analysed with FTICR-MS
(Fourier-transform ion cyclotron resonance mass spectrometry) to identify metabolites involved in biocontrol. For both isolates, we detected
cyclic lipopeptides as the most prominent active components: Bacillus subtilis 171 produces large amounts of the biosurfactant Surfactin,
which confirmed the expected mechanism. But, in contrast to other reports focusing on the antifungal compound 2,4-diacetylphloroglucinol,
we also found cyclic lipopeptides (Tensin and Amphisin) as main metabolites in Pseudomonas sp. 39. To monitor changes in the bacterial
community during different stages of take-all disease and subsequent take-all decline, we generated cDNA-based T-RFLP (Terminal restric-
tion fragment length polymorphism) fingerprints of rhizosphere samples taken in the greenhouse experiment at each of six consecutive vege-
tation cycles. Additionally, a 16S-rRNA-based phylogenetic microarray was used to identify major groups more precisely. Our results demons-
trate that agricultural soils contain a variety of native microorganisms with different antagonistic properties. Our aim is to further understand
the mechanisms contributing to TAD, and finally, the targeted stimulation of biocontrol traits of indigenous opponents.

P-607

Differentially expressed genes during mycoparasitic interactions of Trichoderma sp. and Fusarium culmorum
Hagn Alexandra, Munch Jean Charles, Schloter Michael

GSF Nat Tes. Center Soil Ecology Ingolstädter Landstr. 1, 85758 Oberschleissheim Bavaria, Germany

Trichoderma species are known to act as efficient biocontrol agents (BCAs). The responsible mechanisms are mainly competition, antibio-
sis and parasitism. Especially mycoparasitism seems to be a favoured way to control phytopathogens such as Rhizoctonia and Fusarium
spp. A number of studies have dealt with the identification of enzymes involved in these antagonistic interactions and have identified protea-
ses, glucanases and chitinases as key enzymes for antagonistic interactions. Particularly family 18 chitinases of Trichoderma spp. (e.g.
Ech42, Chit33) were linked to parasitism. However, mycoparasitism is a multifaceted operation and does require a complex molecular regu-
lation system rather than the expression of a single enzyme. Hence, not much is known about the genetics of mycoparasitism, mainly which
genes and enzyme cascades are used on the part of Trichoderma and if the systems differ with BCA and/or pathogen tackled.

To identify gene cascades involved in hyperparasitism, we constructed subtractive cDNA libraries from confrontation tests of a Trichoderma
isolate (Clade Harzianum) isolated from an agricultural soil (Scheyern, Bavaria) versus Fusarium culmorum (DSMZ…). The subtractive clo-
ning yielded 98 positive clones, 28 of which carried an insert of utilizable length (more than 300 bp). Sequences were analyzed, translated
and annotated using BLASTX and EXPASY. It showed that none of these commonly discussed chitinases (Ech42, Chit33) could be found
for the interaction between T. cf. viride and F. culmorum. Most interestingly, besides others, a sequence was identified which encodes for a
family 18 chitinase (18-10) which has only recently been described for T. atroviride as a potential toxin-like enzyme probably involved in
mycoparasitism against R. solani.

Sequences assignment to T. cf. viride and F. culmorum and relative quantification of gene expression will subsequently provide better insights
and help clear up regulation cascades during antagonism.

P-851

Influence of the biocontrol agent Pythium oligandrum on the fungal communities colonising the rhizosphere of
tomatoes grown in soilless culture
Vallance Jessica1, Le Floch Gaétan1, Déniel Franck1, Godon Jean-Jacques2, Rey Patrice1

1 ESMISAB LBEM Technopôle Brest-Iroise 29280 Plouzane, France
2 Laboratoire de Biotechnologie de l’Environnement, INRA, Avenue des Etangs, 11100 Narbonne, France

The main limitation with biocontrol ensures by antagonistic fungi is the reproducibility of the protection effect because of the lack of fungal
persistence in the rhizosphere. In an attempt to optimise and enhance colonisation by the biocontrol agent Pythium oligandrum over a whole
cultural season, roots of tomato plants grown in soilless culture were inoculated with three strains displaying fairly unique traits. They were
selected on the basis of oospore formation, to allow root colonisation by this fungus and further persistence, and of production of tryptamine
(an auxin-like compound) and oligandrin (an elicitin-like glycoprotein), respectively identified as a plant-growth enhancer and -protective eli-
citor against phytopathogens. Selected strains were introduced into the rhizosphere of tomato plants and monitored over time to evaluate
their persistence and their effect on the microflora. Real-time PCR detected P. oligandrum throughout the experiment (8-months growing sea-
son), it was also used to detect and quantify Pythium group F, a ubiquitous tomato root pathogens in hydroponic greenhouses. P. oligandrum
is an aggressive mycoparasite of pathogenic Pythium species but in this experiment, it seems to have a slight influence on the distribution
of other Pythium species colonising the roots. In comparison to control plants, real-time PCR indicates that a one month delay in Pythium
group F root colonisation was observed when roots are inoculated and colonised by P. oligandrum. Inter Simple Sequence Repeat (ISSR)
method was used to identify which P. oligandrum strain(s) has(ve) colonised the rhizosphere, from a set of 90 strains collected at the end of
the growing season. In order to study the influence of P. oligandrum on the rhizosphere colonising-fungal populations together with the dyna-
mic of these fungi throughout the cultural season, fungal communities were studied by Single-Strand Conformational Polymorphism (SSCP)
and cloning/sequencing (100 clones per each 2 months) investigations were performed.

P-870



Fungal antagonists from the rhizosphere of white lupin (Lupinus albus)
Nicoletti Rosario, Cozzolino Eugenio, Carella Angela

Consiglio per la Ricerca e la Sperimentazione in A Istituto Sperimentale per il Tabacco Via Vitiello 108 84018 Scafati, Italy

Epidemics of root and crown rot occurred on white lupin (Lupinus albus) in 2006 in the Caserta province, Campania, southern Italy. A farm
where the crop had been practiced in rotation with tobacco for about a decade was particularly monitored. The disease resulted quite com-
plex in aetiology since several soil-borne fungal pathogens were recovered from infected plants, such as Pythium spp., Rhizoctonia solani
AG-4, Fusarium culmorum, F. solani and F. oxysporum, which were found to possess different degrees of virulence in pathogenicity assays.
Although the disease spread all over the field and compromised the crop outcome, some more or less extended patches of healthy plants
stood out amidst the decaying areas. The presence of possible fungal antagonists was investigated in the rhizosphere of both healthy and
infected plants to verify which species had been stimulated in the presence of a massive inoculum of several pathogens, and eventually if
there was any particular species prevailing in the rhizosphere of the healthy plants. Clonostachys rosea was the most abundant mycopara-
site, as it was recovered by all the soil samples collected, and its active development was observed on the outer surface of the roots. Other
antagonists, such as Penicillium spp. and Trichoderma spp., occurred less regularly but some species were only recovered in the rhizos-
phere of healthy plants. The ability of the antagonist strains to establish mycoparasitic relationships and/or to inhibit mycelial development
of the above-mentioned pathogens was investigated in vitro.
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Transcriptional activity of antifungal metabolite-coding genes phlD and hcnBC in Pseudomonas sp. isolates
from strawberry rhizosphere using qRT-PCR
Paulin Melanie M.1, St-Arnaud Marc2, Filion Martin3

1 Copenhagen University, Faculty of Life Sciences Department of Ecology C/o Jan Sørensen, Thorvaldsensvej 40 DK-1871 Frederiksberg C, Denmark
2 Institut de recherche en biologie végétale, Jardin botanique de Montréal, Montréal, QC, Canada, H1X 2B2
3 Université de Moncton, Department of Biology, Moncton, NB, Canada, E1A 3E9

Pseudomonas spp. producing antifungal metabolites have received increased attention as potential biocontrol agents. However, less is
known about the impact of environmental stimuli on the transcriptional activity of genes encoding these metabolites. In this study,
Pseudomonas sp. LBUM300, carrying genes for the production of 2,4-diacetylphloroglucinol (DAPG) and hydrogen cyanide (HCN), and
Pseudomonas sp. LBUM647, carrying genes solely for the production of HCN, were isolated from the rhizosphere of strawberry and charac-
terized for their biocontrol activity against the fungal plant pathogens Phytophthora cactorum and Verticillium dahliae. To assess the impact
pathogens and/or nutrients might have on the transcriptional activity of DAPG and HCN coding genes, confrontational assays on synthetic
media were performed using combinations of the following treatments: bacteria (LBUM300 or LBUM647); pathogen (P. cactorum, V. dahliae,
or control); and media composition (PDA or KB). Specific real-time PCR primers and TaqMan probes were designed to monitor relative phlD
(coding for DAPG) and hcnBC (coding for HCN) gene expression normalized to that of the housekeeping 16SrDNA gene. PhlD and hcnBC
transcriptional activity was evaluated first by conducting time-course studies using combinations of the different treatments listed above, and
second by evaluating at specific time points the effect of pathogens and/or nutrients. In time-course experiments, results clearly demonstra-
ted a significant difference in the transcriptional activity of hcnBC between strains LBUM647 and LBUM300. For LBUM647 hcnBC generally
underwent a decrease in expression with nearly no transcription detected on either media after 96 h of incubation, while the expression of
hcnBC for LBUM300 fluctuated in time depending on treatment combinations, but could still be detected after 336 h of incubation on both
media. Expression of phlD for LBUM300 was detected during the full length of the time-course study (336 h) on both media either in the pre-
sence or absence of pathogens, and was upregulated in the presence of V. dahliae on PDA, but downregulated on KB. Effect of pathogen
presence at 72 h and 240 h revealed that higher levels of in vitro antagonism correlated with higher expression of hcnBC and phlD. Results
suggest that the transcriptional activity of DAPG and HCN coding genes is differentially regulated with respect to Pseudomonas sp. strains,
pathogen presence/absence, and available nutritional sources.

P-1005

Efficiency of effluent microflora in plant growth promotion and disease control
Vijayaragavan Kannan, Raman Surrendar

University of Madras Centre for Advanced Studies in Botany Guindy Campus 600 025 Chennai Tamil Nadu, India

The highly contaminated, starch and its derivatives rich sago industry effluent was collected and screened for efficient microorganisms. The
total colony count was noted by serially diluting the sample and the various physical parameters like pH, carbohydrate content, acid content
and lipid content were recorded. The pH of the effluent was extremely acidic to 4. Seven different bacteria were isolated from the effluent
and the growth of these organisms under various pH were noted. All the seven organisms grown well in the normal soil pH 7 and were also
able to grown in acidic pH. The isolates were checked for their antagonistic effect against various potent fungal phytopathogens, such as
Rhizoctonia solani, Fusarium oxysporum, Sclerotium rolfsii and Colletotrichum sp and their growth promoting potential in vitro. Among them
isolate VKSS1 and VKSS3 were most effective in inhibiting growth of many of the fungi tested in vitro. Production of extracellular protease,
siderophores, salicylic acid, hydrogen cyanide, and IAA by all the organisms was evaluated. The metal tolerance against Fe, Co, Cu, Hg,
Pb, Se and Cr were checked and the salt tolerance spectra of the organisms were also recorded. Though the level of HCN production was
lower when compared to the rest, the highest siderophore, SA and IAA production were recorded with isolate VKSS1. The test isolate VKSS1
identified as Pseudomonas sp was also able to solubilize extra cellular phosphate and tolerated almost all the metals tested up to the maxi-
mum level (1000 µg/mL). Seed germination assay was performed with VKSS1 on tomato seeds to check its efficiency on germination. The
growth promoting and disease control ability of the organism was also further confirmed by testing them on tomato plants. The growth of the
plants under green house conditions was noted along with their biochemical changes. The tomato plants were treated with VKSS1
(Treatment-1), Fusarium oxysporum f. sp., lycopersicon (Treatment-2), both pathogen and test isolate (Treatment-3) and control (Treatment-
4). The carbohydrate, phenol, protein, catalase, peroxidase, Phenyl alanine ammonia lyase and tyrosine ammonia lyase were examined to
evaluate the efficacy of disease suppression. Both the growth as well as disease suppression was promising when compared to the untrea-
ted plants and hence, can be used in acidic and heavy metal contaminated soils for plant growth promotion and disease suppression .
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Bifunctional phosphorus mobilizing rhizobacteria in biological control of phytopathogens of plants
Tadjiev Anvar, Tadjiev Anvar, Djumaniyazova Gulnara

Institute of microbiology ASRUz Soil microbiology 7B A.Kodiri 700128 Tashkent, Uzbekistan

Microscopic fungi are the main pathogens of cultural plants. Diseases caused by phytopathogen fungi, destroy up to 30% of potential har-
vest. Besides that, fungi infect plans and pollute them, with products of own live-actively mycotoxins, which aggravate consumption level of
agricultural food and decrease their biological value and safety.

We discovered ability of local active strains of phosphor mobilizing bacteria, isolated from rhizosphere of winter wheat to make antibiotic
substances against phytopathogen fungi Fusarium oxysporum, Fusarium solani, Fusarium moniliforme, Fusarium solani var. argillaccum,
which cause roote rote and fading of winter wheat. The bigest zone of repression of growth of phytopathogen Fusarium oxysporum was
observing in Bac. sp., 26 and 56 (d of zone repression – 80 and 70mm accordingly) and phytopathogen Fusarium solani var. argillaccum (d
of zone = 60 and 50mm accordingly). Strain Bac.sp., 26 repressed growth of Fusarium solani and Fusarium moniliforme (d of zone repres-
sion = 60mm). Strains 62 and 64 showed high fungi static activity with reference to Fusarium oxysporum. Association from 5 strains showed
the best repression of growth of all studied phytopathogens, where percentage of repression was the highest – from 72 up to 100%.

It was searched intensification of winter wheat seeds “breathing” on bacterization with associations from phosphorus mobilizing bacteria pure
and processing by fungicide (tuzal) seed. Also, we discovered, that intensification of seed “breathing” increased by bacterization of pure
wheat seeds - up to 0.40 mg CO2/g(carbonic gas) seed for 1 hour ( in control – without bacteria – 0.18mg). Intensification of bacterizational
seed breathing processing by tuzal – was 0.30 mg CO2/g seed for 1 hour (in control – 0.05) after 12 hour of experiment. Therefore phospho-
rus mobilizing rhizobacteria are stable to fungicide tuzal and reproduct and neutralize negative influence of fungicide on soil and plant acti-
vity.

All these facts represent practical interest for elaboration on the basis of active strains of phosphorus mobilizing rhizobacteria, biological pre-
parations not only for improving phosphate regime of soil and phosphorus nutrition of plants, but also for protection of winter wheat from phy-
topathogens and for rhizoremediation of soil from fungicides and mycotoxins.

P-1022

Dynamics of rhizoplane bacterial communities subjected to physico-chemical treatments in hydroponic crops
Chave Marie, Dabert Patrick, Brun Richard, Godon Jean-Jacques, Christine Poncet

Institut National de la Recherche Agronomique, Quartier Petit Morne BP 214 97285 Le Lamentin cedex 2 Martinique, France

Investigations in sustainable agriculture require a combination of chemical, physical, genetical and biological techniques for disease control
to achieve the double goal of profitability and respect for the environment. However, the complexity of many farming systems and gaps in
our understanding of biological interactions, especially in the rhizosphere, currently hinder the application of such integrated approaches.
The U.R.I.H. (Unité de Recherches Intégrées en Horticulture), INRA, located in Sophia-Antipolis (France), performed an IPM program on
soilless cropping systems under greenhouse, which present lots of assets to combine physicochemical and biological methods for the control
of plant pathogens in a more environment friendly way. In order to develop strategies combining accurate roots environment regulation, rhi-
zoplane microbial communities’ dynamics of roses plants was investigated in a highly manageable hydroponic system, the Nutrient Film
Technique. Bacterial communities adhering to roots were subjected to pH and active free chlorine regulation to determine up to what point
they were established. PCR-SSCP (Single Strand Conformation Polymorphism) fingerprinting was used to compare bacterial communities
profiles in the absence of prior knowledge of their composition. Three repetitions showed roots with different microbial histories placed in the
same physicochemical environment tend to end up with the same predominant populations, but present in different proportions. Moreover,
the superposition of SSCP profiles showed pH could represent a strong stabilisation factor for roots’ microbial communities. On the other
hand, active free chlorine used at a concentration of 0.15 mg L-1, had very little quantitative effect but a selective action on bacterial rhizo-
plane communities which were well-established and resistant to this strong physicochemical perturbation. The bacterial populations obtai-
ned after cloning, and SSCP peak assignment and identification, belonged essentially to the Proteobacteria and the Cytophaga-Fexibacter-
Bacteroides groups and had previously been found in soil or water. The implication for soilborne disease control is that the established com-
munity has to be investigated either to limit its resistance previously to inoculation of a biological control agent or to manage its physico-che-
mical environment in order to improve its robustness to exclude any biological perturbation.

P-1039
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Pseudomonas community structure and antagonistic potential in the rhizosphere: insights gained by combi-
ning phylogenetic and functional gene-based analyses
Costa Rodrigo1 2, Gomes Newton2, Krögerrecklenfort Ellen2, Opelt Katja3, Berg Gabriele3, Smalla Kornelia2

1 University of Groningen Microbial ecology Kerklaan 30 9750RA Haren, Netherlands
2 Federal Biological Research Centre for Agriculture and Forestry (BBA), Germany
3 Graz University of Technology. Institute of Environmental Biotechnology, Austria

The Pseudomonas community structure and antagonistic potential in the rhizospheres of strawberry and oilseed rape (host plants of the fun-
gal phytopathogen Verticillium dahliae) were assessed. The use of a new PCR-DGGE system, designed to target Pseudomonas-specific
gacA gene fragments in environmental DNA, circumvented common biases of 16S rRNA gene-based DGGE analyses and proved to be a
reliable tool to unravel the diversity of uncultured Pseudomonas in bulk and rhizosphere soils. Pseudomonas-specific gacA fingerprints of
total-community (TC) rhizosphere DNA were surprisingly diverse, plant-specific and differed markedly from those of the corresponding bulk
soils. By combining multiple culture-dependent and independent surveys, a group of Pseudomonas isolates antagonistic towards V. dahliae
was shown to be genotypically conserved, to carry the phlD biosynthetic locus (involved in the biosynthesis of 2,4-diacetylphloroglucinol -
2,4-DAPG), and to correspond to a dominant and highly frequent Pseudomonas population in the rhizosphere of field-grown strawberries
planted at three sites in Germany which have different land use histories. This population belongs to the Pseudomonas fluorescens phylo-
genetic lineage and showed closest relatedness to P. fluorescens strain F113 (97% gacA gene sequence identity in 492-bp sequences), a
biocontrol agent and 2,4-DAPG producer. Partial gacA gene sequences derived from isolates, clones of the strawberry rhizosphere and
DGGE bands retrieved in this study represent previously undescribed Pseudomonas gacA gene clusters as revealed by phylogenetic ana-
lysis.

P-1080

Synergistic effects of Pseudomonas fluorescens ssp. inoculation, arbuscular mycorrhiza and healthy root
growth in grapevine and wheat affected by soil sickness
Weinmann Markus1, Yusran Yusran1, Neumann Günter1, Schropp Alfons2, Römheld Volker1

1 University of Hohenheim (330) Institute of Plant Nutrition Fruwirthstraße 20 D-70599 Stuttgart Baden-Wuerttemberg, Germany
2 DLR Rheinpfalz, Phytomedizin, D-67435 Neustadt, Germany

There is increasing evidence that unsound crop rotations, frequently reduced for economic reasons to a few profitable crops, can affect the
balance of deleterious (DRB) and plant growth promoting rhizobacteria (PGPRs). In this context the genus Pseudomonas has received atten-
tion in the recent past. As an example, qualitative rather than quantitative changes in Pseudomonas populations seem to be critically invol-
ved in the formation of replant disease in grape vine nurseries due to the prevalence of deleterious strains, whereas the predominance of
antagonistic strains plays a key role for the suppressiveness of soils against take-all disease (Gaeumannomyces graminis var. tritici) in
wheat. Due to their simple nutritional requirements, fast growth rates, ability to produce antagonistic compounds and hence high rhizosphere
competitiveness, specific strains of Pseudomonas spp. are regarded as promising candidates to counteract soil-borne plant diseases, not
easily controlled by application of pesticides.

In this study two commercial Pseudomonas spp. strains were investigated with respect to their bio-control potential against replant disease
of grape vine (“RA 56®”) and take-all in wheat (“Proradix®”) in green house experiments with the grape rootstock clone “Teleki-Kober 5 BB”
and wheat var. “Paragon”, respectively. Disease infested soils were collected from a grape vine nursery near Neustadt a.d.W., Germany
(silty-loamy sand, pH 7.1) and from a wheat field site near Stuttgart, Germany (silty loam, pH 6.7).

Soil inoculation with the selected Pseudomonas strains significantly improved the root and shoot biomass production of grape vines and
wheat on the pathogen-infected soils. Roots of both plant species were not only healthier but also showed a significantly higher percentage
of arbuscular mycorrhiza (AM) infected root length, indicating that the indigenous level of AM-propagules in the soils were not generally low
but rather suppressed directly by pathogens or indirectly as consequence of poor root development. The proportion of fluorescent pseudo-
monads in the rhizosphere, estimated by plating tests with selective growth media, was enhanced in wheat treated with Proradix® but not in
grape vines treated with RA 56®. The results obtained suggest an important role of rhizosphere interactions for the expression of bio-control
mechanisms by inoculation with effective Pseudomonas strains independent of simple antagonistic effects.

P-1071

Biocontrol of Fusarium oxysporum f.sp. albedinis by Pseudomonas fluorescens
Benchabane Messaoud, Toua Dalila, Bakour Rabah

Université de Blida, Sciences Agronomiques BP. 03 09470 Soumaa Blida, Algeria

The bayoud, vascular wilt of the palm, is probably the most deleterious disease for the palm culture in Algeria and in Maghreb (North Africa).
In spite of the epidemic character of this wilt and in the absence of really resistant cultivars, its systemic nature and the faculties of conser-
vation of the pathogenic forms in soil and on the plant limit the possibilities of its control by the conventional classic procedures. At present,
none of the techniques adopted to stop the spectacular propagation of this disease has yielded satisfactory results. Among the antagonistic
agents used for the biocontrol of the vascular Fusarium wilts, some strains of fluorescent Pseudomonas spp. are characterized by various
mechanisms of action in the biocontrol of many telluric phytopathogens. 

The adopted experimental work is based on tests of antagonistic potentialities of some Pseudomonas fluorescens strains, isolated in Algeria,
against Fusarium oxysporum f.sp. albedinis. The antagonistic activities have been tested on the inhibition of the mycelia growth and the inhi-
bition of the conidial germination of the pathogen. The tests of antagonism in planta have been achieved in gnotobiotic conditions. 

Independently of the medium of culture and the strains of Pseudomonas, the rates of inhibition of the mycelia growth recorded in the
Pseudomonas - Fusarium interactions was greater than 70%. The conidial germination as well as the elongation of their tubes was distinctly
efficient in relation to the one of the respective witnesses, showing rates of inhibition above 60%. The bacterisation of the palm plants sho-
wed a variable bioprotection rate (12% to 60%). This action resulted in a reduction of the infection rate and the severity of the symptoms.
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Synthesis of tetracycline in the rhizosphere of the mangrove Avicennia germinans
Ruiz Manuel, Holguin Gina

CIBNOR Environmental Microbiology Mar Bermejo No. 195 23090 La Paz Baja California Sur, Mexico

Synthesis of antibiotics is common in bacteria associated with roots, allowing them to compete effectively for space and food with other micro-
bes that colonize the rhizosphere. Tetracyclines, in particular, have not been detected in the rhizosphere of plants, but it is possible that syn-
thesis of tetracycline does occur there, being favoured by the exudation of various compounds through the roots, and that the concentration
of this antibiotic is higher in the rhizosphere than in root-free soil. The objective of this work is to compare concentrations of tetracyclines in
the rhizosphere of the mangrove Avicennia germinans with that in soil not associated with roots, based on HPLC and on a method that com-
bines solid phase extraction and the biosensor Escherichia coli spTGFP2 (tetA:GFP). Preliminary results showed that extraction with oxalic
acid-NaCl-ethanol allowed recovery of 2 - 4.6% of bioactive tetracyclines in mangrove soil with high organic matter content (4.88 ± 0.5 %).
The concentration of tetracyclines detected by the biosensor in the rhizosphere was 250 µg kg-1 dry sediment compared to root-free soil with
a concentration of 80 µg kg-1 dry sediment. These values are ten to fifty times higher than previous reports, which found values between 4
- 7  µg chlortetracycline kg-1 and 6 - 7  µg oxytetracycline kg-1 from agricultural root-free soils. HPLC analysis showed the presence of tetra-
cycline, chlortetracycline and oxytetracycline in mangrove sediments, however, the levels detected were higher than those obtained with the
biosensor: oxytetracycline, the most common tetracycline detected in mangrove sediments had a concentration of 1400 µg kg-1 dry sedi-
ment. Finally, 40% of the culturable bacterial community isolated from the mangrove roots was resistant to 30 µg ml-1 of tetracycline in 2216
broth, suggesting that bacteria associated with mangrove roots are exposed to this antibiotic. Results suggest that the rhizosphere is a sui-
table environment for synthesis of tetracycline, probably performed by actinobacteria living in the mangrove rhizosphere. This is the first
report of detection of tetracycline in the rhizosphere.

P-904

Multilocus analysis of Pseudomonas protegens CHA0 and Pf-5, and phylogenetic comparison with other phlo-
roglucinol-producing Pseudomonas spp.
Frapolli Michele2, Ramette Alban3, Fischer-Le Saux Marion4, Meyer Jean-Marie5, Défago Geneviève2, Moënne-Loccoz Yvan1

1 Université Lyon 1 UMR CNRS 5557 Ecologie Microbienne 43 Bd du 11 Novembre 1918 69622 Villeurbanne, France
2 Plant Pathology Group, Institute of Integrative Biology, Swiss Federal Institute of Technology (ETH), CH-8092 Zürich, Switzerland
3 Microbial Habitat Group, Max Planck Institute for Marine Microbiology, D-28359 Bremen, Germany
4 UMR INRA 077 Pathologie Végétale, F-49070 Beaucouzé, France
5 UMR 7156 Génétique Moléculaire, Génomique, Microbiologie, Université Louis Pasteur, F-67083 Strasbourg, France

The fluorescent Pseudomonas strains CHA0 and Pf-5 protect plants from several soil-borne fungal pathogens, and their biocontrol proper-
ties are largely based on the ability to produce 2,4-diacetylphloroglucinol (Phl) and pyoluteorin (Plt). These strains have been extensively
used as models of biocontrol bacteria, and the genome of strain Pf-5 has been sequenced. Many other Phl-producing biocontrol pseudomo-
nads do not synthesize Plt, and overall the genetic and evolutionary relationship among Phl-producing biocontrol pseudomonads are not well
understood. Here, multilocus and phylogenetic analyses were carried out to compare strains CHA0 and Pf-5 with other Phl-producing pseu-
domonads, based on 10 housekeeping genes as well as 12 structural or regulatory loci relevant for biocontrol functions. Housekeeping and
biocontrol-relevant loci displayed linkage disequilibrium, and all 19 protein-coding loci were subjected to purifying selection. The Phl-produ-
cing strains corresponded to six distinct phylogenetic groups. Five of the groups fell within the ‘P. fluorescens’ species complex, whereas the
sixth did not. The latter group gathered all pseudomonads producing both Phl and Plt (including strains CHA0 and Pf-5) and was referred to
as group ARDRA-1 in previous studies. Based on DNA/DNA hybridization, phylogeny, siderophore typing and phenotypic comparisons, it
appears that this phylogenetic group corresponds to a new species, for which the name P. protegens is proposed. 

P-1074

Effect of antagonistic bacteria combined with compost on some cotton seedling diseases
Sabet Kamel1, Mikhail Mauris2, Mohamed Maggie3, Kenawy Mona4, Kasem Khaled5

1 Faculty of Agriculrure, Cairo University Plant Pathology Dept. 37 Baghdad str., Apt# 7 11341 Heliopolis Cairo, Egypt
2 Plant Pathology Dept., Cairo University, Giza, Egypt
3 Plant Pathology Research Institute,Agric. Res. Center, Giza, Egypt
4 Soil, Water and Environment Research Institute, Agric. Res. Center, Giza, Egypt
5 General Commission for Scientific Agriculrural Research,Agric. Res. Center, Hamah, Syria

Isolates of pathogenic Fusarium oxysporum vasinfectum and Rhizoctonia solani causing seedling blight to cotton seedlings were used in this
study. Also Four antagonistic bacterial strains used in this study Bacillus subtilis, B. polymyxa, Azospirillum sp. and Pseudomonas putida as
well as compost made from mixture of chopped rice straw, ground peanut shells and olive cake at 2:1:1(w/w) were used. The experiments
were conducted in greenhouse using 15 cm pots, each one contain 1000 g sterilized clay soil infested by mixture of pathogenic fungi. 7 days
after infestation, 15 g of compost were added to each pot. In the same time seeds of cotton were soaked in each 24 hour old of bacterial
suspension (grown on yeast, peptone dextrose medium) for 2 hours before sowing.

The percentage of survival plants significantly increased in all treatments as a result of applying of the antagonistic bacteria combined with
compost. The highest percentage of survival plants in the presence of pathogenic fungi was obtained when adding compost combined with
B. subtilis or P. putida as percentage of survival plants in both treatments reached 82.5 %, while it was 77.5 in the case of B. polymyxa and
Azospirillum sp. versus 42.5 % in infested control. In the infested soil the highest root fresh weight was obtained when the combination of
Azospirillum sp. and compost was added (0.34 g.) versus control(0.19g). In the other hand the best root and shoot dry weight was obtained
when the combination of Azospirillum sp. and compost was added (0.15 and 0.69 g respectively) compared to control. (0.05 and 0.40 g res-
pectively). The beneficial effect of compost might be due to the compost increasing the biological activity of added antagonistic bacteria and
other soil microorganisms and increased the soil fungistatic effect on pathogens, and reduced plant infection.

P-1152
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Modulation of the soil receptiveness to Fusarium oxysporum by Pseudomonas fluorescens
Dalila Toua, Chennaoui Nabila, Benchabane Messaoud

Université de Blida, BP 270 09000 Blida, Algeria

The rhizobacteria of fluorescent Pseudomonas spp. group have been experimented extensively and used even in the biocontrol of the tellu-
ric plant pathogens. Against Fusarium wilts agents (Fusarium oxysporum) several strains of this bacterial group have been experimented
with success against various forma specials of this pathogenic. Besides the properties of antibiosis and trophic competition, the presence of
these rhizobacteria in soil plays a fundamental role in the receptiveness of soils. Our work is interested of the soil receptiveness to the anta-
gonistic Pseudomonas strains, allowing acquiring a resistance towards Fusarium oxysporum f. sp. albedinis. 

A soil resistant to the disease is a suppressive soil in which the severity of the pathogen is limited in spite of the presence of the pathogenic
forms to an optimal density sufficient to generate the infection of the plants. According to this principle, of the suppressive soils or soil resis-
tant, the sensitivity of soil to Fusarium oxysporum and to the expression of the Fusarium wilt was investigated. The adopted protocol was
based on the microbial density variation, of inoculation (pathogenic) and/or of the bacterisation (antagonists). In similar conditions, soil has
been amended by glucose or EDTA to analyze the impact of these amendments on the microbial dynamics and the report of soil coloniza-
tion between the pathogenic and the antagonists. 

The bacterisation of soil with Pseudomonas strains, after infestation of this one by the pathogenic agent, permitted to put in evidence a reduc-
tion of the soil receptiveness to the pathogenic. This effect can be modulated by the nutritional balance in soil, as the amendments reveal it
in glucose and in EDTA added to soil. The bacterisation of soil permitted an inhibition of the growth of the pathogenic agent (80% by gram
of soil). The amendment of soil by glucose influenced positively the evolution of infected plants, whereas the addition of EDTA influenced
negatively the rates of infection recorded.

P-1286

Plant virus infection development under influence of mycorrhiza
Stolyarchuk Inna1, Polischuk Valery1, Shevchenko Tetyana1, Kripka Ganna2

1 National Taras Shevchenko University of Kyiv Biology Lomonosova str. 57 03022 Kyiv, Ukraine
2 Institute of cell biology and genetic engineering NASU, Kyiv, Ukraine 

Arbuscular mycorrhizal fungi are common for various climatic zones and types of soil. Mycorrhizas play an important role in plant survival
and development in unfavorable conditions. Moreover, arbuscular mycorrhizal fungi may modify the effect of soil borne pathogens, enhan-
cing the immunity of plants by causing the reactions of nonspecific plant resistance. This research was carried out to estimate the influence
of root colonization of model plants by arbuscular mycorrhizal fungus Glomus intraradices on the development of plant virus infection, cau-
sed by TMV.

Nicotiana tabacum and Lycopersicon esculentum plants were used as model systems in this work. This model systems differed in the way
of infection. Nicotiana tabacum plants were infected by deposition of virus in the soil. Lycopersicon esculentum plants were infected mecha-
nically. Development of virus infection was investigated using ELISA. 

Obtained results demonstrate, that mycorrhizal virus-infected Nicotiana tabacum plants did not develop symptoms of viral infection, contrary
to virus-infected tobacco plants grown without mycorrhiza. Results of ELISA revealed, that infected mycorrhizal plants contained significantly
less TMV antigen than infected tobacco plants without mycorrhiza. No such correlation was shown for Lycopersicon esculentum plants,
hence, the effect of arbuscular mycorrhiza may be species-specific. Presented results demonstrate that arbuscular mycorrhiza may inhibit
development of viral infection, but this effect may be species-specific.

P-1157

A metagenomic analysis of rhizospheric bacteria extends the diversity of quorum-quenching lactonases
Riaz Kashif, Elmerich Claudine, Moreira David, Raffoux Aurélie, Lopez-Garcia Purification, Dessaux Yves, Faure Denis

Institut des Sciences du Végétal, Centre National de la Recherche Scientifique, Interaction Plantes Microorganismes, 23 avenue de la terrasse
91198Gif-sur-Yvette, France.

Quorum sensing (QS) is a signal mediated, cell density dependant, cell-cell communication systems. It couples bacterial cell density to a
synchronized gene expression and controls many important physiological processes such as virulence, luminescence, biofilm formation, etc.
In Gram negative bacteria (proteobacteria), the most common signals are N-acyl-homoserine lactones (NAHLs). These signals can be rea-
dily degraded in nature, either by abiotic factors (pH and temperature) or organisms such as bacteria, plants, and animals. This phenome-
non is known as quorum quenching (QQ). Mostly the enzymatic NAHL degradation is associated to NAHL lactonases that inactivate the
molecule by opening its lactone ring. In rhizosphere, 10% to 20% of the culturable bacteria produce NAHLs while, 2 to 10 % degrade it.
Studies on these processes have so far dealt only with cultivable bacteria. To address the potential of non cultivable bacteria, a metageno-
mic library, generated from bacteria inhabiting a pasture soil from France, was screened for the presence of clones conferring either NAHL
synthesis or degradation ability upon their E. coli host. No clone inducing the production of NAHLs was identified whereas one, exhibiting a
32 kb insert, allowed NAHL degradation. Subcloning and sequencing experiments revealed that the degradative ability depends upon the
qlcA gene that encodes a lactonase, as judged by ring closure and HPLC/MS analyses of NAHL degradation products. The qlcA gene effi-
ciently quenched QS regulated pathogenic functions when expressed in Pectobacterium. The previously known NAHL lactonases (AttM, AiiB
from Agrobacterium C58 and AiiA from Bacillus sp) gather to form three clusters. QlcA peptide appears distantly related to the other NAHL
lactonases and might therefore define a novel group within the zinc-dependent metallo-hydrolases. In silico analysis of the 32 kb insert revea-
led the occurrence of 20 orf, with a constant GC% and codon usage, an indication of a unique bacterial origin. Nine out of 20 orf were homo-
logous to the enzymes encoded for the arginine biosynthesis, and could complement arg mutants in E. coli. Overall, 11 out of 20 orf were
homologous to the sequences from Acidobacteria, suggesting that the analyzed insert originates from an organism related to this
family/genus, whereas the peptide sequence of QlcA has similarity with proteins from α-proteobacteria, that might have been acquired by
horizontal transfer between the species.

P-1216
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Biologic control of wheat bacterial leaf streak with extract and essential oil of some medical plants
Alahverdi Asefeh1, doroudian hamidreza2

1 University of Tarbiat modares, Agronomy no.4 golayol Alley etaati St. Jalal al ahmad Ave. 1464755764 Tehran, Iran
2 Islamic Azad university, Science and Research branch, Iran 

Xanthomonas translucens pv ceralis causes Bacterial leaf streak (BLS) that reduce yield of wheat. In organic and sustainable approach we
need biological material to overcome diseases. An experiment was conducted with 3 replications to evaluation of Antibacterial activities of
essential oil and aqueous extract (obtained from Lavandula vera, Achilea milefolium, Menta spicata, Artemisia anunua, Rosmarinus officina-
lis and Allium sativum) on X.t. pv ceralis. The assay was carried out in petri dishes containing yeast extract nutrient agar. 60h after inocula-
tion of bacterial suspension on medium (on 25°C), the diameter of growth inhibitions zone around the wells containing 2*10-5 L of essential
oils or plant extract was measured. Then we add this material to pots sown with Pishtaz (susceptible to BLS) cultivar to study the inhibition
of plant materials on infection and colonization of X.t pv ceralis on wheat rhizosphere. Results showed significant difference among plant
materials. Plant extract of Allium sativum and essential oil of Menta spicata have significant Antibacterial effects, and the less antibacterial
effect observed by using essential oil of Achilea milefolium.

P-815

On the integrity of the Medicago truncatula root tip in the phytopathogenic interaction with Ralstonia solana-
cearum
Turner Marie1, Jardinaud Marie-Françoise1, Genin Stephane2, Jauneau Alain3, Vailleau Fabienne1, Gentzbittel Laurent1

1 INP-ENSAT (SP2 lab) 18 chemin de borde rouge BP 32607 auzeville tolosane 31326 castanet tolosan, France
2 Laboratoire des Interactions Plantes Microorganismes, INRA/CNRS UMR 441/2594, 31326 Castanet-Tolosan, France
3 Surfaces cellulaires et signalisation chez les végétaux, UMR UPS-CNRS 5546, 31326 Castanet-Tolosan, France

Ralstonia solanacearum is a telluric plant pathogen bacterium. It is the causal agent of bacterial wilt disease on a wide range of crops, inclu-
ding Medicago truncatula. A pathosystem involving the Ralstonia solanacearum strain GMI1000 and Medicago tuncatula lines A17 (sensi-
ble) and F83005.5 (resistant) is available (Vailleau et al. 2006). An in vitro inoculation procedure allowed the survey of the root integrity during
the pathogenic interaction. 

Root hair elongation was stopped 18h after inoculation, and root viability was altered 24h post inoculation in both sensible and resistant
Medicago truncatula lines (FDA test). Altered root phenotypes were observed for inoculum concentration ranging from 101 to 108 cfu/ml. Ten
Ralstonia solanacearum strains were tested on A17 and F83005.5 lines resulting in all cases in a loss of root tip integrity. Seven Medicago
truncatula lines were inoculated with Ralstonia solanacearum strain GMI1000 and also showed an altered root phenotype. The loss of root
tip viability was also observed on the 11 host or non host species tested (arabidopsis, rice, tobacco, eggplant, tomato, sunflower, chickpea,
red bean, alfalfa, maize and lentil). Using mutant strains of Ralstonia solanacearum, we showed that the phenotype was dependant of the
Type III secretion system, and independant of the synthesis of bacterial hormones (auxin, cytokinin, ethylen). Identification of Ralstonia sola-
nacearum effectors potentially involved in this never before described phenotype is underway.

Vailleau, F. et al. Characterization of the interaction between the bacterial wilt pathogen Ralstonia solanacearum and the model legume plant
Medicago truncatula MPMI FEB 2007; 20 (2) : 159-167
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Effect of disease-suppressive compost enriched with Streptomyces sp. isolated from it on rhizosphere micro-
bial community and plant development
Offek Maya1, Hadar Yitzhak2, Minz Dror1

1 ARO, Volcani center Soil, Institue for Water and Environmental Sciences P. O. Box 6 50-250 Bet Dagan, Israel
2 Faculty of Agriculture, Hebrew University of Jerusalem, Israel

The effect of inoculation of a potential biocontrol agent, a Streptomyces sp., on microbial community, cucumber seedling development,
growth and disease incidence of the soil borne pathogen Pythium aphenidermatum were examined. 

Cucumber seeds were germinated and grown in perlite based potting mix. The following treatments were tested: control; amendment with
sewage sludge compost (10% v/v); inoculation with Streptomyces sp. spores (106 g-1); combined compost and Streptomycetes. The effect
of these treatments on disease development when inoculated with P. aphenidermatum (causative agent of damping off disease) was also
studied. Different developmental and growth parameters of the cucumber plants were measured during 21 days of seedling growth under
greenhouse conditions. DNA and RNA were extracted from 14 days and 21 days old plant roots, rhizosphere and potting mix. 16S rRNA
gene and transcript fragments were analyzed using PCR-DGGE in order to examine the effect of Streptomyces sp. inoculation on the bac-
terial community composition.

We observed an interaction between the effect of the compost and its derived Streptomyces strain on cucumber plants development and
growth including the number of leaves, height and root and shoot dry weight. Significant reduction in disease incidence was observed only
in the presence of both compost and Streptomyces strain. Inoculation with Streptomyces sp. alone increased disease incidence. These phe-
nomena became more significant when the potting mix was re-planted. Though un-retrieved from the roots, the effect of Streptomyces sp.
inoculation on root bacterial community composition as demonstrated by DGGE patterns was obvious even after 21 days of growth, with or
without addition of the compost. Even so, an effect of Pythium inoculation, Streptomyces sp. inoculation or both, in the presence of compost,
could not be detected in general eubacterial targeted PCR-DGGE patterns using either DNA or RNA. The results show the potential as well
as complexity of the use of composts as carrier of biocontrol agents. Moreover, a strategy of improvement of compost amendment efficacy
is demonstrated.

P-1315
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Diversity and antifungal activities of Bacillus strains isolated from potato rhizosphere in the Andean highlands
of Peru
Zúñiga Doris1, Calvo Pamela1, Matsubara Minoru1, Oswald Andreas2, Ormeño-Orrilo Ernesto3, López Alina3, Rosenblueth Mónica3, Martínez-Romero
Esperanza3
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2 Centro Internacional de la Papa (CIP), Lima, Peru
3 Centro de Ciencias Genómicas, Cuernavaca, Universidad Nacional Autónoma de Mexico, Mexico

Due to its high content of carbohydrates, vitamins and minerals, the potato is considered as a major food in Peru, especially in the Andean
highlands. The per-capita potato consumption is 63 kg/year in Peru. Since phytopathogenic fungi may cause significant losses during potato
culture, it is relevant to analyze the rhizospheric bacterial populations searching for strains able to control fungi. In this work 69 isolates of
Bacillus were obtained from the rhizosphere of different potato varieties in a number of Andean highlands sites (3500-4300 m.a.s.l.). Nineteen
isolates were randomly chosen for characterization. Ninety six percent of the isolates inhibited the growth of Rhizoctonia solani, a major phy-
topathogen of potato. Interestingly, more than 50% of the isolates had phosphate-solubilizing capacities and/or were able to produce indo-
lacetic acid. These results indicate the potential for biological control and plant growth promotion of the Bacillus strains isolated. Genomic
fingerprinting revealed 7 different BOX patterns among the 19 isolates. For each pattern one isolate was chosen and its 16S rDNA gene
sequence was obtained. Six sequences, representing 84% of the total isolates according to BOX patterns, grouped within the B. subtilis phy-
logenetic lineage, while the remaining sequence occupied an intermediate position between B. subtilis and B. amyloliquefaciens. Several
strains shown elsewhere to had antifungic or biocontroling abilities were phylogenetic related to the ones isolated in this work.

P-1317

Role of edaphic factors on the incidence of dry root-rot of sesame caused by Rhizoctonia bataticola (Taub.)
Butl.
Gholybaigian majid

Azad Islamic Univ. Agronomy Ponak Hesarak 1637698544 Tehran, Iran

The objective of this research was to study the effects of edaphic factors and moisture regime on the incidence of root rot disease. Amongst
the various soil types, sandy soil supported maximum disease (78.33%) as compared with clay soil (51.56%). Increased nitrogen doses were
responsible to enhance the root-rot incidence from 66.66% in control (0 kg N ha-1) to 88.33% in sandy soil having 45 kg N ha-1. Similarly,
more disease incidence of 48.33% was observed when pots were irrigated after the interval of seven days as compared to pots receiving
irrigation every day.

P-1318

Pseudomonas fluorescens systemically represses the negative effect of Fusarium graminearum infection on
11C-allocation in barley roots
Henkes Gunnar1, Jousset Alexandre2, Schurr Ulrich1, Thorpe Michael2, Bonkowski Michael3, Scheu Stefan2, Röse Ursula1
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Fusarium graminearum (Schwabe) is an important plant pathogen, causing disease like head blight and root rot in barley, wheat and other
cereal crops. This fungus is able to infect the plant through the root system causing severe damage to the host tissue. In our study, the short
lived isotope 11C (half-time 20.4 minutes) was applied as 11CO2 to measure the effect of root infection with F. graminearum and two strains of
Pseudomonas fluorescens on the distribution of recently fixed carbon within the plant. For these experiments a special split-root system was
developed which allowed us to grow barley plants under sterile conditions and non-invasively measure the partitioning of the carbon bet-
ween the shoot and the two root halves. 

Our results show that infection with F. graminearum leads to a strong shift in the C-partitioning between the treated and non-treated root hal-
ves with less C being allocated to the infected roots. 30h after treatment, the C-fraction of the infected root halves was reduced by 49% in
comparison to uninfected control plants. However, no overall change in partitioning between shoot and root was detected. Infection with P.
fluorescens strains alone had no significant effect on the C-partitioning, neither between shoot and root nor within the root system. In com-
bination with F. graminearum, preinfection with P. fluorescens CHA0 (WT) on the same root half completely repressed the negative effect of
F. graminearum on C-partitioning. Separate inoculation with Pseudomonas CHA0 and Fusarium on different root halves of the same plant
resulted in no detectable change in C-Partitioning in response to F. graminearum infestation, indicating a systemic repression of the nega-
tive F. graminearum effect on C-allocation in response to P. fluorescens preinfection.

We further tested a Pseudomonas mutant without antibiotic production (CHA19). This strain was also able to reduce the effect of Fusarium
with direct contact, but to a smaller extent when compared to suppression by the CHA0 wild type. 

P-1222




